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x

Evidence-based medicine (EBM) was initially defi ned 
and is currently perceived as “the explicit, judicious, 
and conscientious use of current best evidence from 
health care research in decisions about the care of 
individuals and populations”. The current defi nition 
of EBM, however, integrates best available evidence with 
clinical expertise and patient preference in making the best 
decisions about patient care. EBM occurs at both an orga-
nizational (e.g. professional societies that develop clin-
ical practice guidelines) and individual practitioner 
level. It is the latter that is perhaps most demanding 
in this era of unprecedented technology advancement, 
strong consumer demand, cost restraint, and limited 
scientifi c evidence. Because of this there has never been 
a greater need to provide the spine surgeon with guid-
ance and support in the practice of EBM; thus EBM 
spine surgery is the focus of this textbook.

The concept of EBM has become commonplace 
and represents the hallmark of excellence in clini-
cal practice. Firmly established in the medical realm, 
EBM’s integration into the spine surgery domain has 
been sometimes awkward and misguided due to a 
poor understanding or misinterpretation of the con-
cept. Although EBM must be fully integrated into the 
practice of spine surgery, it is essential that the term is 
properly understood and applied by all stakeholders 
including surgeons, researchers, governmental agen-
cies, insurance companies, and professional societies. 
This will lead to necessary, appropriate questioning 
and scrutiny of indications for and results of common 
spine surgical procedures. Furthermore, it will help 
standardize and optimize clinical research and educa-
tion at all levels.

Though often considered the antithesis of EBM, 
textbooks continue to be a highly utilized and succinct 
educational resource for practicing spine surgeons, fel-
lows, and residents. Considering this, it was our inten-
tion to bridge the gap between conventional textbooks 
and EBM practice, in a distinctive manner. Unlike tradi-
tional textbooks in which an author diligently prepares 
a narrative review about a particular topic, the authors 
of Prove It! were asked to do something uniquely dif-
ferent. For each chapter, the authors were supplied 
with a clinical vignette of an actual patient seen by one 

of us in our practice that included a history, physical 
examination fi ndings, and imaging studies. Next, they 
were asked to describe their interpretation of the fi nd-
ings, declare a diagnosis, and perform a systematic 
literature review based on the specifi c management 
question. The results of the systematic review were 
then integrated with their clinical expertise to deter-
mine a precise treatment plan or recommendation for 
the specifi c patient. In this way, the reader gains EBM 
recommendations for treatment of common spinal 
disorders and appreciates and gains understanding 
into the merits and limitations of practicing EBM at an 
 individual level.

There is a necessary and growing demand from all 
the stakeholders involved in spine care for clinicians 
to practice EBM when managing their patients. This 
is a daunting requirement for the busy clinician given 
the time and effort needed to properly understand the 
essential concepts of EBM, the level of sophistication 
needed to interpret the expanding breadth of spine lit-
erature, and the invaluable impact of shared or con-
sensus expert opinion in determining the appropriate 
treatment. Organizational EBM helps this process from 
a guideline perspective. However, if we are to ensure 
and optimize personalized medicine for our patients 
then clinicians need further support to practice EBM 
at an individual level. Prove It! fulfi lls this role for the 
practicing spinal surgeon by providing relevant, unbi-
ased, and rigorous analyses of the current literature 
based on questions concerning treatments of common 
clinical disorders framed by clinical expertise, expe-
rience, and, when possible, patient preference. Fur-
thermore, the reader will learn the process by which 
evidence-based treatment decisions are formulated, 
and will hopefully incorporate this process into his or 
her own clinical practice and disseminate it to others. 
Finally we have tried to ensure that the reader is left 
with a practical treatment recommendation rather than 
the frequent (and not too helpful) take home message 
of “more research is needed”. Clearly more research is 
needed, but we must provide the best possible care for 
our patients now. We feel Prove It! does this and pro-
vides a new standard in facilitating evidence-based 
care for our patients.

P R E F A C E
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C A S E

2

1 Cervical Stenosis with
Multiple Subluxations

EDITORS’ CASE 
PRESENTATION

An 81-year-old man presents with a primary 
complaint of  right shoulder pain along with low 
back and right buttock pain. He indicates that he 
has had progressive imbalance with walking and 
has had a couple of  recent falls. In addition, he 
has a complaint of  substantial weakness in the 
upper extremities, diffi culty with manual dexterity, 
and dropping objects from his hand due to numb-
ness and tingling. He has no bowel or bladder 
 complaints.

Upon exam, he is only slightly overweight. He dis-
plays profound imbalance upon walking and uses 
a wide-based gait. He stumbles with turning. He 
has weakness and pain in his right upper extrem-
ity to a level that it is diffi cult to hold his arm out for 
a handshake. Motor testing demonstrates 3/5 right 
grip strength, 4/5 right biceps, and 3/5 right del-
toid. Finger dexterity is diminished. The man has 
a negative Lhermitte sign but a positive Spurling 
test with rotation to the right side. He has positive 
Hoffmann refl exes, more on the right than the left, 
and hyperrefl exia in the upper and lower extremi-
ties of  3+. Though fl exion is full and reasonably 
painless, he has pain at the extreme of  extension, 
which also exacerbates his shoulder pain.

Radiographic imaging studies are shown in 
Figure 1.1A–G.

are his progressive diffi culty walking and imbalance, the 
weakness in his upper extremities, his decreased hand 
dexterity, and his paresthesias. These historical fi ndings 
are suggestive of a spinal cord lesion.

The patient’s diffi culty with walking and waddling 
gait suggest cervical lesion versus lumbar. A lumbar 
lesion would be less likely to cause change in gait and 
more likely to cause lower extremity weakness and 
radiculopathy. Changes in gait are indicative of spinal 
cord long tract dysfunction. He has a positive Spurl-
ing test which suggests a cervical root compression. 
The patient’s weakness in his right upper extremity 
could also be the result of cervical root compression. 
However, the patient demonstrates weakness in sev-
eral muscle groups which are innervated by varying 
roots. This would suggest multilevel disease.1 A posi-
tive Hoffman’s and hyperrefl exia point to decreased 
spinal cord inhibition and strengthened the diagnosis 
of myelopathy.2 Painless fl exion and pain with hyper-
extension which decreases the functional diameter of 
the spinal canal suggest compression pathology.1

The radiographic images are T2 weighted sagittal 
and axial magnetic resonance imaging (MRI) scans of 
the cervical spine. Figure 1.1A and B demonstrate severe 
cervical stenosis at C3-4 and moderate stenosis at C4-5. At 
C3-4, the cord is being compressed anteriorly by a bulg-
ing disc and posteriorly by the ligamentum fl avum. Sub-
luxations are also noted at C3-4 and C4-5. These images 
also demonstrate a loss of normal lordosis resulting in a 
straight spine. T2 increased signal intensity is seen in the 
spinal cord at C3-4. At C5-6, a disc herniation and pos-
terior osteophytes can be seen causing moderate canal 
stenosis. Figure 1.1C–G  demonstrate T2 axial images of 
each disc space from C2-7. At C2-3, Figure 1.1C, there is 
mild canal stenosis and posterior spinal cord compres-
sion. Figure 1.1D, C3-4, demonstrates severe canal steno-
sis. There is signifi cant cord compression anteriorly and 
posteriorly resulting in cord deformation. No cerebrospi-
nal fl uid (CSF) can be visualized in this image. At C4-5, 
Figure 1.1E, the spinal cord is being compressed on the 

INTERPRETATION OF CLINICAL 
PRESENTATION

The patient in this case presents with a chief complaint 
of pain in the right upper and lower extremities with no 
history of trauma. The more important parts of his history 

T E R R E N C E  T.  C RO W D E R ,  M D 
A N D  H A R RY  N .  H E R KO W I T Z ,  M D

Bono_Chap01.indd   2Bono_Chap01.indd   2 9/20/2010   10:50:57 AM9/20/2010   10:50:57 AM



CASE 1 ■ Cervical Stenosis with Multiple Subluxations  3 

left side anteriorly by a disc herniation but CSF is seen 
posteriorly. Figure 1.1F, C5-6, shows signifi cant canal 
stenosis and cord compression bilaterally by an anterior 
disc complex. The left C6 root appears more compressed 
than the right. C6-7, Figure 1.1G, shows mild canal steno-
sis with CSF visible around the entire cord. Interestingly, 
the patient has more right sided symptoms. Figure 1.1E 
and F suggest more left sided foraminal stenosis than 
right. These images represent multilevel cervical spinal 
stenosis with subluxations and myelomalacia.

DECLARATION OF SPECIFIC 
DIAGNOSIS

The patient has symptomatic multilevel cervical steno-
sis with subluxations. Degenerative disc disease has 
resulted in compression anteriorly and posteriorly from 
the ligamentum fl avum hypertrophy and  infolding.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. To alleviate or decrease the pain
 2. Stabilize the cervical spine

 3. Halt the progression of myelopathic changes
 4. Rehabilitation and recovery
 5. Improve neurologic function

The treatment options are

 1. Bracing, therapy, and cervical injections
 2. Multilevel anterior cervical discectomy and 

fusion (ACDF)
 3. Multilevel anterior corpectomy and fusion 

(ACCF)
 4. Hybrid construct of ACDF and ACCF
 5. Laminoplasty
 6. Multilevel laminectomy with or without fusion
 7. Anterior/posterior combined
 8. Cervical disc arthroplasty

EVALUATION OF THE LITERATURE

A search of Ovid Web was performed to fi nd and 
 evaluate the literature on cervical spondylotic myel-
opathy with multiple subluxations. Using a  reference 
period from 1950 to 2009, a Medline search was per-
formed using the keyword “cervical.” This was then 
combined with cervical. The search was further nar-
rowed by combining “myelopathy.” The results 
revealed 2,743 potential articles. When “subluxation” 

Figure 1.1.
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4  CASE 1 ■ Cervical Stenosis with Multiple Subluxations

After the decision has been made to proceed with 
operative management, the next step involves deciding 
on the appropriate approach and procedure. Patient 
factors, neurologic status, and clinical expertise will be 
considered in this process.

Patient Factors
The patient has cervical myelopathy from spondy-
lotic stenosis with degenerative spondylolisthesis. The 
patient’s symptoms are progressive.

Neurologic Status
The patient already demonstrates signifi cant myel-
opathy symptoms. He has an unsteady gait, loss of 
hand dexterity, weakness, a positive Hoffman’s. His 
shoulder pain and positive Spurling’s suggest radicu-
lopathy as well. Considering he is already experienc-
ing signifi cant neurologic dysfunction, it is unlikely he 
will improve without intervention.5

Anterior Decompression and Fusion
Anterior decompression and fusion for cervical myelo-
pathy has been shown to be a highly effective treat-
ment.7 Emery el al.9 reviewed 108 patients with cervical 
myelopathy that were treated with anterior decompres-
sion and fusion. Average follow-up was 5 years. Both 
ACDF and ACCF were able to signifi cantly improve 
Nurick grade. More than 80% had an improvement in 
their gait. Ninety percent had improvement in their 
neurologic defi cits. Development of a pseudoarthrosis 
predicted a poor outcome. Older patients tended to 
have more severe myelopathy at presentation. Those 
patients with less severe myelopathy preoperatively 
had better postoperative neurologic outcomes. Inter-
estingly, men had better improvement in neurologic 
grade than women.9 This study suggests that ante-
rior decompression with fusion is safe and is asso-
ciated with a high rate of pain relief and neurologic 
 improvement.

The patent has a kyphotic deformity. When loss 
of lordosis is present in combination with stenosis, an 
anterior approach can accomplish two goals, direct 
decompression and deformity correction.7 When more 
than three levels need to be decompressed, supplemen-
tal posterior fi xation must be considered.7 Gok was 
able to show similar complication rates when compar-
ing anterior alone versus anterior with combined pos-
terior fi xation. An oblique corpectomy without fusion 
could be considered in this patient; however, the pres-
ence of multiple subluxations is indicative of some spi-
nal instability which is a relative contraindication to 
this procedure.10 The MRI demonstrates compression 
on both sides of the cord as well.

The patient’s age must also be taken into consid-
eration when contemplating care. No statistical differ-
ence has been shown between the recovery rate and 

was combined with the previous key words, 103 articles 
were found. The articles were searched and reviewed 
electronically. The Cochrane Library of evidence based 
medicine was then searched. A total of 25 articles were 
identifi ed. One-hundred ten abstracts were reviewed 
and 38 full text articles were read.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
A large volume of literature on cervical myelopathy 
has been published; however, there are few prospec-
tive, randomized studies regarding treatment. After 
a thorough literature search, only a few articles were 
found regarding degenerative spondylolisthesis and 
cervical myelopathy.3,4 These articles were reviewed in 
order to present the best possible data to make a deci-
sion concerning treatment.

When deciding between operative and non-
operative treatment for cervical spondylitic myelop-
athy with multiple subluxations, the natural history 
must be considered. In general, most patients expe-
rience a slowly progressive decline in function with 
prolonged periods of stable neurologic function. 
A majority of patients experience stepwise decline 
between these periods of quiescent disease.5 Cur-
rently, no methods of predicting neurologic decline 
exist. Therefore, it is imperative to arrest disease in 
those patients already experiencing signifi cant neu-
rologic symptoms. Considering this unfavourable 
and unpredictable natural history, many authors 
recommend surgical treatment. Surgically treated 
patients appear to have better outcomes than those 
treated nonoperatively.6

Without prospective, controlled, randomized 
studies, it is diffi cult to predict outcomes after treat-
ment for cervical myelopathy. A nonrandomized, 
multicenter, prospective investigation by the Cervical 
Spine Research Society provides the best data to date 
on outcomes of cervical myelopathy.6 Sampath et al. 
compare the outcomes of patients treated surgically 
and those treated conservatively and suggest that sur-
gical treatment improves outcome. Surgically patients 
demonstrated signifi cant improvements in functional 
status (social and work activities) and pain but not in 
neurologic outcome. Conversely, medical treatment 
signifi cantly decreased ADL performance but had no 
effect on pain, functional status, or neurologic out-
come.6 When combined with previously cited studies, 
surgically treated patients can expect arrest of myelo-
pathic symptoms and some neurologic improvement, 
whether anterior or posterior surgery is performed.9,7 
These outcomes are maintained at up to 10 years after 
treatment.8
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Considering the patients segmental instability and 
mild kyphosis, he may be at increased risk for devel-
opment of postoperative kyphosis after laminectomy 
alone.17,18 Therefore, in this setting a fusion should be 
considered.

Though it has been used for many years, few well-
designed studies exist assessing laminectomy and 
fusion for myelopathy. The best data available are ret-
rospective or consecutive case series. The consensus 
from these studies is that outcomes are very good for 
most patients, sagittal balance remains constant, and 
complications are few.17,18

Laminoplasty
The patient’s kyphosis is mild and a consideration of 
a posterior approach must be considered. Dynamic 
radiographs are lacking; therefore it is unknown as to 
whether neck extension can help correct the patient’s 
lordosis with neck extension. Studies have shown that 
posterior procedures offer low complication rates and 
neurologic signifi cant improvement.11

Laminoplasty can provide a multilevel decom-
pression while maintaining posterior structures in 
order to prevent iatrogenic kyphosis. Considering the 
patient’s age, a review of laminoplasty in the elderly is 
important. Kawaguchi et al. retrospectively compared 
patients older than 70 years with those younger than 
seventy. No statistical differences existed between the 
groups preoperatively. Their respective JOA (Japanese 
Orthopaedic Association) scores, preoperative and 
postoperative, as well as their recovery rates, were not 
statically different.19 A majority of the elderly patients 
demonstrated spondylolisthesis. This had no effect on 
JOA score. The controls and the elderly both showed 
signifi cant improvements in their JOA scores. This 
is consistent with other studies; both groups expe-
rienced a decreased postoperative range of motion 
and slightly increased kyphosis. No patients in either 
group developed postoperative instability.19

Three studies have evaluated the biomechanics of 
laminoplasty.20–22 Matsumoto conducted a retrospective 
study to assess the risk factors for closure of lamina after 
open-door laminoplasty. From a review of 82 patients, 
they were able to conclude two things. First, closure 
of the laminoplasty was associated with preoperative 
cervical kyphosis. Secondly, patients with and without 
closure of greater than one level of laminoplasty expe-
rienced similar recovery.20 In one of the few prospective 
studies, Sakai followed 76 patients to assess the effect 
of preoperative spondylolisthesis on postoperative sta-
bility after laminoplasty.21 Preoperative spondylolisthe-
sis decreased or disappeared in 85% of their patients 
on neutral radiographs. The recovery rate for those 
with posterior spondylolisthesis was signifi cantly less. 
The authors suggest that preoperative posterior spon-
dylolisthesis represents more signifi cant spinal cord 

complication rate in elderly patients and controls.11 
Though this patient has none, preoperative comor-
bidities must also be taken into account when consid-
ered anterior versus posterior surgery. Those patients 
with dysphasia, history of dysphonia, or other poor 
aspiration control may not be candidates for anterior 
 procedures.

The patient has a mild kyphosis and multiple sub-
luxations or degenerative cervical spondylolisthesis. 
Only a few studies have studied this presentation.9,4 
The majority of patients found in these studies are 
also myelopathic and were treated with mostly ante-
rior procedures. One of the studies is retrospective and 
the other is a case series. They both suggest focusing 
on spinal cord decompression, deformity correction, 
and fusion. Anterior decompression and fusion yield 
very high fusion rates and improvement in neurologic 
status in patients with cervical stenosis and multiple 
subluxations.9,4

Cervical Disc Arthroplasty
The United States Food and Drug Administration’s 
Investigational Device Exemption studies provide very 
good data on the treatment of myelopathy.12–15 How-
ever, these studies excluded patients with signifi cant 
spondylosis, decreased segmental motion, signifi cant 
disc space narrowing, cervical kyphosis, instability, or 
spondylolisthesis. Although these studies show equiv-
alency between anterior cervical decompression and 
fusion and cervical disc arthroplasty for neurologic 
and gait improvement at 2 years follow-up, the cur-
rent patient’s clinical scenario has not been included in 
these trials. The current patient exhibits advanced age, 
multiple subluxation, and multiple levels of stenosis. 
These characteristics would have excluded the patient 
from these studies. Therefore, current data does not 
support the use of cervical disc arthroplasty in this 
patient.

Laminectomy and Fusion
Laminectomy has been employed in the treatment 
of myelopathy for many years. The advantages of 
laminectomy are well known: less surgically demand-
ing, do not require stabilization or fusion, little risk 
to ventral structures, no dysphagia, direct visualiza-
tion of the nerve roots. The disadvantages are also 
well known: postoperative neck pain, development of 
postlaminectomy kyphosis, inability to access ventral 
pathology. Preoperative subluxation with hypermobil-
ity is a risk factor for postoperative destabilization.16 
Guigui followed 58 patients after multilevel lamine-
ctomy without fusion for myelopathy for more than 
3 years. Thirty percent changed curvature after lamine-
ctomy. These patients had mean improvement rates 
that were signifi cantly less than those with stable 
cervical  curvature.
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6  CASE 1 ■ Cervical Stenosis with Multiple Subluxations

follow-up,  surgical and conservative outcomes were 
not signifi cantly different. No signifi cant differences in 
modifi ed JOA or gait were found between the groups. 
Our patient has progressive disease with signifi cant 
disability and gait changes. Kadanka et al. studied 
patients with mild to moderate disease averaging 
6 years of symptoms before enrollment. Eighty-eight 
percent of their patients exhibited less than three level 
disease and all had fairly high mJOA scores preopera-
tively. Therefore, Kadanka data cannot be used in the 
evaluation of our patient.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the current 
patent should be treated operatively. We critically 
examined articles focusing on surgical treatment of 
cervical myelopathy with multiple subluxations. These 
results are summarized in Table 1.1.

Anterior or Posterior
The patient demonstrates cervical stenosis with mul-
tiple subluxations. The patient in the clinical sce-
nario fi ts well into multiple studies.3,22,38 An analysis 
of the long-term results of anterior versus posterior 
 techniques gives insight into which is more appropri-
ate for this patient. Two studies have looked at the 
long-term results of anterior versus posterior pro-
cedures. Both studies followed patients for at least 
10 years after anterior spinal fusion or laminoplasty 
for meylopathy.8,39 The neurologic improvement was 
equal and maintained in both groups throughout the 
follow-up period. However, the anterior groups expe-
rienced higher postoperative complications. Bapat pro-
spectively followed 129 patients that were treated with 
posterior or anterior procedures.40 Those patients with 
three-level disease who underwent anterior decom-
pression and fusion had signifi cantly higher neuro-
logic function postoperatively. A 10-year prospective 
outcome analysis by Chagas revealed patient satisfac-
tion rates of more than 80% for anterior decompression 
and fusion for myelopathy.41 It is reasonable to assume 
from the reviewed studies that anterior and posterior 
procedures both would offer the patient good long 
improvement in his symptoms.

Vascular factors have been shown to play a role in 
the pathophysiology of cervical myelopathy.42 A major-
ity of the blood supply to the spinal cord comes from 
the anterior blood supply, thus an anterior procedure 
provides the benefi t of direct decompression of the spi-
nal cord and the anterior vessels.38,43

Anterior decompression and fusion allows reduc-
tion of the subluxations and correction of the kyphotic 
deformity.44 Posterior procedures require a lordotic 

 compression thus decreased recovery rates. Overall, 
they demonstrate that laminoplasty can be performed in 
the presence of multiple subluxations with good clinical 
outcomes.21 Suk et al.22 further delineates the issues of 
alignment after laminoplasty; retrospectively reviewed 
85 patients and followed them for 2 years. As with several 
other studies, ROM was shown to decrease signifi cantly 
after laminoplasty. Postoperative kyphosis developed 
in 10% of their patients. Analysis revealed that cervical 
spondylosis, neutral lordosis of <10 degrees, and fl ex-
ion kyphosis that is greater than extension lordosis are 
factors associated with the development of postopera-
tive kyphosis.22 Long-term improvement in neurologic 
symptoms are maintained in 70% to 80% of patients 
at 10 years.23,24 Considering these studies, the current 
patient would seem to be a candidate for laminoplasty.

Anterior and Posterior Combined
A combined anterior and posterior approach is some-
times required. This may be necessary when the 
patient has postlaminectomy kyphosis or a fi xed sag-
ittal kyphosis is present.25,26 The current patient has a 
mild kyphotic deformity. Correction of kyphosis to 
neutral or lordosis signifi cantly improves neurologic 
outcomes.25,26 Revision procedures may sometimes 
require a circumferential approach. This may be 
because of sagittal imbalance, segmental instability 
from previous procedures, progressive myelopathy, or 
pseudoarthrosis. However, successful outcomes can 
be achieved.27 Patients with signifi cant osteoporosis 
should be considered for combined procedures when 
long constructs are necessary because of an increased 
risk of end plate fracture and hardware failure.28,29 It has 
been shown that corpectomies at three of more levels 
warrant posterior fi xation to increase fusion rates and 
decrease hardware related complications.30,31 Signifi -
cant circumferential compression is also an indication 
for a combined procedure when unilateral decompres-
sion and stabilization alone do not meet the surgical 
goals.32 Signifi cant improvements in neurologic out-
comes can be expected with a combined anterior and 
posterior procedure.32–34 A circumferential decompres-
sion and fusion reestablishes sagittal balance, provides 
a stable biomechanical construct, and extensively 
decompresses the entire spinal cord.33 When performed 
in a single stage, the complications are not signifi cantly 
higher than in unilateral procedures.34 Our patient has 
anterior and posterior compression; however, a major-
ity of his pathology is anterior.

Literature Inconsistencies
Several authors have reported that surgical outcomes 
do not exceed conservative measures.35–37 A controlled 
prospective, randomized study by Kadanka com-
pared conservative and operative treatment for cer-
vical myelopathy.35 After an average of 24 months’ 
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Hybrid  decompression fi xation technique involves a 
combined discotomy and corpectomy with fusion and 
plating. The advantages of both are utilized. The dis-
cectomy and fusion allows restoration of lordosis. The 
addition of the corpectomy decreases the number of 
bone surfaces to be fused. Ashkenazi et al.53 has shown 
that this construct provides signifi cant improvements 
in neuorlogic outcomes and a fusion rate of >95%.

DEFINITIVE TREATMENT PLAN

Operative intervention should be undertaken in this 
patient considering the progressive nature of his cer-
vical myelopathy. The patient should be positioned 
on a regular table with mild neck hyperextension as 
to prevent further compression upon his spinal cord. 
A left sided longitudinal incision should be used. Dis-
cectomies of C3-4, C4-5, and C5-6 would be performed 
fi rst. A corpectomy of C4 would be the next step to 
give the cord more room to fl oat forward away from 
the compression posteriorly at C3-4. This decompres-
sion would help restore blood fl ow to the spinal cord. 
Bilateral foraminotomies would be performed at each 
level to decompress the roots. A fi bular strut graft 
would then be placed at C4. A fi bular wedge would 
then be placed at C5-6 to help restore lordosis.54,55 
An anterior plate would be placed from C3-6. The role 
of a static versus a dynamic plate is still unclear.56,57 

alignment to allow the spinal cord to move back away 
from anterior compression after posterior decompres-
sion.45 Kyphosis can have a negative effect on out-
comes.46 Considering the patient’s age, a combined 
anterior and posterior procedure would add increased 
morbidity and mortality risk. The patient’s deformity 
is mild and a less invasive approach would be reason-
able. If he continued to decline neurologically after 
an anterior procedure, a second posterior procedure 
would still be an option. Therefore, the advantages of 
increased blood fl ow, kyphosis correction, and good 
long-term results make an anterior decompression 
more desirable in this clinical scenario.

Corpectomy or Multilevel Discectomy 
or Hybrid Construct
Corpectomy and multilevel discectomy have both 
been shown to offer good clinical outcomes in the 
treatment of myelopathy.47–49 Discectomy addresses 
pathology at the disc level while corpectomy address 
pathology behind the vertebral body. Wang et al.50 
demonstrated similar fusion and complication rates 
between a single-level corpectomy and a double-level 
discetomy. Anterior cervical corpectomy with plating 
has a very high fusion rate and a low complication 
rate.47,51 A corpectomy offers the advantage of decreas-
ing the number of surfaces needed to fuse. When com-
pared to multilevel discectomies in a long construct, 
corpectomies have a signifi cantly higher fusion rate.52 

Paper Author (Year) Description Summary of Results Quality of Evidence

Emery et al. (1998) Retrospective, 
case series

108 patients with cervical myelopathy were 
treated with anterior decompression and 
fusion. Signifi cant improvement of 1.2 Nurick 
grades. Older age predicted more severe 
 preoperative myelopathy. Preoperative 
neurologic function predicted postoperative 
 neuroligic function. Unsatisfactory outcome 
was associated with pseudoarthrosis.

Very low

Dean et al. (2008) Retrospective, 
case series

58 patients with degenerative spondylolithesis and 
myelopathy were treated with anterior decom-
pression and fusion. 92% fusion rate
Average Nurick grade improved 1.5.

Very low

Woiciechowsky 
et al. (2004)

Retrospective, 
case series

16 patients with degenreative spondylolethsis 
and myelopathy were treated with anterior 
decompression and fusion.
All patients fused.
Neurologic improvement in 10/13.
No neck pain in 3/3 with preop neck pain.
81% satisfactory of better outcome according 
to Odom’s criteria.
No validated outcome score.

Very low

Evidentiary Table.TABLE 1.1
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8  CASE 1 ■ Cervical Stenosis with Multiple Subluxations

A plate decreases the risk of graft related complications 
and contributes to construct rigidity.31,58 Screws would 
be placed in C3, C5, and C6 to provide more points 
of fi xation to improve stability.59 The construct would 
allow immediate mobilization in a collar.

Grading the Evidence for this Plan
The evidence to support the technical aspects of this 
treatment is considered very low because it comes from 
retrospective case series. Our treatment goals have 
been met in the articles found in Table 1.1. Anterior 
decompression and fusion are shown to provide good 
outcomes for myelopathy with multiple subluxations. 
In accordance with the method of grading recommen-
dations set forth by Schunemann et al.60 our proposed 
treatment would be considered a strong recommen-
dation with low quality evidence. Overall, very good 
fusion rates, symptomatic improvement, and few com-
plications are associated with multilevel anterior cervi-
cal surgery for myelopathy.7,11,48

PREDICTING OUTCOMES

Multiple outcome instruments exist for cervical myel-
opathy such as the Nurick, Japanese Orthopaedic 
Association scale, and the SF-36. Whether, disease 
specifi c or generalized, they all seem to exert rela-
tive strengths and weaknesseses.61 For this reason, no 
study has defi ned any particular outcome measure as 
the gold standard for outcome of treatment for cervi-
cal myelopathy. Therefore, it is diffi cult to predict out 
patient’s outcome based on a single outcome measure 
though this would be ideal.

Multiple studies have sought to predict outcome. 
Yamazaki et al.62 followed elderly patients and controls 
that underwent surgical treatment for spondylotic 
myelopathy for an average of 40 months. Multivari-
ate analysis revealed that age, preoperative Japanese 
Orthopaedic Association score, canal diameter, and an 
intensity change on the spinal cord were not predictive 
of outcome. Their data suggest that an excellent neuro-
logic improvement can be obtained in elderly patients 
with symptom duration of <12 months. An excellent 
recovery was obtained in both groups when the trans-
verse area of the spinal cord was >30 mm34 at the level 
of maximal compression. The duration of our patient’s 
symptoms is unknown in this scenario but could be 
assessed in real life. The MRI demonstrates the most 
signifi cant compression at C3-4, but the original fi lm 
would be necessary to transverse measure area. Sev-
eral studies have suggested that T2 MRI signal changes 
predict less favorable outcomes.63,64 Yukawa et al.64 pro-
spectively studied patients with cervical myelopathy 
to assess the relationship between MRI increased signal 
intensity and severity of disease and outcome. Patient 

age, duration of disease, postoperative JOA score, 
recovery rate, all correlated with preoperative T2 MRI 
increased signal intensity. They went on to conclude 
that once intense T2 MRI changes occur that outcomes 
were worse. Our patient demonstrates intense T2 sig-
nal intensity at C3-4. This may suggest a less favorable 
outcome.

Ultimately, the surgeon must now take into account 
his own technical skill, his comfort level with each pro-
cedure, and the patient’s wishes.61 The patient’s must 
be made fully aware of the severity of his disease and 
its natural history. Cervical myelopathy is a progres-
sive disorder and his symptoms may digress, arrest, 
or progress regardless of surgical or conservative treat-
ment. He must understand that no treatment is with-
out risk or benefi t and that no promises or guarantees 
can made. These results are consistent with my experi-
ence as a spine surgeon. A meticulous assessment of 
the entire clinical scenario and a careful education of 
the patient will provide the foundation for making the 
treatment plan.

SUMMARY

The clinical scenario involves a 81-year-old male with 
cervical myelopathy and multiple subluxations. He 
has signifi cant stenosis with anterior and posterior 
compression. A hybrid construct of anterior C4 cor-
pectomy and C5-6 discectomy and fusion with plating 
provides the spinal cord with the best opportunity to 
reperfuse and allows correction of the mild kyphotic 
deformity. He can expect some improvement in his 
condition without progression of his symptoms.
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EDITORS’ CASE 
PRESENTATION

A 58-year-old woman presents with bilateral 
upper extremity numbness and tingling from the 
forearms down to the fi ngers. She has been in 
this state for approximately 3 weeks. She does 
not have any complaints of  imbalance or of  sub-
jective weakness in the lower extremities. She 
does indicate bilateral weakness in the hands, 
right greater than the left.

Physical examination demonstrates that she 
has decreased sensation in the bilateral C6, C7, 
and C8 distribution. She also has decreased 
grip strength bilaterally as well as decreased 
strength with wrist fl exion, wrist extension, biceps 
and triceps bilaterally. The patient has a positive 
Hoffmann refl ex bilaterally along and a positive 
inverted radial refl ex on the right side. She has a 
negative Lhermitte test. Her balance with walking 
appears to be generally preserved. Her range of  
motion is nearly full with fl exion and extension. 
Examination of  the lower extremities shows that 
she has full strength, intact sensation, and normal 
refl exes.

Radiographic imaging studies are shown in 
Figures 2.1 and 2.2.

upper extremity sensory and motor dysfunction 
can be the result of cervical spinal cord compression 
and may be consistent with myelopathy. The approach 
to this patient must consider the full array of pos-
sible etiologies, however, including trauma, degen-
erative conditions of the cervical spine including 
spondylosis and herniated disks, congential defects, 
transverse myelitis, multiple sclerosis, adrenomy-
eloneuropathy, infection, postinfectious syndrome, 
or postvaccination myelitis, arachnoiditis, epidural 
abscess, connective tissue disorders including rheu-
matoid arthritis and systemic lupus erthythematosus 
and other medical entities such as sarcoid, paraneo-
plastic or ulcerative colitis-induced myelopathy. Tox-
ins, electrical injury, radiation injury, and metabolic 
conditions including vitamin B12 defi ciency, liver 
disease, thyroid or parathyroid disease can cause a 
presentation similar to myelopathy. Other etiologies 
more likely to mimic cervical myelopathy include 
syringomyelia, motor neuron disease, subacute com-
bined degeneration, Arnold-Chiari malformation, 
intracranial and intraspinal tumors, vertebrobasilar 
ischemia, and peripheral neuropathy including Guil-
lain-Barré syndrome, compression peripheral neu-
ropathies, and arthritis.

A diagnosis of cervical myelopathy is considered 
based on the typical history of neurologic symptoms 
involving the upper more than the lower extremities 
with physical examination fi ndings refl ecting cervical 
spine involvement. Nonetheless, it may be benefi cial 
to rule out thoracic and lumbar spinal compression 
if lower extremity symptoms coexist or predominate. 
Cervical spondylotic myelopathy should be strongly 
suspected, and not simply by exclusion of other diag-
noses. It affl icts approximately one-fourth of patients 
with nontraumatic spastic paraparesis and tetrapare-
sis.1 Weakness in the hands helps to localize the level 

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a middle-aged woman 
with subacute neurologic symptoms without a history 
of trauma. The chief complaints of painless  bilateral 
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of neurologic involvement. Patients <60 years old 
are more likely to exhibit C5-6 and C6-7 involvement 
while patients over 70 are more likely to show C3-4 
and C4-5 involvement.2 Symptoms for only 3 weeks in 
addition to no gait, lower extremity, or bladder dys-
function suggest an early stage in the course of cervical 
 myelopathy.

The natural history of cervical spondylotic myel-
opathy is not benign. Up to one third of patients symp-
tomatically improve, approximately one third remain 
stable, and more than one third of patients deteriorate.3–5 
The overall duration of symptoms has prognostic sig-
nifi cance. There appears to be agreement that patients 
with symptoms for <2 years are more likely to clini-
cally improve.6,7

This patients’ decreased sensation in bilateral 
C6-8 nerve root distribution may correspond either 
to dermatomal sensory loss in the upper extremities 
secondary to compression of the dorsal nerve roots 
and/or the anterior spinothalamic tracts. Typically, 

the array of motor weakness corresponds to the spinal 
segments being compressed, causing lower motor 
neuron involvement at the levels of the lesion in the 
cervical cord. Weak biceps and wrist extensors in this 
example corresponds to C6 nerve root and/or corti-
cospinal tract compression whereas weak triceps and 
wrist fl exion corresponds to C7 and weak grip strength 
corresponds to C8 compression. Preserved strength in 
the lower extremities is characteristic of early myel-
opathy. Lower motor neuron fi ndings are typically 
present at the involved levels in the cervical myotomes 
while upper motor neuron fi ndings are typically pres-
ent below the site of compression. The motor and sen-
sory fi ndings are related to the anatomic sites, degree 
of compression, and number of levels compressed in 
the cervical cord.8

The positive Hoffmann sign and the inverted radial 
refl ex found in this patient are pathologic refl exes that 
suggest compression of the corticospinal tract. The 
Hoffmann refl ex is elicited by fl icking the nail of the 

Figure 2.1.

Figure 2.2.
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(Fig. 2.2A) a central disc protrusion indents the 
thecal sac but spinal fl uid remains circumferentially 
around the spinal cord. At C4-5 (Fig. 2.2B) there is 
effacement of the thecal sac with loss of circumferen-
tial spinal fl uid and compression of the spinal cord, 
but no signifi cant foraminal stenosis. At C5-6 (Fig. 
2.2C) there is signifi cant paracentral and central the-
cal sac compression related to disk and osteophyte 
as well as posterior left greater than right ligamen-
tous hypertrophy and signifi cant right greater than 
left foraminal stenosis. At C6-7 (Fig. 2.2D) there is no 
signifi cant central stenosis but moderate right foram-
inal stenosis from an anterior disk and osteophyte 
complex.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has cervical spondylotic myelopathy with 
central compression from C3-7 with a straight cervical 
spine.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Halting progression of neurologic symptoms
 2. Decompression of the spinal cord via direct or 

indirect measures
 3. Decompression of nerve roots
 4. Maintenance or improvement of spinal sagittal 

alignment
 5. Maintenance of spinal stability
 6. Early mobilization
 7. Rehabilitation and healing

The treatment options are

 1. Conservative measures including: cervical 
orthosis (soft collar), nonsteroidal or steroidal 
anti-infl ammatory medication, epidural steroid 
injections, biofeedback, physiotherapy, halter 
traction

 2. Multilevel anterior cervical discectomy (±C3-4, 
C4-5, C5-6, ±C6-7) and fusion (ACDF)

 3. Multilevel (C4, C5, ±C6) anterior cervical cor-
pectomy and instrumented fusion

 4. Hybrid surgery: Single-level ACDF above or 
below with single anterior corpectomy and 
instrumented fusion (either C3-4 ACDF with 
C5 corpectomy or C4 corpectomy with C5-6 
ACDF)

third or fourth digit with resultant fl exion of the thumb 
or adjacent digits. This monosynaptic refl ex occurs 
because of the absence of normal inhibitory descending 
input to the Rexed Lamina IX.9 The positive inverted 
radial refl ex can signify cord or nerve root compres-
sion at the C6 level. Upon testing the brachioradialis 
refl ex, a pathologic refl ex contraction of the spastic 
fi nger fl exors is noted as well as a relative decrease in 
the normal refl ex of the brachioradialis. Normal lower 
extremity refl exes observed in this patient are consis-
tent with the wide array of clinical variations seen in 
myelopathic patients. This substantial degree of vari-
ability emphasizes the high suspicion needed to effec-
tively identify myelopathy. Distribution of physical 
fi ndings varies greatly.  Hoffmann refl ex and Babinski 
sign is noted to be positive in less than one fi fth of 
patients while Lhermitte sign and neck pain are often 
absent.10 This patient’s preservation of balance with 
normal gait may be related to a lack of dorsal compres-
sion of the posterior funiculi. In severely myelopathic 
patients, gait can be broad-based, hesitant, and jerky. 
It is often termed a “scissor gait,” as the legs are fl exed 
slightly at both hips and knees yielding a crouched 
appearance with knees and thighs hitting or crossing in 
scissors-like movements. In early myelopathy, as in 
this case, balance and proprioceptive problems are 
often more subtle and diagnosed more by subjective 
history (often noted by family members) or specifi c 
tests such as the Rhomberg test or an inability to per-
form tandem gait.

The cervical spine magnetic resonance images 
(MRI) of this patient include two T2 parasagittal 
images, a midline sagittal T2 image, and four T2 axial 
images through the C3-4, C4-5, C5-6, C6-7 disc spaces. 
Figure 2.1 demonstrates a loss of the normal sagittal 
cervical lordosis (normal is 30 degrees) but without 
signifi cant kyphosis (<10 degrees). This can be dem-
onstrated by measuring a Cobb angle from the C3 to 
the T1 endplate. Flexion and extension radiographs 
are not available for review but could be considered to 
demonstrate the extent of possible motion. Given that 
the patient has full range of motion on exam, particu-
larly in extension without worsening of her symptoms, 
the demonstrated alignment is unlikely to be com-
pensatory/postural. The sagittal MRIs demonstrate 
multilevel posterior disc protrusions with adjacent 
osteophytes, most signifi cantly at C3-4, C4-5, C5-6, 
with some spondylotic changes also at C6-7. Ligamen-
tous hypertrophy is imaged on the right side at C5-6 
(Fig. 2.1C). Mild cord signal changes are seen in  Figure 
2.1B and C at the C5-6 level, which are most likely 
consistent with myelomalacia. An MRI with contrast 
could be considered, however, to rule out an intraspi-
nal lesion even in severe stenosis.

Axial T2 weighted images (Fig. 2.2) confi rm the 
local compression seen on sagittal images. At C3-4 
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of risky activities and environments including cold, 
 physically demanding situations; movement on  slippery 
surfaces; manipulation therapies; and vigorous or 
sustained head fl exion. These studies, in addition 
to numerous case series, represent the best available 
evidence.

A combination of clinical signs and symptoms in 
addition to imaging evidence of spinal stenosis, with 
or without signal changes in the cord, favor operative 
treatment of myelopathy. Our patient demonstrates 
upper extremity sensory and motor changes with 
decreased function for a short duration with evidence 
of long tract dysfunction with corresponding radio-
graphic imaging. Most authors tend to use a combina-
tion of neurologic symptoms, preoperative functional 
scoring utilizing the modifi ed Japanese Orthopaedic 
Association (JOA) system and radiographic fi ndings to 
determine the need for operative treatment. The JOA 
myelopathy scale has been found to have high interob-
server and intraobserver reliability and is widely used 
for grading severity. It assesses motor and sensory dys-
function in the upper and lower extremities and trunk 
in addition to bladder function.18,22 The upper extremity 
function receives likely one or two points due to loss of 
bilateral fi nger dexterity and upper extremity weak-
ness, four points for normal lower extremity function, 
three points for normal bladder function, two points 
each for normal trunk and lower extremity sensation 
and zero points for upper extremity sensory loss. For a 
score of <13 with evidence of spinal cord compression 
on imaging studies, operative management is typi-
cally recommended. According to the modifi ed JOA 
scale, our patient would likely receive a total of 12 or 
13 points. Fujiwara et al.23 and Koyanagi et al.24 noted 
positive prognostic indicators for surgery to include 
larger transverse cord area, shorter duration of symp-
toms, younger age at presentation, and single rather 
than multiple levels of involvement. Results of opera-
tive treatment were found to be better in individuals 
undergoing surgical decompression early as compared 
to late. Suri et al. reported that in a prospective ran-
domized trial, 146 patients who were symptomatic 
<1 year showed signifi cantly greater motor recov-
ery25–27 after surgery. In summary, the literature offers 
ambiguous evidence—those with early myelopathy 
will do well with conservative measures as well as sur-
gical intervention. The lack of a randomized controlled 
trial, therefore, leaves this question unanswered. None-
theless, in this patient who is younger than 60 and 
exhibits signifi cant neurologic symptoms and defi cits 
in function and a relatively preserved transverse cord 
area, surgical decompression should be considered a 
reasonable option.

Management of this patient is best achieved by an 
integration of patient aspects, critical appraisal of the 
pertinent literature, and self-derived clinical expertise 

 5. Multilevel (C3-6 or C3-7) laminoplasty
 6. Multilevel laminectomy with instrumented 

fusion
 7. C4 and C6 skip laminectomy

EVALUATION OF THE LITERATURE

To identify relevant publications on cervical spondylotic 
myelopathy, a Pubmed search for cervical spondylosis 
“AND” myelopathy was performed from 1950 to 2008, 
which yielded 843 abstracts. Publications within the 
English language with subsets listed in Medline yielded 
660 publications. Comparative studies regarding man-
agement were given highest priority. Further, these 
results were cross referenced to bibliographies from 
appropriate, most recent editions of texts covering cer-
vical myelopathy diagnosis and management to ensure 
the identifi cation of pertinent classic and recent arti-
cles. One-hundred twenty-fi ve English abstracts were 
viewed electronically or via hand-searched journals. 
Forty-one full text articles were reviewed in detail.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
While a review of the literature regarding cervical 
spondylotic myelopathy did reveal many relevant 
studies, only one recent prospective study and no 
prospective randomized controlled trials were found 
which compare nonsurgical and surgical treatment 
of cervical spondylotic myelopathy. Five retrospec-
tive studies compared results of anterior diskectomy 
or corpectomy with laminoplasty.11–15 One prospec-
tive randomized clinical trial and two retrospective 
studies compared laminoplasty with skip laminec-
tomy and laminectomy with instrumented fusion.16–18 
Laminectomy without fusion was once considered the 
standard treatment for multilevel disease. However, 
experimental rabbit and goat prospective random-
ized studies have demonstrated biomechanical, radio-
graphic, and clinical superiority of laminoplasty over 
laminectomy without fusion in addition to less risk for 
instability, postoperative kyphosis, and late neurologic 
deterioration.19,20 While there is evidence that operative 
treatment is indicated for patients with severe cervi-
cal spondylotic myelopathy, nonoperative measures 
have been successful in mild cases. In a prospective 
randomized trial, Kadanka et al.21 reported similar out-
comes in nonsurgical and surgical treatment of mild 
cervical myelopathy with 3-year follow-up. Conser-
vative measures included soft collar immobilization; 
 anti-infl ammatory medications; bed rest; avoidance 
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or lamina shingling is reliably addressed via posterior 
approaches. This patient has a combination of anterior 
and posterior pathology particularly at C5-6 thereby 
shifting greater importance to other decision-making 
factors.

Extent of Pathology. Although the C5-6 level is the 
most severe, the patient has three-level pathology at 
C3-4, C4-5, and C5-6. Disease involving one or two 
levels is typically approached via anterior procedures, 
either discectomy or corpectomy, while involvement 
of four or more levels is well managed posteriorly via 
laminoplasty or laminectomy.11,31 Three-level pathol-
ogy can be managed by any of the three techniques, 
though in one study functional gain was demonstrated 
to be maintained best by corpectomy when three-level 
involvement occurred.11 Corpectomy was deemed 
superior in patients with (a) congenital stenosis (AP 
diameter <13 mm), (b) a free extruded disc posterior 
to a vertebral body, or (c) excessively large posterior 
osteophytes adjacent to endplates.11 None of these exist 
in our patient.

History of Previous Operations. This is not present in 
our patient. This may be an important consideration, 
however, when there may be adhesions secondary to 
scar tissue with increased risk of inadvertent duro-
tomy. Additionally, prior anterior surgery may be asso-
ciated with an increased risk of dysphonia and vocal 
cord paralysis and can make the alternative posterior 
approach more desirable than revision anterior. If a 
revision anterior approach is required, then it may be 
advantageous to use the contralateral side to the prior 
operation, but only after direct laryngoscopy has dem-
onstrated normal and symmetric vocal cord function 
to rule out occult iatrogenic, unilateral dysfunction.

Preoperative Neck Pain. Our patient does not have 
preoperative neck pain. Laminoplasty is relatively 
contraindicated in patients with preoperative neck 
pain secondary to disruption of the posterior extensor 
musculature and maintenance of motion in a spondy-
lotic spine. Reported rates of neck pain range from 6% 
to 60% following this procedure. Laminoplasty from 
C3 to C6 has, however, been demonstrated in a pro-
spective nonrandomized trial in lordotic spines to sig-
nifi cantly reduce neck pain from 30% to 5%.33,34

Shared decision-making occurs as patient char-
acteristics and personal opinion is melded with the 
surgeon’s knowledge of pertinent components of the 
literature to create an individualized defi nitive treat-
ment plan. Unfortunately, no prospective studies are 
available regarding the management of three-level cer-
vical spondylotic myelopathy (with slightly more ven-
tral than dorsal cord compression) in patients with a 
neutral spine. There are no retrospective matched stud-
ies that compare the three surgical techniques, namely 
anterior cervical decompression and fusion, lamino-
plasty, and laminectomy with modern  instrumented 

with the latter guiding decision-making regarding 
controversial or near equivalent data between surgi-
cal methods and postoperative management. Given 
the primary neurologic complaints and signs, an ade-
quate decompression is the primary technical goal of 
surgical intervention. The primary factors guiding 
decision-making regarding anterior versus posterior 
approaches for decompression of the cervical cord and 
roots include: (a) spinal sagittal alignment, (b) loca-
tion of the greatest compressive pathology, (c) extent 
of pathology, (d) history of previous operations, and 
(e) preoperative neck pain.

Spinal Sagittal Alignment. This patient has a neu-
tral spine with loss of normal lordosis yet lack of frank 
kyphosis. Great controversy hinges on this point in the 
literature. Direct decompression of neural structures 
and arthrodesis of bony segments with restoration of 
sagittal alignment is possible via multilevel discectomy 
or anterior corpectomy operations whereas posterior 
options such as laminoplasty and laminectomy rely 
on indirect posterior translation of neural elements 
from compressive anterior structures. Sodeyama et 
al.’s28 work supports this rationale as the expected 
dorsal translation was found to be greatest in lordotic 
(3.1 mm peak shift) spines compared to neutral (2.8 mm) 
or kyphotic spines (<2 mm). Mean spinal cord shift of 
3 mm was associated with good outcomes after enlarge-
ment laminoplasty which supports Itoh and Tsuji’s 
assertion that 4 mm is an ideal enlargement.29 Though 
retrospective, Suda et al.’s30 incorporation of the pres-
ence/absence of signal intensity change in the spinal 
cord with the degree of lordosis and kyphosis angle 
calculates the predictive probability of a poor outcome 
(defi ned as a JOA recovery rate of <50%). This patient 
has a local kyphosis angle of near zero degrees with 
the presence of signal intensity change. Suda et al.’s 
work predicts good clinical outcomes in patients with 
and without signal change with kyphosis angles up to 
5 and 13 degrees respectively. Contrastingly, Kawakami 
et al. assert that preoperative and postoperative sagit-
tal alignment have no bearing on neurologic recovery 
in myelopathic patients whether pathology is disc or 
spondylotic related. Instead, they contend that ante-
rior discectomy and fusions for patients with one- or 
two-level disease without congenital stenosis and 
laminoplasty for patients with three or more levels 
or congenital (AP diameter < 13 mm) stenosis predict 
good outcomes.31 Additionally, Chiba et al.32 suggest 
that spinal cord slack by decreased disc height allows 
acceptable recovery rate even in straight or kyphotic 
spines.

Location of Compressive Pathology. Anterior or pos-
terior surgery should consider the anatomic location 
of compression. Anterior central disc herniations 
are best directly approached via anterior approaches 
whereas posterior ligamentum fl avum hypertrophy 
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surgical treatment, only articles pertaining to adult 
patients with cervical spondylotic myelopathy com-
paring outcomes between anterior decompression 
and arthrodesis with posterior decompressive tech-
niques including laminoplasty, skip laminectomy, 
and laminectomy with instrumented arthrodesis were 
critically evaluated. These results are summarized in 
Tables 2.1 and 2.2.

Corpectomy Versus Laminoplasty. Careful analysis 
of the fi ve retrospective studies comparing anterior 
decompression and fusion with laminoplasty indicates 
no difference in neurologic improvement by measure-
ment of JOA and Nurick grades in studies by Sakaura 
et al., Wada et al., and Hukuda et al.11,13,15 Alternatively, 
Edwards et al. found that laminoplasty resulted in 
slightly better neurologic outcomes while Yonenobu 
et al. found that subtotal corpectomy with strut graft-
ing (SCS) resulted in similar (not statistically different) 
JOA scores and recovery rates as laminoplasty, though 
it had more durable (higher fi nal JOA scores) recovery 
results.12,14 In regards to radiographic measurements, 
SCS was consistently found to have high rates of adja-
cent-level degeneration with a pseudarthrosis rate of 
26%.13 Edwards et al. noted laminoplasty to have less 
loss of lordosis while Yonenobu et al. noted a higher 
rate of sagittal spinal malalignment.12,14 Complications 
were noted to be consistently rare with low reopera-
tion rates in the laminoplasty groups with the excep-
tion of axial neck pain, which ranged from 28% to 40% 
in a previous study. Yonenobu et al. noted axial neck 
pain to be 60%. Notable laminoplasty neurologic com-
plications were limited to transient C5 palsies with the 
exception of a single hyperextension injury in Edwards 
et al.’s14 cohort. SCS or anterior decompression cohorts 
were noted to have reoperation rates as high as 20% 
in Sakaura’s group while Wada reported 26% need for 
posterior wiring and fusion for pseudarthrosis. Over-
all, SCS complications included nonunion, dysphagia, 
dysphonia, progressive myelopathy, and esophageal 
fi stula, with graft-related complications the most com-
mon. Hukuda et al. makes no assertion regarding a 
superior surgical approach. Wada et al. used either 
anterior techniques or laminoplasty for one or two 
levels while favoring laminoplasty for three or more 
levels. Edwards et al., Yonenobu et al., and Sakaura et 
al. concluded that laminoplasty was their technique of 
choice.

Laminoplasty Versus Laminectomy and Fusion or 
Skip Laminectomy. In regards to laminoplasty versus 
laminectomy with instrumented arthrodesis, Heller 
et al.16 has the only comparative study. The primary 
weakness of the study remains the paucity of subjects 
in addition to the preoperative kyphosis being greater 
in the laminectomy with fusion group. His conclu-
sions, however, were that the laminoplasty group 
experienced greater subjective and objective (Nurick) 

fusion. One prospective randomized study is  available 
for comparison of motion, neck pain, and surgical out-
comes in laminoplasty and skip laminectomy. Four 
retrospective studies exist comparing anterior decom-
pression and arthrodesis (predominately subtotal 
corpectomy) with laminoplasty while two retrospec-
tive studies compare laminectomy with and without 
fusion with laminoplasty.12–17 An adjunct to analyze 
available studies is utilized from the literature by 
Schunemann et al.35

In order to obtain appropriate recommendations 
while evaluating risks and benefi ts of surgical treat-
ments for this individual patient, the quality of each 
study must be examined. The best articles compar-
ing treatment options are shown in Tables 2.1 and 2.2, 
which demonstrate that each of the surgical treatments 
results in acceptable disease-specifi c outcome scores 
with regard to neurologic improvement. In general, 
the articles tend to evaluate not only clinical outcome 
variables but also preoperative and postoperative 
radiographic data, which are in general acceptable in 
comparison to the previous catastrophic failures of 
laminectomy alone. Surgical complications specifi c to 
each treatment differ markedly, however, and distin-
guish operative treatments. Large prospective trials 
have shown nonoperative treatment to have an unpre-
dictable course and also typically with lack of neuro-
logic improvement and neurologic deterioration.3–7 For 
this particular patient, operative treatment is selected 
because of reliable ability to arrest neurologic deterio-
ration in addition to providing a reasonable expecta-
tion of improved but not necessarily full neurologic 
including motor recovery at her stage due to her age, 
relatively short duration of symptoms, and preserva-
tion of transverse cord area.23–27

Literature Inconsistencies
The key components of this case hinge on the best treat-
ment available for multilevel cervical myelopathy in 
the sagittally neutral spine. The major literature incon-
sistencies surround fusion rates and graft-related com-
plications regarding anterior approaches for three or 
more level pathology. The optimal operative approach 
for three-level pathology in a straight or neutral lor-
dosis spine is another broadly contested topic. Lastly, 
the amount of postoperative neck pain developed in 
patients undergoing laminoplasty has wide-ranging 
estimates.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient 
presented in the clinical scenario would be best treated 
operatively. In order to evaluate the most appropriate 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Sakaura 
et al. (2005)

Retrospective cohort 
study
Herniated discs 
only—
average levels 1.3.
Old ASF grafting 
techniques without 
plating.
Matched pre-op prog-
nostic factors—not 
sagittal alignment.
Small patient num-
bers.

15 patients treated with ASF (10 single-level 
ACDF, 5 single-level SCS) vs. 18 C3-7 lamino 
(Itoh tech). 15 (ASF) and 10 (lamino) y f/u.
Equal neurologic improvement (JOA), postopera-
tive kyphosis (20% vs. 22%) and ROM (65% and 
64% pre-op).
ASF—40% early comp, 20% reop, 73% adjacent-
level degeneration. Lamino—6% early comp, 0% 
reop, 28% neck pain.

Low

Edwards 
et al. (2002)

Retrospective cohort 
study
Three-level pathology.
Matched pre-op prog-
nostic  factors includ-
ing sagittal 
alignment.
Small patient num-
bers.

13 patients each were treated with multilevel 
 corpectomy and C3-712 and C3-61 lamino.
49 and 40 mo f/u.
Similar subjective strength, dexterity, sensation, 
pain, and gait.
Greater functional improvement (1.6 vs. 0.9 
Nurick grades), less pain, less loss of lordosis in 
lamino
Complications of lamino—1 HNP, 1 reop.
Corpectomy—1 nonunion, 1 subjacent ankylosis, 
4 persistent dysphagia, 2 persistent dysphonia, 
1 progressive myelopathy, no reop.

Low

Wada 
et al. (2001)

Retrospective cohort 
study
Average 2.4 level 
pathology.
Small patient num-
bers.

23 patients treated with SCS and 
24 with C3-7 lamino (modifi ed Itoh—open 
door)—10–14 y f/u.
No signifi cant difference in early 
or late neurologic recovery (JOA)
Complications of lamino—40% axial pain, 
6% kyphosis, 40% C2/3 spontaneous fusion, 
1 hyperextension neurologic injury.
SCS—15% axial pain, 38% and 54% adjacent-level 
degeneration, 26% pseudarthrosis—reop with 
post  wiring.

Low

Yonenobu 
et al. (1992)

Retrospective cohort 
study
Multiple level spon-
dylosis.
Matched pre-op prog-
nostic factors—not 
sagittal alignment.
Old ant. grafting 
techniques without 
plating.

41 patients were treated with multilevel SCS 
and 42 with C3-7 lamino with >2 y f/u.
Similar JOA scores and recovery rates but slightly 
more durable results with SCS.
SCS—29.3% comp, 10 graft related, 1 esophageal 
fi stula, one retrolisthesis, 4 neuro deterioration, 
5/41 adjacent segment spondylotic changes
Lamino—7.1% compl, all transient C5 nerve root 
 palsies, 6/42 developed spinal malalignment, 
60% axial neck pain in previous laminoplasty 
study.

Low

Hukuda 
et al. (1985)

Retrospective
Unmatched prognostic 
factors
Mult procedures 
(3 anterior—ACDF, 
3 post—lamino and 
laminectomy)

191 patients treated with 151 anterior, 25 posterior, 
and 15 combined approaches.
1–12-y follow-up.
No single anterior or posterior procedure proved 
 superior.
Recurrence of symptoms in 5% anterior and 
10.5% posterior treated patients.

Very low

ACDF, anterior cervical discectomy and fusion; ASF, anterior spinal fusion; HNP, herniated nucleus propulsus; JOA,  Japanese Orthopaedic 
Association Scale; Lamino, laminoplasty; ROM, range of motion; SCS, subtotal corpectomy with strut grafting.

Evidentiary Table: A Summary of the Quality of Evidence for Comparison of 
Primarily Anterior Corpectomy Versus Laminoplasty for Multilevel Cervical 
Spondylotic Myelopathy.

TABLE 2.1
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Paper Author (Year) Description Summary of Results Quality of Evidence

Yukawa et al. (2007) Prospective Randomized 
Clinical Trial
Exclusion: Congenital 
stenosis and OPLL.
Short follow-up.
Unknown long-term out-
comes of skip.
Small numbers.

41 pts randomized according to birth 
month (even—Lamino, odd—skip) with 
average 28 mo f/u.
C4 and C6 Skip and C3-6 lamino (modifi ed 
Kurokawa double door)
No signifi cant difference in post-op ROM, 
pain (VAS), and neurologic outcomes 
(JOA)
Narrow indications for skip (15% CSM 
patients—all lamino candidates)

Moderate

Shiraishi et al. (2003) Retrospective matched 
cohort study
OPLL and congenital 
stenosis patients included.
Variable level skip opera-
tive technique

43 skip and 51 lamino patients followed 
for average 30 mo
Similar neurologic recovery rates (59% 
and 60% by JOA) with skip pts having less 
axial pain (2% vs. 66%) and more post-op 
ROM (98% vs. 61%)
Skip had 2 CSF leaks, 3 preserved laminar 
fractures, no neuro compl.
Lamino had 4 C5 palsies, 2 full recoveries, 
1 partial.

Low

Heller et al. (2001) Retrospective cohort study
Small numbers
Lamifuse group had 
increased pre-op kyphosis 
compared with lamino 
group
Short follow-up

13 patients each in lamino and lamifuse 
group with average 26 mo f/u
Objective (Nurick) and subjective strength, 
dexterity, sensation, pain, and gait were 
greater in lamino group.
Lamino—zero comps/reops.
Lamifuse—14 complications in 9 pts—2 
myelopathic progression, 11% pseudart-
hrosis, 2 broken screws, subjacent spondy-
losis (ACDF reop), 1 deep infection, iliac 
harvest pain, and cervical kyphosis

Low

ACDF, anterior cervical discectomy and fusion; CSM, cervical spondylotic myelopathy; JOA, Japanese Orthopaedic Association Scale; Lami-
fuse, laminectomy and fusion with lateral mass instrumentation; Lamino, laminoplasty; OPLL, ossifi cation of the posterior longitudinal 
ligament; ROM, range of motion; Skip, skip laminectomy (mostly C4 and C6); VAS, Visual Analogue Scale.

Evidentiary Table: A Summary of the Quality of Evidence for Comparison of 
Laminoplasty Versus Skip Laminectomy or Laminectomy and Fusion for Multilevel 
Cervical Spondylotic Myelopathy.

TABLE 2.2

neurologic  improvements. Remarkably, they reported 
no complications in this select group of laminoplasty 
patients while the laminectomy and fusion group 
had 14 complications in nine patients including two 
cases of progressive myelopathy, 11% pseudarthro-
sis, broken hardware, subjacent spondylosis requiring 
reoperation with ACDF, deep infection treated nonop-
eratively, graft donor site pain, and signifi cant cervical 
kyphosis.16

The only prospective study in the literature com-
pares laminoplasty and skip laminectomy, which is a 
relatively new decompressive technique developed to 
spare cervical extensor musculature while simultane-
ously preserving motion and adequately decompress-
ing up to four levels typically by performing C4 and 
C6 laminectomies. This trial’s primary weakness lies in 

the small numbers of patients in addition to the quite 
narrow indications for skip laminectomy. Only 15% of 
cervical spondylotic myelopathy patients were candi-
dates in the author’s assessment while all patients were 
considered to be laminoplasty candidates.18 Outcomes 
between the two groups were not signifi cantly different 
in respect to the postoperative range of motion, pain, 
and neurologic outcomes. Shiraishi et al. notes sig-
nifi cantly less axial neck pain (2%) in his skip lamine-
ctomy group, however, than in laminoplasty patients 
(66%) while simultaneously maintaining much bet-
ter range of motion (98% vs. 61%), although neuro-
logic  outcomes were no different.17 Another notable 
weakness to the study is the variable operative tech-
niques utilized in his skip laminectomy cohort, which 
uniformly employed a C5 cephalad laminotomy 
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that resulted in two cerebrospinal fl uid leaks and 
three laminar fractures in the skip group. Interest-
ingly, no neurologic complications were noted in the 
skip cohort while four C5 palsies were observed in the 
laminoplasty group with all but one gaining full recov-
ery. Analysis of the three posterior techniques is quite 
limited in comparative studies. However, laminoplasty 
seems to be favored over laminectomy with arthrod-
esis while skip laminectomy is favored in Yukawa et 
al.’s group, though this is admittedly applicable to a 
very small group of CSM patients. Until further data is 
available regarding performance of skip laminectomy, 
laminoplasty would still be favored.

Sagittal Alignment. Notwithstanding the higher 
rate of severe complications evidenced in the above 
chosen studies and the literature in general, a key 
determining characteristic for choosing an opera-
tive technique is sagittal alignment. General agree-
ment exists in the literature that three-level cervical 
spondylotic myelopathy with fi xed kyphosis is best 
treated via an anterior decompressive approach. Lor-
dotic sagittal alignment with the same compression, 
however, is arguably better treated via a posterior 
approach due to excessive increase in pseudarthro-
sis and graft-related complications with anterior pro-
cedures while anterior compression can be relieved 
due to posterior cord fl oat with posterior decom-
pression with this alignment. Our patient’s scenario, 
with three-level pathology in a straight spine, is con-
troversial. The fi nal decision is determined by the 
patient and surgeon’s balance of risks versus benefi ts 
of each approach. Suda has predicted, however, good 
clinical outcomes in patients with and without sig-
nal change with kyphosis angles up to 13 degrees. As 
noted before, Kawakami et al. assert that preoperative 
and postoperative sagittal alignment have no bear-
ing on neurologic recovery in myelopathic patients 
whether pathology is disk or osteophyte-related. 
Instead, they contend that anterior discectomy and 
fusion for patients with one or two-level disease with-
out congenital stenosis and laminoplasty for patients 
with three or more levels or congenital (AP diameter 
<13 mm) stenosis have better outcomes.31 Additionally, 
Chiba et al. suggest that spinal cord slack by decreased 
disc height allows acceptable recovery even in straight 
or kyphotic spines.32 Kawakami et al. retrospectively 
compared anterior decompression and fusion in one- 
and two-level pathology CSM patients with three-
level CSM pathology treated with laminoplasty and 
noted improved neurologic recovery rates in lamino-
plasty (59%–49%) patients while interestingly noting 
that patients with preoperative kyphotic or straight 
spines had no  signifi cant differences in  sagittal align-
ment. They concluded that preoperative and post-
operative sagittal alignment did not infl uence the 
neurologic recovery rates of either group.36 Conversely, 

Suk et al. in a prospective study contend that the 
preoperative factors that affect sagittal alignment post-
laminoplasty include (a) diagnosis of CSM, (b) lordo-
sis angle <10 degrees, and (c) a kyphotic angle during 
fl exion larger than a lordotic angle during extension.37 
Clearly the most controversial aspect of management 
of this patient involves the approach as dictated by 
the sagittal alignment. The merits of each of the above 
studies is noted. Although controversies do abound on 
this topic in the literature, the data support treatment 
of three-level pathology in CSM patients with straight 
spines with laminoplasty. We favor this technique due 
to the increased risks of signifi cant complications with 
three-level ACDF or three-level corpectomy.

Length of Decompression. We would plan a C3-6 
laminoplasty. We believe that the minimal compres-
sion at C6-7 on imaging supports this plan. In support, 
Hosono et al. demonstrated in a prospective trial that 
reducing the range of laminoplasty from fi ve (C3-7) 
to four (C3-6) had no effect on neurologic gain, radio-
graphic changes, or postoperative MRI, which demon-
strated suffi cient expansion of the dura and spinal cord 
(43). In addition, signifi cantly shorter operating times, 
wound length, and, most importantly, decreased post-
operative axial neck pain (29% vs. 5%) was seen in the 
four-level group.

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be managed 
with operative intervention primarily because of the 
signifi cant neurologic defi cits and the unpredictable 
nature of nonoperative treatment with respect to neu-
rological deterioration. By giving careful attention to 
detail, complications can be minimized and effi cacy 
maximized. The patient’s safe preoperative range of 
motion is established with neck fl exion and extension 
measurements recorded. The limits at which symp-
toms are aggravated are noted as to avoid precipitat-
ing neurologic decline during intubation, positioning, 
and surgery.

After induction and intubation, the patient is 
placed prone on a radiolucent Jackson frame with the 
head secured via a three-point Mayfi eld tong applica-
tion. The neck is secured in a neutral to gently fl exed 
position, the so-called Soldiers or Military Tuck posi-
tion. Extremities are carefully padded to ensure 
minimal pressure points over the iliac crests, elbows, 
and knees. The head of the operating table is raised 
30 degrees angle to minimize venous congestion and 
airway and facial edema. The eyes should be without 
external pressure. Taping both shoulders can facilitate 
improved intraoperative imaging.

A midline incision is made through the skin and down 
through the nuchal ligament (ligamentum nuchae) to 
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experiencing improvement based on modifi ed JOA 
or Nurick  grading scales in the short-term.

Our proposed treatment would be considered 
a strong recommendation in accordance with the 
method of grading recommendations set forth by 
Schunemann et al.35 The grading model employed is 
relevant because it not only considers the quality of 
evidence but also emphasizes the benefi ts, harms and 
burdens of the proposed interventions. The benefi ts 
of laminoplasty in regard to neurologic outcomes are 
similar to other proposed surgical options. However, 
the complications in general are signifi cantly less when 
compared to anterior decompression and fusion and 
laminectomy with and without arthrodesis.12,16,38

PREDICTING OUTCOMES

To adequately predict outcomes and counsel patients 
with this disease, one has to rely on validated out-
come measures, since radiographic outcomes rarely 
correlate with patient satisfaction.11,39 We can expect a 
favorable outcome given that our patient is relatively 
young, is early in the course of disease, has limited 
gait involvement, lack of bladder dysfunction, and 
has a relatively preserved transverse cord area.23–27,40 
The signal abnormality in the cord can represent cord 
edema or irreversible changes such as gliosis or micro-
cavitation. Although some authors insist no correla-
tion with myelopathy severity, consensus supports 
better recovery in patients not demonstrating these 
signal changes.27,41,42 In some patients, preoperative 
function can be affected by lumbar canal stenosis, hip 
osteoarthritis, and cardiac dysfunction, which can all 
contribute to overall disability, impaired walking abil-
ity, and a worsening Nurick grade.39 Per Sodeyama 
et al., an expected peak dorsal translation of the cord 
in this patient’s neutral spine (2.8 mm) is less than the 
3 mm, which was associated with good outcomes after 
enlargement laminoplasty. Perhaps the best predic-
tor is derived from Suda et al.’s30 incorporation of the 
presence or absence of signal intensity change in the 
spinal cord with the degree of lordosis and kyphosis 
angle by which they calculated the predictive prob-
ability of a poor outcome (defi ned as a JOA recovery 
rate of <50%). This patient’s presence of a local kypho-
sis angle of near zero degrees with the presence of 
signal intensity change would predict a JOA score of 
around 28%, signifying a good clinical outcome. Suda 
et al. predicts good clinical outcomes in patients with 
and without signal change with kyphosis angles up to 
5 and 13 degrees, respectively.

Evidence-based medicine is instrumental in play-
ing a role in the decision-making process for clinical 
problems. However, the surgeon must not forget the 
profound role that the patient plays. Shared decision 

the spinous processes with paraspinal muscle  dissection 
from posterior elements only at levels of decompres-
sion. Care should be taken to preserve muscle attach-
ments to the C2 spinous process. The junction of the 
medial aspect of the lateral mass with the lateral por-
tion of the lamina is identifi ed at each level planned 
in the decompression. Care is taken to maintain the 
integrity of the facet capsules at each level. Open door 
laminoplasty is then undertaken.

The “open side” would be on the right as standard 
bilateral C5-6 and right sided C6-7 keyhole foramino-
tomies for nerve root decompression are performed in 
addition to standard laminoplasty. The “open side” 
trough is prepared at the junction of the lamina and the 
lateral mass utilizing a 4.0-mm oval cutting burr with 
low-aggression teeth (some may prefer either an AM-8 
tip or a 4.0-mm extracoarse diamond burr). Once the 
burr has penetrated to a depth equivalent to its diam-
eter, the pressure and working direction are directed 
medially to prevent lateral facet encroachment. The 
inner cortex is removed completely on the open side 
whereas it is only thinned enough to form a “green-
stick hinge” on the opposite side. Opening the lamino-
plasty is done with great attention to the location and 
branching of the epidural veins as they are often empty 
and not easily seen in stenotic canals. They are coagu-
lated and divided for the length of the lateral gutter. 
This is facilitated by applying a gentle traction force 
with a nerve hook or angled curette as bipolar forceps 
coagulate and divide the veins.

The author’s preferred method is to apply appro-
priate-size laminoplasty plates for each level which are 
selected with plate insertion by fi tting the cut edge of 
the lamina into its “mouth” and then seating the lat-
eral portion (ventral prong) of the plate down onto 
the edge of the lateral mass. Plate adjustment should 
err towards the superior aspect of the lateral mass to 
avoid screw penetration into the subjacent facet joint. 
A 2.0-mm depth-stopped drill bit created each lateral 
mass screw hole and self-tapping screws anchor the 
plate to the lateral mass. Closure in layers is standard.

The role for postoperative bracing is supported by 
most but for varying lengths of time with both hard 
and soft collars utilized from day 1 to 3 months. She 
will remain in a soft collar for 2 weeks.

Grading the Evidence for this Plan
The evidence to support the technical aspects of our 
treatment selection would be considered low as it is 
derived predominately from observational studies 
of moderate quality in addition to one randomized 
 clinical trial with lack of uniform patient population. 
The treatment goals have been met in the three  studies 
found in Table 2.1. Laminoplasty has clearly been 
shown to result in predictably good results in regard 
to halting neurologic deterioration with most cases 
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making with the surgeon after honest and pointed 
 preoperative counseling of the treatment options and 
the innate risks, benefi ts, and potential outcomes is 
both expected and appreciated. The information con-
veyed must contain the best available evidence and 
expert opinion so that the patient can make an informed 
choice.

SUMMARY

We are presented with a 58-year old woman with sub-
acute atraumatic painless neurologic defi cits with clini-
cal and radiographic fi ndings consistent with multilevel 
cervical spondylotic myelopathy. Based on the exist-
ing literature, well-documented natural history, and 
comparative conservative and operative reports, we 
feel the most appropriate treatment for this patient’s 
disease consists of operative decompression with a 
modifi ed four-level laminoplasty from C3 to C6 with 
appropriate correlating foraminotomies. Reasonable 
expectations include the halting of neurologic progres-
sion with modest expectation of improvement in neu-
rologic function. Besides peak sustained neurologic 
recovery, her functional outcome and morbidity will 
likely be dependent on the severity of her postopera-
tive axial neck pain.
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C A S E

3 Cervical Disc Disease
with Radiculopathy

J O H N  M .  R H E E ,  M D

and nonoperative management. The symptoms are 
 bilateral in that there is some numbness and tingling 
in the left hand, but the majority of symptoms are on 
the right. He denies any symptoms of myelopathy. The 
distribution of neck versus arm pain is unclear, but the 
patient complains of unilateral neck pain that is ipsi-
lateral to the side of the radicular symptoms, which 
makes the clinical diagnosis more likely to be cervical 
radiculopathy rather than axial pain or degenerative 
disc disease. The distribution of pain is not in a clear-
cut dermatomal pattern. Often, patients with radicu-
lopathy do not have classic dermatomal symptoms. 
Overlap between adjacent dermatomes is not uncom-
mon (e.g., a patient with C6 radiculopathy can com-
plain of symptoms that include the ulnar digits), and 
patients with radiculopathy involving the C4, C5, C6, 
or C7 roots may only have pain in the shoulder and 
scapular regions.

The presence of a positive Spurling sign is con-
sistent with radiculopathy, helping to make periph-
eral causes such as carpal or cubital tunnel less likely. 
The examination fi ndings focus the root level toward 
C6, based on the sensory evaluation and the decrease 
in motor strength of muscles that are usually inner-
vated at least in part by C6 (i.e., biceps and triceps). 
Weakness in supination would further assist in local-
izing the root level to C6, but this information is not 
provided.1 Normal deltoid and grip strength make 
C5 and C8 levels less likely to be involved. However, 
just as patients may not present with classic dermato-
mal pain or numbness complaints, they may also not 
present with physical fi ndings that are entirely consis-
tent with a specifi c root-level diagnosis. The absence of 
hyperrefl exia, a Hoffmann sign, or an inverted radial 
refl ex is consistent with this patient’s diagnosis being 
more likely to be radiculopathy rather than myelopathy. 
However, it is important to keep in mind that physical 
signs may be absent in approximately 21% of patients 
who are myelopathic.2 A normal lower extremity exam-
ination again focuses the diagnosis on root- rather than 
cord-level compression in the cervical spine.

INTERPRETATION OF CLINICAL 
PRESENTATION

The case describes a patient with neck and arm pain. 
It appears to have been precipitated by a motor vehicle 
accident, and it persists despite 2 years of  observation 

EDITORS’ CASE 
PRESENTATION

A 36-year-old man presents with a complaint of  
right-sided neck pain with radiation into the posterior 
aspect of his right arm. He indicates that this pain 
has been present for approximately 2 years, precipi-
tated by a car accident. He has numbness and tin-
gling primarily in the right hand and also some in his 
left hand. He is unable to localize these symptoms to 
one particular location of the hand. He has had two 
epidural injections without relief, though he does not 
know the location of these injections. In addition, he 
has had physical therapy as part of a long course of  
conservative treatment. He does not have any dex-
terity complaints, his balance is unaffected, and he 
does not have any bowel or bladder complaints.

The patient’s physical examination demonstrates 
a positive Spurling test with rotation toward the 
right side. Forward fl exion of  the neck reproduces 
neck pain. Sensation is slightly decreased on the 
right side somewhat in the C6 distribution, though 
it is not completely in a dermatomal pattern, with 
the hand more affected than the arm. He dem-
onstrates some mild decrease of  strength in the 
biceps and triceps on the right side compared to 
the left side. Otherwise, he has intact grip strength 
and shoulder abduction that is equal bilaterally. 
Refl exes are 1+ bilaterally. He has a negative 
Hoffman refl ex and a negative inverted radial 
refl ex. Lower extremity examination is normal.

Radiographic imaging studies are shown in 
Figure 3.1A–F.

Bono_Chap03.indd   23Bono_Chap03.indd   23 9/21/2010   12:13:29 PM9/21/2010   12:13:29 PM



24  CASE 3 ■ Cervical Disc Disease with Radiculopathy

Thus, on the basis of history and physical 
 examination alone, the most likely diagnosis would be 
C6 radiculopathy. The sagittal MRI scans demonstrate 
degenerative changes mostly at the C5-6 level. There is 
some loss of anterior disc height at C5-6 versus the adja-
cent levels. The paramedian images demonstrate bulging 
laterally at the C5-6 level only. There is a mild amount of 
segmental kyphosis at the C5-6 level, and the overall align-
ment of the cervical spine is straight, keeping in mind that 
this is a supine MRI rather than an upright x-ray, which 
is needed to defi nitively determine alignment. There may 
be a mild retrolisthesis, which again would need plain 
x-ray confi rmation. There appears to be some spurring 
anteriorly at the bottom of C5 and the top of C6.

The axial MR images show the absence of sig-
nifi cant spinal cord deformation, although there is 
a very mild amount of fl attening of the cord on both 
sides at C5-6 in the uncovertebral regions but not cen-
trally. At C5-6, there is narrowing of the entry zone of 
both the left and right C6 roots at the uncovertebral 

region, which may be due to small disc herniations or 
 spondylotic spurs. Plain oblique x-rays or a CT scan 
would be helpful in making this differentiation if it 
were clinically indicated to do so. The neuroforaminae 
at C4-5 and C6-7 appear patent.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient’s diagnosis is C6 radiculopathy, right 
greater than left, arising from the C5-6 level.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

In the classic study by Lees and Turner,3 the natural his-
tory of cervical radiculopathy was demonstrated to be 
generally favorable. Of 51 patients with  radiculopathy 

Figure 3.1.
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typically in the 80% to 90% range.4 Benefi ts of ACDF 
include the direct removal of most lesions causing 
cervical radiculopathy (e.g., herniated discs, uncover-
tebral spurs) without requiring intraoperative neural 
retraction, restoration or improvement in overall cervi-
cal alignment, indirect foraminal decompression result-
ing from restoration of interbody height with the graft, 
improvement in spondylotic neck pain with fusion, 
extremely low rates of infection or wound complica-
tions, cosmetically acceptable scars compared to pos-
terior incisions, and mild perioperative pain in most 
cases. Potential downsides include pseudarthrosis, 
with rates varying widely according to graft type and 
use of plate though modern data report it to be around 
5% to 10% for a single-level surgery,5–7 persistent 
speech and swallowing complications associated with 
the anterior approach,8,9 and the potential for acceler-
ated adjacent segment degeneration with fusion.

Biomechanical studies have demonstrated increased 
disc pressures10 and motion11 at segments adjacent to 
ACDF, suggesting greater adjacent segment wear over 
time adjacent to a fusion. Clinically, the rate of symp-
tomatic adjacent-level disease requiring adjacent-level 
surgery in patients after anterior cervical fusion has 
been estimated to be about 3% per year over a 10-year 
follow-up period.12 However, it has yet to be proved that 
this rate is actually accelerated in those who have under-
gone fusion versus being a manifestation of such patients’ 
propensity toward spondylosis not only at the index but 
also adjacent segments over time. In fact, the currently 
available evidence, most of which is admittedly nonran-
domized and retrospective, suggests that symptomatic 
adjacent segment disease occurs at a rate of about 3% per 
year regardless of whether the index operation for radic-
ulopathy was anterior discectomy with fusion,12 anterior 
discectomy without fusion,13 or posterior foraminotomy14 
without fusion. Contrasting data come from a short-term 
(2-year) follow-up study comparing two independent 
clinical trials of ACDF with a cage versus Bryan total disc 
replacement, which reported statistically lower rates of 
symptomatic adjacent-level disease with arthroplasty 
versus fusion at 2-year follow-up.15 However, it is impor-
tant to note that this was not a randomized trial compar-
ing the two groups, but rather a post hoc comparison of 
two different clinical series. Furthermore, because the 
decision to operate on an adjacent segment is not without 
potential bias, these results need to be viewed cautiously 
and validated by further studies.

Anterior Cervical Discectomy without 
Fusion
Anterior cervical discectomy without fusion was his-
torically popular but has generally fallen out of favor 
due to the potential for local kyphosis and worsening 
neck pain in the absence of fusion.16

and long-term follow-up (2–19 years), 45% had only 
a single episode of pain without recurrence, 30% had 
mild symptoms, and only 25% had persistent or wors-
ening symptoms. No patients progressed to myelopa-
thy in this series.

Because the natural history seems to favor resolu-
tion in the majority of cases, nonoperative treatment 
is advocated as the initial treatment of choice in most 
situations. Accordingly, our patient has had a course 
of nonoperative care, but it has not been effective in 
relieving his symptoms. Furthermore, whereas surgery 
can alter the natural history of cervical radiculopathy, 
commonly utilized nonoperative treatments, such as 
physical therapy, medications, and injections, have not 
been shown to do so. The benefi t of nonoperative ther-
apies such as these lies in controlling symptoms as the 
natural history runs its course. Thus, further conserva-
tive care could be chosen but is unlikely to be of long-
term benefi t to the patient at this point in the course of 
his disorder.

In patients such as this one who are not myelo-
pathic and do not have major or progressive neurologic 
defi cit, the decision to proceed with surgery should be 
made by the informed consent of the patient primarily 
based on his level of pain and disability. The primary 
goals of treatment in this patient are to

 1. Relieve pain by
 2. Decompressing the nerve root

Popular surgical options as of 2009 to achieve these 
goals include

 1. Anterior cervical discectomy and fusion 
(ACDF)

 2. Anterior cervical discectomy and total disc 
replacement

 3. Posterior laminoforaminotomy

EVALUATION OF THE LITERATURE

A PubMed search with the keywords “cervical spine,” 
“radiculopathy,” and “surgery” elicited 637 results. 
The results were then hand searched in order to fi nd 
pertinent articles. Forty-eight articles were reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES AND EVIDENTIARY TABLE

Anterior Cervical Discectomy and 
Fusion
ACDF is currently the most common procedure used 
in the operative treatment of cervical radiculopa-
thy. Reported outcomes for relief of arm pain as well 
as improvements in motor and sensory function are 
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small declines in one or more of the four subcriteria 
that make up “overall success” may not be clinically 
relevant yet, when taken together, result in treatment 
data appearing statistically inferior. Furthermore, 
when considering outcomes such as repeat opera-
tions, it must be kept in mind that recommendations 
by surgeons for revision surgery for reasons other than 
catastrophic problems (e.g., for persistent pain, non-
union, etc.) as well as decisions by patients to pursue 
additional surgery are also neither objective nor with-
out bias. Thus, in the author’s opinion, data from IDE 
trials such as these are extremely valuable but do not 
necessarily represent gospel truth simply because their 
study designs were “randomized,” “controlled,” and 
“prospective.”

The Bryan disc replacement trial18 also demon-
strated excellent results at 2-year follow-up. There were 
no differences in visual analog scale (VAS) for arm pain 
or SF-36 between the Bryan disc versus ACDF. How-
ever, the Bryan disc had statistically signifi cant bet-
ter NDI and VAS neck pain scores at 2 years versus 
fusion, although the numerical differences between the 
groups were small and of unclear clinical signifi cance. 
The Prodisc C also demonstrated excellent outcomes,19 
with VAS for neck and arm pain signifi cantly better 
than preoperative values at all timepoints but not dif-
ferent from control patients. Secondary surgeries were 
performed in 8.5% of control patients versus 1.8% of 
Prodisc-C patients (p = 0.033). Prodisc-C patients were 
also signifi cantly less likely to be taking narcotics than 
controls (90% vs. 82%) at 24 months postoperative.

Taken together, the IDE trials for several total disc 
replacements suggest that clinical outcomes are excel-
lent and similar for both fusion and arthroplasty at 
2-year follow-up. Arthroplasty may have an advan-
tage with respect to fewer repeat operations, keeping 
in mind the aforementioned potential sources of bias 
inherent in these studies. However, long-term durabil-
ity data on arthroplasty are not available, whereas it 
is known that once a fusion is solid, repeat symptoms 
rarely occur at the fused level.

Posterior Cervical Laminoforaminotomy
Benefi ts of laminoforaminotomy include complete 
avoidance of fusion or placement of an artifi cial disc 
and their attendant risks, as well as speech and swal-
lowing issues related to anterior surgery. Potential 
downsides include instability with overly aggressive 
facet resection, persistent symptoms in the face of 
remaining anterior impinging structures, persistent 
spondylotic neck pain, air embolism (rare but possible) 
if the seated approach is used, and the need to retract 
neural elements if it is elected to remove anterior 
structures such as disc herniations and osteophytes 
through a dorsal approach. Despite these potential 

Anterior Cervical Discectomy and Total 
Disc Arthroplasty
Currently, three cervical disc replacements have been 
FDA approved for the surgical management of cervical 
radiculopathy (Prestige, Bryan, and Prodisc). Several 
other designs are in investigational device exemp-
tion (IDE) randomized trials. Proposed advantages 
of arthroplasty over fusion include maintenance of 
motion, avoiding nonunions, and avoiding plate and 
screw complications such as backout, esophageal ero-
sion, and periplate ossifi cation. As mentioned above, 
the major long-term benefi t may be the as-yet-unproven 
potential to reduce the incidence of adjacent segment 
degeneration. Clinical outcomes at 2-year follow-up for 
total disc replacement in single-level disease have been 
excellent. The Prestige IDE trial17 was a large (n = 541 
total patients), prospective, randomized trial comparing 
arthroplasty to a plated ACDF with allograft as a control. 
Both the Prestige and ACDF control groups had similar 
results at 2-year follow-up with no signifi cant differ-
ences in NDI score, VAS score for neck or arm pain, and 
SF-36 scores. However, when the criteria of so-called 
overall success were defi ned as a minimum 15-point 
improvement in NDI, no worsening of neurologic sta-
tus, no serious implant-related adverse events, and no 
second surgeries for failure, the Prestige had signifi -
cantly better “overall success” than ACDF (79% vs. 68%, 
p = 0.004). The Prestige also had signifi cantly lower 
rates of secondary surgeries at both the treated and 
adjacent levels than ACDF.

Although these results are promising, it should be 
kept in mind that a greater potential for bias exists in 
the setting of randomized but not blinded surgical tri-
als like these as opposed to double-blinded drug trials. 
For example, patients who enter nonblinded surgical 
trials with the intent to be randomized to the “latest 
and greatest” treatment (i.e., arthroplasty) may be dis-
appointed with randomization to fusion and not be 
as positive when answering postoperative question-
naires, tending to focus on any residual symptoms or 
imperfections and attributing these shortcomings as 
a direct result of not having had the most technologi-
cally up-to-date treatment. Conversely, those who are 
randomized to their procedure of choice (whether it be 
fusion or arthroplasty) may have a more sanguine out-
look on their postoperative conditions and not think 
that the grass is greener on the other side. A subtler 
but potentially important bias is also present in seem-
ingly objective outcomes such as the postoperative 
neurologic assessment, because determining sensory, 
motor, and refl ex grades is not entirely objective from 
the standpoint of either the surgeon or the patient. 
These and other biases, large and small, can add up 
to skew results, particularly when amalgamated out-
comes such as “overall success” are examined, because 

Bono_Chap03.indd   26Bono_Chap03.indd   26 9/21/2010   12:13:36 PM9/21/2010   12:13:36 PM



CASE 3 ■ Cervical Disc Disease with Radiculopathy  27 

used to support treatment with ACDF, disc arthroplasty, 
or laminoforaminotomy, with no clear-cut superiority 
of one treatment option versus the others. However, in 
this particular patient, as there may be a mild amount of 
segmental kyphosis (albeit on MRI only), a mild amount 
of cord fl attening bilaterally, and bilateral foraminal com-
pression with symptoms to a certain extent in both arms, 
the author would prefer an anterior rather than a posterior 
approach. Furthermore, because there are few long-term 
data currently available for disc arthroplasty, the author 
would favor an ACDF, which has a proven track record 
as well as relatively manageable long-term sequelae over 
a follow-up period spanning more than 50 years.23

DEFINITIVE TREATMENT PLAN

The patient is placed supine on a standard operating 
table with the neck in a gentle amount of extension. 
The shoulders are lightly taped down to facilitate 

limitations, cervical laminoforaminotomy has been 
reported to be effective in the treatment of cervical 
radiculopathy. Large series have reported arm pain 
relief in 90% to 97% of patients.14,20 In a randomized 
trial of 44 patients, there were no statistical differences 
in outcomes between posterior laminoforaminotomy 
versus ACDF (unplated with autograft), although 
ACDF yielded better long-term results.21 Lamino-
foraminotomy also lends itself to a minimally invasive 
approach, and microendoscopic laminoforaminotomy 
has demonstrated good or excellent clinical results in 
97% of patients.22

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best evidence, summarized in Table 3.1, suggests that 
this patient would benefi t from surgical treatment. Of the 
surgical options discussed above, the literature can be 

Paper Author (Year) Description Summary of Results Quality of Evidence

Bohlman et al. (1993) Prospective cohort study of 
clinical outcomes of ACDF
No control group
Mean 6-y follow-up (2–15 y)
All treated with Robinson ACDF 
(iliac crest bone graft [ICBG] and 
no plate)

122 patients with cervical radicul-
opathy with long-term follow-up 
after ACDF
108/122 (89%): no impairment in 
function, able to return to work,
 and activities of daily living
81/122 (67%): no neck or arm pain 
at all
53/55 (96%): complete recovery of 
motor defi cits
71/77 (92%): improvement in 
sensory disturbance
No neurologic worsening in any 
patient
171/195 (88%): solid fusion
Summary: ACDF has satisfactory 
long-term clinical outcomes.

Low

Herkowitz et al. (1990) Prospective randomized 
trial of ACDF vs. posterior 
 laminoforaminotomy
Clinical outcomes assessed by 
a different (i.e., not the  treating) 
surgeon, and graded as  excellent, 
good, fair, or poor
Mean 4.2-y follow-up (1.6–8.2 y)

33 patients with cervical 
 radiculopathy due to soft disc 
herniation
17 treated with Robinson ACDF 
(autograft ICBG and no plate) vs. 
16 treated with 
 laminoforaminotomy
94% good/excellent outcomes with 
ACDF, vs. 75% for laminoforami-
notomy (p < 0.175, not signifi cant)
Summary: ACDF may have 
better clinical outcomes vs. 
laminoforaminotomy for cervical 
radiculopathy due to soft disc her-
niation, although this fi nding was 
not statistically signifi cant. 

Low

Evidentiary Table: A Summary of the Quality of Evidence for ACDF in the Treatment 
of Cervical Radiculopathy.

TABLE 3.1

(Continued)
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Paper Author (Year) Description Summary of Results Quality of Evidence

Wang et al. (1999) Retrospective case-control series 
of 80 patients looking at the effect 
of cervical plating on single-level 
ACDF
ACDF with ICBG and plate 
(n = 44) or no plate (n = 36)
Mean 2.3-y follow-up

Pseudarthrosis: 4.5% (plate) vs. 
8.3%(no plate), p > 0.05
Graft collapse: 0.75 mm (plate) vs. 
1.5 mm (no plate), p = 0.03
Segmental kyphosis: 1.2 degrees 
(plate) vs. 1.9 degrees (no plate), 
p > 0.05
Plating not associated with higher 
complications
Summary: there is less collapse and 
kyphosis with plated vs. nonplated 
single-level ACDF.

Low

Samartzis et al. (2005) Retrospective case-control series of 
66 patients undergoing 
single-level ACDF with a rigid plate 
and autograft ICBG 
(n = 31) or fresh frozen allograft 
(n = 35)
Graft type chosen by patient
Independent radiographic review at 
12 mo

Fusion: 100% (allograft) vs. 90% 
(ICBG), p > 0.05
No statistically signifi cant differ-
ence was noted between the type of 
graft or the presence of smoking and 
fusion
Summary: the fusion rate for single-
level rigidly plated ACDF is the 
same whether fresh-frozen allograft 
or ICBG is used.

Low

Evidentiary Table: A Summary of the Quality of Evidence for ACDF in the Treatment 
of Cervical Radiculopathy. (Continued )

TABLE 3.1

 intraoperative x-ray imaging. A small bump is placed 
under the shoulders. The literature does not mandate 
the use of intraoperative neural monitoring for ACDFs 
done for radiculopathy in patients without spinal cord 
compression. The use of neural monitoring for such 
procedures is generally based on local standards. The 
author uses neural monitoring for myelopathic patients 
but not necessarily for those with only radiculopathy.

Either a left- or a right-sided Smith-Robinson 
approach can be taken; despite arguments suggesting 
a higher rate of recurrent laryngeal nerve injury from 
a right-sided approach due to the potential for nonre-
current nerves, the literature is not conclusive on that 
point. A complete discectomy is performed from uncus 
to uncus. Parallel endplate decortication is achieved 
with a combination of a high-speed burr and curettes. 
The current author prefers to remove the posterior lon-
gitudinal ligament (PLL) in all cases under the operative 
microscope and then perform bilateral foraminotomies, 
although the literature suggests that direct removal of 
uncovertebral osteophytes may not be necessary to 
achieve equivalent outcomes in the setting of disc space 
distraction with a graft and spinal fusion.24 The removal 
of the PLL and inspection of the dura and roots helps 
to ensure complete decompression.

After satisfactory decompression, the interspace 
is sized under gentle distraction. An allograft spacer 
of the appropriate size is inserted. If the patient is a 

smoker, iliac autograft may be considered to increase 
fusion rates, though a yet-unpublished study by the 
Cervical Spine Research Society suggests that the 
fusion rate in smokers for single-level ACDF may be no 
different with allograft versus autograft. Although the 
use of rhBMP-2 in the anterior cervical spine has been 
reported with success,25 other series have demonstrated 
high rates of soft-tissue swelling complications.26,27 
Given the overall high fusion rates associated with sin-
gle-level ACDF, the routine use of BMP in such cases 
does not appear warranted at the present time, until 
issues related to proper dosing and containment of the 
protein can be determined.

A plate is then applied after decompression. Plated 
ACDFs are less likely to settle into segmental kyphosis 
or subside and probably lead to higher fusion rates than 
unplated ACDFs when allograft is used. The literature 
does not support the superiority of either dynamic or 
rigid plates.28 If a dynamic plate is chosen, however, it 
should be inserted so as to stay at least 5 mm away from 
the adjacent disc spaces in the fully settled position.29 
The necessity of postoperative bracing has not been 
determined in the literature, although a recent study 
suggests that bracing may not infl uence the fusion rate 
in plated one-level ACDF with allograft.30 The author 
prefers to use hard collars (e.g., Aspen, Philadelphia, 
etc.) if plate fi xation was suboptimal but provide a soft 
collar if the fi xation was strong.

Bono_Chap03.indd   28Bono_Chap03.indd   28 9/21/2010   12:13:36 PM9/21/2010   12:13:36 PM



CASE 3 ■ Cervical Disc Disease with Radiculopathy  29 

Grading the Evidence for this Plan
In accordance with the method of grading recommen-
dations set forth by Schunemann et al.,31 the proposed 
treatment would be considered a strong recommen-
dation. The benefi ts to the patient at this point in the 
course of his disorder clearly outweigh the harms 
and burdens. The recommendation for surgery ver-
sus currently available nonoperative care (physical 
therapy, medications, injections) in a patient such as 
the one described is unlikely to change based on the 
outcomes of further research. The recommendation 
for ACDF versus arthroplasty may change based on 
long-term follow-up studies from multiple sources, 
notwithstanding the manufacturer-supported IDE tri-
als, if arthoplasty is demonstrated to (a) be durable, (b) 
continue to maintain similar or better arm and neck 
pain outcomes, and (c) have lower rates of index and 
adjacent-level reoperations.

PREDICTING OUTCOMES

In the author’s practice, patients are counseled that 
ACDF has approximately an 80% to 90% likelihood 
of signifi cantly improving radicular pain. In actuality, 
almost 100% of properly selected patients experience 
signifi cant improvement in arm pain. Unilateral neck 
pain may fall into that category as well, but midline 
axial pain may not, as patients are extensively  counseled 
that the primary goal is relief of radicular rather than 
axial spondylotic pain. Weakness typically improves in 
most cases, but may not improve quite as reliably or 
completely as radicular pain, particularly with higher 
grades of preoperative weakness (i.e., less than grade 2 
strength). Intermittent numbness and tingling also sig-
nifi cantly improve almost 100% of the time.

On the other hand, numbness that has been pres-
ent constantly (i.e., 24 h/d) may not improve signifi -
cantly, especially if it has been constant for more than 
3 to 6 months. If that type of numbness does improve, 
it may take up to a year or more to do so. The most 
frequent complication is transient dysphagia, which 
almost always resolves with time. In the author’s 
experience, the vast majority of patients undergoing 
one-level ACDF do not report more than a few days 
to few weeks at most of clinically relevant dysphagia. 
Overall, patients tolerate single-level ACDF extremely 
well with excellent outcomes and mild morbidity. 
Although nonunions clearly do occur, symptomatic 
nonunions are very rare for single-level plated ACDF, 
making allograft usage popular. If allografts are used, 
it should be kept in mind that freeze-dried cortical6 
and fresh-frozen tricortical7 allografts likely have 
better radiographic outcomes than dense cancellous 
allografts, which tend to resorb32 and are therefore not 
recommended.

REFERENCES

 1. Rainville J, Noto DJ, Jouve C, et al. Assessment of fore-
arm pronation strength in C6 and C7 radiculopathies. 
Spine. 2007;32:72–75.

 2. Rhee JM, Hamasaki T, Hefl in JA, et al. Prevalence of 
physical signs in cervical myelopathy: a controlled, pro-
spective study. Spine. 2009;34.

 3. Lees F, Turner JW. Natural history and prognosis of cer-
vical spondylosis. Br Med J. 1963;2:1607–1610.

 4. Bohlman HH, Emery SE, Goodfellow DB, et al. Robinson 
anterior cervical discectomy and arthrodesis for cervi-
cal radiculopathy. Long-term follow-up of one hundred 
and twenty-two patients. J Bone Joint Surg Am. 1993;75:
1298–1307.

 5. Wang JC, McDonough PW, Endow K, et al. The effect of 
cervical plating on single-level anterior cervical discec-
tomy and fusion. J Spinal Disord. 1999;12:467–471.

 6. Martin GJ Jr, Haid RW Jr, MacMillan M, et al. Anterior 
cervical discectomy with freeze-dried fi bula allograft. 
Overview of 317 cases and literature review. Spine. 
1999;24:852–858; discussion 8–9.

 7. Samartzis D, Shen FH, Goldberg EJ, et al. Is autograft the 
gold standard in achieving radiographic fusion in one-
level anterior cervical discectomy and fusion with rigid 
anterior plate fi xation? Spine. 2005;30:1756–1761.

 8. Bazaz R, Lee MJ, Yoo JU. Incidence of dysphagia after 
anterior cervical spine surgery: a prospective study. 
Spine. 2002;27:2453–2458.

 9. Winslow CP, Winslow TJ, Wax MK. Dysphonia and dys-
phagia following the anterior approach to the cervical 
spine. Arch Otolaryngol Head Neck Surg. 2001;127:51–55.

 10. Eck JC, Humphreys SC, Lim TH, et al. Biomechanical 
study on the effect of cervical spine fusion on adjacent-
level intradiscal pressure and segmental motion. Spine. 
2002;27:2431–2434.

 11. DiAngelo DJ, Roberston JT, Metcalf NH, et al. Biome-
chanical testing of an artifi cial cervical joint and an ante-
rior cervical plate. J Spinal Disord Tech. 2003;16:314–323.

 12. Hilibrand AS, Carlson GD, Palumbo MA, et al. Radicul-
opathy and myelopathy at segments adjacent to the site 
of a previous anterior cervical arthrodesis. J Bone Joint 
Surg Am. 1999;81:519–528.

 13. Lunsford LD, Bissonette DJ, Jannetta PJ, et al. Anterior 
surgery for cervical disc disease. Part 1: treatment of 
lateral cervical disc herniation in 253 cases. J Neurosurg. 
1980;53:1–11.

 14. Henderson CM, Hennessy RG, Shuey HM Jr, et al. 
Posterior-lateral foraminotomy as an exclusive opera-
tive technique for cervical radiculopathy: a review of 
846 consecutively operated cases. Neurosurgery. 1983;13:
504–512.

 15. Robertson JT, Papadopoulos SM, Traynelis VC. Assess-
ment of adjacent-segment disease in patients treated 
with cervical fusion or arthroplasty: a prospective 2-year 
study. J Neurosurg Spine. 2005;3:417–423.

 16. Watters WC III, Levinthal R. Anterior cervical discec-
tomy with and without fusion. Results, complications, 
and long-term follow-up. Spine. 1994;19:2343–2347.

Bono_Chap03.indd   29Bono_Chap03.indd   29 9/21/2010   12:13:37 PM9/21/2010   12:13:37 PM



30  CASE 3 ■ Cervical Disc Disease with Radiculopathy

anterior cervical discectomy and fusion with or with-
out direct uncovertebral joint decompression. Spine J. 
2004;4:629–635.

 25. Baskin DS, Ryan P, Sonntag V, et al. A prospective, ran-
domized, controlled cervical fusion study using recom-
binant human bone morphogenetic protein-2 with the 
CORNERSTONE-SR allograft ring and the ATLANTIS 
anterior cervical plate. Spine. 2003;28:1219–1224; discus-
sion 25.

 26. Smucker JD, Rhee JM, Singh K, et al. Increased swelling 
complications associated with off-label usage of rhBMP-2 
in the anterior cervical spine. Spine. 2006;31:2813–2819.

 27. Shields LB, Raque GH, Glassman SD, et al. Adverse 
effects associated with high-dose recombinant human 
bone morphogenetic protein-2 use in anterior cervical 
spine fusion. Spine. 2006;31:542–547.

 28. Rhee JM, Riew KD. Dynamic anterior cervical plates. 
J Am Acad Orthop Surg. 2007;15:640–646.

 29. Park JB, Cho YS, Riew KD. Development of adjacent-
level ossifi cation in patients with an anterior cervical 
plate. J Bone Joint Surg Am. 2005;87:558–563.

 30. Campbell MJ, Carreon LY, Traynelis V, et al. Use of cervi-
cal collar after single-level anterior cervical fusion with 
plate: is it necessary? Spine. 2009;34:43–48.

 31. Schunemann HJ, Jaeschke R, Cook DJ, et al. An offi cial ATS 
statement: Grading the quality of evidence and strength 
of recommendations in ATS guidelines and recommenda-
tions. Am J Respir Crit Care Med. 2006;174:605–614.

 32. Rhee JM, Patel N, Yoon ST, et al. High graft resorption 
rates with dense cancellous allograft in anterior cervical 
discectomy and fusion. Spine. 2007;32:2980–2984.

 17. Mummaneni PV, Burkus JK, Haid RW, et al. Clinical and 
radiographic analysis of cervical disc arthroplasty com-
pared with allograft fusion: a randomized controlled 
clinical trial. J Neurosurg Spine. 2007;6:198–209.

 18. Heller JG, Sasso RC, Papadopoulos SM, et al. Comparison 
of BRYAN cervical disc arthroplasty with anterior cervi-
cal decompression and fusion: clinical and radiographic 
results of a randomized, controlled, clinical trial. Spine 
(Phila Pa 1976). 2009;34:1740.

 19. Murrey D, Janssen M, Delamarter R, et al. Results of 
the prospective, randomized, controlled multicenter 
Food and Drug Administration investigational device 
exemption study of the ProDisc-C total disc replace-
ment versus anterior discectomy and fusion for the 
treatment of 1-level symptomatic cervical disc disease. 
J Bone Joint Surg Am. 2009;91:2748.

 20. Zeidman SM, Ducker TB. Posterior cervical lamino-
foraminotomy for radiculopathy: review of 172 cases. 
Neurosurgery. 1993;33:356–362.

 21. Herkowitz HN, Kurz LT, Overholt DP. Surgical man-
agement of cervical soft disc herniation. A comparison 
between the anterior and posterior approach. Spine. 
1990;15:1026–1030.

 22. Adamson TE. Microendoscopic posterior cervical 
laminoforaminotomy for unilateral radiculopathy: 
results of a new technique in 100 cases. J Neurosurg. 
2001;95:51–57.

 23. Robinson RA, Smith GW. Anterolateral cervical disc 
removal and interbody fusion for cervical disc syndrome. 
Bull Johns Hopkins Hosp. 1955;96:223–224.

 24. Shen FH, Samartzis D, Khanna N, et al. Comparison 
of clinical and radiographic outcome in instrumented 

Bono_Chap03.indd   30Bono_Chap03.indd   30 9/21/2010   12:13:37 PM9/21/2010   12:13:37 PM



31

4 Cervical Degeneration 
with C8 Radiculopathy

C H I N TA N  S A M PAT,  M D  A N D  DAV I D  H .  K I M ,  M D

 weakness. There are no complaints of clumsiness or 
 diffi culty with balance. The additional history of mul-
tiple myeloma in this case makes it particularly impor-
tant to consider spinal cord or nerve root compression, 
as up to 5% of these patients may present with myel-
opathic or radicular fi ndings during their lifetime 
secondary to tumor involvement of the spine.1 The 
physical examination reveals peripheral muscle atro-
phy and weakness in the C8 distribution, no Lhermitte 
sign, and equal deep tendon refl exes. These fi ndings 
suggest neurocompression distal to the spinal cord. 
Cervical radiculopathy is possible despite a negative 
Spurling test, as this test is 93% specifi c but only 30% 
sensitive in identifying anatomic cervical nerve root 
compression.2 An additional and potentially useful 
physical exam maneuver for cervical radiculopathy not 
described here is the shoulder abduction sign, which 
results in relief of radicular pain with abduction of the 
shoulder.3 This test is between 80% and 100% specifi c 
but only 43% to 50% sensitive for cervical nerve root 
compression.4

The EMG demonstrates evidence of a right C8 
radiculopathy without evidence of compression of 
the ulnar nerve in the cubital tunnel or Guyon canal. 
Additionally, the EMG fi ndings decrease the likeli-
hood of entrapment of the anterior interosseous nerve, 
which can mimic C8 radiculopathy. Finally, the EMG 
results make the existence of a double-crush syndrome 
less likely. In general, a double crush syndrome is con-
sidered very rare in the ulnar nerve distribution.5 The 
potential sources of anatomic C8 nerve root compres-
sion within or in proximity to the C7-T1 neuroforamen 
include a C7-T1 disc herniation, spondylotic foraminal 
stenosis, epidural arteriovenous malformation, neo-
plastic involvement of the nerve sheath or nerve root, 
pathologic vertebral fracture, or direct pressure by a 
vertebral neoplasm or Pancoast apical lung tumor.1,6–8

TOS may also lead to similar symptoms. The 
prevalence and incidence of TOS are unknown due 
to controversy regarding the symptoms and etiology 

EDITORS’ CASE 
PRESENTATION

A 73-year-old man with a history of  multiple 
myeloma presents with right upper extremity pain 
that radiates into the medial aspect of  the fore-
arm and the ulnar two digits. Initially worked up 
for cubital tunnel syndrome, he had undergone an 
electromyogram (EMG) that demonstrated right-
sided C8 involvement. He has no complaints of  
neck pain, clumsiness, or balance diffi culty. He 
subjectively complains of  some weakness on the 
right side compared to the left side.

Upon physical examination, he has mild intrinsic 
wasting of  the right hand. The patient demon-
strates sensation that is equal bilaterally. Finger 
abduction and grip strength is mildly decreased 
on the right side. He has a negative Spurling test 
and negative Lhermitte sign. Refl exes are also 
equal bilaterally. Range of  motion of  the neck is 
full and painless.

Radiographic imaging studies are shown in 
Figures 4.1 to 4.3.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes an older man presenting 
with unilateral right forearm/hand pain and weakness 
in the right ulnar nerve distribution. The differential 
diagnoses include compression of the spinal cord, C8 
nerve root, brachial plexus, ulnar nerve, or a combination 
of these structures (so-called double crush syndrome). 
Additional diagnostic possibilities include thoracic out-
let syndrome (TOS), brachial neuritis, and tendinosis of 
the common fl exor tendon (i.e., golfer’s elbow).

The history involves unilateral involvement of 
the right upper extremity with pain and subjective 

C A S E
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of the disease. The sources of compression in TOS 
include a prominent C7 transverse process, cervical 
rib, congenital fi brous bands, or anomalous anterior 
scalene musculature.9 TOS typically leads to worsen-
ing symptoms with Adson maneuver (arm along the 
side, neck hyperextension, and ipsilateral head turn-
ing) or Wright maneuver (arm abduction and exter-
nal rotation of the shoulder). These fi ndings are not 
described in this patient. EMG has not been shown to 
provide reliable information regarding this diagnosis.9 
This patient’s MRI scan does not show any abnormal 
anatomic structures suggestive of TOS.

Brachial neuritis, also known as Parsonage-Turner 
syndrome, is an idiopathic condition that can pro-
duce sudden, unilateral arm pain, often followed by 
signifi cant arm weakness.10,11 The etiology is hypoth-
esized to involve a postviral or autoimmune neuritis 
although this remains unclear. Typically, the syndrome 
involves the upper trunk of the brachial plexus. How-
ever, lesions of the ulnar nerve have been described, 
which may lead to fi ndings similar to those of our 

patient. This diagnosis is one of exclusion and should 
be considered when fi ndings of advanced imaging 
studies do not correlate with the history and physical 
 examination.

The MRI scan images include two T1-weighted 
paramedian cuts (Fig. 4.1A and C) and a midline sagit-
tal cut (Fig. 4.1B). Figure 4.1A shows potentially sig-
nifi cant stenosis of the right C7-T1 neuroforamen with 
hypertrophy of the facet joint synovium and absence 
of the normal fat signal around the exiting C8 nerve 
root. Figure 4.1B shows a small (<15%) anterolisthesis 
of C7 upon T1. Of note, there is also mild degeneration 
of the C6-7 disc (Fig. 4.1B) with a small posterior disc 
bulge.

Axial T1-weighted images show a broad-based left-
sided posterolateral disc bulge at C6-7 (Fig. 4.2C) and 
right-sided foraminal stenosis at the C7-T1 level again 
with absence of the normal fat signal around the exit-
ing C8 nerve root (Fig 4.2D). Hypertrophy of the liga-
mentum fl avum and right C7-T1 facet joint synovium 
is again visualized. The C7-T1 disc is not  visualized. Of 

Figure 4.1.

Figure 4.2.
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 3. Facilitate early mobilization
 4. Rehabilitation and healing
 5. Minimize the risk of adjacent segment 

degeneration

The treatment options are

 1. Nonsurgical and noninvasive management 
with anti-infl ammatory/analgesic medica-
tions, traction, bracing, and activity 
modifi cation

 2. Corticosteroid cervical spinal injection, includ-
ing cervical epidural, transforaminal selective 
C8 nerve root injection (diagnostic and thera-
peutic)

 3. Anterior cervical discectomy and fusion
 4. Anterior cervical foraminotomy
 5. Posterior cervical foraminotomy

EVALUATION OF THE LITERATURE

A search was performed in the PubMed database to 
identify relevant publications on C8 radiculopathy 
and cervicothoracic degeneration. Key words for the 
search included “cervicothoracic,” “C8 and radicul-
opathy,” “cervical and degeneration,” “cervical and 
radiculopathy,” “cervical and spondylosis,” and 
“radiculopathy and natural history.” A similar search 
was performed in the MedLine database. Journals 
were hand searched and references were reviewed 
to identify pertinent articles. The search was limited 
to English language articles. There were 74 abstracts 
that were reviewed and 38 full text articles were read 
in detail.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Natural History of Cervical 
Radiculopathy
There is a paucity of literature describing the natural his-
tory of cervical radiculopathy.8 Lees and Turner12reported 
their experience with 51 nonmyelopathic patients with 
cervical spondylosis with complaints of pain in the neck, 
shoulder, arm, or hand. Nonoperative treatment was 
associated with rapid and complete resolution of symp-
toms in 45% of patients, while the remaining patients 
continued to experience minor or moderate symptoms. 
No patient developed myelopathy in follow-up up 
to 19 years. Gore et al.13 reported similar fi ndings in a 
study of 205 patients with cervical spondylosis and axial 
neck pain or upper extremity radiculopathy. At 10- to 

Figure 4.3.

note, this patient does not appear to exhibit  symptoms 
specifi cally referable to the C6-7 spondylosis and disc 
degeneration seen on imaging. He lacks axial neck 
pain, and has no signs or symptoms of C7 nerve root 
impingement.

The MRI scan does not show any signal change 
within the spinal cord or any evidence of neoplasm. 
The lateral radiographs, including fl exion (Fig. 4.3A) 
and extension (Fig. 4.3B) views, show maintenance of 
normal cervical alignment. Spondylotic degeneration 
is again observed at the C6-7 level with decreased disc 
space height and ventral osteophyte formation between 
vertebral bodies. The cervicothoracic junction is poorly 
visualized with the shoulders obscuring the C7-T1 level. 
Importantly, there is no evidence of increased instability 
with fl exion and extension at the C7-T1 level despite the 
mild anterolisthesis seen on MRI. There are no fractures 
or pathologic lesions seen on the radiographs.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has symptomatic right-sided C8 nerve 
root compression in the neuroforamen secondary to 
spondylosis with hypertrophic ligamentum fl avum 
and synovial tissue at the C7-T1 facet joint. There exists 
mild C7-T1 anterolisthesis without segmental instabil-
ity. There exists mild, apparently asymptomatic, spon-
dylosis and disc degeneration at the adjacent C6-7 
level.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Relieve the compression and/or irritation of 
the right C8 nerve root

 2. Maintain spinal stability
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trial of acute low back pain, Deyo et al.17 showed no 
added benefi t of bedrest for 7 days compared with 
48 hours and in fact an increased risk of diminished 
muscle strength and osteopenia associated with longer 
periods of bedrest.

Medications. No clinical study has demonstrated the 
ability of any medication to alter the natural history of 
cervical radiculopathy. Agents are used to treat the symp-
toms only and include oral medications such as corticos-
teroids, nonsteroidal anti-infl ammatory drugs, muscle 
relaxants, narcotics, and antidepressants.16,18 In general, 
prolonged use of nonsteroidal anti-infl ammatory medi-
cation can lead to gastric, hepatic, and renal disorders 
and should be supervised. Narcotic pain medication and 
benzodiazepines have well-known abuse potential.

Physical Therapy. Physical therapy does not appear 
to affect the intermediate or long-term natural history of 
cervical radiculopathy. However, enrolment in physical 
therapy may maintain paravertebral muscle tone and 
cervical range of motion in the early phase.16,19 Similarly, 
use of cervical traction does not appear to have a signifi -
cant effect on axial neck pain or radicular symptoms.19 
There is little evidence to support the use of transcuta-
neous electrical stimulation for cervical radiculopathy.

Manipulation. Manipulation has not been shown to 
be effective in improving the natural history of cervical 
radiculopathy. However, there are reports of iatrogenic 
neurologic injury with high-velocity thrusting maneu-
vers, and this should be discouraged.16

Injection. No clinical study has demonstrated the 
ability of any medications injected around cervical 
nerve roots to alter the natural history of cervical radic-
ulopathy. However, selective nerve root blocks may be 
a useful adjunct to establish the diagnosis of cervical 
radiculopathy. The potential risks of such injections 
should be discussed with the patient, including seri-
ous complications such as death, epidural hematoma, 
paralysis, vertebral artery injury, and stroke.20

Operative Treatment
Assuming failure of nonoperative treatment of this 
patient, surgical decompression may be performed 
from an anterior or posterior approach. Anterior surgi-
cal options include anterior cervical discectomy with 
fusion (ACDF) or anterior cervical foraminotomy. The 
goal of anterior surgery would be to provide a direct 
decompression of any disc material and uncovertebral 
osteophytes compressing the C8 nerve. Additionally, 
ACDF would provide indirect decompression of the 
nerve root via distraction at the C7-T1 level, resulting 
in a taller neural foramen and decreased buckling of 
the ligamentum fl avum. The fusion component of the 
surgery would provide immediate stabilization of the 
motion segment and elimination of a majority of any 
dynamic component of nerve root irritation. Successful 
healing of the fusion would also remove a majority of 

25-year follow-up, 43% of 161 patients had resolution 
of pain with conservative management involving rest, 
traction, a collar, medications, or combinations of these 
treatments. The remaining 57% of patients continued to 
experience mild to severe pain. Patients with radicular 
symptoms were found to have a worse prognosis than 
those with isolated axial neck pain.

Radiculopathy secondary to soft disc herniation 
has a favorable prognosis with nonoperative treatment 
because of the likelihood of spontaneous resorption 
of herniated disc material. On the other hand, radicu-
lopathy secondary to posterior marginal uncoverte-
bral osteophytes, so-called “hard disc herniations,” or 
foraminal stenosis due to hypertrophic ligamentum 
fl avum and synovium tends to worsen with aging, and 
often continues to be symptomatic.14

Nonoperative Versus Operative 
Treatment
This patient has subjective pain and mild weakness 
consistent with C8 radiculopathy. The C8 nerve root 
compression is primarily due to posterior pathol-
ogy, including hypertrophy of the synovial tissue 
and ligamentum fl avum. The patient appears to be 
asymptomatic with respect to the C6-7 spondylosis. 
The favorable natural history of nearly half of affected 
patients indicates that this patient should initially be 
treated nonoperatively with activity modifi cation and 
nonsteroidal or narcotic pain medication as needed 
for reasonable pain control. The use of a soft collar, 
traction, and physical therapy is poorly supported by 
clinical evidence but these are often added to a nonop-
erative treatment regimen. Early surgery in this patient 
could be considered for progressive hand weakness or 
ongoing severe radicular pain that is inadequately con-
trolled by conservative measures. This patient appears 
to be at very low risk of developing severe myelopa-
thy, which would be the only absolute indication for 
surgery in this particular case. Other factors to con-
sider in the selection and timing of treatment include 
specifi c occupational needs, issues of secondary gain 
such as on-going litigation or worker’s compensa-
tion, and specifi c psychosocial characteristics. Elective 
surgical treatment becomes an option for this patient 
if signifi cant radicular symptoms persist despite con-
servative treatment for a period of approximately 8 to 
12 weeks.15 Overall, the decision of when to operate on 
this patient is based on evidence of low quality.

Nonoperative Treatment
Nonoperative treatment of cervical radiculopathy may 
include rest, medications, physical therapy, manipula-
tion, and injections.16

Rest. There are no clinical studies specifi cally 
addressing the role of bedrest in the treatment of acute 
cervical radiculopathy. In a prospective randomized 
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ing posterior cervical foraminotomy/discectomy for 
cervicothoracic radiculopathy resulting from either 
lateral disc herniation or foraminal stenosis. The 
follow-up period ranged from 23 to 62 months. The 
surgical protocol involved an open posterior key-
hole laminoforaminotomy with removal of the 
medial one third of the facet joint. Subsequently, dis-
cectomy was performed if a lateral disc herniation 
was present and signifi cant C8 nerve root compres-
sion persisted. Signifi cant improvement in radicular 
pain was reported from a mean preoperative visual 
analog scale (VAS range 0–10) score of 7.45 to 
0.2 (p < 0.0001). Nine of sixteen patients had complete 
resolution of preoperative numbness, with the remain-
ing seven patients having partial improvement. Preop-
erative weakness was present in 11 patients. Eight of 
eleven patients with preoperative weakness had com-
plete recovery of strength postoperatively occurring in 
<1 week, with the remaining patients having partial 
recovery. There were no signifi cant surgical complica-
tions reported.

Witzmann et al.31 reported good to excellent out-
comes in 94% of 67 patients in a retrospective review of 
posterior cervical foraminotomy with mean follow-up of 
3 years. Three patients in this study had C7-T1 spondylo-
sis. The mean time to recovery of preoperative weakness 
was 33 weeks in these three patients. One of these three 
patients had persistent paresthesias despite surgery.

Kumar et al.32 reported good to excellent outcomes 
in 95.5% of 89 patients in a retrospective review of 
posterior cervical foraminotomy at mean follow-up of 
8.6 months. Four patients in this study had C8 radicu-
lopathy. Outcomes were favorable in these patients, 
including resolution of preoperative arm pain in 
all patients. Furthermore, sensation and strength 
improved in 75% and 89% of patients, respectively.

All three of these studies are retrospective, cohort 
observational studies without any control groups. 
Overall, these studies represent the best available evi-
dence to support the use of posterior cervical forami-
notomy for cervical radiculopathy.

Open and minimally invasive endoscopic tech-
niques have been described to perform posterior 
cervical foraminotomy.33,34 Potential advantages of 
the minimally invasive technique include decreased 
blood loss, shorter hospitalization, and decreased 
 postoperative pain medication requirements.35 How-
ever, the endoscopic technique requires specifi c train-
ing to be performed safely. Furthermore, there are no 
comparative outcome studies to demonstrate long-
term superiority of either technique.

Anterior Cervical Foraminotomy. Johnson et al.36 per-
formed a retrospective study of anterior cervical foramin-
otomy for unilateral radiculopathy via the Jho technique. 
Only one patient was treated at the C7-T1 level. This 

the  stimulus for ongoing pathological tissue generation 
such as  disc-osteophyte complexes or recurrent disc her-
niation.

Posterior surgery involves foraminotomy with 
direct decompression of the hypertrophic synovial tis-
sue and ligamentum fl avum. Both anterior and poste-
rior foraminotomy options have the added benefi t of 
avoiding fusion-related complications including those 
associated with use of bone graft and instrumentation, 
pseudoarthrosis, and the theoretical issue of acceler-
ated adjacent-level degeneration.

The cervicothoracic junction represents a transition 
from the relatively stiff, kyphotic thoracic spine to a more 
mobile, lordotic cervical spine.21,22 This region therefore 
represents a natural stress riser when exposed to routine 
physiologic loading and is particularly vulnerable to 
destabilization with any surgical approach.22 The ante-
rior surgical approach to this level is complicated by the 
proximity of the right brachiocephalic artery, innomi-
nate vein, left common carotid artery, sympathetic chain, 
thoracic duct, recurrent laryngeal nerve, sternum, and 
thoracic rib cage.23–26 In some cases, anterior approach 
to the cervicothoracic junction may require splitting of 
the sternum, manubrium, or clavicle. Thoracic kypho-
sis can make visualization of the inferior endplate of C7 
particularly diffi cult from an anterior approach.25

Fortunately, disc herniation at the C7-T1 level is rela-
tively rare, accounting for only 4% to 8% of cervical disc 
herniations.6,27 The rarity of disc herniations at this level 
may be due to the relative stiffness of the cervicothoracic 
junction as compared to the more mobile cephalad cervi-
cal levels.6,21,28 Most disc herniations at the C7-T1 tend to 
displace laterally, possibly due to the absence of unco-
vertebral joints which form lateral margins around the 
disc space at the more cephalad levels.28 For obvious ana-
tomic reasons, lateral disc herniations are typically asso-
ciated with radiculopathy as opposed to myelopathy.

The C8 nerve root is longer in the cranial-caudal 
direction and exits the C7-T1 intervertebral foramen 
more laterally relative to the more cephalad nerve 
roots.29 The C8 nerve root is also uniquely cephalad to 
the C7-T1 disc, such that the most signifi cant contact 
with disc herniations occurs at the exit zone of the neu-
ral foramen. Therefore, if a posterior foraminotomy is 
chosen for treatment, a larger C7-T1 facet resection in 
the lateral and cephalad directions may be required.20 
Decreased torsional stiffness and increased posterior 
strain with fl exion in the cervical spine results from 
excessive facet resection, and avoidance of >50% resec-
tion of an individual facet joint has been recommended 
to prevent iatrogenic hypermobility.30

Outcomes of Surgery in the Literature
Posterior Cervical Foraminotomy. Harrop et al.26 per-
formed a retrospective review of 19 patients undergo-
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Paper Author (Year) Description Summary of Results Quality of Evidence

Gore et al. (1987) Prospective cohort study
No control group

•  205 patients with cervical spondylosis 
and axial neck pain or upper extremity 
radiculopathy

•  At 10–25 y follow-up, 43% of 161 patients 
had resolution of pain with conservative 
management

•  Remaining 57% had continued mild to 
severe pain

•  Patients with radicular symptoms were 
found to have a worse prognosis than 
those with isolated axial neck pain

Low

Lees and Turner (1963) Retrospective cohort study
No control group

•  51 nonmyelopathic patients with cervical 
spondylosis with complaints of pain in 
the neck, shoulder, arm, or hand

•  At 2–19-year follow-up, nonoperative 
treatment resulted in complete resolution 
of symptoms in 45% of patients

•  Remaining 55% patients continued to 
experience minor or moderate symp-
toms.

•  No patient developed myelopathy in 
follow-up up to 19 y.

Low

Evidentiary Table: A Summary of the Quality of Evidence for Nonoperative 
Treatment of Cervical Radiculopathy.

TABLE 4.1

herniation in a prospective, randomized trial. However, 
the specifi c cervical levels treated were not described.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient 
presented in this clinical scenario should be initially 
treated nonoperatively. These results are summarized 
in Table 4.1. If symptoms persist for longer than 8 to 
12 weeks despite nonoperative treatment, then a pos-
terior cervical foraminotomy should be offered to the 
patient on an elective basis. The best available evidence 
for this treatment is summarized in Table 4.2.

DEFINITIVE TREATMENT PLAN

This patient’s history and physical examination 
reveal only unilateral upper extremity radiculopa-
thy without axial neck pain. The imaging studies 
show C7-T1 foraminal stenosis without a signifi cant 
disc herniation. He should initially be managed with 
nonoperative treatment including brief rest, medica-
tions, physical therapy, activity modifi cation, and pos-

patient had continued dominant hand  weakness 
 postoperatively and was treated with subsequent poste-
rior foraminotomy at the same level. This patient did not 
have any approach-related complications.

Anterior Cervical Discectomy and Fusion. We did not 
fi nd any studies in the literature evaluating the out-
come of ACDF specifi cally for a diagnosis of C7-T1 
foraminal stenosis without a disc herniation. Post et al.6 
reported the outcomes of ACDF in ten patients with disc 
 herniation at the C7-T1 level. Follow-up ranged from 6 to 
99 months. They reported no diffi culty in performing 
the surgery with a standard Smith-Robinson approach. 
All patients had immediate resolution of radicular pain 
postoperatively. One patient had transient vocal cord 
dysfunction, which resolved in 1 month. There were 
no hardware or graft-related complications.

Boockvar et al.37 reported a 36% rate of graft-plate 
failure at the cervicothoracic junction and cited the 
biomechanical transition from a stiff, kyphotic tho-
racic spine to a more mobile, lordotic cervical spine 
as the main reason. Steinmetz et al.22 also reported on 
the unique biomechanical stresses present at the cer-
vicothoracic junction, and the potential for failure of 
fusion constructs. Ruetten et al.34 reported equivalent 
outcomes at 2-year follow-up between ACDF and 
endoscopic posterior foraminotomy for lateral disc 

Bono_Chap04.indd   36Bono_Chap04.indd   36 9/21/2010   12:16:57 PM9/21/2010   12:16:57 PM



CASE 4 ■ Cervical Degeneration with C8 Radiculopathy  37 

Paper Author (Year) Description Summary of Results Quality of Evidence

Harrop et al. (2003) Retrospective cohort study
No control group

•  19 patients with cervicothoracic radicu-
lopathy secondary to disc herniation or 
foraminal stenosis

• Follow-up 23–62 mo
•  Signifi cant improvement in pain, numb-

ness, and weakness was found postopera-
tively

Very low

Witzmann et al. (2000) Retrospective cohort study
No control group

•  67 patients with cervical radiculopathy 
(3 with C8 radiculopathy)

• Mean follow-up 3 years
•  One of three patients with C7-T1 radicu-

lopathy had persistent paresthesias 
despite surgery

Very low

Kumar et al. (1998) Retrospective cohort study
No control group

•  89 patients with cervical radiculopathy 
(4 with C8 radiculopathy)

•  Good to excellent outcome in 95.5% of 
patients at mean 8.6 mo follow-up

•  All four patients with C8 radiculopathy 
had resolution of arm pain postopera-
tively

Very low

Evidentiary Table: A Summary of the Quality of Evidence for Posterior Cervical 
Foraminotomy for Cervical Radiculopathy.

TABLE 4.2

sible  corticosteroid injections. The natural history is 
 favorable with  nonoperative treatment. The literature 
does not guide us in deciding when to offer operative 
treatment to this patient. Anecdotal evidence suggests 
surgical treatment may be offered to this patient on an 
elective basis if the symptoms persist, despite conser-
vative treatment, for longer than 8 to 12 weeks.

The surgical treatment for this patient should be 
a right-sided posterior cervical laminoforaminotomy. 
This technique avoids any approach-related complica-
tions associated with anterior procedures. The buckled 
ligamentum fl avum and hypertrophic synovial tissue 
should be removed. The exiting C8 nerve root should 
be visualized. The decompression should be carried 
laterally until a small probe can easily be passed lateral 
to the C7 pedicle in the neural foramen. Care should 
be taken to avoid resection of >50% of the C7-T1 facet 
joint to prevent iatrogenic postoperative instability. 
This procedure may be performed safely by a fellow-
ship-trained spine surgeon.

Grading the Evidence for this Plan
The evidence to support initial nonoperative treatment 
for our patient would be considered low grade as it 
is derived from observational cohort studies of low 
quality without any controls. The evidence to sup-
port posterior cervical foraminotomy if the patient has 
continuing symptoms despite nonoperative treatment 
would be considered low as it is derived from observa-
tional cohort studies of very low quality without any 

controls. The treatment goals have been met based on 
the studies listed in Tables 4.1 and 4.2.

In accordance with the method of grading rec-
ommendations set forth by Schünemann et al.38 our 
proposed treatment of initial nonoperative treatment 
would be considered a strong recommendation. In the 
case of persistent symptoms, our treatment with pos-
terior cervical foraminotomy would be considered a 
weak recommendation.

PREDICTING OUTCOMES

The outcome of nonsurgical treatment of this patient is 
predicted by the natural history studies.12,13 We expect 
an approximate 45% chance of complete resolution of 
symptoms. If he has persistent symptoms, and chooses 
to undergo posterior laminoforaminotomy, we would 
expect an approximate 95% chance for a good to excellent 
outcome, with signifi cant improvement in his radicular 
pain and weakness.26,31,32 Prior to any surgical interven-
tion, a thorough and frank discussion should be carried 
out with the patient regarding the natural history of the 
disease, as well as the risks and benefi ts of surgical treat-
ment. This patient must understand that surgical treat-
ment may be carried out on an elective basis.

These outcomes are consistent with our experience. 
Initial nonoperative treatment of cervical radiculopa-
thy has a good success rate. We offer surgical treatment 
to patients with symptoms persisting longer than 8 to 
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12 weeks despite nonoperative treatment or those with 
progressive neurological defi cits.

SUMMARY

We are presented with a 73-year-old man with right-
sided C8 radiculopathy secondary to foraminal steno-
sis due to spondylosis. The most appropriate treatment 
for this patient would be an initial trial of nonoperative 
treatment for up to 12 weeks. If symptoms persist, the 
patient should be offered posterior surgical decom-
pression on an elective basis. An improvement in his 
pain and weakness is anticipated.

REFERENCES

 1. Dispenzieri A, Kyle RA. Neurological aspects of multiple 
myeloma and related disorders. Best Prac Res Clin Haema-
tol. 2005;18:673–688. 

 2. Tong HC, Haig AJ, Yamakawa K. The Spurling test and 
radiculopathy. Spine. 2002;27:156–159.

 3. Davidon RI, Dunn EJ, Metzmaker JN. The shoulder 
abduction test in the diagnosis of radicular pain in cervi-
cal extradural compressive monoradiculopathies. Spine. 
1981;6:441–446.

 4. Viikari-Juntura E, Porras M, Laasonen EM. Validity of 
clinical tests in the diagnosis of root compression in cer-
vical disease. Spine. 1989;14:253–257.

 5. Morgan G, Wilbourn AJ. Cervical radiculopathy and 
coexisting distal entrapment neuropathies—double 
crush syndromes. Neurology. 1998;50:78–83.

 6. Post NH, Cooper PR, Frempong-Boadu AK, et al. Unique 
features of herniated discs at the cervicothoracic junction: 
clinical presentation, imaging, operative management, 
and outcome after anterior decompressive operation in 
10 patients. Neurosurgery. 2006;59:497–501.

 7. Vargo MM, Flood KM. Pancoast tumor presenting as cervi-
cal radiculopathy. Arch Phys Med Rehab. 1990;71:606–609.

 8. Rao R. Neck pain, cervical radiculopathy, and cervical 
myelopathy—Pathophysiology, natural history, and clin-
ical evaluation. J Bone Joint Surg Am. 2002;84:1872–1881.

 9. Leffert RD. Thoracic outlet syndrome. J Am Acad Orthop 
Surg. 1994;2:317–325.

 10. Misamore GW, Lehman DE. Parsonage-Turner syn-
drome (acute brachial neuritis). J Bone Joint Surg Am. 
1996;78:1405–1408.

 11. Feinberg JH, Doward DA, Gonsalves A. Cervical 
 radiculopathy vs. Parsonage-Turner syndrome: a case 
report. HSS J. 2007;3:106–111.

 12. Lees F, Turner JWA. Natural history and prognosis of cer-
vical spondylosis. Br Med J. 1963;2:1607–1610.

 13. Gore DR, Sepic SB, Gardner GM, et al. Neck pain: a long-
term follow-up of 205 patients. Spine. 1987;12:1–5.

 14. Bush K, Chaudhuri R, Hillier S, et al. The pathomorpho-
logic changes that accompany the resolution of cervical 
radiculopathy: a prospective study with repeat magnetic 
resonance imaging. Spine. 1997;22:183–186.

Bono_Chap04.indd   38Bono_Chap04.indd   38 9/21/2010   12:16:58 PM9/21/2010   12:16:58 PM



CASE 4 ■ Cervical Degeneration with C8 Radiculopathy  39 

 37. Boockvar JA, Philips MF, Telfeian AE, et al. Results and 
risk factors for anterior cervicothoracic junction surgery. 
J Neurosurg Spine. 2001;94:12–17.

 38. Schünemann HJ, Jaeschke R, Cook DJ, et al. An offi cial 
ATS statement: grading the quality of evidence and 
strength of recommendations in ATS guidelines and 
recommendations. Am J Respir Crit Care Med. 2006;174:
605–614.

lateral disc herniations using 5.9 mm endoscopes. Spine. 
2008;33:940–948.

 35. Fessler RG, Knoo LT. Minimally invasive cervical 
microendoscopic foraminotomy: an initial experience. 
J Neurosurg. 2002;51:S37–S45.

 36. Johnson JP, Filler AG, McBride DQ, et al. Anterior cervi-
cal foraminotomy for unilateral radicular disease. Spine. 
2000;25:905–909.

Bono_Chap04.indd   39Bono_Chap04.indd   39 9/21/2010   12:16:58 PM9/21/2010   12:16:58 PM



C A S E

2

40

Two-Level Degeneration
and Radiculopathy

5

of 736 patients with cervical radiculopathy, 80% of 
patients reported coincident neck pain.3

There is no subjective or objective evidence of 
 cervical myelopathy in this patient. He demonstrates 
a normal gait, and has normal deep tendon refl ex 
responses in the upper and lower extremities. The 
described long tract evaluations are normal, as well. 
With this presentation, clinically signifi cant myelopa-
thy can be considered unlikely.

The patient’s arm pain radiates, terminating in 
the ulnar two digits. Objective physical examination 
fi ndings include decreased sensation in the C7 and 
C8 distribution. This correlates with the nerve root 
level of his subjective radicular pain. Additionally, this 
patient demonstrates a sensitive Spurling sign, provok-
ing exacerbation of his arm symptoms. In patients with 
arm pain, the Spurling test can be used to help con-
fi rm a cervical radiculopathy, but is not very useful as a 
screening tool. The Spurling sign was found to be 30% 
sensitive and 93% specifi c in predicting abnormalities 
found on electrodiagnostic testing in 255 consecutive 
patients referred to an electrodiagnostic clinic.4

The MR images include four T2-weighted sagit-
tal images (Fig. 5.1) and T2 weighted axial images for 
C3-T1 (Fig. 5.2). The axial images at the level of the C3-4 
and the C4-5 disks demonstrate no signifi cant foraminal 
or central stenosis and no signifi cant imaging evidence 
of spondylosis. There is, however, evidence of desicca-
tion of the C5-6 and the C6-7 nucleus seen with a rela-
tive decrease in the T2 signal. There also are mild disk 
protrusions at C5-6 and C6-7, but with no effacement 
of the spinal cord. There is an osteophyte seen at the 
posterior-inferior aspect of C5, and posterior projecting 
osteophytes from the superior endplate and inferior 
endplate of C6. There is mild bilateral foraminal steno-
sis at C5-6. There is a right-sided, paramedian herniated 
nucleus pulposus at C6-7, encroaching on the C7 exit-
ing nerve root. The C7-T1 level shows no evidence of 
neural compression and no radiographic spondylosis. 
There is no abnormal signal evident in the spinal cord.

INTERPRETATION OF CLINICAL 
PRESENTATION

This patient presents with axial neck pain and equally 
bothersome unilateral arm pain. Both of these symp-
toms can be associated with cervical spondylosis; axial 
neck pain, radiculopathy, myelopathy, or a combina-
tion has been observed.1 Axial neck pain may present 
in a nondermatomal distribution, radiating posteriorly 
to the shoulder or periscapular region.2 In a review 

A M Y  M A RC I N I ,  M D,  K E V I N  J.  M C G U I R E ,  M D,  M S,
A N D  A N D R E W  P.  W H I T E ,  M D

EDITORS’ CASE 
PRESENTATION

A 39-year-old man presents with a year and a 
half  of  neck and right arm pain. His arm pain 
is associated with numbness and tingling. The 
pain radiates down his arm and into the ulnar 
two digits. His neck pain is signifi cant, however; 
he categorizes the symptoms as 50% neck and 
50% arm. He has no diffi culty with dexterity or 
balance and has no bowel or bladder complaints. 
He has undergone a prolonged and multimodal 
course of  nonoperative treatment that has 
included epidural injections as well as physical 
therapy.

His physical examination demonstrates mildly 
decreased neck range of  motion. His gait is nor-
mal. There is decreased sensation in the C7 and 
C8 distribution on the right side. He has a nega-
tive Hoffmann sign, but has an exquisitely positive 
Spurling sign provoked by rightward rotation. The 
patient has no Babinski sign, no clonus, and nor-
mal refl exes in the upper and lower extremities.

A magnetic resonance imaging (MRI) study was 
performed; T2-weighted sagittal (Fig. 5.1A–D)
and axial (Fig. 5.2A–E) images characterize his 
disorder.
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Figure 5.1.

Figure 5.2.

While imaging  studies are an important 
 consideration to help reach a diagnosis, correlation 
of the clinical signs, symptoms, and provocative tests 
are critical in establishing an accurate diagnosis. It is 
important to recognize that MRI evidence of nerve root 
compression has been observed in 19% of asymptom-
atic individuals, and a reliable diagnosis of radicul-
opathy is best made by correlating clinical signs and 
symptoms with radiologic abnormalities.5

With regard to the etiology of the patients arm 
pain, the most signifi cant fi nding on MRI is a soft 
disk herniation at C6-7. The patient has decreased 
sensation in the C7 and C8 distributions, as well as 
pain that radiates down the arm into the ulnar digits. 

This  radiculopathy correlates well with right-sided 
disk herniation, affecting the exiting C7 nerve root.

There is relative uncertainty as to the etiology of 
the patient’s neck pain. The clinical scenario does not 
describe diagnostic tests that may help to characterize 
the pain or its cause. The source of pain may be disco-
genic or be related to the facet joints or other structures. 
There are radiographic signs of disk degeneration at 
the C5-6 and C6-7 levels. These spondylotic fi ndings 
may or may not be incidental, given that pain may or 
may not be caused by this disorder.

His neck pain may be caused by other conditions 
entirely, many of which are not associated with imag-
ing abnormalities. In the evidence reviewed by the 
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 • Acupuncture
 • Epidural corticosteroid injections
 • Other injections (trigger point, facet, etc.)
 • Anterior cervical diskectomy/diskectomies 

and fusion
 • Anterior cervical corpectomy and fusion
 • Anterior cervical diskectomy (ACD) and cervi-

cal total disk replacement
 • Posterior cervical laminoforaminotomy
 • Posterior cervical laminoplasty
 • Posterior cervical laminectomy

EVALUATION OF THE LITERATURE

Publications relevant to cervical radiculopathy were 
reviewed. A Medline search from 1950 to 2008 was 
performed, using MeSH (medical subject headings) 
as well as key words, with “human” and “English 
language” limits. This search strategy revealed 2801 
results for “cervical radiculopathy,” 8,915 results for 
“neck pain,” 4,059 for “cervical fusion” and 3,271 for 
“cervical arthrodesis,” 332 results for “adjacent seg-
ment disease,” and 54 results for “multilevel disk dis-
ease.” The results for “cervical fusion” when combined 
with “neck pain,” yielded 429 results. “Cervical radic-
ulopathy” and “neck pain” were combined for a total 
of 288 results. “Adjacent segment disease” and “cervi-
cal fusion” combined yielded 50 results.

The results were cross referenced to bibliographies 
from current editions of texts containing information 
on the assessment and management of cervical radicul-
opathy. Seventy abstracts in the English language were 
reviewed and 29 full text articles were read in detail.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Nonoperative Versus Operative 
Treatment
A systematic review of pertinent texts and bibliogra-
phies was performed in order to determine the best 
treatment based on the available evidence. In a recent 
literature review by the Task Force on Neck Pain and 
Its Associated Disorders, it was determined that rela-
tively rapid and substantial relief of pain and impair-
ment may be reliably achieved following surgery for 
cervical radiculopathy in the short-term (6–12 weeks). 
It is not clear, however, that long-term outcomes are 
better with surgical treatment compared to nonopera-
tive treatment.6,18–20

Generally accepted indications for surgical treat-
ment of cervical radiculopathy include (a)  persistent 

Task Force on Neck Pain, it was determined that neck 
pain without clear radiculopathy cannot be reasonably 
ascribed to specifi c common degenerative changes seen 
on MRI.6,18–20 In studies of asymptomatic volunteers, 
cervical MRI found a high prevalence (up to 78%) of 
imaging abnormalities, including disk degeneration, 
disk bulging, narrowing of the disk space, foraminal 
stenosis, and/or abnormal spinal cord morphology.7,8 
This high prevalence of positive fi ndings in asymp-
tomatic individuals emphasizes that common degen-
erative fi ndings on MRI imaging cannot be assumed 
to be the primary cause of the neck pain symptoms in 
adult patients.

DECLARATION OF SPECIFIC 
DIAGNOSIS

The diagnosis most consistent with the provided clini-
cal presentation is cervical spondylotic radiculopathy. 
The patient demonstrates radiographic spondylosis at 
two intervertebral levels, C5-6 and C6-7, characterized 
by disk desiccation, loss of disk height, periarticular 
osteophytes, subchondral sclerosis, as well as a herni-
ated disk at C6-7. His arm pain, concordant side and 
level of his imaging fi ndings, with concordant sensory 
defi cit, and with sensitive provocation by Spurling 
maneuver, is most likely attributed to right-sided C7 
nerve root compression. His neck pain, however, may 
or may not be related to his spondylosis.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 • Effective and effi cient resolution or reduction 
of radicular symptoms

 • Effective and effi cient resolution or reduction 
of axial symptoms

 • Maintenance or restoration of alignment
 • Limitation of short and long-term morbidity

Treatment options include

 • Observation
 • Activity modifi cations
 • Medications: NSAIDs, steroids, muscle relax-

ants, narcotics, others (SSRI, etc.)
 • Immobilization/bracing
 • Physical therapy
 • Cervical traction
 • Massage therapy
 • Manipulation

Bono_Chap05.indd   42Bono_Chap05.indd   42 9/20/2010   10:58:01 AM9/20/2010   10:58:01 AM



CASE 5 ■ Two-Level Degeneration and Radiculopathy  43 

All patients who had moderately or severely pain-
ful disks based on provocative disk injection were 
included in the surgery; no one with painless levels 
underwent surgery. There were 17 patients with pain-
ful disks without structural abnormalities. Discogra-
phy included the disk that was thought to be the pain 
generator based on MRI, CT, or radiographic results, 
as well as at least one level above and below. Normal 
disks served as controls and guided the limits of sur-
gery. Patient function was evaluated with Oswestry 
Disability Questionnaire and pain level determined by 
a numerical rating scale. The mean preoperative rating 
for neck pain was 8.3 (range 3–10) versus 4.1 (range 
0–10) postoperatively; this difference was found to be 
signifi cant (p < 0.001). The preoperative score on the 
Oswestry Disability Questionnaire was 57.5 (range 
0–89) and postoperatively 38.9 (range 0–80); also a 
signifi cant fi nding (p < 0.001). Seventy-nine percent of 
patients were satisfi ed with the outcome of ACDF and 
21% were not satisfi ed.22

One other study evaluating provocative dis-
cography in patients suffering from chronic head/
neck pain demonstrated that these patients reported 
greater pain response on the whole (on a 0–10 scale 
of pain intensity).23 Interestingly, 70% of asymptom-
atic patients in the group had a painful response of 
at least 4 or 5 on a scale of 0 to 10, showing a high 
rate of false-positives in provocative discography. In a 
separate study of false-positives in lumbar spine dis-
cography, it was shown that 10% of pain-free control 
volunteers had false-positive discography. Painful 
injections were more common in subjects with annu-
lar tears, especially in patients with compensation 
issues, chronic pain, and/or abnormal psychometric 
testing.18–20,24

In a series of 122 patients treated with ACDF for 
cervical radiculopathy with an average follow-up of 
6 years, 81 patients (66%) had no neck pain, 26 patients 
had mild neck pain, 9 patients had moderate neck pain, 
4 patients had mild radicular pain, and 2 patients had a 
combination of mild radicular pain and moderate neck 
pain.16

Adjacent Segment Disease and the 
Natural History of Cervical Spondylosis
In planning a cervical fusion, the determination of 
which and how many levels to treat must be made 
carefully. For patients with spondylosis at primary or 
adjacent segments, there is concern that ongoing or 
accelerated degeneration may become symptomatic in 
the future. It has been noted that 25% of patients under-
going cervical fusion will have new onset of symptoms 
within 10 years of cervical fusion. In a popular and typ-
ically misrepresented article, Hilibrand et al. presented 
a large series of patients who had  undergone  cervical 
fusion. This article reported the typical  incidence of 

or recurrent radicular symptoms unresponsive to 
 nonoperative management for at least 6 weeks, 
(b) disabling motor weakness of 6 weeks durations or 
less (i.e., deltoid palsy, wrist drop), (c) progressive neu-
rologic defi cit, (d) static neurologic defi cit combined 
with radicular or referred pain, and (e) instability or 
deformity in combination with radicular symptoms.9 
It is important to recognize that many patient-related 
factors must also be considered in treatment decision 
making. For example, speed of recovery and ability to 
return to activity were found to be important consid-
erations for patients when deciding whether to have 
surgery.6,18–20 The most appropriate surgical options for 
this patient must address the compressed neural ele-
ments associated with his symptoms, but also aim to 
address his axial neck pain.

Surgical treatment of cervical radiculopathy yields 
excellent early results compared to preoperative status. 
With anterior cervical decompression, patients gener-
ally achieved a 50% or greater reduction in pain and 
a 60% to 70% improvement in functional scores which 
were maintained at 1 and 2 year follow-up.6,18–20 In mul-
tiple studies, few subjects have been seen to have more 
than a moderate residual functional impairment fol-
lowing surgical treatment as determined by validated 
metrics such as the Neck Disability Index (NDI).6,10–20 
(Hacker, 2005) None of these studies, however, had 
a nonoperative control group. A randomized trial by 
Persson and et al.21 compared a Cloward-type fusion to 
either physiotherapy or cervical collar for patients with 
cervical spondylosis and radicular pain. Pain reduction 
was greater in the fusion group at all time points up to 
16 months, but functional scores were similar for oper-
ative and nonoperative groups. After 16 months, sub-
stantial cross-over between groups was noted, which 
may have limited the ability of the study to demon-
strate a signifi cant difference between groups.

Addressing Neck Pain and Radicular 
Symptoms
Axial symptoms may be discogenic. If this is the true 
etiology, and surgical treatment is required, then symp-
toms may be best addressed by anterior cervical dis-
kectomy and fusion (ACDF) or total disk arthroplasty 
(TDA) as compared to procedures which preserve the 
existing articulation.

It has been observed that patients who underwent 
ACDF for cervical radiculopathy reported improve-
ment in their neck pain.22 In this prospective study of 
38 patients who underwent ACDF for neck pain in the 
absence of myelopathy or radiculopathy, a signifi cant 
decrease in pain, signifi cant increase in function, and a 
high degree of patient satisfaction were reported. Out-
comes were unaffected by worker’s compensation sta-
tus or gender. All the patients in the study had painful 
disks preoperatively, as determined by  discography. 
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in neck pain intensity while 75.6% of patients treated 
with ACDF had improvement in intensity of neck 
pain (p = 0.7285). Of those patients treated with TDA, 
76.5% had improvement in frequency of neck pain, 
compared to 78.9% of patients in the ACDF group (p 
= 0.7289). 84.9% of ProDisc-C patients showed clini-
cally signifi cant improvement in NDI compared to 
85.9% of ACDF patients at 24 months after surgery. 
The mean visual analog scale at 24 months was 80.0 
for ACDF and 83.4 for ProDisc-C. Both study groups 
showed high rates of maintenance or improvement of 
neurological success (motor, sensory, and refl exes) at 
24 months; 88% for ACDF and 90.9% for ProDisc-C. 
ProDisc-C patients had a mean range of motion of 
9.4 degrees at 24 months, while most ACDF patients 
had motion consistent with fusion (mean 0.9 degree). 
This was a trial of single-level disease only, and strict 
inclusion criteria needed to be met (approval letter: 
http://www.fda.gov/cdrh/pdf7/p070001a.pdf). 
Exclusion criteria for this trial included more than 
one vertebral level requiring treatment, radiographic 
facet joint disease or degeneration, severe spondylosis 
(characterized by bridging osteophytes, loss of disk 
height >50%, and/or absence of motion (<2 degrees), 
and neck or arm pain of unknown etiology.

The ideal candidate for cervical disk replace-
ment may be a patient between 18 and 60 years of age 
affected by single-level disease with neck or arm pain 
and moderate disability, evidence of herniated nucleus 
pulposus or mild spondylosis with loss of disk height 
<50%. They would also have a NDI score ≥15/50 (30%). 
Other criteria include a failed course of nonoperative 
management for at least 6 weeks or the presence of 
progressive neurological defi cits.

Studies have shown favorable outcomes of cervical 
disk replacement in the treatment of single-level disk 
disease at 2-year follow-up.29 In one study, following 
disk replacement, an average of 7.9 degrees of fl exion-
extension was retained at 2-year follow-up, in contrast 
to 0.6 degrees of motion in the fusion group (p < 0.006 at 
all follow-up intervals leading up to 24 months). Also 
noted were signifi cant differences in the arthroplasty 
group in the NDI, neck and arm pain Visual Analog 
Scores, and SF-36 physical component.

One radiographic study has demonstrated no sig-
nifi cant kinematic differences at adjacent spinal levels 
between patients treated with the Bryan Cervical Disc 
(Medtronic Sofamor Danek, Memphis, Tennessee) or 
ACDF at 24-month follow-up. Rabin,30 There were 
ten patients in the ACDF group and ten patients in 
the disk replacement group. Results from this study, 
which examined kinematics exclusively, seem to dis-
pute the fi ndings elsewhere in the literature, where a 
34.6% rate of ASD after arthrodesis versus 17.5% after 
arthroplasty has been reported at 24 months. This was 
acknowledged to be a pilot study without enough 

degeneration of segments adjacent to the fused level(s) 
as approximately 2.9% (range 0.0%–4.8%) per year fol-
lowing the index fusion procedure over the 21 year 
study period. Importantly, however, when consid-
ering the potential relationship between fusion and 
future adjacent segment disease (ASD), Hilibrand 
et al. reported an inverse relationship. Specifi cally, 
patients who underwent longer fusions were found to 
have lower incidence of ASD, despite the previously 
measured increase in forces at the adjacent segment in 
patients with long cervical fusions. This fi nding sup-
ports the concept that the natural history of spondylo-
sis may be a greater infl uence on the development of 
ASD rather than a consequence of arthrodesis.

The prevalence of cervical spondylosis is level-
dependent. As demonstrated in a retrospective review 
of 206 patients which classifi ed radiographic fi ndings 
according to the Modifi ed Kellgran Scale, degenera-
tive changes were most advanced at C5-6, followed by 
C6-7, C4-5, C3-4, C2-3.25 This has been shown in other 
patient series as well. The prevalence of radiographic 
degeneration was noted in a series of 374 patients and 
was related to the level: C2-3 (1.2%), C3-4 (7.6%), C4-5 
(9.3%), C5-6 (13.8%), C6-7 (13%).26 Segments that were 
felt to be high-risk were those with greater range of 
motion, as described by White and Panjabi.27

Levels C5-6 and C6-7 show the greatest degenera-
tive changes as well as the most common location for 
symptomatic ASD. This may be a biomechanical phe-
nomenon due to greater mobility rather than a result of 
adjacent arthrodesis or failure of operative technique. 
When a multilevel fusion is performed, the segments 
at high risk for future degeneration may be included, 
with the fusion ending adjacent to segments typically 
at lower risk for developing disease. In single-level 
fusions, patients may have had preexisting spondylosis 
at the time of surgery, however since the segment was 
not symptomatic it was not included in the fusion. As 
a result of their fi ndings, Hilibrand et al. recommends 
scrutinizing the adjacent segments of the caudal part 
of the cervical spine for degenerative changes prior to 
planning a decompression and fusion.

Motion Preservation
Among the surgical options for treating cervical radic-
ulopathy and axial pain, cervical total disk replace-
ment has been developed as an alternate to fusion. 
Maintenance of motion has also been proposed to 
provide a benefi t in preventing adjacent segment 
degeneration.28 In a multicenter, prospective random-
ized trial of 209 patients, TDA (with ProDisc-C, Syn-
thes Spine Solutions, West Chester, Pennsylvania) 
was compared to ACDF. The NDI and visual analog 
scale (VAS) for both arm pain and neck pain were 
measured. At 24 months following treatment, 78.6% 
of arthroplasty patients had signifi cant improvement 
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Cloward-type fusion using freeze-dried allograft in 63 
subjects with radicular pain (Table 5.1). No baseline 
data were compared, only nonvalidated global assess-
ment postoperative data were compared. There seemed 
to be better subjective improvement in ACD alone (at 
1-year follow-up). ACD alone has less perioperative 
morbidity (blood loss, hospital stay, and work loss) 
compared to ACDF. However, Abd-Alrahman34 com-
pared one- or two-level ACD alone (n = 40) to ACDF 
(n = 50) using Smith-Robinson technique (Iliac Crest 
Bone Graft [ICBG] and no instrumentation) in an 
RCT.35 At 6-month follow-up, there was no difference 
in neck or arm complaints between groups, but post-
operative kyphosis was more common in the ACD 
group than in the ACDF group(55% vs. 26%). In addi-
tion, ACD without fusion has been shown to result in 
higher prevalence of postoperative neck pain, as well 
as decrease in neuroforaminal area, both of which 
are contrary to the treatment goals.28 Patients who 
underwent ACDF for cervical radiculopathy reported 
improvement in the axial component of their pain.17

Anterior Cervical Diskectomy and 
Fusion
The evidence regarding ACD without fusion lends com-
pelling support to perform a fusion with the decom-
pression. This seems to be common practice; ACD alone 
is rarely performed currently. By 1999 the proportion 
of cervical diskectomies associated with a fusion pro-
cedure approached 90% nationwide.36 In our patient, 
we recommend fusing both levels to avoid the risk of 
developing kyphosis, and to address his neck pain.

 statistical power, reiterating that larger sample sizes 
and longer follow-up periods are needed before any 
conclusions can be drawn on the effect of motion pres-
ervation on ASD. There is not enough evidence at this 
time to support the concept that cervical disk arthro-
plasty will decrease the incidence of ASD.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Treatment goals for this patient are to alleviate the 
radicular and axial symptoms to the greatest extent 
possible and with the lowest risk of complications. 
A well defi ned syndrome which is refractory to 
18 months of directed and multimodal nonoperative 
treatment warrants consideration for surgical treat-
ment. The most appropriate surgical options for this 
patient must address the compressed neural elements 
associated with his symptoms, but also aim to address 
his axial neck pain. In selecting the most appropriate 
surgical treatment, literature addressing multilevel 
cervical radiculopathy with associated axial neck pain 
was scrutinized. The best evidence is summarized in 
Tables 5.1 to 5.3.

Anterior Cervical Diskectomy Alone
With ACD alone, several series have shown good ini-
tial outcomes. Both ACD and ACDF, at least in the 
short term, are rated as “likely helpful” and “worth 
considering” for neck pain with cervical radiculopa-
thy. Rosenorn et al. compared ACD alone to modifi ed 

Paper Author (Year) Description Summary of Results Quality of Evidence

Abd-Alrahman et al. 
(1999)

Randomized Clinical Trial 
Included radiculopathy, 
myelopathy, or both

Compared one- or two-level ACD alone 
(n = 40) to ACDF (n = 50) by the Smith-
Robinson method without instrumenta-
tion, using ICBG.
Using Odon criteria for outcome success, 
80%–90% of each group had “excellent” 
or “good” outcomes.
Postoperative kyphosis was more com-
mon in ACD alone group (55% vs. 26% 
in ACDF group)

Moderate

Rosenorn et al. (1983)31 Randomized Clinical Trial
Included subjects with 
radicular pain and con-
fi rmed cervical disk her-
niation
Did not compare baseline 
characteristics

63 patients randomized to either ACD 
alone or modifi ed Cloward-type fusion 
(freeze-dried allograft)
Only nonvalidated global assessments 
followed after surgery
Somewhat better subjective improve-
ment in the diskectomy alone group
Only 1 y of postoperative follow-up

Low

Evidentiary Table: The Quality of Evidence Supporting ACDF Versus ACD Alone for 
Two-level Cervical Radiculopathy.

TABLE 5.1
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Paper Author (Year) Description Summary of Results Quality of Evidence

Kaiser et al. (2002) Retrospective review
Compared to control 
group (ACDF without 
plate) from previously 
published data
Used cortical allograft 
bone
Follow-up data ranging 
from 9 mo to 3.6 y

251 patients, one- or two-level ACDF with 
plate, compared to control group of 289 
patients without plates; 233 patients in study 
group available for follow-up
Fusion rate with plate: one-level 96%, 
two-level 91%
Fusion rate without plate: one-level 90%, 
two-level 72%

Low

Wang et al. (2000) Retrospective review
All patients had disk 
herniation at two levels 
refractory to conservative 
treatment
Single surgeon; average 
follow-up 2.7 y
Autologous iliac crest 
bone graft

60 patients: 32 had cervical plates, 
28 noninstrumented
Pseudarthrosis rate 0% for plated group, 25% 
for the nonplated group (p = 0.003)
0.4 degree kyphosis in plated group, 4.9 
degrees in those without plating who 
developed kyphosis (p = 0.0001)
No signifi cant increase in complication rates

Low

Evidentiary Table: The Quality of Evidence Supporting ACDF with Plating.TABLE 5.2

Paper Author (Year) Description Summary of Results Quality of Evidence

Samartzis et al. (2005) Retrospective review
Compared fusion rates of 
allograft to autograft with rig-
idly fi xed anterior cervical plates
Mean radiographic follow-up 
12 mo, mean clinical outcome 
follow-up 17 mo

66 patients, 31 autograft, 35 allograft
33% of patients were smokers
Fusion in 100% allografts, 90.3% 
autografts
Satisfactory clinical outcome was 
noted in all nonunion patients
Smoking no signifi cant infl uence 
on fusion or clinical outcome in this 
series (p < 0.05)

Low

Samartzis et al. (2003) Retrospective radiographic and 
clinical review

45 patients tricortical ICBG, 35 
patients tricortical allograft
Rigid anterior plate fi xation
Single institution
Soft collar 3–4 wk
Mean radiographic follow-up 16 mo, 
clinical outcome follow-up 20 mo
78 out of 80 patients achieved solid 
union (2 pseudarthroses were in the 
allograft group: 1 two-level and 1 
three-level fusion; this number was 
not statistically signifi cant)
88.8% excellent or good clinical results

Low

Evidentiary Table: The Quality of Evidence Supporting Allograft Versus Iliac Crest 
Autograft in Anterior Cervical Diskectomy, Fusion, and Plating.

TABLE 5.3

Cervical fusion constructs vary and many have 
been compared in randomized trials.13,18–20,37–39 Despite 
these important studies the literature remains unclear 
as to whether the more complex operation provides 
any better clinical improvement over time.6,18–20

Autologous bone harvested from the iliac crest 
(ICBG) is thought to be ideal for its osteoconductive, 
osteogenic, and mild osteoinductive properties com-
pared to allograft (which is only osteoconductive). 
Donor site complications of ICBG in 10% or more of 
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 uninstrumented fusion (Table 5.2). Anterior cervical 
plate use has been demonstrated to reduce the risk of 
graft extrusion and the development of kyphosis fol-
lowing single-level diskectomy.2

 While the plate is effective in protecting the graft, 
there is a potential for a higher complication rate 
intrinsic to the nature of implanted hardware. Use of 
an anterior cervical plate may be associated with an 
increased risk of postoperative dysphagia. This may 
be related to plate prominence or the requirement for 
greater exposure of the anterior aspect of the vertebrae. 
The pathophysiology of dysphagia following anterior 
cervical surgery is not well understood. Several vari-
ables have been proposed to be independent risk fac-
tors, including the prominence of the cervical plate. 
In a prospective radiographic and clinical analysis by 
Chin et al.53 the role of plate thickness in the rate of 
dysphagia was compared along with the height of pre-
operative osteophytes. There was no difference in long-
term dysphagia rate if the cervical plate was thicker 
than preoperative osteophyte, within the range of 
3 to 7 mm of prominence. This study did report higher 
rates of dysphagia in plates at C3 and in shorter cervi-
cal constructs, but this was not found to be statistically 
signifi cant. The authors recommended avoiding plate 
prominence >7 mm, using a larger incision for better 
visualization, removing osteophytes to allow the plate 
to sit fl ush against the vertebral body, and trying to 
limit time of surgery to under 175 minutes.53

Anterior cervical instrumentation technique has 
also been seen to be associated with radiographic 
changes at adjacent segments. Riew et al. reported that 
plates placed too close to adjacent-level annulus were 
associated with an increased risk of ossifi cation in that 
annulus. The rate of adjacent-level ossifi cation was 59% 
in the group with plate-to-disk distance <5 mm, and 
29% in the group with plate-to-disk distance of ≥5 mm. 
They recommend placing the plate at least 5 mm away 
from the adjacent disk spaces.54

The effect of various plate confi gurations has been 
determined by biomechanical testing. In a study by 
Spivak et al.55 comparing locked to unlocked screws 
and unicortical versus bicortical fi xation, rigidity of 
the fi xation and pull-out strength were tested. Locking 
screws were shown to signifi cantly increase the rigid-
ity of the unicortical screw-plate system both initially 
and after cyclic loading. While better performance was 
shown with bicortical fi xation, unicortical fi xation may 
be preferred to avoid the risk of screw misplacement 
and resultant spinal cord injury. Comparing static to 
dynamic plates in a separate biomechanical study by 
Brodke et al.56 it was demonstrated that both rotation-
ally and translationally dynamic plates maintain load-
sharing and stiffness despite simulated subsidence. By 
comparison static plates with fi xed-angle screws lost 
nearly 70% of load-sharing capability in single-level 

patients have been reported, thus prompting surgeons 
to explore other options.40–42 Silber, 2003 The use of 
allograft would avoid the morbidity of iliac crest bone 
graft harvest. It has been demonstrated that excellent 
clinical and radiographic results can be achieved using 
tricortical allograft and rigid plate fi xation.32 Fusion 
rates comparable to ICBG have been demonstrated, 
thus avoiding donor site morbidity (Table 5.3).

 Intervertebral carbon fi ber cages have been used 
for cervical interbody instrumentation, with or with-
out plating. A potential benefi t of the stand-alone cage 
is a decrease in operative time; however, the cost of the 
cages is to be taken into consideration. In a prospec-
tive randomized study comparing a stand-alone car-
bon fi ber cage to the Smith-Robinson technique with 
allograft and plating, Ryu et al.43 presented data from 
24 months of follow-up on 40 consecutive patients. 
Clinical pain and disability were similar for the cage 
group and the allograft and plate group at all time 
intervals, as determined by SF-36 and NDI scores. 
They reported 100% fusion rates in both groups and 
no differences in complication rates. This may or may 
not become a more commonly performed procedure 
depending on the results of long-term follow-up data.

Anterior Cervical Diskectomy and 
Fusion with Instrumentation
The addition of a plate has been demonstrated to prevent 
graft subsidence and kyphosis at the operated level. In 
a retrospective review of 60 patients treated with two-
level ACDF with an average of 6 years of follow-up, 
there was less graft collapse, pseudarthrosis, and 
kyphotic deformity in patients treated with plate fi xa-
tion (n = 32) compared to nonplated fusions (n = 28).44 
Of the 60 patients, 7 had pseudarthrosis (all occurring 
in nonplated fusions). The overall rate of pseudarthro-
sis was 0% of patients with anterior cervical plates and 
25% of patients without a cervical plate. This was sta-
tistically signifi cant (p = 0.003). Comparing the amount 
of kyphotic deformity in the patients who have suc-
cessfully fused, the average kyphosis per treated seg-
ment was 0.4 degree for those with cervical plates and 
0.5 degree for those without plates, which was not signi-
fi cant (p = 0.459). For patients without plates who devel-
oped pseudoarthrosis, the average amount of kyphosis 
was 4.9 degrees. Comparing this amount of kyphosis to 
that of patients with plates and successful fusions (0.4 
degree), the difference was found to be statistically sig-
nifi cant (p = 0.0001). It appears that a successful union 
may better preserve the normal lordotic alignment.

Other benefi ts of plating include immediate rigid-
ity, no need for external orthosis, earlier mobiliza-
tion, and potentially shorter recovery time. Cervical 
plates have allowed for early mobilization from a 
 cervical orthosis.45–51 The literature was reviewed for 
evidence to  support the use of a cervical plate over an 
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any intervertebral lucency at the disc space.  Established 
pseudarthrosis was associated with a poorer clinical 
outcome in this study (p < 0.0001). Clinical outcomes 
were measured by severity of pain, need for pain 
medication, work status, and activity level. A success-
ful result was defi ned as excellent or good outcome 
and signifi cant pain relief. Among the ACDF patients, 
84% had successful clinical results compared to 88% of 
corpectomy patients. Of the patients who were dem-
onstrated to be radiographically solid, 94% of ACDF 
patients had successful clinical results versus 88% of 
corpectomy patients. Corpectomy and strut graft was 
associated with higher complication rates in this series, 
specifi cally extrusion of the graft (10% among patients 
treated with multilevel corpectomy). These results 
must be carefully interpreted in historical context; the 
authors state that anterior plates were not used in this 
20-year period. A modern comparison between these 
groups may yield different results if internal fi xation 
with anterior plates were to be performed.

In a biomechanical study by An et al., increased 
rigidity was demonstrated using segmental plate fi xa-
tion for long anterior cervical reconstructions com-
pared to end-construct plate fi xation in three-level 
diskectomy, single corpectomy and diskectomy, and 
two-level corpectomy. The conclusion was that an end-
construct spanning the strut graft(s) had an increased 
moment arm, potentially leading to plate migration or 
dislodgement.58

Corpectomy is often used to treat patients with 
multilevel disease and moderate to severe spondylosis, 
particularly when there is signifi cant cord compres-
sion behind the vertebral body. Removal of posterior 
osteophytes increases the risk of injury to the cord dur-
ing ACDF, and corpectomy is recommended for safer 
removal of large osteophytes.28 Patients who require 
corpectomy often have myelopathy.6,18–20 Our patient 
does not have symptoms or exam fi ndings of cervical 
myelopathy and does not have signifi cant compression 
that cannot be relieved at the level of the disk.

Cervical Total Disc Arthroplasty
With the theoretical benefi t of reducing the risk of adja-
cent segment degeneration, cervical disk replacement 
may be considered an alternative to ACDF. Accord-
ing to the best evidence summary from the Task Force 
on Neck Pain in 2008, single-level disk replacement is 
listed as “possibly helpful/might consider” for treat-
ment of cervical radiculopathy with neck pain based 
on short-term results. In a prospective, randomized 
study, favorable outcomes were shown at 2 years of 
follow-up as compared to the “gold standard” ACDF 
for a single cervical level.29 Multilevel cervical disk 
replacement for the same indication is listed by the 
Task Force as “not enough evidence to make deter-
mination,” because of lack of long-term effi cacy and 

corpectomy. Static plates allowed signifi cantly more 
motion in fl exion-extension than either dynamic plate 
constructs following simulated subsidence testing.

A cost-effectiveness analysis has been performed 
to compare allograft with autograft, and plated with 
nonplated ACDF procedures.47 A group of 78 patients 
who underwent single-level ACDF had retrospective 
measurement of quality-adjusted life years (QALYs) 
over a 5-year period. It was demonstrated that ACDF 
with allograft offers a benefi t over ACDF with autograft 
at a cost of $496 per QALY. ACDF with allograft and 
plating was shown to have a benefi t over ACDF with 
allograft and no plate at a cost of $32,560 per QALY. 
Essentially, these fi gures took into account differences 
in postoperative recovery, time to return-to-work, 
additional outcomes measures, as well as base case 
analysis. The model did not take into account fusion 
status. As determined in their review of the literature 
at the time, there are no published data that can be 
used to correlate fusion rates with the rates of clinical 
improvement. There may be asymptomatic pseudart-
hroses that do not require reoperation.

Corpectomy and Strut Graft
There is a concept that fusion success may be reduced 
with each additional fusion surface. For example, a 
two-level ACDF with four fusion surfaces between 
host bone and graft may be different than a single-level 
corpectomy with two fusion surfaces between host 
bone and graft. This has been evaluated in a compari-
son of multilevel interbody grafts versus corpectomy 
and strut grafting. In a 20-year retrospective series of 
190 patients,57 fusion rates were compared following 
anterior cervical decompression (for radiculopathy or 
myelopathy from degenerative spondylosis, herniated 
disk, deformity or iatrogenic pathology), with patients 
undergoing either multilevel ACDF or corpectomy 
and fusion. For patients with multilevel disease and 
moderate to severe spondylosis, herniated disk, or spi-
nal canal stenosis behind the vertebral body, a single or 
multilevel corpectomy was performed. There were 98 
patients treated with two-level ACDF and 33 patients 
treated with three-level ACDF. In the corpectomy 
group, there were 16 one-level, 21 two-level, 20 three-
level, and 2 four-level cases. No internal fi xation was 
applied. For multilevel disease, corpectomy and strut 
graft was shown to have greater success rates of arthr-
odesis than multilevel interbody fusions. This was also 
demonstrated for one-level corpectomy compared to 
two-level interbody grafting. Of the multilevel ACDF 
patients, 66% achieved solid arthrodesis compared to 
93% of patients who underwent corpectomy with strut 
grafting. Fusion was determined by two criteria: (1) no 
more than 1 mm of change in the interspinous distance 
across a fused segment between fl exion and extension 
views, and (2) continuous bony trabeculation without 
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The best evidence available favors two-level 
ACDF, using tricortical allograft and plating with vari-
able angle screw fi xation. Fixed angled screws may be 
used in the central vertebral body to limit the potential 
plate migration to the cranial or caudal disk, respec-
tively. With all factors in consideration, fusion of the 
degenerative segments may reduce his neck pain. The 
use of a plate for a two-level ACDF has been demon-
strated to have a lower rate of pseudarthrosis and bet-
ter preservation of alignment, as described by Wang 
et al.44

Preoperative planning would take into account 
the size of the vertebral bodies, as well as the patient’s 
overall cervical alignment, as it is prudent to have 
proper allograft selections available. Following expo-
sure to the anterior cervical spine via the Southwick-
Smith-Robinson approach, proper level is documented 
radiographically using a radiopaque marker, such as 
a small gauge spinal needle placed in the disk space. 
A foraminotomy with removal of the posterior uncus 
at C6-7 on the right would complement decompres-
sion of the exiting C7 nerve root, as there is MRI evi-
dence of foraminal stenosis at this level. Additionally, 
the patency of the C5-6 foramen (particularly on the 
right side) would be scrutinized, in accordance with 
the patient’s preoperative symptoms of pain radiating 
down the right arm. Endplate preparation is carried 
out to create an optimal surface for graft fusion, while 
taking care not to remove too much endplate and risk-
ing subsidence.

In choosing the size of the plate, we maintain at 
least a 5 mm distance from either disk space, to lessen 
the risk of adjacent segment ossifi cation due to close 
proximity of the plate. The operative fi eld is inspected 
prior to closure for hemostasis, and the esophagus is 
carefully inspected as well. Radiographs are taken 
intraoperatively to evaluate the graft and hardware. 
Rigid internal fi xation would eliminate the need for 
postoperative cervical orthosis. If the patient were a 
smoker or has other independent risk factors for pseu-
darthrosis, a collar may be considered.59 A cervical col-
lar was not shown to improve the fusion rate or clinical 
outcome in patients undergoing single-level ACDF 
with plating, although the study did not look at mul-
tilevel ACDF.60

The options for cervical fusion constructs vary and 
many have been compared in randomized controlled 
studies.13,18–20,37–39 In the review of current evidence 
by Carragee et al.,6 there does not appear to be large 
advantages in outcome with fusion versus decompres-
sion, with decompression and fusion versus cervical 
disk arthroplasty, or with the use of various fusion-
adjuvant measures among carefully selected patients, 
according to the authors. The best evidence avail-
able supports treating our patient with ACDF, using 
an allograft and an anterior plate, taking care to use 

safety data.6,18–20 Long-term follow-up should help to 
 better defi ne the  appropriate indications and the role 
for cervical arthroplasty. Under current FDA guide-
lines, multilevel disease is listed as an excluding factor 
for cervical disk replacement. At least at this point in 
time, our patient does not fi t the criteria for TDA, hav-
ing radiographic evidence of two-level disease.

Posterior Laminoforaminotomy
Several factors may determine whether or not a key-
hole foraminotomy is a reasonable option. For exam-
ple, a patient with severe axial neck pain and segmental 
kyphosis is best treated with an anterior procedure, as 
a posterior procedure is potentially destabilizing. If the 
radiculopathy is due to degenerative changes and hard 
disk disease, an anterior approach would be the bet-
ter choice, as it facilitates removal of disk material and 
safe removal of osteophytes anterior to the nerve root. 
Posterior laminoforaminotomy does offer the advan-
tage of direct decompression of neural elements and 
avoidance of fusion and the associated complications.9 
The ideal patient for a posterior laminoforaminotomy 
would have a unilateral, single-level soft disk hernia-
tion and predominant arm pain. To the best of our 
knowledge, there is no evidence in the literature that 
supports laminoforaminotomy for the relief of axial 
neck pain. This is not an ideal operation for this patient, 
given his symptoms or equivalent arm and neck pain 
and with his specifi c imaging fi ndings.

Cervical Laminectomy and 
Laminoplasty
Laminectomy or laminoplasty is indicated for a patient 
requiring decompression at four or more segments, for 
a congenitally narrow canal, or for a patient in whom 
the anterior column is already fused. A prerequisite 
is cervical lordosis, as the cord can migrate dorsally 
following decompression.2 In addition to lacking the 
appropriate indications, our patient would be bet-
ter treated with an anterior cervical diskectomy and 
fusion, as ACDF is recommended for patients with a 
substantial component of axial neck pain associated 
with radicular symptoms.

DEFINITIVE TREATMENT PLAN

This patient may be offered surgical treatment as non-
operative management has not provided relief of his 
symptoms. Based on recommendations in the litera-
ture, our own clinical experience and patient factors, 
we would offer our patient an ACDF with tricortical 
allograft and cervical plate. In accordance with the 
method of grading recommendations set forth by 
Schunemann et al., our proposed treatment would be 
considered a strong recommendation.
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techniques to reduce the risk of  hardware  prominence, 
injury to adjacent segments, and  nonunion, as described 
by Samartzis et al.61 Park et al.54 and others.

Grading the Evidence for this Plan
Most of the evidence to support our proposed treatment 
plan would be considered low, as it has been derived 
from retrospective case series. Of the two randomized 
trials that were selected, one was assigned a moder-
ate level,34 while the other study was down-graded to 
a low level,62 due to a lack of comparison of baseline 
patient characteristics. In accordance with the method 
of grading recommendations set forth by Schunemann 
et al.63 our choice of treatment would be considered 
a strong recommendation, as the benefi ts clearly out-
weigh harms and burdens and the treatment applies to 
most patients under most circumstances.

PREDICTING OUTCOMES

ACDF is generally successful in the treatment of radic-
ulopathy due to soft disk herniation, where symp-
toms correlate with imaging fi ndings, physical exam, 
or other diagnostic modalities. Relatively rapid and 
considerable pain relief and relief of impairment are 
shown to be reliably achieved with this operative treat-
ment.

The often-cited statistic is that 90% of patients 
undergoing surgery for cervical radiculopathy will 
experience excellent results. However the best scientifi c 
evidence shows a signifi cant proportion (20%–30%) 
will experience only modest or no real improvement. 
The best evidence available supports surgical treat-
ment of our patient for his ongoing pain and disability 
which has not responded to an 18-month trial of non-
operative therapy, for at least short-term improvement 
of symptoms and return to functionality.

The treatment of neck pain, per se, does not share 
the consistent clinical outcomes using current surgical 
strategies. According to Garvey et al., good or excel-
lent results were reported in 82% of patients who 
underwent ACDF for dominant complaint of neck 
pain, a statistic that did not change after an average 
follow-up of 4.4 years. Average VAS score improved 
from 8.4 preoperatively to 3.8 after surgery. Self-rated 
functional scores improved by an average of 50% on 
both Oswestry and the modifi ed Roland-Morris dis-
ability indices.64

In a review of the literature by Carragee et al.6 
higher levels of evidence, beyond what is normally pro-
duced by case series and uncontrolled cohort designs, 
are needed to determine whether clinical changes seen 
after surgical interventions are attributed to a sponta-
neous variation of the disease, the nonspecifi c effects 
of applying any intervention, the result of changes in 

patients’ social support or expectations, or possibly an 
effect of the surgery itself.

Some authors suggest that the best predictor of 
functional outcome after ACDF may be preoperative 
psychometric testing. The following factors are inde-
pendently associated with better outcomes according 
to Peolsson et al.65—male gender, greater kyphotic 
deformity (prior to arthrodesis), and less reported pre-
operative functional impairment.

Our patient is likely to have a good outcome, but 
he still needs to be counseled that his symptoms have 
been going on for a considerable length of time and 
he may only show modest improvement. In our expe-
rience, a young individual with radicular symptoms 
showing a close correlation with exam and imaging 
fi ndings will notice an improvement in some of the 
symptoms shortly after the operation. We would coun-
sel him preoperatively that cervical fusion may help 
reduce the symptoms of neck pain by obliterating 
painful motion segments, with approximately 80% of 
patients experiencing good to excellent results in terms 
of functional improvement and pain relief.64

SUMMARY

This is a case of a 39-year-old man with cervical radic-
ulopathy and neck pain, with signs and symptoms 
correlating to MRI fi ndings of cervical spondylosis pri-
marily at two levels. We recommend two-level ACDF 
at C5-6 and C6-7, based on current evidence in the 
literature. The goals of surgical treatment are decom-
pression of the neural foramina with the expectation of 
improvement of his arm pain, numbness and tingling. 
It should be addressed in preoperative discussions, 
however, that his neck pain may or may not improve 
following the fusion, and that the primary objective of 
surgery is to preserve or improve neurological func-
tion and to relieve the arm pain associated with nerve 
compression.54,58
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Cervical Stenosis with
Kyphosis
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extremities.2 Loss of manual dexterity is  typical2 and 
forms an integral component of the  Japanese Orthope-
dic Association (JOA) scoring system for cervical myel-
opathy.3 Gait disturbance with spasticity represents 
one of the subtle signs of early myelopathy and a hall-
mark of established disease.1 This forms the basis of the 
Nurick grading scale for CSM.4 Five to thirty percent 
of patients have concomitant symptomatic lumbar and 
cervical spinal stenosis and this can often lead to diag-
nostic and therapeutic diffi culties given the simultane-
ous presence of upper and lower motor neuron signs in 
the lower extremities.5 Reliance must be placed on his-
tory and physical examination when deciding whether 
the stenosis should be treated surgically at either region 
in isolation or concomitantly. Loss of sphincter control 
or frank incontinence is rare; however some patients 
may complain of mild urinary urgency or hesitancy. 6

The most typical physical examination fi ndings 
are suggestive of upper motor dysfunction. In a series 
of 225 surgically treated patients with CSM, both Hoff-
man sign and the inverted radial refl ex were present in 
approximately 45% of those with mild disease and over 
80% with moderate to severe myelopathy.7 Lhermitte 
sign has a low sensitivity (<30%) but a high specifi c-
ity (about 90%) in the setting of CSM.8 In terms of the 
motor examination in the upper extremities, patients 
with CSM most commonly exhibit triceps and/or 
hand intrinsic muscle weakness. Wasting of the intrin-
sic hand musculature is a classical fi nding in CSM. 
In the lower extremities however, it is the more proxi-
mal muscle groups that are most profoundly affected, 
further distinguishing the presentation from lumbar 
spinal stenosis.1

Several other conditions may present similar to 
CSM. Failure to exclude these may explain lack of 
neurological improvement after surgery. The absence 
of sensory abnormalities and disproportionate weak-
ness and wasting in the hand muscles should alert 
one to the possibility of amyotrophic lateral sclerosis. 
A lack of correlation between sensoromotor fi ndings 

EDITORS’ CASE 
PRESENTATION

A 52-year-old woman complains of  neck pain 
along with bilateral numbness and tingling in 
her hands on the right side more than the left. 
She feels imbalanced when walking and has 
decreased dexterity of  her hands, also on the 
right side greater than the left. She has had sev-
eral previous low back surgeries, with continued 
low back pain and lower extremity symptoms. 
She does not have any bowel or bladder com-
plaints.

Physical examination shows a fl oridly positive 
Hoffmann refl ex bilaterally as well as a positive 
inverted radial refl ex bilaterally. Flexion of  the 
neck reproduces her upper extremity numbness 
and tingling. She has full strength in the upper 
and lower extremities; however, there is dif-
fusely decreased sensation in the bilateral upper 
extremities in a non-dermatomal pattern. Gait is 
slightly imbalanced in that she deviates to one 
side while walking down the hallway.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a middle-aged woman 
with physical symptoms and signs suggestive of cervi-
cal spondylotic myelopathy (CSM). Her primary com-
plaints are neck pain, asymmetric non-dermatomal 
upper extremity numbness, loss of hand dexterity and 
a gait abnormality. Neck pain is a characteristic symp-
tom of CSM, being absent in only 15% of patients with 
moderate to severe myelopathy.1 Sensory disturbance is 
classically of a non-dermatomal distribution; however, 
asymmetry, while common, is more usual in the lower 

6
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and spondylotic changes should make one suspicious 
of a demyelinating process. Other conditions to con-
sider include normal pressure hydrocephalus, sub-
acute combined degeneration (vitamin B12 defi ciency), 
tumors, rheumatoid arthritis, and spinal arteriovenous 
malformations or syringomyelia.

There are fi ve specifi c CSM outcome scores fre-
quently used to assess the grade of severity and out-
come of the disease. These are the Nurick score, the 
JOA score, the Cooper myelopathy scale, the Prolo 
score, and the European myelopathy score. All fi ve 
scores have been validated for qualitative assessment 
of the clinical characteristics, progression, and out-
comes from treatment for cervical myelopathy.9

Based on the clinical signs and symptoms, the 
woman in this case has at least moderate cervical myel-
opathy. Her functional score as determined by the mod-
ifi ed JOA system is in the moderate to severe range.

Representative T2-weighted midsagittal and 
parasagittal magnetic resonance images are shown 
in Figure 6.1. Figures 6.1A and C represent right and 
left parasaggital views respectively. Figure 6.1B rep-
resents the midsaggital view. The cervical spine is 
visualized from the brainstem to the T2/3 disc. The 
cerebellum, brain stem, and cephalo-medullary angle 
appear normal. There is no evidence of atlantoaxial 
disease. There is loss of normal cervical lordosis with 
8 to 10 degrees of true kyphosis when measured from 
the inferior endplate of C2 to the superior endplate 
of C6. The Torg ratio  measures approximately 0.8 at 

the level of C3. However this ratio, when measured 
on MRI, has poor correlation with either the space 
available for the cord or the presence or severity of 
myelopathy.10

There is loss of disc height of more than 50% at 
C4/5 and C5/6. There are anterior and posterior disc 
protrusions seen at both levels. The disk protrusions 
efface the cord with complete loss of CSF at both levels. 
There is change in the alignment and shape of the cord 
with associated increased cord signal change, particu-
larly at C5/6. There is no posterior compression of the 
cord. The discrete pattern of the compression anteri-
orly is not typical of focal ossifi cation of the posterior 
longitudinal ligament (OPLL), though if there were a 
clinical concern a CT would be more appropriate to 
assess this.

Figure 6.2 shows representative axial T2 weighted 
images through the levels of the discs from C3 to 
C7 inclusive. The C3/4 and the C6/7 disc levels are 
essentially normal (Fig. 6.2A and D). There is a left 
paracentral disc herniation at C6/7which effaces the 
thecal sac. At C4/5 and C5/6 there are large broad 
based disc herniations which displace the thecal sac 
and cord, resulting in signifi cant change in the shape 
of the cord. There is associated bilateral neuroforam-
inal stenosis worse on the left, at both levels (Fig. 6.2B 
and C). There does not appear to be any posterior 
compression and there is no aberrant vertebral artery 
anatomy. The ratio of the dural tube to the  spinal 
canal at the level of the C3/4 disc measures 0.71. This 

Figure 6.1.
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Figure 6.2.

compares to a mean of 0.81 in normal individuals as 
reported by Okada et al.11 This study also demonstrated 
that the canal occupying ratio at nonaffected levels was 
higher than in age matched non-myelopathic adults. 
These factors confi rm that developmental cervical spi-
nal canal stenosis is contributory to myelopathy as a 
static factor.

This degree of kyphosis on static supine imaging, 
particularly as the patient demonstrates Lhermitte 
phenomena and a positive Spurling sign, mandates, 
we believe, at least static upright x-rays and perhaps 
patient controlled fl exion and extension views of the 
cervical spine. Understanding whether this is a static or 
a dynamic deformity would be critical to the decision 
making process of the appropriate treatment strategy. 
A static deformity may suggest that decompression 
only without stabilization is feasible, while the defor-
mity itself may compromise adequate decompression, 
for example laminectomy, and not allowing the spinal 
cord to “fl oat away” from the anterior compression. 
Similarly, a dynamic deformity probably mandates a 
stabilizing procedure to augment the decompression. 
A CT scan would be very helpful in assessing the facet 
joint complexes, particularly if one was considering 
cervical disc arthroplasty as a surgical option.

The imaging suggests some coronal deformity 
also, as the parasaggital cut of the C2 body does not 
correspond with midline of the spinous processes. 
Plain x-rays in both coronal and saggital planes would 
also be helpful.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has moderate to severe CSM secondary to 
anterior cord compression from degenerative disk her-
niations at C4/5 and C5/6 with associated increased 
cord signal intensity and focal cervical kyphosis.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND OPTIONS?

The treatment goals here are

 1. Prevention of neurological deterioration
 2. Restoration of normal spinal alignment
 3. Ensure continued spinal stability
 4. Early mobilization
 5. Rehabilitation and long-term maintenance of 

neurological function

The treatment options are

 1. Nonoperative, including immobilization, phys-
ical therapy, medications etc.

 2. Operative:
Anterior (a) anterior diskectomy alone
 (b) anterior diskectomy and fusion
 (c) anterior diskectomy and fusion 

with plate
 (d) anterior vertebrectomy
 (e) cervical disk arthroplasty
Posterior (a) laminotomy/laminectomy
 (b) laminoplasty
 (c) laminectomy and fusion
 (d) laminectomy and fusion with 

instrumentation
Combined anterior and posterior procedures

EVALUATION OF THE LITERATURE

To identify relevant publications on CSM a MEDLINE 
search from 1950 to January 2009 was performed. 
Search strategies included the use of MeSH (medical 
subject headings) and key words. Key Words included 
“cervical vertebra,” “spinal cord diseases,” “cervi-
cal myelopathy,” “cervical  stenosis,” and “cervical 

Bono_Chap06.indd   55Bono_Chap06.indd   55 9/21/2010   12:19:21 PM9/21/2010   12:19:21 PM



56  CASE 6 ■ Cervical Stenosis with Kyphosis

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative Versus Non-Operative
There are few studies regarding the natural history of 
CSM and the quality of the evidence available is gener-
ally poor. The studies reporting observation or conser-
vative treatment alone include six studies performed 
prior to 1985, of which four utilized the Nurick fi ve-
point scale for outcome and four more recent studies 
using the JOA scoring system. A summary of these 
studies is shown in Table 6.1. There are three studies 
directly comparing operative and nonoperative treat-
ment for CSM. A summary of the results of these stud-
ies is shown in Table 6.2.

Although the data from the above studies appears 
compelling, the data are somewhat inconsistent, the 
study designs are generally poor (case series or poor 
observational studies), and many of the observations 

 spondylosis.” A focused search of “spinal stenosis” 
with subheadings of natural history, classifi cation, 
treatment, nonoperative, radiography, prognosis, 
surgery, and complications was performed. The 
results of “spinal stenosis” were then combined with 
“cervical” and “myelopathy” to identify patients 
with cervical myelopathy within larger heteroge-
neous studies of spinal stenosis. Journals were hand 
searched and references were reviewed to iden-
tify pertinent articles. Only original clinical studies 
were included. Basic science studies, biomechanics 
studies, review articles, editorials, case reports, and 
letters to the editor were excluded. These strate-
gies revealed 481 potential publications for review. 
The same search strategy was applied to EMBASE 
and revealed 252 potential publications. MEDLINE 
“in process” and non-indexed citations were also 
searched as was EBM reviews/Cochrane Database. 
There were a total of 338 English language studies 
that were reviewed.

Paper Author (Year) Description Summary of Results Quality of Evidence

Lees and Turner (1963) Retrospective 
cohort study

61% with MILD CSM improved clinically. Long 
periods of stability with short intervals of 
deterioration observed over 30 y.

Very low quality

Nurick (1972) Retrospective 
cohort study

Patients with MILD Nurick grades (I and II) did 
not deteriorate. Signifi cant association between 
kyphosis and worse “Nurick grade” on presenta-
tion. Age > 60 predicted poorer prognosis.

Very low quality

Clarke and Robinson 
(1956)

Retrospective 
cohort study

75% stepwise worsening, 20% slow steady pro-
gression, 5% initial worsening then plateau in 
MODERATE CSM

Very low quality

Roberts (1966) Retrospective 
cohort study

Patients with MODERATE or SEVERE CSM con-
tinued to deteriorate with conservative treatment

Very low quality

Barnes and Saunders 
(1984)

Retrospective 
 observational study

Clinical deterioration associated with kyphosis, 
greater range-of-motion and female gender.

Low quality

Nakamura et al. (1998) Retrospective 
 observational study

Patients with MODERATE or SEVERE CSM con-
tinued to deteriorate with conservative treatment

Low quality

Matsumoto et al. (2000) Retrospective 
cohort study

Presence of increased signal intensity on MRI 
correlated with poorer response to conservative 
treatment.

Low quality

Matsumoto et al. (2001) Retrospective 
cohort study

All patients had MILD disease. 17 improved 
or plateaued with conservative treatment. 10 
patients underwent surgery for deterioration

Low quality

Shimomura et al. (2007) Prospective 
observational 
cohort study

All patients had MILD disease. Circumferential 
spinal cord compression correlated with poorer 
outcome with conservative treatment.

Low quality

Evidentiary Table: Summary of Studies of Conservative Treatment for CSM.TABLE 6.1
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Paper Author (Year) Description Summary of Results Quality of 
Evidence

Bednarik et al. (1999) Prospective randomized No difference in modifi ed JOA scores or 
aggregate EP potentials at 6 and 24 mo

Moderate quality

Sampath et al. (2000) Prospective multicentre 
nonrandomized

Functional improvement seen with both treat-
ments but signifi cant in social and work catego-
ries with surgery compared with conservative 
therapy. Neurological improvement seen with 
surgery but not signifi cant compared to conser-
vative.

Moderate quality

Kadanka et al. (2002) Prospective randomized All patients had MILD CSM, JOA >12 “no 
 signifi cant deterioration in mean JOA score in 
the 2 groups over the 3-y follow-up period,” “the 
3-y follow-up study did not show, on the aver-
age, that the surgery is superior to conservative 
treatment” “could mean that the conservative 
approach can treat CSM with a degree of success 
similar to that of surgery for at least 3 y.”

Moderate quality

Evidentiary Table: Summary of Studies of Conservative Versus Operative 
Treatment for CSM.

TABLE 6.2

are made of patients with mild myelopathic disabil-
ity only, which does not apply to the patient in this 
case. The studies of both Nurick12 and Lees and Turn-
er13are consistent with a more benign course than 
that described by Clarke and Robinson.14 However 
the patients in the former study all had mild disease. 
LaRocca15 performed a meta-analysis of the nonopera-
tive groups of several other observational and early 
surgical studies. He noted several studies that demon-
strated steady worsening with nonoperative therapy 
and concluded that only an 18% to 33% improvement 
was evident with expectant management. He con-
cluded that patients with moderate to severe disease 
had better outcomes when treated surgically.

From all the data presented above it is important to 
extract that evidence which is particular to our case in 
hand. There are four studies of moderate/severe CSM 
offering very low quality evidence14,16–18 and three of 
low quality.19–21

Kadanka et al.22 concluded at a 3-year follow-up that 
surgery was not superior to conservative treatment for 
mild to moderate disease. This randomized controlled 
study, because of the limitations in methodology, must 
be downgraded to moderate quality evidence. The 
greatest limitation to this study is that the study design 
assumed that all forms of spondylotic myelopathy are 
equivalent with regard to prognosis and response to 
treatment. Animal models of spondylotic myelopathy 
suggest that this is not the case, and that multilevel dis-
ease carries a worse prognosis. In addition, the study 
design assumed that all of the operations used for the 
treatment of spondylotic myelopathy are equally effec-
tive. Again, this has not been shown to be true, and is a 

subject of ongoing debate. No data are given regarding 
follow-up studies to determine whether the goals of 
surgery (decompression, arthrodesis) were achieved. 
Finally, the cohort in this study only included patients 
with a JOA of 12 or more. The conclusions of this study, 
therefore, are not applicable to the patient in our case.

Sampath et al.23 concluded that surgery improved 
the social and work categories of function. This was 
a nonrandomized study. Treatment type was deter-
mined by the treating physician. Prior to treatment the 
surgical group had lower functional status, though this 
was not statistically signifi cant. Again in this study, the 
design assumed that all forms of spondylotic myel-
opathy are equivalent with regard to prognosis and 
response to treatment. The study design assumed that 
all the operations used for the treatment of spondylotic 
myelopathy are equally effective. 16% of the surgical 
group of patients had a planned fusion only without 
any decompression. Only 69% of patients were avail-
able for follow-up at a mean of 11 months. Validated 
outcome measures for neurology, functional status, 
satisfaction or ADLs were not utilized. This study, 
because of its design represents, at best, low quality 
evidence.

In Bednarik et al.’s24 study all patients with 
severe disease had surgery. Those with mild or mod-
erate disease were randomized to surgery or conser-
vative treatment. It is unclear how this randomization 
was performed. Those with moderate disease were 
not identifi ed from those with mild disease and so no 
conclusions can be made as to the effect of surgery on 
the moderate group. Knowing the natural history of 
mild CSM, the potential benefi t of surgery in this study 

Bono_Chap06.indd   57Bono_Chap06.indd   57 9/21/2010   12:19:24 PM9/21/2010   12:19:24 PM



58  CASE 6 ■ Cervical Stenosis with Kyphosis

patient preference will be critical to the interpretation 
and weighting of the benefi ts, harms, and burdens. 
However, without knowing what the patient prefer-
ences are in this particular case, the author must take 
several things into consideration.

Choice of Surgical Approach
In order to evaluate the most appropriate surgical treat-
ment, a number of unique features of this case must be 
reiterated. The patient has moderate to severe disease, 
is 52 years of age, has focal loss of normal cervical lor-
dosis, the cord compression is all anterior and at the 
level of the affected discs only, and there is increased 
signal intensity in the cord on the T2 weighted MRI.

To summarize, the operative treatment goals here 
are

 1. Decompression of the neural elements and 
prevention of neurological deterioration

 2. Correction of kyphosis with restoration of nor-
mal spinal alignment

 3. Ensure continued spinal stability with success-
ful fusion

 4. Early mobilization
 5. Rehabilitation and long-term maintenance of 

neurological function

Both ventral and dorsal surgical approaches are uti-
lized in the management of CSM. The appropriateness, 
advantages, and disadvantages of each approach must 
be considered in each individual case. It is imperative 
that one determines which patients are most likely to 
benefi t from any given surgical approach while mini-
mizing the risk/benefi t ratio. Operative intervention 
of cervical myelopathy is focused on decompression 
of the spinal cord to halt neurologic deterioration 
and promote functional improvement. Appropriate 
and early decompression restores and improves spinal 
cord morphology,31 reverses cord compression,32,33 and 
likely improves blood supply to the cord aiding neuro-
logical recovery. The secondary goals of operative treat-
ment are to achieve a successful fusion where abnormal 
segmental mobility may contribute to repeated injury 
of the cord and to prevent development of late defor-
mity that can compromise the surgical outcome. The 
decision to use either an anterior or posterior approach 
and which specifi c procedure is based on multiple 
factors, including the source of spinal cord compres-
sion, the number of vertebral segments involved in the 
disease process, cervical alignment, the magnitude of 
coexisting neck pain, patient comorbidities, and the 
surgeon’s familiarity with various techniques.

An anterior decompressive procedure is ideally 
suited for the current case in which the stenosing 
pathology is ventral to the spinal cord at two adjacent 
levels and is confi ned to the levels of the  intervertebral 

for the moderate group may go undetected. However, 
for those with severe disease, surgery resulted in an 
improved JOA score at 6, 12 and 24 months. This study 
represents moderate quality evidence.

The patient in our case has moderate to severe 
cervical myelopathy with a modifi ed JOA score in the 
range of 8 to 11. The natural history studies suggest a 
95% chance of clinical deterioration for our patient.14,15 
Female gender and the presence of kyphosis are also 
independent predictors of poor response to conserva-
tive treatment.17

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

We conclude that the evidence presented in Tables 6.1 
and 6.2 supports the recommendation of surgery in 
our patient.

Overall the quality of the evidence supporting 
operative treatment presented in these observational 
and comparative studies is low/moderate. Given that 
the natural history of moderate CSM is generally of 
deterioration, then the benefi ts of surgery clearly out-
weigh the burdens. Results of numerous other recent 
studies demonstrate the ability of surgical procedures 
to arrest the progression of myelopathy and provide 
for functional improvement in a majority of patients. 
Clinical results vary based on the severity of myel-
opathy at presentation, the extent of the disease pro-
cess, and numerous patient factors, including saggittal 
alignment and gender. The rate of neurologic improve-
ment after either anterior or posterior decompres-
sive procedures ranges from 47% to 100%, with most 
reports indicating some degree of neurologic recovery 
in more than 90% of patients.23,25–29

Thus there is evidence for clinical effi cacy with 
acceptable risk/burden from both observational studies 
and some randomized controlled trials with important 
limitations and thus the strength of our recommenda-
tion for surgery, in accordance with the method of grad-
ing recommendations set forth by Schunemann et al.30 
is strong. This grading paradigm is critical because 
it not only considers the quality of evidence but also 
addresses the benefi ts, harms, and burdens of the pro-
posed interventions.

Choosing Operative Treatment
The best available evidence on the natural history of 
CSM, as discussed above, dictates that the patient pre-
sented in this clinical scenario, with moderate to severe 
CSM, should be treated operatively. In order to offer 
a clinical recommendation, the clinician must con-
sider the quality of the evidence available in addition 
to the perceived benefi ts, harms, and burdens of the 
proposed interventions. For each individual scenario, 

Bono_Chap06.indd   58Bono_Chap06.indd   58 9/21/2010   12:19:24 PM9/21/2010   12:19:24 PM



CASE 6 ■ Cervical Stenosis with Kyphosis  59 

days and mean hospital charges of $23,209, whereas 
 posterior fusion patients had a mean LOS of 5.74 days 
with hospital charges of $30,927. Anterior approaches 
were associated with higher risks of hoarseness (0.21%) 
and dysphagia (3%), while posterior procedures had 
signifi cantly higher rates of infection (0.8% vs. 0.2%), 
hematoma (3.2% vs. 2%) and cardiac and pulmonary 
complications (6.7% vs. 3.8%).

Choice of Exact Surgical Procedure
Five surgical options deserve consideration:

 1. Two-level diskectomy C4/5 and C5/6 with 
instrumented fusion

 2. C5 corpectomy with instrumented reconstruc-
tion

 3. Circumferential anterior and posterior (ap) 
fusion

 4. Disc arthroplasty
 5. Oblique corpectomy

We do not believe circumferential AP Fusion is neces-
sary in this case. Our surgical goals can be achieved 
from an anterior approach alone. Our patient does not 
have signifi cant osteophyte formation suggesting a 
fi xed kyphosis, there is no dorsal compression of the 
cord and anterior decompression is only required at 
two adjacent levels. Circumferential procedures are 
associated with higher complication rates, longer in-
hospital stay and increased cost.45

Disc arthroplasty, while promising, cannot be rec-
ommended based on the evidence currently available. 
Results comparable to fusion have been reported in 
randomized controlled studies for single-level ante-
rior disease.46 This study found that patients in both 
the arthroplasty and arthrodesis groups had improve-
ment following surgery; furthermore, improvement 
was similar between the groups, with no worsening 
of myelopathy in the arthroplasty group. The fi ndings 
at 2 years postoperatively suggest that arthroplasty is 
equivalent to arthrodesis for the treatment of cervi-
cal myelopathy for a single-level anterior abnormal-
ity localized to the disc space. A prospective study of 
cervical arthroplasty reported signifi cantly improved 
clinical outcomes for multilevel cervical arthroplasty 
compared with single-level cervical disc replacement 
for radiculopathy and myelopathy. Outcomes mea-
sured included VAS and Odoms.47 Sekhon48 reported 
on a series of 11 patients <55 years of age with ante-
rior cervical decompression treated with a total of 15 
artifi cial disc prostheses with a mean follow-up of 
18 months. There were no major complications. There 
was an improvement in the Nurick grade by 0.91 
grades (p < 0.001) and in the Oswestry Neck Disability 
Index by 41.5 percentage points (p < 0.001). In one case 
fusion was attained at 17 months postoperatively and 

disc only without signifi cant osteophyte formation. 
The anterior approach will provide for direct visual-
ization and removal of the offending pathology with-
out manipulation of the cord.34–38 With a kyphotic 
cervical sagittal alignment, an anterior procedure will 
also serve to restore physiologic lordosis. In addition, 
affording direct anterior decompression restoration of 
lordosis will allow for shifting of the cord dorsally to 
diminish the effect of any residual anterior compres-
sion. Posterior decompression for the treatment of 
myelopathy is generally contraindicated for patients 
who have neutral or kyphotic sagittal alignment of the 
cervical spinal column.39 Laminectomy or laminoplasty 
in our patient with a kyphotic or neutrally aligned spi-
nal column is unlikely to allow posterior translation 
of the spinal cord away from the anterior compressive 
abnormality.

Sodeyama et al.40 showed that the peak postopera-
tive dorsal translation of the spinal cord was greatest 
(peak shift, 3.1 mm) in patients who had a lordotic spi-
nal curve, and least (peak shift, <2 mm) in patients who 
had a kyphotic cervical spine. Better recovery of myel-
opathy has also been reported following laminoplasty 
in patients without preoperative kyphosis.41

After anterior decompression, spinal column 
stability will need to be restored through segmental 
arthrodesis. The arthrodesis may also have the added 
benefi t of eliminating painful motion from the spon-
dylotic motion segment, a primary symptom in our 
patient.

Preoperative neck pain is a relative contraindi-
cation to laminoplasty. Disruption of the posterior 
paraspinal musculature from a posterior approach can 
aggravate axial neck pain. A review of laminoplasty, 
reported that the postoperative prevalence of neck 
pain ranged from 6% to 60% among different series 
and suggested that the true prevalence may actually 
be higher as neck pain was frequently not reported in 
the studies that were reviewed.42,43 Axial pain is not a 
major concern following anterior surgery.

A critical component of the decision making in 
this, and any other, case is the risk/benefi t ratio of the 
procedure options available. We have already demon-
strated that an anterior approach can safely and reliably 
achieve our stated treatment goals. Boakye et al.44 per-
formed a National Inpatient Sample to identify 58,115 
admissions of patients with CSM who underwent spi-
nal fusion in the United States from 1993 to 2002.

The overall in-hospital complication rate was 
13.4% and the in-hospital mortality rate for the entire 
cohort was 0.6%. Overall, 46,562 patients underwent 
anterior fusion, with a complication rate of 11.35% 
and mortality rate of 0.5%. A total of 8,112 patients 
underwent posterior fusion, with a complication 
rate of 16.4% and a mortality rate of 0.72%. Anterior 
fusion patients had a mean length of stay (LOS) of 3.4 
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went allograft tricortical iliac crest reconstruction and 
anterior cervical plating. The average follow-up was 
39 months. There were 38 patients in the discectomy 
and interbody grafting group and 26 patients in the 
corpectomy and strut graft reconstruction group. 
Pseudoarthrosis occurred in 42% of the anterior cer-
vical interbody fusion patients and 31% of the cor-
pectomy patients. Nonunion in two-level interbody 
fusions occurred in 36% of the patients as compared 
to 10% for patients with one-level corpectomies; while 
54% of patients with three-level interbody fusions and 
44% of patients with two-level corpectomies were 
noted to have pseudoarthrosis. Higher percentages of 
nonunion were noted in multilevel interbody grafting 
than in corpectomy with strut grafting and when more 
vertebral levels were involved. In addition, the authors 
felt that anterior corpectomy affords decompression of 
signifi cant osteophytes in a safer and quicker manner 
than multiple diskectomies.

Wang et al.58 compared fusion rates between single-
level cervical corpectomy and two-level discectomy 
and fusion. The difference in fusion rates between 
the two groups was not statistically signifi cant (p = 
0.385). The clinical results of the surgeries were simi-
lar between the groups based on Odom’s criteria. The 
addition of cervical plates to either two-level discec-
tomies or single-level corpectomies yielded similar 
fusion and complication rates.

In their nonranomized cohort study Hwang 
et al.59 evaluated the outcome after anterior corpectomy 
with iliac bone fusion compared with discectomy with 
interbody titanium cage fusion for multilevel cervical 
degenerated disc disease. Both groups demonstrated a 
signifi cant increase in the JOA scores (preoperatively 
11.1 ± 2.1 and 10.4 ± 3.5, postoperatively 14.3 ± 2.4 and 
13.9 ± 2.1, respectively) and a signifi cant decrease in 

one patient had a transient worsening of preoperative 
symptoms postoperatively, with focal kyphosis. The 
spinal cord was decompressed on postoperative imag-
ing in all cases.

Oblique corpectomy as described by George et al.49 

is utilized for patients with anterior compression dor-
sal to the vertebral body, for example OPLL, and so is 
not suitable for this case.

There are numerous studies demonstrating 
the effi cacy and safety of either two-level diskec-
tomy and instrumented fusion or corpectomy and 
reconstruction.36,50–52 When compared with multilevel 
ACDF (in which there are two surfaces per level), one 
hypothesis posits that cervical corpectomy should 
result in higher fusion rates because there are only 
two fusion surfaces.1,53 However, corpectomy has 
been associated with early hardware failure.54,55 Fraser 
showed that regardless of the number of levels fused 
the use of an anterior cervical plate system signifi cantly 
increased the rate of fusion over diskectomy alone.56 
For two-level disk disease, as in our case, there was 
no signifi cant difference between ACDF or corpectomy 
when a plate system was used.

There have been fi ve studies directly comparing 
multilevel anterior cervical diskectomy and fusion 
(ACDF) with corpectomy for multilevel CSM. The 
results are summarized in Table 6.3.

Swank et al.57 performed a retrospective study of a 
single surgeon’s series of patients treated by multilevel 
cervical disc excision (two or three levels), allograft tri-
cortical iliac crest arthrodesis, and anterior instrumen-
tation to compare fusion success and clinical outcome 
between multilevel Smith-Robinson interbody graft-
ing and tricortical iliac strut graft reconstruction, both 
supplemented with anterior instrumentation in the 
cervical spine. Sixty-four consecutive patients under-

Author Decompression Fusion Method Clinical Outcome Fusion Rate Hardware Failure

Yonenobu et al. (1985) Multi-ACDF 
vs. corpectomy

Autograft Corpectomy 
superior

Corpectomy 
superior

None reported

Swank et al. (1997) Multi-ACDF 
vs. corpctomy

Allograft and 
autograft

Corpectomy 
superior

Corpectomy 
superior

Equivalent

Wang et al. (2001) Multi-ACDF 
vs. corpctomy

Allograft Equivalent Equivalent Equivalent

Nirala et al. (2004) Multi-ACDF 
vs. corpctomy

Autograft Corpectomy 
superior

Corpectomy 
superior

None reported

Hwang (2004) Multi-ACDF 
vs. corpctomy

Titanium ca ge 
vs. iliac crest strut

Equivalent Equivalent More in 
corpectomy group

Summary of Studies Comparing Multilevel ACDF and Corpectomy for Multilevel 
CSM.

TABLE 6.3
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In summary, in accordance with the method of 
grading recommendation put forward by Schunemann 
et al.30 our proposed treatment of anterior decompres-
sion and instrumented fusion would be considered a 
strong recommendation. The overall quality of evi-
dence for this recommendation is moderate.

PREDICTING OUTCOMES

The literature as we have synthesized thus far suggests 
that our patient should anticipate a good to excellent 
neurological outcome with a low level of morbidity or 
complication from the recommended surgical inter-
vention. However many of these studies on multilevel 
ACDF involve three or more levels, many did not 
utilize modern surgical techniques and many others 
did not utilize validated outcome measures. Thus to 
adequately predict outcomes and counsel our patient, 
we must rely on appropriate and applicable studies of 
modern surgical techniques utilizing validated out-
come measures.

Bapat et al.38 in 2008 reported a prospective analysis 
of 129 patients with a subset of 79 patients with moder-
ate myelopathy (mean JOA of 10), mean age 46 years 
with anterior compression of one or two levels. In this 
specifi c group anterior diskectomy and instrumented 
fusion resulted in a six point increase in the mean JOA 
score at 36 months follow-up. The mean recovery rate 
was 82% ± 28%. Complications were odynophagia 45% 
at 1 month and 0% at 3 months, dysphagia 26% at 1 
month and 0% at 3 months, 2.5% asymptomatic pseu-
darthrosis rate and 3% symptomatic adjacent segment 
degeneration, all of which settled with conservative 
treatment. Overall our patient could expect a 96% good 
to excellent outcome with a near normal postoperative 
mean JOA score at 3 years’ follow-up.

Gok et al.45 in 2008 reported a retrospective study on 
a subgroup of 31 consecutive patients with a mean age 
of 54 years undergoing two-level ACDF for CSM with 
a mean follow-up of 25 months. The mean preopera-
tive Nurick grade was 2.85, which improved to a mean 
grade of 1.35 postoperatively (p = 0.0001).  Forty-three 
patients (93%) in this group had an improvement in 
assigned Nurick grade following surgery and 3 patients 
remained the same. Five patients (10.9%) experi-
enced dysphagia postoperatively with all resolving in 
<6 weeks. One patient (2.2%) developed a postopera-
tive infection that was successfully treated with a single 
debridement procedure. One patient (2.2%) under-
went reoperation for an epidural hematoma. A total 
of 4 patients (8.7%) required revision surgery within 
4 years, three for symptomatic adjacent-level disease 
and one for hardware failure.

Wang et al.58 in 2001 reported on a subgroup of 
32 patients with CSM who had two-level  discectomies 

the visual analog pain scores (preoperatively 8.5 ± 1.1 
and 8.7 ± 1.5, postoperatively 2.9 ± 1.8 and 3.0 ± 2.0, 
respectively). However, there was no signifi cant differ-
ence between the groups. Both groups showed a sig-
nifi cant increase in the cervical lordosis after operation 
and reached satisfactory fusion rates (96.3% and 91.4%, 
respectively). Three patients (2 two-level corpectomies 
and 1 three-level corpectomy) had construct failures 
that required a second operation. Eight of thirty-fi ve 
patients who underwent iliac bone fusion had donor 
site pain.

While Table 6.3 seems to suggest that corpectomy 
is superior to multilevel ACDF we must be careful 
to interpret the results as they pertain to our patient. 
The patients described by Yonenobu et al.28 and Nirala 
et al.60 underwent decompression/diskectomy/cor-
pectomy without modern instrumentation. In the 
series described by Swank et al.57 nonunion in two-
level interbody fusions occurred in 36% of the patients 
as compared to 10% for patients with one-level corpec-
tomies. However all these cases were performed with 
allograft, and the diagnosis of pseudarthrosis was 
radiological, with no reference made to the number of 
cases with symptomatic failure. Based on the studies 
pertinent to our case two-level diskectomy and fusion 
is equivalent to single-level corpectomy in terms of 
clinical outcome and fusion rate. Hardware failure 
requiring revision is more common with the corpec-
tomy group as described by Hwang et al.59

DEFINITIVE TREATMENT PLAN

We propose an anterior surgical approach for the 
patient in this case. To achieve the surgical goal of neu-
ral decompression in this particular case only two-level 
diskectomy/osteophytectomy is required. Figure 6.1 
does not demonstrate any element of compression that 
is not safely accessible through the interspace. Our 
patient does not have compression directly behind 
the vertebral body that would mandate a corpectomy. 
The evident kyphosis is due to asymmetric disc degen-
eration. There is no evidence of bony deformity or 
vertebral body kyphosis and the degree of kyphosis 
does not warrant an osteotomy or vertebrectomy for 
correction.

Grading the Evidence for this Plan
Because of the unique anatomical considerations in our 
case we believe that the specifi c surgical goals can be 
safely and adequately achieved with two-level diskec-
tomy and instrumented fusion. The recommendation 
for multilevel diskectomy over corpectomy would be 
considered weak with moderate quality of evidence. 
Unique case specifi c factors were crucial in choosing 
multilevel ACDF over corpectomy.

Bono_Chap06.indd   61Bono_Chap06.indd   61 9/21/2010   12:19:24 PM9/21/2010   12:19:24 PM



62  CASE 6 ■ Cervical Stenosis with Kyphosis

and fusion performed with two tricortical autoge-
nous iliac crest grafts and the use of cervical plates. 
The average age of the patients was 51.5 years (range: 
17–80 years). 88% of patients reported a good to excel-
lent outcome at 3.5 years as determined by Odom’s 
 criteria.

Fountas et al.61 in 2007 reported on the compli-
cation rates of ACDF in 1,015 patients, of which 279 
underwent two-level anterior cervical diskectomy and 
instrumented fusion. The mean age was 56 years. Of 
this subgroup the radiological pseudarthrosis rate was 
7.8%. The incidence of postoperative hematoma was 
3.2%. Dysphonia was transient in 4.3% and dysphagia 
in 10%. Two patients had esophageal perforation and 
two others had an iatrogenic CSF leak.

SUMMARY

In summary, our patient can anticipate approximately 
a 96% good to excellent outcome with a near normal 
postoperative mean JOA score at 3 years’ follow-up. 
Major complications are uncommon while transient 
dysphagia and asymptomatic radiological pseudart-
hrosis at 2 years occur in approximately 10% of patients. 
A similar number of patients will require a second sur-
gical procedure within 5 years for either adjacent seg-
ment failure or symptomatic pseudarthrosis.

Preoperative counseling of this patient will require 
a frank discussion of the treatment option recom-
mended and its inherent risks, benefi ts, potential out-
comes, and associated burdens as summarized above. 
These results are in keeping with my experience as 
a spine surgeon and should drive the clinician to be 
selective with surgical treatment.
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7 Discitis and Osteomyelitis
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A N D  C H R I S TO P H E R  H U M E ,  D O

INTERPRETATION OF CLINICAL 
PRESENTATION

The case presentation describes a senior citizen with a 
history of chronic lumbar discitis and osteomyelitis at 
the lumbosacral junction. His imaging demonstrates a 
prior laminectomy in the upper lumbar spine; for the 

purposes of this discussion, we assume that the prior 
surgery was not related to the current infection.

The patient’s chief complaint is back pain, which 
is the most common complaint in a patient with pyo-
genic infection. No information is provided regarding 
factors that exacerbate or relieve this patient’s back 
pain. Typically, back pain associated with early-stage 
infection is unrelated to activity and often present at 
rest. However, when osseous destruction is signifi cant, 
mechanical symptoms may be evident.

Constitutional symptoms are present (severe 
weight loss). No history of elevated temperature or 
signs of systemic sepsis are noted. Although a history 
of fever is helpful in diagnosing a spinal infection, 
temperature elevation is present in less than half of all 
cases. Fever and other signs of infl ammatory response 
such as laboratory tests may be blunted due to the 
patient’s relatively immunocompromised state sec-
ondary to psoriasis and cancer.

The history does not elucidate the specifi c route 
by which infection entered the spinal column in this 
patient. Potential mechanisms include hematogenous 
spread from distant infectious foci (e.g., infected cath-
eter, urinary tract infection, dental caries, intrave-
nous drug use, skin infection), direct extension from 
an adjacent infection (e.g., abdominal or retroperito-
neal infection), or direct inoculation (e.g., following 
a spinal procedure). The patient’s medical comor-
bidities predispose him to development of spinal 
infection. Known patient risk factors associated with 
spinal infection include advanced age (>60 years), 
diabetes, rheumatoid arthritis, chronic steroid use, 
and acquired immunodefi ciency syndrome. In this 
patient, his chronic skin condition may be a potential 
source for the infection under discussion. However, 
all patients with spinal osteomyelitis without an obvi-
ous source should be evaluated for subacute bacterial 
endocarditis.

Physical examination reveals no posterior spinal 
tenderness. Sensory and motor functions are intact 
in both upper and lower extremities. The absence of 
spinal tenderness, fever, muscle spasm, and sciatic 

EDITORS’ CASE 
PRESENTATION

A 78-year-old man presents with a known his-
tory of  discitis and osteomyelitis at L5-S1 being 
treated nonoperatively with antibiotic therapy for 
the past 12 weeks. Despite treatment, he contin-
ues to complain of  severe back pain, substantial 
weight loss (60 pounds), and constitutional symp-
toms that have worsened over the past 6 months. 
For a variety of  reasons, including imbalance and 
generalized fatigue, he ambulates with a walker. 
He has no upper extremity complaints. Medical 
history includes psoriatic arthritis, diverticulitis (for 
which he has an ileostomy), prostate adenocarci-
noma, hypercholesterolemia, hypertension, and 
diabetes.

Laboratories have demonstrated mild anemia and 
persistently elevated ESR and C-reactive protein 
levels. The patient has 5/5 strength and intact 
sensation in the upper and lower extremities 
bilaterally. Refl exes are 0+ at the patella tendon 
and 1+ at the Achilles tendon. He has a negative 
straight leg raise test and no tenderness to palpa-
tion of  the back. He is thin, which, according to 
his family, represents a profound difference from 
his usual robust (i.e., a bit rotund) body habitus. 
Overall alignment of  his spine and his extremities 
appears to be otherwise within normal limits.

Magnetic resonance images of  the lumbar spine 
are shown in Figure 7.1.
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Figure 7.1.

 tension signs combined with a history of weight loss 
over 6 months support the diagnosis of chronic infec-
tion rather than acute or subacute infection.

Laboratory data include anemia as well as per-
sistently elevated ESR and C-reactive protein levels. 
Anemia is not specifi cally correlated with infection but 
may represent a marker for underlying chronic disease. 
ESR is increased in over 90% of patients with infection 
but is a very nonspecifi c test and may be normal in 

low  virulence infections. C-reactive protein levels are 
 typically elevated in pyogenic infection and are con-
sidered more specifi c than ESR. However, increased 
ESR and C-reactive protein levels are not pathogno-
monic for infection. The white blood cell count is not 
reported. Studies document its elevation in less than 
half of cases of spinal infection. In this case, the labora-
tory tests may be falsely normal due to the patient’s 
immunocompromised state. A prealbumin level is 
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sepsis and elevated serum creatinine levels. Epidural 
phlegmon is commonly seen and does not necessarily 
indicate that surgery is required.

CT scanning complements the diagnostic informa-
tion obtained from MRI as CT provides better depiction 
of bone detail than MRI. The enhancement noted on 
MRI in the vertebral bodies adjacent to an infected disc 
space represents edema. CT more reliably estimates the 
degree of bone destruction secondary to infection, which 
tends to be overestimated when MRI is the only avail-
able imaging study. Radionuclide studies (technetium, 
gallium, indium) may be useful in the early diagnosis 
and localization of spinal infection, but their sensitivity, 
specifi city, accuracy, and spatial resolution are inferior 
to MRI and are not useful for surgical decision making.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has chronic discitis and osteomyelitis 
involving the L5-S1 disc and adjacent vertebral end-
plates. There is an epidural abscess ventral to the thecal 
sac at the level of the L5-S1 disc with extension distally 
behind the S1 vertebral body. In addition, there is an 
anterior paravertebral abscess at L5-S1.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Eradicate the infection
 2. Relieve axial pain
 3. Prevent deterioration of neurologic status
 4. Prevent development of spinal instability and 

spinal deformity
 5. Avoid iatrogenic complications

The treatment options are classifi ed into four broad 
categories: nonoperative, posterior surgery, anterior 
surgery, and combined approaches.

Nonoperative Treatment
Antibiotics can be temporarily discontinued and 
closed needle biopsy of the L5-S1 level performed. If 
a positive culture is obtained, culture-specifi c intrave-
nous antibiotics can be administered for an additional 
6 weeks. The patient may be immobilized in a lumbar 
orthosis during this period. Nutritional consultation 
can be obtained, and intervention to improve nutri-
tional status can be implemented. Further treatment 
options can be reassessed at that time.

 recommended in this case to assess baseline nutritional 
status and guide decision making. Poor preoperative 
nutritional status is associated with an increased rate of 
wound complications following surgical  intervention.

A bacteriologic diagnosis is not documented in 
this case. Blood cultures should be obtained in patients 
with pyogenic infections although negative culture may 
occur in up to 75% of patients. Urine cultures should be 
obtained realizing that a patient with osteomyelitis may 
have a concurrent urinary infection with a different 
organism. Closed needle biopsy is necessary to provide 
a defi nite diagnosis in the absence of positive blood cul-
tures. It is critical to obtain a bacteriologic diagnosis to 
guide subsequent antibiotic treatment. Therefore, anti-
biotics should be withheld until cultures are obtained.

Despite the fact that >50% of spinal infections are 
due to Staphylococcus, uncommon organisms are fre-
quently encountered. For example, anaerobic infec-
tions are common in diabetics and in penetrating 
injuries. When the urinary tract is the source of infec-
tion, Proteus and E. coli species are common pathogens. 
Pseudomonas aeruginosa is associated with infections 
presenting in intravenous drug users and immuno-
compromised patients. The clinical scenario describes 
a 12-week course of antibiotic therapy but does not 
specify route of administration (intravenous vs. oral), 
antibiotic type, and whether antibiotics selection was 
guided by culture results.

Available diagnostic imaging studies in this case 
presentation are limited to lumbar MRI images with and 
without gadolinium contrast enhancement (Fig. 7.1A–F). 
Erect weight-bearing plain radiographs of the lumbar 
spine are important and should be performed concur-
rently with MRI. Plain radiographic fi ndings associated 
with lumbar discitis/osteomyelitis include disc space 
narrowing, end-plate blurring or erosion, and bone 
destruction in adjacent vertebral bodies. MRI is the cur-
rent gold standard for imaging pyogenic infection, and 
classic fi ndings are demonstrated in this case. The infec-
tious foci shows characteristic decreased intensity on 
the T1 weighted images (Fig. 7.1E) and increased signal 
intensity on T2 weighted images (Fig. 7.1A–C). Intrave-
nous gadolinium contrast may be used as an adjunct in 
the MRI diagnosis of infection. The disc and involved 
regions of the adjacent vertebral bodies typically enhance 
in the presence of gadolinium (Fig. 7.1F). In addition, the 
gadolinium is helpful in identifying epidural abscess. 
An abscess will enhance along its periphery on T1 gado-
linium images, while reactive granulation tissue will 
enhance in a more diffuse pattern. The diagnosis of epi-
dural abscess is important to treatment decisions. This 
can be diffi cult with the only pathognomonic fi nding 
being a dark signal with rim enhancement on gadolin-
ium images. Recently, administration of gadolinium has 
been shown to exacerbate renal failure in patients with 
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posterior spinal instrumentation (pedicle 
screws and rods)

EVALUATION OF THE LITERATURE

To identify relevant publications on discitis and osteo-
myelitis of the lumbar spine, a Medline search was 
performed. Medline “in process” and  non–indexed 
citations were searched as was EBM reviews-Cochrane 
database. Search strategies included the use of MeSH 
(medical subject headings) and key words. Key words 
included “osteomyelitis,” “spondylitis,” and “spine.” 
A focused search of “osteomyelitis” and “spine” with 
subheadings of “surgical procedures” and “therapeu-
tics” was performed. The search strategy identifi ed 
118 pertinent articles after limiting from 1950 to 2007. 
A similar search strategy was applied to Embase and 
revealed 40 articles. Search terms included the follow-
ing: “osteomyelitis,”  “treatment,” “surgery,” “thoracic 
spine,” “spine surgery,” “thoracolumbar spine,” “spine 
disease,” “infection,” “abscess,” “bacterial infection,” 
“bone and joint infection,” “device infection.” Google 
Scholar and PubMed were also searched with the follow-
ing terms: “osteomyelitis,” “spondylitis,” and “spine” 
to capture all potentially relevant articles.  Journals 
were hand searched as well including Spine, Journal 
of Spinal Disorders, and Journal of Bone and Joint Sur-
gery (Am). There were 311 English language abstracts 
that were reviewed and 57 full text articles were read.

The literature review was synthesized to address 
the following pertinent questions with respect to pyo-
genic discitis and osteomyelitis in adult patients:

 1. What are the results of nonoperative treatment 
including mortality?

 2. What are the indications for surgical treatment?
 3. How do results of various surgical approaches 

compare for treatment of lumbar pyogenic 
discitis and osteomyelitis?

 4. Can posterior spinal instrumentation be uti-
lized in the setting of an acute spinal infection 
without an increased rate of infection-related 
complications?

 5. Are infection-related complications increased 
if combined anterior and posterior surgical 
procedures are performed under the same 
anesthetic versus performing the procedures in 
separate stages?

 6. Are foreign bodies applied to the anterior spinal 
column such as structural allografts, cages, bone 
cement, and anterior spinal instrumentation safe 
and effective in the setting of acute infection?

 7. Can bone morphogenic protein be used off 
label in the presence of infection?

Posterior Surgical Procedures
A variety of posterior surgical procedures can be con-
sidered and include

 1. Posterior lumbar decompression (bilateral 
laminotomies with preservation of facet joints 
and debridement of the L5-S1 disc space) and 
utilization of a lumbar orthosis and/or bed 
rest.

 2. Posterior lumbar decompression, poste-
rolateral L5-S1 fusion without posterior 
 instrumentation

 3. Posterior lumbar decompression, posterolateral 
L5-S1 fusion and posterior spinal instrumenta-
tion (pedicle screws and rods)

 4. Posterior lumbar decompression, posterolateral 
L5-S1 fusion, posterior spinal instrumentation 
(pedicle screws and rods,) and transforam-
inal lumbar interbody fusion L5-S1. Options 
for interbody fusion include structural iliac 
autograft, structural allograft cages, titanium 
mesh cages, and carbon fi ber or PEEK cages. 
RhBMP-2 and/or a bone graft extender (e.g., 
allograft) may be used in conjunction with any 
of the interbody fusion options.

 5. Percutaneous suction/irrigation of the L5-S1 
disc space followed by percutaneous external 
fi xation L5 to ilium.

Anterior Surgical Procedures
Anterior surgical options include

 1. Stand-alone anterior L5-S1 discectomy and 
fusion. Options for interbody fusion include 
structural iliac autograft, structural allograft 
cages, titanium mesh cages, and carbon fi ber or 
PEEK cages. RhBMP-2 (Infuse) and/or a bone 
graft extender (e.g., allograft) may be used in 
conjunction with any of the interbody fusion 
options.

 2. Anterior L5-S1 discectomy and fusion com-
bined with anterior plate fi xation.

Combined Anterior and Posterior Surgical 
Procedures
Combined anterior and posterior options include

 1. Anterior L5-S1 discectomy and fusion com-
bined with posterior lumbar decompression, 
posterolateral L5-S1 fusion, posterior spinal 
instrumentation (pedicle screws and rods). 
This may be performed on same day or in 
staged fashion on separate days.

 2. Anterior L5-S1 discectomy and fusion com-
bined with minimally invasive posterior 
lumbar decompression, minimally invasive 
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cure,  infection recurrence, kyphosis correction, and 
 neurologic status following treatment. Few studies 
provide quality of life data following nonoperative 
treatment of pyogenic vertebral infection. Woertgen 
et al.4 reported that quality of life measures derived 
from SF-36 scores were not restored in patients treated 
for pyogenic vertebral infection when compared to a 
normative population sample. Only 14% of patients 
were free of pain following treatment, and 31% of 
patients had an unfavorable outcome.

In summary, there is weak evidence based on mul-
tiple retrospective case series to support nonoperative 
treatment with culture-directed intravenous antibiot-
ics (minimum duration 4 weeks) and spinal immobi-
lization. The authors agree that the most appropriate 
candidate for nonoperative treatment is a neurologi-
cally intact patient with primarily disc space involve-
ment, minimal involvement of adjacent vertebra, no 
kyphotic deformity, and who is not debilitated by sys-
temic disease or immune suppression.12 It is challeng-
ing to directly compare the outcomes of operative and 
nonoperative treatment as the indications for selecting 
each type of treatment are different and vary with the 
duration and extent of infection as well as individual 
patient factors.

What are the Indications for Surgical 
Treatment?
Current accepted indications for surgical intervention 
include

 • To perform an open biopsy to identify a patho-
gen when closed biopsy negative or considered 
unsafe

 • To treat a clinically signifi cant abscess (e.g., 
associated with sepsis)

 • To salvage a failed course of appropriate non-
surgical management (intravenous antibiotics) 
in a patient with persistently elevated ESR, 
CRP, or refractory severe back pain (e.g., pre-
venting ambulation)

 • To treat neurologic defi cit due to spinal cord, 
cauda equina, or nerve root compression

 • To treat signifi cant progressive spinal defor-
mity or extensive vertebral body destruction

 • In cases where signifi cant medical comorbidi-
ties make nonsurgical treatment unlikely to 
succeed (e.g., immune compromise, inability 
to comply with treatment recommendations), 
surgical intervention can also be considered.

In summary, the indications for surgical intervention 
for pyogenic spinal infections are consistent with the 
indications for surgical intervention for other types of 
spinal pathology, that is, to confi rm a diagnosis through 

DETAILED REVIEW OF PERTINENT 
ARTICLES

What are the Results of Nonoperative 
Treatment Including Mortality?
Prior to modern era of antibiotic treatment, mortality 
from pyogenic spinal infections exceeded 25%.1 With 
the advent of effective antibiotic treatment, mortality 
rates declined to reach currently reported rates, which 
range from 2% to 17%.2,3 Duration of infection and 
delay to diagnosis of infection have been demonstrated 
to play a role in determining the outcome of nonopera-
tive treatment.4,5 Nonoperative treatment is advised as 
initial treatment in the absence of neurologic defi cit, 
extensive bony destruction, signifi cant deformity, or 
clinically signifi cant abscess formation. In some cases, 
nonoperative treatment may be indicated due to medi-
cal comorbidities, which preclude consideration of sur-
gical intervention. Nonoperative treatment includes 
culture-directed antibiotic therapy and spinal immobi-
lization with an orthosis and even temporary bed rest. 
In some cases of pyogenic infection, the combination 
of reactive bone formation, reactive osteophyte for-
mation, and resultant disc space narrowing may lead 
to autofusion of the involved motion segment. The 
most consistent predictors of success for nonoperative 
treatment reported include age <60 years, competent 
immune status, infection with S. aureus, and decreasing 
value for ESR over the course of treatment.6 Duration 
of intravenous antibiotic treatment has proved critical 
with administration of antibiotics for <4 weeks associ-
ated with treatment failure.7,8 Antibiotic selection plays 
a critical role. It has been shown that antibiotics with a 
positive charge such as vancomycin, aminoglycosides, 
and clindamycin penetrate into the nucleus pulposus 
better than negatively charged antibiotics such as peni-
cillin, oxacillin, and cephalosporins.9 ESR and CRP are 
useful to monitor response to antibiotic treatment. MRI 
has been proposed as a means to predict failure of non-
operative treatment of pyogenic osteomyelitis.10 Signal 
change on the T1-weighted sagittal image exceeding 
90% involvement of an affected motion segment at 
the onset of treatment successfully predicted failure of 
medical management and the need for subsequent sur-
gical treatment. Follow-up MRI studies may be used 
to monitor response to antibiotic treatment. Soft-tissue 
fi ndings (i.e., paraspinal abscess, epidural abscess) 
rather than osseous fi ndings should be the focus of 
attention on follow-up MRI scans.11 Vertebral body 
enhancement and bone marrow edema may appear 
worse but may not correlate with the patient’s clinical 
status.

Nonoperative treatment is reported as success-
ful in up to 75% of appropriately treated patients.2,12 
However, criteria for success focus on infection 
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regions due to concerns regarding poor screw purchase 
in osteoporotic bone, the need to include additional 
motion segments when compared to posterior proce-
dures, and direct contact of instrumentation system 
with the formerly infected area. Hee et al.21 reported 
major complications in two patients (10%) whose sur-
gical procedure included anterior titanium screw-rod 
staple constructs. Patients in this series underwent 
anterior debridement and reconstruction followed 
by posterior spinal instrumentation and fusion. One 
patient died of sepsis, and one patient developed 
recurrent osteomyelitis. These negative experiences 
led the group to discontinue the use of anterior instru-
mentation in the management of spinal osteomyelitis. 
In contrast, Ruf et al.22 reported use of anterior screw-
rod fi xation, titanium mesh, and posterior spinal 
instrumentation without any infection-related prob-
lems encountered with respect to the anterior metal-
lic implants. In a study utilizing a variety of surgical 
approaches, O’Shaughnessy et al.23 reported four cases 
of discitis/osteomyelitis treated through an anterior 
approach with a titanium mesh cage, rhBMP-2, and 
dual rod anterolateral screw-based instrumentation. 
All patients had disease restricted to the anterior spi-
nal column at a single segment with an intact posterior 
tension band. No recurrent infections or wound prob-
lems were reported.

The combination of radical anterior debridement 
and bone grafting followed by posterior fusion and 
posterior instrumentation has been advocated to avoid 
the complications associated with isolated anterior 
approaches. Multiple case series support the use of 
posterior spinal instrumentation following anterior 
debridement and grafting in the treatment of spinal 
discitis/osteomyelitis.24–28 Anterior decompression 
and fusion with autogenous graft followed by poste-
rior instrumentation and fusion have been considered 
the procedure of choice for discitis/osteomyelitis com-
plicated by deformity, neurologic defi cit, or epidural 
abscess.29 There has been debate whether the anterior 
and posterior procedures should be performed under 
the same anesthetic or in a staged manner due to con-
cerns about dorsal spread of infection and bonding of 
bacteria to the posterior implants resulting in recurrent 
infection.

Comprehensive posterior approaches (posterior 
instrumentation combined with posterior decompres-
sion and debridement of the disc plus structural graft-
ing of the anterior spinal column from a single posterior 
approach) have been proposed as an alternative to sep-
arate anterior and posterior procedures. In the thoracic 
region, posterior approaches (extracavitary, costotrans-
versectomy, transpedicular) may avoid the morbidity 
associated with thoracotomy. In the lumbar region, 
posterior approaches avoid challenges associated with 
anterior exposure in the setting of anatomy distorted 

biopsy, prevent neurologic defi cit by decompression of 
neural structures, and prevent and/or correct spinal 
deformity via spinal realignment and stabilization.

How Do Results of Various Surgical 
Approaches Compare for Treatment 
of Lumbar Pyogenic Discitis and 
Osteomyelitis?
Well-designed prospective trials comparing surgical 
options for spinal discitis/osteomyelitis of the spine 
do not exist. Current recommendations are based on 
observational cohort studies, retrospective studies, 
case series, and expert opinion.

Spinal discitis/osteomyelitis is a disease process, 
which predominantly affects the anterior spinal col-
umn. The principles of the anterior approach to the 
spinal column for treatment of infection were defi ned 
by Hodgson and Stock13 for treatment of tuberculosis 
and subsequently applied to the treatment of pyogenic 
spinal infections. Laminectomy alone is rarely advo-
cated for the treatment of pyogenic infection due to its 
destabilizing effect and association with deformity pro-
gression, worsening spinal instability, and neurologic 
deterioration. One series showed that 60% of patients 
with osteomyelitis treated with laminectomy without 
stabilization required additional surgery to treat recur-
rent infection, spinal instability, and secondary neuro-
logic impairment.14 Laminectomy without stabilization 
is advised only in the special circumstance of primary 
epidural abscess where anterior vertebral elements are 
uninvolved and when epidural abscess extends cranial 
and caudad at multiple levels.

The effectiveness of an anterior approach with 
debridement and autologous structural bone grafting 
of the resultant anterior column defect without the 
use of spinal instrumentation has been documented in 
many retrospective studies.15–18 Disadvantages associ-
ated with this approach include the need for prolonged 
post-op immobilization, poor maintenance of defor-
mity correction, risk of graft dislodgement, and donor 
site complications related to harvest of long structural 
autografts. However, in cases of discitis/osteomyelitis 
localized to a single disc space, without signifi cant ver-
tebral body destruction and located in an inherently 
stable spinal region (e.g., mid thoracic region), an iso-
lated anterior approach with debridement and autolo-
gous structural bone grafting of the anterior column 
defect is suffi cient treatment and spinal instrumenta-
tion is not necessary.

Although the use of anterior spinal instrumenta-
tion following anterior debridement and grafting has 
been described in the cervical spine,19,20 few studies 
exist to evaluate effi cacy of anterior instrumentation in 
treatment of thoracolumbar and lumbar discitis/osteo-
myelitis. The use of anterior spinal instrumentation is 
less accepted in the thoracolumbar and lumbar spinal 
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In summary, a strong recommendation (based on 
low quality evidence) is made to utilize an anterior sur-
gical approach when possible for treatment of pyogenic 
discitis/osteomyelitis. The use of adjunctive posterior 
spinal instrumentation is supported in this setting. 
A posterior approach with laminectomy without sta-
bilization is associated with signifi cant complications 
and is not advised except in special circumstances. Evi-
dence to support comprehensive posterior approaches 
for decompression, disc debridement, and stabili-
zation is limited for treatment of pyogenic discitis/
osteomyelitis. Minimally invasive posterior treatment 
approaches as an alternative to combined anterior and 
posterior surgical procedures are not supported based 
on current literature.

Can Posterior Spinal Instrumentation 
be Utilized in the Setting of an 
Acute Spinal Infection without an 
Increased Rate of Infection-related 
Complications?
Multiple studies over the past decade support the use 
of posterior spinal instrumentation in the setting of 
acute spinal infection following thorough and radi-
cal debridement.34–37 Advantages associated with the 
use of posterior spinal instrumentation in this setting 
include the following: (a) preservation of spinal align-
ment and restoration of spinal stability following radi-
cal debridement; (b) increased fusion rates; (c) ability 
to correct kyphotic spinal deformities; (d) avoidance of 
graft collapse, graft dislodgement, and loss of defor-
mity correction; (e) rapid patient mobilization and 
early rehabilitation; and (f) avoidance need for a spinal 
orthosis. Experimental and clinical evidence supports 
the concept that bone infections are better controlled 
with antibiotics and bone stabilization than with anti-
biotics alone in an unstable osseous environment.38 
Carragee and Lezza26 reported long-term prospec-
tive follow-up of immune-suppressed patients with 
active thoracic and lumbar spinal infections treated 
with radical anterior debridement and posterior spi-
nal instrumentation and fusion. The mean duration of 
parenteral antibiotic therapy following surgery was 
11 weeks, and all patients had discontinuation of anti-
biotic treatment by 8 months after surgery. All patients 
were disease-free at fi nal follow-up (8.1 years). There 
was only one case of recurrent infection, which was 
salvaged with debridement, retained instrumentation, 
and antibiotics. There was no evidence of gross, micro-
scopic, culture, or PCR evidence of residual infection 
or occult colonization when the original surgical site 
was examined at autopsy or at the time of implant 
removal procedures. Stainless steel instrumentation 
was utilized in this study. Experimental studies have 
analyzed the interplay between infection and various 
metals. Such studies have shown that bacteria adhere 

by infl ammation and bony destruction. McGuire and 
Eismont18 reported 13 patients treated for lumbar disc 
space infection with posterior debridement of the disc 
space and endplates followed by bilateral lateral iliac 
autograft without use of spinal instrumentation and 
noted that such cases were likely to heal with local 
kyphosis. Evidence to support comprehensive poste-
rior approaches for vertebral osteomyelitis is limited to 
small retrospective case series. In the largest reported 
series,14 48% of patients underwent posterior debride-
ment, posterior pedicle screw-rod fi xation, and place-
ment of gentamycin/PMMA chains. Two weeks later, 
autogenous iliac graft was placed in the anterior column 
via the posterior approach. Remaining patients under-
went single-stage posterior debridement, posterior 
pedicle screw-rod fi xation, and placement of autolo-
gous iliac graft from the posterior approach. The over-
all rate of recurrent infection was 5% in patients whose 
treatment included posterior spinal instrumentation. 
In a study utilizing a variety of surgical approaches, 
O’Shaughnessy et al.23 reported eight patients treated 
with posterior instrumentation and fusion and struc-
tural grafting of the anterior spinal column from a 
posterior approach with use of rhBMP-2. No cases of 
recurrent or persistent infection were reported. Lum-
bar cases were treated with transforaminal lumbar 
interbody fusion with titanium mesh cages. Thoracic 
cases were treated with debridement and placement of 
titanium mesh cages via a posterolateral extracavitary 
approach. In three cases, a direct posterior approach 
was performed for patients with long-standing para-
plegia in which the thecal sac was ligated and corpec-
tomies performed through the spinal canal.

Minimally invasive posterior approaches have 
been advocated as an alternative to open spinal surgery 
in retrospective case series. However, proponents point 
out limitations of these techniques, which include their 
use only for early-stage single level infections limited 
to a single disc space in the lower thoracic or lumbar 
spine.30 These techniques are contraindicated for cases 
of advanced infection, neural compression, kyphotic 
deformity, extensive bony destruction. Additional risks 
associated with these approaches include inadequate 
curettage of the posterior aspect of the disc space, 
recurrent or progressive deformity, and recurrence of 
infection.29,31 Jeanneret and Magerl32 proposed a proce-
dure combining percutaneous suction and irrigation 
of disc space infection followed by posterior external 
fi xation. Disadvantages of this technique included the 
need for additional procedures in half of patients and 
incomplete correction of kyphotic deformity. More 
recently, minimally invasive pedicle screw insertion 
has been proposed as a potential means to limit pos-
terior dissection and blood loss in patients undergoing 
sequential anterior and posterior surgical procedures 
for thoracic and lumbar pyogenic infections.33
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one patient out of 25 patients undergoing same day 
anterior and posterior surgery developed a postop-
erative wound infection. Successful eradication of 
infection without removal of implants was achieved 
following operative debridement in this patient. 
Kuklo et al.41 reported 2 posterior wound infections in 
a series of 21 patients treated with same day anterior 
debridement and reconstruction combined with pos-
terior instrumentation. Both patients were successfully 
treated with irrigation and debridement without infec-
tion reoccurrence. Korovessis et al.42 reported no post-
operative posterior wound infections in a series of 17 
patients undergoing same day anterior and posterior 
procedures. One anterior wound infection was noted 
and was successfully treated with a single operative 
debridement.

In summary, evidence does not support the supe-
riority of staged anterior and posterior surgery versus 
single-stage (same day) surgery for pyogenic discitis/
osteomyelitis. The authors recommend that decision 
making be individualized on a case-by-case basis con-
sidering factors such as the patient’s general medical 
condition, the presence/absence of systemic sepsis, 
patient response under anesthesia during the anterior 
procedure (e.g., hemodynamic stability), and inherent 
stability of the anterior spinal column construct fol-
lowing debridement.

Are Foreign Bodies Applied to 
the Anterior Spinal Column Such 
As Structural Allografts, Cages, 
Bone Cement, and Anterior Spinal 
Instrumentation Safe and Effective in 
the Setting of Acute Infection?
Options for anterior spinal column reconstruction 
following surgical debridement of discitis/osteo-
myelitis have evolved. Historically, autograft bone 
(ilium, rib, fi bula) has been used most commonly.43 
Studies also report use of vascularized autografts 
(e.g., rib).44 The use of alternative materials, includ-
ing structural allograft and titanium mesh cages, has 
been reported. No studies specifi cally analyze use 
of carbon fi ber or PEEK in the treatment of discitis/
osteomyelitis.

The use of structural allografts for anterior spinal 
reconstruction has been reported as successful for a vari-
ety of spinal pathologies including spinal  deformities, 
degenerative disorders, fractures, and spinal tumor 
reconstruction.45–47 Few studies specifi cally analyze 
results of structural allografts for discitis/osteomyelitis. 
Schuster et al.48 reported 39 patients treated with surgi-
cal stabilization including  anterior reconstruction with 
fresh-frozen allografts. Two patients developed recur-
rent infection at a contiguous level. Both patients had a 
history of intravenous drug use. Allen et al.49 reported 
on 11 patients treated with  fresh-frozen allografts 

and persist to a greater degree on stainless steel than 
titanium alloys.39 This fi nding suggests that titanium 
alloys should be considered for use in patients with 
preexisting spinal infections.

In summary, a weak recommendation based on 
poor quality evidence (case series) supports the use of 
posterior spinal instrumentation in patients with acute 
spinal infection. Basic science studies suggest that tita-
nium alloys may resist bacterial adherence and can be 
considered as an alternative to stainless steel implant 
constructs in this setting.

Are Infection-Related Complications 
Increased If Combined Anterior and 
Posterior Surgical Procedures be 
Performed Under the Same Anesthetic 
Versus Performing the Procedures in 
Separate Stages?
No randomized prospective studies directly compare 
two-stage versus single-stage (same day) anterior and 
posterior procedures in the treatment of pyogenic ver-
tebral discitis/osteomyelitis. One successful proto-
col is to perform anterior surgical debridement with 
fusion, followed by a period of intravenous antibiotics 
and delayed (average of 14 days) instrumented pos-
terior fusion. Dimar et al.34 documented success using 
this protocol with resolution of infection in all patients 
without recurrence of infection in any case. Advan-
tages of this staged approach include the opportunity 
for a period of intravenous antibiotics between surgical 
stages to provide better control of infection as well as 
the opportunity to stabilize the patient’s overall medi-
cal condition. Disadvantages of this approach include 
the diffi culty in rapidly mobilizing these elderly 
patients due to the need for external support or bed 
rest between stages as well as the risks of additional 
anesthesia and surgery.

Sequential (same day) anterior and posterior 
approaches have been advocated to avoid the risks 
associated with a staged approach. Potential advan-
tages include lower blood loss, a shortened hospital 
stay, decreased perioperative complications, earlier 
mobilization of the patient, avoidance of risks/costs 
associated with a second anesthetic, and decreased 
patient/family anxiety as treatment occurs in a single 
operative session.40 Many patients are at their lowest 
medical/surgical risk at the time of presentation and 
their overall medical condition may not be enhanced if 
surgical intervention is delayed. The benefi ts of sequen-
tial same day surgery with implantation of metallic 
spinal implants must be balanced against the theoretic 
risk of bacterial colonization of the fi xation device with 
subsequent recurrence of infection when antibiotics are 
discontinued. Over the past decade, numerous studies 
support the sequential (same day) anterior and pos-
terior approach. Carragee and Lezza26 reported that 
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In summary, there is weak evidence (small case 
series) that allograft and titanium cages when applied 
in osteomyletic vertebrae do not have an adverse effect 
on eradication of infection, are not associated with 
complications, and are associated with high fusion 
rates. The use of anterior spinal screw-rod instrumen-
tation is not well supported and has been associated 
with persistence of infection and sepsis in small case 
series.

Can Bone Morphogenic Protein be Used 
Safely Off Label in the Presence of 
Infection?
The effi cacy of rhBMP-2 (Infuse) in humans with 
active pyogenic vertebral infections is not yet defi ned, 
and its use in this setting is not FDA approved and 
considered “off-label use.” An initial report by Allen 
et al.49 described 14 patients who underwent circum-
ferential fusion for pyogenic vertebral osteomyelitis. 
RhBMP-2 (Infuse) was inserted into anterior fresh-
frozen allografts (11 patients) or titanium mesh cages 
(3 patients) and followed by posterior spinal instru-
mentation and fusion with autogenous iliac graft. The 
theoretical reason to apply rhBMP-2 was to improve 
tissue vascularity and osseous union in the challenging 
fusion environment of pyogenic vertebral osteomyeli-
tis. At 2-year follow-up, there were no recurrences of 
infection. Osseous union was noted in all patients. No 
adverse effects were attributed to the use of rhBMP.

Aryan et al.20 analyzed 15 patients with osteomy-
elitis treated with corpectomy, titanium cage-plate 
reconstruction, and placement of rhBMP-2. Supple-
mental posterior screw-rod instrumentation was used 
in ten patients. Measurement of CRP levels returned 
to normal over a 6-month period, and no recurrence 
of infection was noted. There were two postoperative 
posterior wound infections, which were treated with 
open packing and healing by secondary intention. 
Fusion was reported in all patients. O’Shaughnessy 
et al.23 reported a series of 20 patients with osteomy-
elitis treated with rhBMP-2 as the primary bone graft 
material for anterior and posterior fusion. All patients 
were treated with posterior titanium implants. Ante-
rior column defects were reconstructed with titanium 
mesh cages with rhBMP-2. Posterior fusion was per-
formed with rhBMP-2 and milled allograft.  Dosing 
of rhBMP-2 was uniform in all cases: discectomy 
(6 mg/level), corpectomy (24 mg/level), posterior 
fusion at infected level (12 mg/level), posterior fusion 
at levels not infected but included in posterior construct 
(4 mg/level). The standard concentration of rhBMP-2 
(1.5 mg/mL) was used and applied to an absorbable 
collagen sponge carrier. One pseudarthrosis was noted 
and was treated successfully with revision surgery. 
CT scans were used to assess fusion following surgery 
in all cases. There was no documentation of  intracanal 

packed with BMP-2 (Infuse) and  encountered no 
recurrent infections.

The success of titanium mesh cages for anterior spinal 
column reconstruction has been documented for tumor, 
trauma, deformity, and degenerative disorders.50 Over 
the past decade, the utility and safety of titanium mesh 
cages have been extensively reported in the treatment of 
discitis/osteomyelitis. Ruf et al.22 reviewed 88 consecu-
tive cases of vertebral osteomyelitis treated with titanium 
mesh cages fi lled and surrounded with autograft iliac 
bone graft or bone cement and screw-rod constructs. Two 
postoperative wound infections were noted: one at the 
iliac crest donor site and one posterior wound infection. 
No adverse effects of titanium mesh cages in the presence 
of active infection were noted. Infection was eradicated 
in all patients. Fayazi et al.51 reported 11 patients treated 
with staged anterior debridement and reconstruction 
with titanium mesh fi lled with cancellous allograft fol-
lowed 1 week later by posterior instrumentation. No 
complications were attributed to the titanium mesh cages. 
No evidence of recurrent or residual infection was noted 
in any patient. Kuklo et al.41 reported 21 patients treated 
with single-stage anterior debridement, reconstruction 
with a titanium mesh cage fi lled with allograft chips 
and demineralized bone matrix followed by posterior 
pedicle screw instrumentation. No cases of chronic infec-
tion or implant-related problems were noted. Korovessis 
et al.42 described success with a similar protocol using 
titanium mesh cages in 14 patients. Liljenqvist et al.52 
reported 20 patients treated with one-stage posterior 
instrumentation and fusion followed by anterior deb-
ridement, decompression and anterior column recon-
struction using an expandable titanium cage fi lled 
with morselized autologous bone graft. All cases were 
fused on follow-up radiographs, and all infections were 
eradicated.

No studies specifi cally analyze the use of polym-
ethylmethacrylate bone cement (PMMA) in the tho-
racic or lumbar infections. Ruf et al.22 describe fi lling 
titanium mesh cages with (PMMA) surrounded with 
autologous iliac bone graft in patients with extreme 
osteoporosis following anterior debridement of disci-
tis/osteomyelitis and do not report any recurrence of 
infection with this technique. The use of an antibiotic-
PMMA strut has been described for treatment of cervi-
cal pyogenic spondylitis,53 but no reports specifi cally 
address the use of a PMMA construct for this indica-
tion in the thoracic or lumbar spine.

Confl icting results exist regarding use of anterior 
spinal instrumentation following anterior debride-
ment of pyogenic discitis/osteomyelitis. One study 
reported recurrent osteomyelitis and sepsis following 
use of anterior titanium screw-rod constructs.21 In con-
trast, another study reported no infections associated 
with use of anterolateral screw-rod constructs follow-
ing debridement of osteomyelitis.23
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 • Choice of surgical approach: combined anterior 
and posterior approach versus comprehensive 
posterior approach (e.g., TLIF, PLIF)

 • Single-stage (same day) anterior and posterior 
surgery versus staged anterior and posterior 
surgery:

 • The use of posterior instrumentation
 • Options for reconstruction of the anterior spi-

nal column (e.g., autograft, allograft, titanium 
mesh)

 • Whether or not to use rhBMP-2

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be managed 
with operative intervention as nonsurgical treatment 
with antibiotic therapy for 3 months has not led to reso-
lution of infection. This patient would not be predicted 
to improve with additional nonoperative treatment 
due to advanced age, incompetent immune status, and 
persistent elevation of ESR over the course of treat-
ment. In the 78-year-old patient under consideration, 
a 60 lb weight loss strongly suggests compromised 
 nutritional and immune states. Associated medical 
comorbidities (diabetes, prostate cancer and the pres-
ence of an ileostomy), persistently elevated ESR and 
CRP, and the erosion of the anterior superior aspect of 
the S1 vertebral endplate noted on MRI are additional 
negative prognostic factors.

bone growth, symptomatic soft-tissue swelling, or 
postoperative  radiculitis. This study showed that rhB-
MP-2 applied with a standard dosing regimen may 
provide an alternative for bone grafting in cases of ver-
tebral osteomyelitis. However, as the previous studies 
consist of case series without control groups, they rep-
resent low-quality evidence regarding the benefi ts of 
rhBMP-2 in this setting.

In summary, there is weak evidence (small case 
series) that BMP-2 does not exert a negative effect on 
the eradication of spinal infection, is not associated 
with adverse events when used in the thoracic and 
lumbar spinal regions, and is associated with a con-
sistently high fusion rate. Based on current literature, 
there is a weak recommendation regarding the use of 
BMP-2 in cages or allograft struts following anterior 
debridement of pyogenic discitis/osteomyelitis.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient pre-
sented in the clinical scenario should be treated opera-
tively. In order to evaluate the most appropriate surgical 
treatment, only articles pertaining to adult patients with 
thoracic and lumbar osteomyelitis treated with modern 
spinal reconstructive techniques were critically exam-
ined above and are summarized in Table 7.1. Issues 
central to decision making in this case include

Paper Author (Year) Description Summary of Results Quality of Evidence

Operative Treatment Versus Nonoperative Treatment

Woertgen et al. 
(2006)

Consecutive retrospec-
tive case series, measured 
quality of life data (SF-36)

62 patients, 45% nonoperative and 55% opera-
tive treatment. Surgically treated patients, 
especially those with placement of spinal 
instrumentation, experienced slightly better 
outcomes than patients treated nonoperatively. 
Overall complication rate is similar in both 
groups (32%). 31% of patients had unfavorable 
outcome. Three patients died during hospital-
ization

Low

O’Daly et al. (2008) Consecutive retrospec-
tive case series, measured 
quality of life data (SF-36, 
ODI)

28 patients, 72% nonoperative and 28% opera-
tive treatment. No functional differences in 
outcome between patients treated operatively 
vs. nonoperatively. 17% death rate due to acute 
sepsis. 28% required readmission within 1 y. 
66% had adverse outcomes. SF-36 scores do not 
return to level of normative population despite 
full recovery of neurologic defi cit.

Low

Evidentiary Table.TABLE 7.1

(Continued)
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Paper Author (Year) Description Summary of Results Quality of Evidence

Anterior Approach for Surgical Treatment

Fang et al. (1994) Retrospective case series 39 patients. Anterior debridement, iliac or rib 
autograft and 3 wk of bed rest. 93% fusion rate.

Low

Matsui et al. (1998) Retrospective case series 38 patients. Anterior debridement, iliac autograft 
and 1-mo bed rest. No recurrence of infection. One 
reoperation for pseudarthrosis.

Low

Posterior Approach for Surgical Treatment

Rath et al. (1996) Retrospective case series 43 patients. All treated with posterior approaches. 
5 patients treated with decompression only, and 
3 of these patients required additional surgery. 
Remaining patients treated with posterior deb-
ridement, pedicle fi xation, and interbody fusion 
(18 patients were treated as single stage and 21 
patients had second stage interbody fusion).

Low

Combined Anterior and Posterior Approaches, Miscellaneous Series

Dimar et al. (2004) Consecutive retrospective 
case series
All infections resolved. 
No infection recurrence.

42 patients. Two-stage anterior debridement and 
strut graft (67% autograft, 16% allograft, 16% 
combination) followed by delayed PSF/PSIa 
(14 d).

Low

Caragee et al. 
(2008)

Prospective observational 
study, single cohort, 
consecutive series
1 anterior debridement + 
ASF/ASI 3 miscellaneous 
posterior approaches 
Disease-free survivorship 
was 96%. One recurrent 
infection. Antibiotic 
therapy discontinued 
within fi rst 6 mo.

32 patients, mean follow-up 8 y. 25 single-stage 
anterior debridement/graft and PSF/PSI.

Strong

Ruf et al. (2007) Consecutive retrospective 
case series

85 patients. 71% same day anterior/posterior 
and 29% staged procedures. Anterior debride-
ment and titanium mesh with iliac autograft 
followed by PSF/PSI. Cage fi lled with antibiotic 
bone cement in cases with severe osteopenia. 
15% complication rate. No recurrent infections

Low

Kuklo et al. (2006) Consecutive retrospective 
case series

21 patients. Titanium mesh cages with allograft 
and demineralized bone matrix + PSF/PSI. 
Anterior and posterior procedures performed in 
single stage. All patients had resolution of infec-
tion. 2 wound infections.

Low

O’Shaughnessy 
et al. (2008)

Consecutive retrospective 
case series

20 patients. Titanium mesh cages with rhBMP-2 
were utilized. A variety of approaches were used 
to debride the anterior column infection—ante-
rior only, posterior only, and anterior/posterior. 
4 patients were treated solely with anterior tita-
nium spinal instrumentation. Posterior titanium 
instrumentation was utilized in 16 patients. 
No recurrent or persistent infection was noted.

Low

PSF/PSI: posterior spinal fusion/posterior spinal instrumentation
ASF/ASI: anterior spinal fusion/anterior spinal instrumentation

Evidentiary Table. (Continued )TABLE 7.1
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The preferred treatment based on strength of the 
literature would consist of surgical treatment utiliz-
ing a same day single-stage anterior and posterior 
approach. Antibiotics would be withheld until after 
tissue cultures for aerobic, anaerobic fungi and tuber-
culosis were obtained. Additional tissue would be sent 
for pathologic examination and special stains for pos-
sible pathogens. The choice of appropriate antibiotics 
would be made in consultation with an infectious dis-
ease specialist and would include vancomycin.

Initially, the patient would be placed supine on a 
Jackson table and an anterior retroperitoneal exposure 
of L5-S1 would be performed. The disc space and adja-
cent vertebra involved by osteomyelitis would be deb-
rided. It most likely would be possible to adequately 
debride the epidural space by working through the 
disc space from the anterior approach. A titanium 
mesh cage fi lled with rhBMP-2 and morselized cancel-
lous allograft would be placed. Alternatively, a struc-
tural allograft could be placed. If the patient’s medical 
condition is not a contraindication, the patient would 
be turned prone using the Jackson turning frame. Pos-
terior exposure of L5-S1 with placement of pedicle 
screws in L5 and bilateral iliac screws and rods would 
be performed. Addition of S1 alar screws could be con-
sidered based on whether bone in the sacral ala region 
was compromised by the infection based on review 
of preoperative CT studies. Partial laminectomies of 
L5 and S1 would be performed to permit additional 
decompression of the epidural abscess/granulation 
tissue, which is believed to be present on the preopera-
tive MRI study. Posterior L5-S1 fusion would be per-
formed using rh-BMP-2 and local bone graft from the 
laminectomy mixed with autograft obtained at the site 
of iliac screw insertion. Nutritional consultation would 
be obtained prior to and following surgery and a plan 
created to enhance perioperative nutritional status uti-
lizing a feeding tube and/or total parenteral nutrition. 
Intravenous antibiotics would be continued postop-
eratively for a minimum of 6 weeks following surgery. 
Decision making regarding termination of antibiotics 
at that time would be based on the type of organism, 
ESR, and CRP when compared to preoperative levels.

In a 78-year-old patient with an ileostomy, some 
anterior spine access surgeons may be reluctant to per-
form an anterior surgical approach. As the infection is 
below the aortic bifurcation, anterior exposure is much 
less demanding than at the L4-5 level and the neces-
sary surgical exposure can be achieved in most cases. 
However, if anterior surgery was not an option or if 
the L5-S1 level could not be accessed anteriorly due to 
scarring and infl ammation, there is literature to sup-
port addressing this pathology from an entirely pos-
terior approach.14,23 Partial laminectomies of L5 and S1 
and a transforaminal approach to the L5-S1 disc space 
with debridement of the disc and endplates would be 

performed. Placement of titanium mesh cages with 
rhBMP-2 and iliac autograft would be performed. 
Insertion of pedicle screws in L5 and bilateral iliac 
screws and rods would be performed. Addition of 
S1 alar screws could be considered based on whether 
bone involvement or destruction by infection was 
evident on preoperative CT studies. Posterior L5-S1 
fusion would be performed using rh-BMP-2 and local 
bone graft from the laminectomy mixed with autograft 
obtained at the site of iliac screw insertion.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al.54 the 
proposed treatment would be considered a weak rec-
ommendation.

PREDICTING OUTCOMES

To adequately predict outcomes and counsel patients 
with discitis/osteomyelitis, it is necessary to rely on 
validated outcome measures. Studies that report only 
process measures (e.g., resolution of neurologic defi cit, 
rate of infection recurrence, correction of preoperative 
kyphosis) tend to overestimate the success of treatment 
of patients with pyogenic discitis/osteomyelitis.

A long-term retrospective study of 253 patients 
with vertebral osteomyelitis showed that residual dis-
ability occurred in more than one third of survivors.5 
Neurologic compromise, time to diagnosis of infec-
tion, and hospital acquisition of infection were inde-
pendent risk factors for adverse outcome in this study. 
Delay in diagnosis and neurologic impairment at diag-
nosis have been shown to be signifi cant predictors of 
neurologic defi cit at follow-up.3 Appropriate surgi-
cal treatment with modern techniques can achieve 
disease-free survival in nearly all patients.26 Woertgen 
et al.4 reported that quality of life measures derived 
from SF-36 scores was not restored in patients treated 
for pyogenic vertebral infection when compared to a 
normative population sample. Only 14% of patients 
were free of pain following treatment, and 31% of 
patients had an unfavorable outcome. The study sug-
gested that surgical management, particularly in con-
junction with instrumentation, may be more benefi cial 
than antibiotic therapy alone in patients with spinal 
infection. O’Daly et al.3 analyzed long-term results 
following pyogenic infection using standardized out-
come measures (Oswestry disability index, SF-36) and 
reached a similar conclusion noting that poor func-
tional outcome following pyogenic spinal infection is 
common at long-term follow-up even in patients with 
apparent full neurologic recovery. In this study, SF-36 
scores for patients with pyogenic spinal infection, even 
with apparent full neurologic recovery, did not return 
to levels of an age-matched normative population. 
Even in the modern era, permanent neurologic  defi cit 
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and death are possible outcomes in cases of spinal 
 osteomyelitis and the need for appropriate and timely 
management cannot be underestimated.

In counseling the patient in the current clinical sce-
nario, appropriate surgery as outlined above would 
have a very high likelihood of eradicating his infec-
tion. However, spinal fusion in the seventh decade of 
life is associated with a very signifi cant rate of peri-
operative complications and this is increased above 
age-adjusted normative data in this case due to the 
patient’s multiple medical comorbidities. We would 
be especially concerned about the risk of postoperative 
wound infection in this patient with presumed poor 
nutritional status as evidenced by a recent 60 lb weight 
loss. Based on available outcome data,4 we would esti-
mate the patient’s chance of an unfavorable outcome 
as at least one in three and his chance of a favorable 
outcome as less than two in three. If surgery is not 
performed, we would anticipate that bone destruction 
would increase and a deformity would develop at the 
lumbosacral junction, which would lead to increased 
pain and potential for progressive neurologic defi cit. 
Although there is a chance that the L5-S1 disc space 
infection may progress to spontaneous ankylosis if 
surgery is not performed, this course would not be 
expected based on the patient’s clinical profi le.

SUMMARY

We are presented with a 78-year-old man who pres-
ents with a known history of discitis and osteomyelitis 
at L5-S1 being treated nonoperatively with antibiotic 
therapy for the past 12 weeks. The most appropri-
ate treatment for this patient’s problem at this time is 
anterior L5-S1 debridement and fusion combined with 
posterior fusion and posterior spinal instrumentation. 
Signifi cant perioperative complications are possible. 
There is at least a one in three chance of an unfavor-
able outcome. Despite successful eradication of infec-
tion and successful spinal fusion, the patient’s quality 
of life measures as determined by SF-36 scores is not 
likely to return to age-adjusted norms.
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8 Rheumatoid Arthritis
of  the Cervical Spine

S E A N  C O M S TO C K ,  M D,  F RC S C  A N D 
M A RC E L  F.  DVO R A K ,  M D,  F RC S C

 common presenting symptoms related to rheumatoid 
 involvement of the c-spine.1–5 The suboccipital headache 
may be multifactorial and may very well be referred 
from the cervical spine. Rheumatoid involvement 
of the upper cervical spine may lead to suboccipital 
headache based simply on infl ammatory degeneration 
of the upper cervical spine, compression of the poste-
rior primary ramus of C2 or patterns of upper cervical 
instability including horizontal C1-2 instability or ver-
tical atlantoaxial impaction (AAI),6 which would need 
to be ruled out by imaging. The patient’s pain is worse 
with rotation and alleviated with an orthosis in keep-
ing with infl ammatory degeneration and/or instabil-
ity of the cervical spine.

Rheumatoid cervical spine involvement is more 
common in patients with more than a 10-year disease 
history of the disease and in whom peripheral fusions 
have been performed for erosive disease.2,7–18 This 
patient has no issues with dexterity, gait, or voiding 
and thus has no symptoms of myelopathy.

The physical examination shows limited motion 
specifi cally in extension and in rotation to the right. 
Shoulder pain with fl exion may indicate radicular irri-
tation from subaxial or atlantoaxial subluxation (AAS) 
and must be ruled out with imaging. She has no weak-
ness or sensory disturbance.

There are three commonly recognized patterns of 
cervical spine instability seen in rheumatoid arthritis 
and these include horizontal atlantoaxial subluxation 
(AAS); vertical atlantoaxial instability (AAI); and sub-
axial subluxation (SAS)

The plain radiographs included are fl exion and 
extension lateral projections, an appropriate screen-
ing radiographic examination in the symptomatic 
rheumatoid population. Figure 8.1A and B are lat-
eral cervical fl exion and extension views that reveal 
an increase in the distance between the anterior arch 
of C1 and the odontoid in fl exion, which reduces to 
normal  alignment in extension. Although there are 
multiple levels of degeneration between C3 and C7, 

EDITORS’ CASE 
PRESENTATION

A 58-year-old woman with a 20-year history of  
rheumatoid arthritis presents with a complaint of  
neck pain and suboccipital headache for 7 years. 
For the past 6 months, she has had “clunking” with 
neck movement. She feels that her pain is worse 
with rotation and better while wearing a cervical 
orthosis. Besides having undergone bilateral wrist 
arthrodesis, she is in reasonably good medical 
condition. She has no bowel or bladder complaints 
and does not have upper extremity dexterity issues. 
She does not report imbalance while walking.

Her physical examination demonstrates stigmata of  
rheumatoid arthritis, including ulnar deviation of the 
digits at the metacarpophalangeal joints. At resting 
position, her head is held rotated 20 degrees to 
the right and slightly forward fl exed. Upon palpa-
tion, the neck is nontender. Range of motion of the 
neck reveals 20 degrees of rotation to the right, 60 
degrees to the left, fl exion to one fi nger width to the 
chest, and extension to 20 degrees. She has pain 
at the extreme of fl exion, which produces pain in 
the right shoulder. Motor, sensory, and refl ex exami-
nations are normal. Hoffman refl ex is negative, and 
she has no  Babinski sign.

Radiographic imaging studies are shown in 
 Figures 8.1 to 8.3.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a middle-aged woman 
with a long-standing history of rheumatoid arthri-
tis. Her chief complaint is axial neck pain and sub-
occipital headache. This has been longstanding but 
lately has been associated with “clunking.” These are 
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there is no subluxation or instability. This is consis-
tent with a fi nding of dynamic horizontal instability 
of the atlas (AAS) in which the atlas reduces com-
pletely on extension. The degree of this subluxation 
is diffi cult to interpret without absolute numbers. An 
anterior atlantodental interval (ADI) of >3 mm is con-
sistent with AAS.3,7,19–21 Boden et al. showed that if the 
posterior  atlantodental interval (PADI) was <14 mm, 

then there was an increased risk of spinal cord 
 compression and myelopathy and stabilization was 
recommended.9,22 In this case, the space available for 
the spinal cord is reduced in fl exion, but the patient 
remains free of clinical signs and symptoms of spi-
nal cord compression.1,23,24 On the plain radiographs, 
vertical AAI does not appear to be present, although 
using measurement techniques such as Ranawat’s 
criteria,4,25 or the Redlund-Johnell method26 are rela-
tively imprecise. There is no appreciable SAS on these 
images.

The computerized tomography (CT) scan images 
(Fig. 8.2) provide further clinical information. The 
CT images confi rm the horizontal AAS but, more 
importantly, demonstrate progression of the hori-
zontal AAS toward vertical AAI. In Figure 8.2E, the 
right C1-2 articulation is severely degenerative and 
collapsed, leading to upward migration of the odon-
toid relative to the foramen magnum (seen on Figure 
8.2B where the tip of the odontoid is at the level of 
McRae’s line, which is the opening of the foramen 
magnum).

Note that on the paramedian sagittal and the coro-
nal reformats, the atlanto-occipital joints are relatively 
uninvolved. The axial cut and the coronal reformat 
show the rotatory component to the AAS with C1 and 
the occiput rotated to the right. Another important 

Figure 8.1.

Figure 8.2.
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 4. Achieving stability
 5. Rehabilitation without the need for rigid 

 external immobilization

The treatment options are

 1. Observation
 2. Rigid cervical orthosis
 3. Atlantoaxial fusion with sublaminar 

techniques
 4. Atlantoaxial fusion with transarticular screws 

(TASs)
 5. Atlantoaxial fusion with segmental screw and 

rod fi xation
 6. Occipitocervical arthrodesis

EVALUATION OF THE LITERATURE

To identify relevant publications on rheumatoid 
arthritis of the cervical spine, a Medline search was 
performed. Search strategies included the use of 
MeSH (medical subject headings) and key words. 
Key words included “cervical vertebrae,” “arthri-
tis, rheumatoid,” and “instability.” This produced 
130 citations. Abstracts were reviewed for relevance, 
which excluded 64. The “related articles” function of 
PubMed was used and identifi ed a further 169 cita-
tions. Reference sections were then hand searched 
to identify 66 further pertinent articles. Searching 
evidence based medicine reviews (EBMR) and the 
Cochrane database returned no results. Two-hundred 
thirty-fi ve English language abstracts were reviewed, 
and 164 full-text articles were read.

Figure 8.3.

observation is the course of the vertebral artery. It is 
very high in C2 and courses medially such that the 
pedicle isthmus of C2 appears very small in the sagittal 
and coronal diameters, although with a single image 
slice, it is diffi cult to assess completely.

Sagittal T2 midline MRI images are provided in 
Figure 8.3A and B, which at C1-2 show adequate space 
for cerebro-spinal fl uid both anterior and posterior to 
the cord. There is no large pannus posterior to the dens 
and no Chiari malformation. The cervicomedullary 
angle is >135 degrees. There are areas of stenosis dis-
tally, most notably at C3-4, C4-5, and C5-6. The cord is 
indented, but there is no high signal, nor is there oblit-
eration of the space for cerebro-spinal fl uid.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has symptomatic, reducible atlantoaxial 
subluxation secondary to rheumatoid arthritis with very 
early vertical migration of the odontoid or  vertical AAI.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Alleviating pain
 2. Avoiding complications, most signifi cantly the 

development of myelopathy
 3. Arresting the course of disease and progression 

of instability
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appears to have signifi cantly disabling mechanical 
neck pain and referred suboccipital headache, both of 
which would likely be improved by arthrodesis. Simi-
lar to a wrist arthrodesis or subtalar arthrodesis in a 
patient with rheumatoid joint destruction, the surgical 
management of severe axial skeletal pain is an effective 
and reasonable treatment in these patients. Second of 
all, the AAS is dynamic and easily reducible by neck 
extension. While the instability is reducible, arthrod-
esis is technically easier and more likely to result in 
a stable fusion than if the patients’ atlas was fi xed in 
an anteriorly subluxed position. Once this instabil-
ity leads to a fi xed subluxation, then treatment may 
require either preoperative traction or intraoperative 
open reduction to realign C1 and C2 or possibly even 
direct decompression with a posterior C1 arch resection 
or anterior odontoidectomy, both of which increase the 
surgical morbidity and complexity. The fi nal and most 
compelling reason to consider surgery in this patient 
is the early development of vertical migration of the 
odontoid or AAI. As the instability between the atlas 
and the axis progresses, the lateral masses of the atlas, 
particularly the inferior C1 articular processes, erode 
and the lateral masses collapse leading to AAI. It is 
important to note that this occurs with no degenera-
tion of the occipitocervical joints but occurs through 
the atlantoaxial articulation. Performing a successful 
atlantoaxial arthrodesis while the instability is reduc-
ible will protect the patient against progression of the 
vertical migration of the odontoid and may very well 
allow the patient to avoid the morbidity of an occipito-
cervical fusion and possibly even an anterior odontoid 
resection in the future.6,60

There is an RCT underway to determine the tim-
ing of surgery in patients with AAS and no neurologic 
compromise;61 however, results are as yet unavailable.

Sublaminar Techniques
There are a variety of posterior wiring techniques, 
most of which involve wiring the posterior arches of 
the atlas and the axis together with interposed struc-
tural bone graft.62–64 Omura in 200265 published a 
prospective cohort study of 17 patients, 11 of whom 
underwent extensive Luque fusions. They showed bet-
ter outcomes with regard to activities of daily living 
and neurologic improvement in the operative group.

Christensson in 2000 looked at a cross section of 
patients who had undergone posterior wiring tech-
niques, reporting a 4% mortality and a 22% recurrent 
subluxation at 7 months.66 Naderi et al.67 in a biome-
chanical study showed that cable graft constructs were 
better than transarticular screws in resisting fl exion 
and extension.

There are many low and very low quality stud-
ies demonstrating acceptable results ranging from 
60% to 81% rates of successful outcomes64,68–72 and 58% 

DETAILED REVIEW OF PERTINENT 
ARTICLES

The overall quality of literature on the operative man-
agement of AAS in Rheumatoid Arthritis is moderate 
to low.27,28

Operative or Nonoperative Treatment
Rheumatoid involvement of the c-spine proceeds in a 
stepwise fashion: AAS untreated leads to AAI and, as 
the disease progresses, to SAS.4,7,10–12,15,16,29–34 Atlantoax-
ial fusion can arrest the course of disease and prevent 
the development of AAI where the outcomes are less 
predictable.35–39 Some authors disagree, thinking that 
the disease progresses regardless.7,40 Surgery is indi-
cated to prevent disease progression and neurologic 
injury,9,29 with outcomes being related to preoperative 
neurologic function.5,22,29,41 Even those with advanced 
myelopathy may have improvement as some authors 
recommend fusion even for those patients with high-
grade myelopathy.42

Mortality rates of 10% to 40% have been reported 
in rheumatoid patients with cervical subluxation,43,44,45 
and, in AAS, have been reported to be eight times that 
of rheumatoid patients without AAS.46 A signifi cant 
reduction in mortality has been shown when instability 
is treated surgically,39 as much as 38% in one study.47

Kauppi et al.48–50 have looked at bracing as an alter-
native to fi xation and have determined that a rigid 
orthosis can restrict AAS, but these patients were not 
followed over time. Others have concluded that non-
operative management does not change the natural 
history of disease.5,51

Chronic neck pain in the setting of radiographic 
instability that does not respond to nonnarcotic pain 
medication is an indication for surgery.4,19,52–54 Pain 
itself is not always correlated to instability, nor insta-
bility to neurologic symptoms.53,55

There have been several prospective, controlled 
studies looking at operative vs. nonoperative manage-
ment. Paus in a prospective cohort study concluded 
that since operative risk is small and the mortality high 
in rheumatoid subluxation, surgery is a reasonable 
option.56 Krieg in a prospective cohort study looked 
at 7-year follow-up data of patients who had been 
fused and found that all patients were satisfi ed with 
their result.57 Santavirta performed a prospective case-
control study to look at fusion versus nonfusion and 
found that pain relief was 80% in operatively treated 
patients but only 12% in the nonoperative controls.58 
Matsunaga in 2003 in a case-control study showed 
that in rheumatoid patients with myelopathy, fusion 
increased the survival rate from 0% at 8 years to 84% at 
5 and 37% at 10 years.59

In case presented, operative management is clearly 
indicated for a variety of reasons. First of all, this patient 
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0.5% mortality,114 0% to 17% complication rates,113–116,119 
and 0% to 14% malpositioned screws.109,112,113,115,116,119,124 
They have also shown that postoperative halo immo-
bilization is not required.122,126

Segmental Screw-Rod Fixation
TASs may be contraindicated in 18% to 54% of cases 
because of anatomic variations.90,124,127–130 Biomechanical 
studies have shown that segmental screw rod fi xation 
between C1 and C2 is equivalent to TASs.131–136 Laminar 
screws may be placed in C2 when safe placement of 
a C2 pedicle screw cannot be achieved. Some authors 
have shown that C2 laminar screws are equivalent to 
pedicle screws137 while others that pedicle screws are 
stiffer.133,138 Wright reported retrospectively on a series 
of ten patients treated with C2 laminar screws and 
reported no complications.139 Eck has shown that uni-
cortical screws are stronger in C1 than in the subaxial 
spine, but bicortical C1 screws are stronger than uni-
cortical.140

Harms reported his initial series of 37 in 2001 
with a 100% fusion rate and no complications at 6 to 
24 months.141 Aryan in 2008 reported a multicentre 
series of 102 patients treated with C1-2 segmental 
screw rod fi xation. They showed a 98% fusion rate 
and a 4% rate of complications. Pars screws were used 
instead of C2 pedicle screws in 23 patients because 
of unfavorable vertebral artery anatomy.142 Other ret-
rospective studies have shown 100% fusion, 0% to 
10% malposition, 0% vascular, and 0% neurological 
complications.143–147

Other Techniques
Some have shown that a transoral plate plus posterior 
wiring is as good as TAS.148 Others have reported suc-
cess with anterior TAS,149 Olerud clamps,150 TAS plus 
segmental screw-rod fi xation,147 and C2 pedicle screw 
and C1 cable.151

Literature Inconsistencies
This patient has a high-riding and medially located 
vertebral artery in C2. Despite a case-control trial and 
an observational study showing that TAS can be placed 
safely in these patients,106,107 the preponderance of evi-
dence would suggest otherwise and an up to 8% verte-
bral artery injury rate has been reported.77,114,116,123–125 The 
observational studies by Yoshida et al.102 and Resnick130 
would suggest that C2 pedicle screws are just as risky 
as transarticular screws.143,145,146 Furthermore, if it did 
not prove possible to place pedicle screws in C2, pars 
screws or laminar screws would seem to be reasonable 
alternatives.139,142

The observational biomechanical studies are 
confl icting, but there are studies that generally sug-
gest the superiority of screw fi xation techniques over 
 sublaminar wiring techniques.

to 100% fusion rates. However, all posterior  wiring 
 techniques rely on the postoperative use of a halo or 
rigid external orthosis.25,62–64,71,73–86 Biomechanically, 
posterior wiring alone has been superseded by screw 
fi xation techniques mainly due to the improved fusion 
rates that do not rely on external  immobilization 
 postoperatively.

Transarticular Screws
Biomechanical studies show that TAS, which are 
paired screws inserted in a caudal to cranial direction 
from the C2 lateral masses across the C1-2 articulation 
and into the lateral mass of the atlas, are known to 
provide improved fi xation when compared to sublam-
inar techniques.87–93 Cyr in 2008 showed that unicorti-
cal screws are biomechanically suffi cient.94 Although 
Tokuhashi suggested that a sublaminar clamp may 
offer increased stiffness over screws, failure of this 
implant has limited its use.95

Weidner, in a prospective case-control trial, dem-
onstrated that using image guidance reduced but did 
not eliminate the risk of screw malposition.96 Multi-
ple retrospective analyses have shown the same.97–100 
 Gebhard, in a cadaver study, observed no risk of verte-
bral artery injury and that the structure most at risk is 
the atlantooccipital joint.101

Yoshida showed that roughly 10% of C1-2 com-
plexes were unsuitable for both TAS and C2 pedicle 
screws as they had either a superior or medially posi-
tioned vertebral artery that made safe passage of 
screws through the C2 isthmus impossible.102 Others 
have shown the optimal end point to be 7 mm from the 
anterior tubercle of C1 on the lateral projection.101,103 
The screw length should be between 38 and 45 mm and 
should be measured preoperatively on the CT instead 
of the lateral radiograph.101,104

In a case-control study, Reilly showed a much 
higher union rate and lower complications in TAS 
versus posterior wiring.105 Neo in a case-control study 
placed TAS in the most dorsal and medial aspect of the 
isthmus of C2. There were no complications despite a 
12% incidence of high riding or medial vertebral artery. 
They concluded that one should aim for the dorsal cor-
tex of the isthmus on the lateral.106,107

Dickman prospectively studied a series of 121 
patients who underwent TAS, 16 unilaterally because 
of an anomalous vertebral artery. They achieved a 98% 
fusion rate. Five percent of screws were malpositioned, 
but none were associated with clinical sequelae.108 
Magerl’s original description reported on 12 patients 
with TAS who had 100% fusion rate and 2 tempo-
rary neurologic injuries, as well as a  malpositioned 
screw.109

Multiple retrospective studies have reported 
82% to 100% fusion rates,75,77,109–122 80% to 100% pain 
relief,111,116,119,122 0% to 8% vertebral artery injury,77,114,116,123–125 
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need for rigid external immobilization.141–147 Although 
some authors would suggest instrumentation without 
bone graft, the majority of studies utilize autogenous 
iliac crest bone graft, either structural or morcellized 
(Table 8.1).

DEFINITIVE TREATMENT PLAN

Preoperative antibiotics would be given and the sur-
gery would be conducted according to the original 
description by Harms:141 Most of these patients should 
undergo awake fi beroptic intubation prior to being 
given a general anesthetic. Positioning is prone and is 
most safely accomplished with skull tong traction and 
rotation on a Stryker or Jackson table.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

In this patient, polyaxial screw-rod fi xation is best 
supported by the data. It is less risky than TASs to 
the vertebral artery and given her anatomy the best 
choice. The data supporting this treatment method 
are multiple biomechanical studies,131,132,134–136 one large 
multicentre case series,142 and six other retrospective 
studies.141,143–147

Posterior polyaxial screw-rod fi xation will address 
the surgical goals in this patient. Fusion provides reli-
able pain relief,2,5,29 has a low complication rate espe-
cially in neurologically intact patients,29,33 and will 
arrest the course of disease.35–39 The addition of instru-
mentation enables this to be achieved without the 

Paper Author (Year) Description Summary of Results Quality of Evidence

Aryan et al. (2008) Multicentre retrospec-
tive case series

102 patients
98% fusion rate
4% complications (wound infections)
16.4 mo follow-up

Very low

Gunnarsson et al. (2007) Prospective case series 25 patients
100% fusion
No complications
12 mo follow-up

Very low

Harms and Melcher (2001) Retrospective case series 37 patients
100% fusion
No complications
6–24 mo follow-up

Very low

Pham et al. (2000) Retrospective case series 30 rheumatoid patients
100% fusion
No complications
4.5 y follow-up

Very low

Stokes et al. (2002) Retrospective case series 4 patients
100% fusion
No complications
Follow-up 12 mo

Very low

Stulik et al. (2007) Retrospective case series 28 patients
100% fusion
3 malpositioned screws, no major sequelae
Follow-up 17 mo

Very low

Vilela et al. (2006) Retrospective case series 11 patients
100% fusion
No complications
Follow-up 6–24 mo

Very low

Evidentiary Table: A Summary of the Quality of Evidence for Posterior Polyaxial 
Screw-Rod Fixation of Atlantoaxial Subluxation.

TABLE 8.1
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Lateral fl uoroscopy confi rms anatomical C1-2 
alignment prior to prepping and draping. A posterior 
exposure of C1-2 includes exposure of the C1-2 lateral 
mass articulation over the superior surface of the C2 
pars interarticularis. This joint is a key anatomic land-
mark for accurate placement of the C1 lateral mass 
screw.

The C1 lateral mass screw is inserted from an entry 
point in the middle of the junction of the C1 posterior 
arch and the midpoint of the posterior inferior part 
of the C1 lateral mass. The C1 screw is inserted in a 
straight or slightly convergent trajectory in an anterior-
posterior direction and parallel to the plane of the C1 
posterior arch in the sagittal direction, with the tip of 
the drill directed toward the anterior arch of C1. The 
C2 lamina or pars interarticularis screws are inserted 
by identifying the entry point with a high-speed burr. 
The pilot hole is prepared with a 2-mm drill bit while 
monitoring the alignment on fl uoroscopy and direct 
observation. Integrity of the pilot hole is verifi ed with a 
blunt probe. The hole is tapped, and a 3.5-mm polyax-
ial screw of the appropriate length is inserted.

If necessary, reduction of the C1 ring is performed 
by repositioning the patient’s head and/or directly 
manipulating C1 and C2 using the screws, followed 
by fi xation to the rods to maintain the alignment. If 
a defi nitive fusion is required, C1 and C2 are decor-
ticated posteriorly, and cancellous bone taken from a 
small incision in the posterior iliac crest can be placed 
over the decorticated surfaces of C1 and C2.

Patients are mobilized on the 1st postoperative 
day and wear a soft cervical collar for 2 to 3 weeks. 
Care must be taken not to fi x C1-2 in hyperlordosis as 
that may lead to subaxial kyphosis.152,153

Grading the Evidence for this Plan
The evidence to support the technical aspects of our 
treatment selection would be considered low as it is 
derived from observational studies of moderate qual-
ity. The treatment goals have been met in the six studies 
found in Table 8.1, but the quality of evidence showing 
effectiveness of this treatment is very low.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al.,28 our 
proposed treatment would be considered a strong rec-
ommendation. This grading is based not only on the 
quality of evidence but on the risks and benefi ts of the 
proposed intervention. The benefi ts of atlantoaxial 
fusion in a symptomatic rheumatoid patient clearly 
outweigh the risks.

PREDICTING OUTCOMES

Kandziora in a prospective cohort study showed con-
sistent pain relief and improvement in the Health 
Assessment Questionnaire after fusion.154 Morbidity is 
low and outcome predictable in isolated AAS.5,22,29,35,41,155 

Fusion has been shown to have a 62% to 92% chance of 
being successful at relieving pain.47,156–161 With atlanto-
axial fusion, there is a chance of developing SAS and 
neurologic deterioration in 5.5% to 21%,37,162,163 and 
there will be decreased neck rotation postoperatively.164 
There is a 6% to 37% mortality47,160,161 in fused patients 
at all stages of rheumatoid instability, but this may be 
up to 38% less than in non–operated patients.47

In our experience, this procedure has a predictable 
outcome and is indicated in symptomatic patients. 
In our center, patients with rheumatoid arthritis and 
symptomatic AAS are offered surgery if there are no 
contraindications. We would advise this patient of all 
the risks as above, especially the risk of infection, ver-
tebral artery injury, and the general risks of surgery as 
well as medical risks. Many of these patients are on 
medications for their rheumatoid arthritis that compli-
cate perioperative care, such as prednisone or metho-
trexate. We would further tell her that the intervention 
proposed would have a high likelihood of relieving 
her symptoms.

SUMMARY

We are presented with a 58-year-old woman with 
symptomatic AAS secondary to rheumatoid arthri-
tis. The most appropriate treatment for this patient, 
considering the natural history of the condition, 
would consist of atlantoaxial fusion. Consideration of 
the anatomy of her vertebral arteries would make a 
polyaxial screw-rod construct the most logical choice 
and would give the most predictable result consider-
ing the evidence.
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A N D  S T E V E N  R .  G A R F I N ,  M D

EDITORS’ CASE 
PRESENTATION

A 48-year-old woman with a history of  active 
intravenous drug abuse presents to the emer-
gency department with a history of  progressive 
inability to move her upper or lower extremities 
over the past 24 hours. She reports this at the 
end of  a 1-week binge of  drug use, after which 
she “woke up” and could not move her arms or 
legs. She also states that she had increasing 
neck pain for the past 4 days. Her medical his-
tory includes that she has hepatitis B, hepatitis C, 
smokes heavily but is HIV-negative.

Upon physical examination, she appears thin, 
malnourished, and cachexic. She is currently 
febrile and is ventilator dependent but is hemo-
dynamically stable. White blood cell count, 
ESR, and C-reactive protein levels are elevated. 
Blood cultures, so far, are negative. She has 0/5 
strength in her upper and lower extremities and 
decreased rectal tone. Sensory examination is 
limited as she cannot speak.

Radiographic imaging studies are shown in 
 Figure 9.1A–E.

Once an initial inspection has been made and a 
differential diagnosis has been generated, a review of 
the patient’s history and medical comorbidities should 
be performed to narrow the list of potential diagnoses. 
The risk factors for pyogenic vertebral osteomyelitis 
include intravenous drug use, diabetes, multiple med-
ical comorbidities, morbid obesity, elderly patients, 
hepatic and renal failure, malnutrition, and tobacco 
use.1,2 This patient has many of the risk factors for the 
development of pyogenic vertebral osteomyelitis, so 
this diagnosis remains high on our list.

Neck or back pain is the most common complaint 
in patients with pyogenic vertebral osteomyelitis and 
is noted in more than 90% of patients.1,2 Elevated tem-
peratures are also noted in 50% of patients. The cervical 
spine is affected approximately 10% of the time. Up to 
18% of patients with a pyogenic spondylodiscitis will 
have spinal epidural abscesses and more than 50% of 
these patients will have neurologic defi cits. Given this 
patient’s 4-day history of neck pain prior to the onset of 
her neurologic symptoms, cervical spondylodiscitis is 
possible. The onset of her neurologic symptoms could 
also signal the formation of an epidural abscess.

The laboratory evaluation helps confi rm or narrow 
the diagnosis of infection. Given the elevated white 
blood cell count, ESR, and C-reactive protein levels in 
conjunction with her rapid neurologic decline, verte-
bral osteomyelitis with spinal cord compression from 
the formation of an epidural abscess becomes the pri-
mary consideration. An elevated white blood cell count 
is found in approximately one third of pyogenic ver-
tebral osteomyelitis cases.1–3 An elevated ESR is noted 
over 95% of the time in these cases, and an elevated 
C-reactive protein level may be observed in virtually 
all cases. Positive blood cultures are recorded only 50% 
of the time, so negative blood cultures in this case by 
no means rule out a pyogenic infection.

The next step in the evaluation process is imag-
ing to confi rm the diagnosis. In this instance, MRI 
with gadolinium is the procedure of choice. The MRI 

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a woman who has an 
active infection with a rapid decline in neurologic func-
tion. In the setting of rapid neurologic decline, the differ-
ential diagnosis for this patient would include vertebral 
osteomyelitis/discitis with subsequent spinal cord com-
pression from the formation of an  epidural abscess, disc 
herniation, transverse myelitis, Guillain-Barré syndrome, 
stroke, mycotic aneurysm, brain tumor, and vasculitis.
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images  (Figure 9.1A–D) provided show hyperintensity 
in the disc and endplates between C5 and C6. Endplate 
erosion and destruction are also noted between C5 and 
C6. The C5 and C6 vertebral bodies show character-
istic infl ammatory changes. The infected regions have 
decreased intensity on the T1-weighted sagittal image 
(Figure 9.1D) and increased intensity on T2-weighted 
images. This is certainly consistent with a pyogenic 
C5-6 spondylodiscitis. Also noted is a fl uid collection 
behind the disc space and vertebral bodies of C5 and 
C6 (Figure 9.1D). This is suggestive of an epidural 
abscess behind C5 and C6. The abscess is indenting 
the spinal cord and causing cord compression at these 
levels  (Figure 9.1C). This MRI fi nding could certainly 
explain her rapid  neurologic decline in both her upper 
and lower extremities as well as the loss of her rectal 

tone. In addition, her dependence on the ventilator 
might also be related to the epidural abscess as it is 
high enough to disrupt the respiratory centers of her 
spinal cord.

The CT image provided shows endplate destruc-
tion between C5 and C6 (Figure 9.1E). These fi ndings 
are consistent with a C5-6 spondylodiscitis and sup-
port the diagnosis of a cervical epidural abscess that 
originated from a pyogenic C5-6  spondylodiscitis.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a pyogenic C5-6 spondylodiscitis with 
the formation of a ventral epidural abscess.

Figure 9.1.
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1997. This generated a pool of 915 patients. Of these 
915 patients, treatment details were available for 
639 patients. Only 72 (11%) of the 639 patients were 
treated exclusively with antibiotic treatment alone.

While these case reports and case series indicate 
that some patients may be successfully treated with 
antibiotics alone, the authors of the majority of these 
papers noted that this should only be done in patients 
who are not septic and do not have signifi cant neuro-
logic symptoms.4 Furthermore, despite the successful 
medical management of epidural abscesses in some 
of the cases, sudden neurological deterioration of 
patients receiving appropriate antibiotic therapy has 
been noted.2–7 Unfortunately, the true success rate of 
nonoperative treatment for cervical epidural abscesses 
is diffi cult to discern from the literature. Many cases 
were most likely selectively reported, and unsuccess-
ful attempts at medical management were not reported 
once the patient had surgery.

In patients who are septic or who have signifi cant 
neurologic defi cits, the literature supports surgical 
intervention. In one of the fi rst comprehensive reviews 
on spinal epidural abscesses, Dandy reported on 
32 patients who were all treated nonoperatively.8 Of 
these 32 patients, 26 died (81%). Since then, the litera-
ture has indicated a reduction in the mortality rate from 
34% to 16% from 1954 to 1980. The overall mortality 
rate seems to be fairly constant at 15% since 1980.8 It is 
believed that increased awareness and early interven-
tion, along with improved antibiotic treatments and 
surgical intervention, have played a signifi cant role in 
mortality reduction. In a recent retrospective review by 
Boström et al. published in 2008, the authors noted a 
6.5% mortality rate.9 Also noteworthy was the fact that 
many of the patients who had surgery experienced 
partial or complete neurologic recovery. The retrospec-
tive reviews evaluated in the literature search support 
the hypothesis that patients with sepsis or neurologic 
defi cits will have improved outcomes with surgery 
compared to nonoperative care.2–15 In patients who are 
not septic and do not have any neurologic defi cits, non-
operative management is an option. However, these 
patients need to be followed very closely as neurologic 
decline, despite appropriate antibiotic treatment, has 
been noted in multiple studies.4,6–15

Hence, we would recommend surgical treatment 
for this patient. While she is hemodynamically stable 
and thus probably not septic, she has severe neuro-
logic defi cits. While the quality of the available litera-
ture on cervical epidural abscesses is fair to poor, it is 
consistent in recommending surgical intervention in 
patients who have severe neurologic defi cits. In fact, 
there were no studies found reporting good outcomes 
in patients who had cervical epidural abscesses with 
neurologic defi cits who were treated with antibiotics 

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Eradication of the infection
 2. Maximize recovery of neurologic function
 3. Maintain spinal alignment and ensuring 

 continued stability
 4. Early mobilization
 5. Rehabilitation and healing

The treatment options are

 1. Antibiotics and medical management
 2. Anterior decompression with anterior 

 instrumentation only
 3. Anterior decompression and instrumentation 

with supplemental posterior instrumentation

EVALUATION OF THE LITERATURE

A Medline search was performed to fi nd articles con-
cerned about different aspects of cervical epidural 
abscess. Search strategies included the use of MeSH 
(medical subject headings) and key words. Key words 
included “cervical epidural abscess,” “spinal epidural 
abscess,” and “spinal infection.” Subheadings of clas-
sifi cation, etiology, symptoms, complications, treat-
ment, radiography, and mortality were also searched. 
This search resulted in 649 articles including 89 review 
articles. After limiting our search to articles in English 
language and to those published after 1960, 329 arti-
cles including 51 review articles were found. Most of 
the publications were case reports or case series (230 
of 329). About 60 abstracts were read, and 35 articles 
were reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
Overall, the quality of evidence guiding treatment 
in patients with cervical epidural abscesses is fair to 
poor. The literature review revealed no randomized 
prospective studies. The literature consists primar-
ily of case reports or retrospective reviews of patients 
with epidural abscesses. There was, however, a meta-
analysis performed on spinal epidural abscesses.4 The 
meta-analysis pooled together all the case reports, 
case series, and retrospective reviews from 1954 to 
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that utilized modern spinal instrumentation. In a 
 retrospective review by Ruf et al.16 88 patients with 
vertebral  osteomyelitis were treated with anterior 
debridement and fusion with titanium cages and 
anterior plating. Thirteen patients with cervical epi-
dural abscesses were also included in this study. The 
authors noted a solid bony fusion in all the patients 
without any recurrence of infection at the last 
follow-up despite the use of titanium cages and tita-
nium plates. Furthermore, they observed signifi cant 
clinical improvement in pain score, Frankel’s clas-
sifi cation, and blood parameters in all patients. In 
another study by McGuire and Eismont,17 27 patients 
with vertebral osteomyelitis were treated with ante-
rior debridement and fusion.17 The authors noted that 
they were able to eradicate the infection in all of the 
patients. Furthermore, the authors found that place-
ment of autogenous bone graft at the time of primary 
debridement did not hinder eradication of the infec-
tion. Critical review of the remaining four studies also 
showed that anterior decompression was an effective 
method of eradicating infection and that concurrent 
fusion with anterior plating at the time of debridement 
did not result in recurrent infection.5,18–20 Therefore, 
anterior debridement and fusion with instrumenta-
tion are appropriate.

Autogenous Strut Grafting Versus 
Titanium Cages
The use of titanium cages has become more popular in 
the setting of infection. The various sizes of footplates 
and lengths available with titanium cages make them 
attractive in the setting of infection in which corpecto-
mies must be performed. In the study by Ruf et al.16 all 
13 patients successfully fused with the use of titanium 
cages. Thus, there is some evidence that titanium cages 
are effective in forming a solid fusion.

However, the majority of the literature currently 
advocates the use of autograft in the setting of infection. 
In the study by McGuire and Eismont,17 the authors 
used strut autograft and achieved a 96% fusion rate. 
Also, they reported no recurrence of infection. Based 
upon this and multiple other retrospective reviews, 
autogenous bone is still the graft of choice in the set-
ting of infection, though bone packed in a titanium 
mesh cage is a viable option.4–15,18–20

Supplemental Posterior 
Instrumentation
We would also advocate supplemental posterior 
fi xation in this setting. In a study by Dimar et al.20 
42 patients with vertebral osteomyelitis underwent 
anterior debridement and fusion with delayed pos-
terior fi xation. This study included fi ve patients with 
cervical osteomyelitis. All patients had resolution 
of their infections with no recurrence. In the patient 

alone. Thus, we can confi dently recommend surgical 
intervention in this case. The number of retrospec-
tive reviews supporting surgery combined with the 
absence of any articles supporting nonoperative treat-
ment in this case gives considerable support to this 
argument.

Timing of Surgery
Once the decision to operate has been made, the surgeon 
must decide when to operate. In the clinical scenario 
provided, the literature argues for immediate surgical 
decompression. In the retrospective reviews of cervi-
cal epidural abscesses, it was noted that patients with 
neurologic defi cits may recover neurologic function 
with surgical decompression.2–7,9–15 It was also noted 
that patients with neurologic defi cits had improved 
recovery if they were operated on sooner.4,6,7,9–15 In 
a study by Rigamonti et al.2 the authors noted that 
patients who presented with severe neurologic defi cits 
had a worse outcome if they were treated more than 
24 hours later. Poor outcome occurred in 9 of 19 patients 
(47%) treated after 24 hours, whereas it occurred in 
only 1 of 10 patients (10%) treated promptly. This 
hypothesis is supported by multiple other retrospec-
tive reviews.4,6,7,9–15 Thus, we would recommend early 
surgical decompression for this patient. While the opti-
mal time period before surgery still remains in doubt, 
the literature supports earlier surgical intervention 
when the patient has a neurologic defi cit. The quality 
of the literature upon which this hypothesis is based 
is fair to poor because the literature consists primar-
ily of case reports and retrospective reviews. However, 
it is consistent in recommending earlier versus later 
intervention.2–7,9–15

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient 
presented in the clinical scenario should be treated 
operatively. The following questions would then be 
whether surgery should be performed from an ante-
rior or combined anterior and posterior approach 
and also whether or not fusion with instrumentation 
is appropriate in the setting of infection. In order to 
evaluate the most appropriate surgical treatment, 
only articles pertaining to adult patients with cervical 
epidural abscesses treated with modern spinal instru-
mentation were critically examined. These results are 
 summarized in Table 9.1.

Anterior Versus Posterior 
Decompression and Fusion
Selection of the appropriate surgical technique for 
this patient comes from an analysis of fi ve studies 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Ruf et al. (2007) Retrospective case series 88 patients with vertebral 
 osteomyelitis treated operatively. 
 Titanium mesh cages were used to 
reconstruct the anterior  vertebral 
column in all cases. All patients 
showed a solid bony fusion with-
out any recurrence of infection at 
last  follow-up. Changes in pain 
score, Frankel’s  classifi cation, and 
blood  parameters demonstrated a 
 signifi cant clinical improvement in all 
patients.

Very low

McGuire and Eismont (1994) Retrospective case series 27 patients with vertebral 
 osteomyelitis were treated with 
autogenous bone grafting. Infection 
resolution occurred equally well in all 
cases. Arthrodesis occurred in 96% of 
the cases (26 of 27 patients).

Very low

Osenbach et al. (1990) Retrospective case series 40 patients with vertebral 
 osteomyelitis were reviewed. 27 
patients were treated surgically. 8 
of 19 patients who had neurologic 
defi cits regained full  function while 
9 improved, 1 remained unchanged, 
and 1 died.

Very low

Nakase et al. (2006) Retrospective case series 9 patients with vertebral  osteomyelitis 
and epidural abscesses were treated 
operatively in two stages. No 
 evidence of recurrence or residual 
infection was observed in any patient.

Very low

Dimar et al. (2004) Retrospective case series 42 patients with vertebral 
 osteomyelitis were treated with 
 anterior  debridement and fusion 
followed by delayed  posterior 
 stabilization and fusion. All patients 
had resolution of their infections with 
no recurrence. There were two deaths. 
 Neurologic defi cits resolved in all 
patients.

Very low

Evidentiary Table.TABLE 9.1

described in this scenario, we would be concerned 
about osteoporosis and poor bone quality. Hence, 
posterior fi xation would reduce the risk of subsid-
ence or migration of the anterior graft. However, we 
would advocate waiting until the patient’s medical 
condition improved before subjecting her to another 
procedure. In addition, waiting a week would allow 
better control of the infection before more instru-
mentation and bone graft are placed in her poste-
rior cervical spine. Lastly, it must be remembered 
that she has sustained a severe neurologic injury. 
Delayed posterior instrumentation would also give 
here spinal cord a chance to recover before she must 

be fl ipped over and placed prone for a prolonged 
period of time.

DEFINITIVE TREATMENT PLAN

In the clinical scenario provided, our patient has a pyo-
genic spondylodiscitis at C5 and C6 with an epidural 
abscess extending behind the bodies of C5 and C6. 
Since the compression is occurring anteriorly, the rec-
ommendation in this patient would be to do an anterior 
decompression and fusion with delayed  supplemental 
posterior instrumentation. In order to completely 
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 evacuate the epidural abscess, a  corpectomy of both 
the C5 and C6 vertebral bodies would need to be per-
formed. A review of the literature shows that many 
patients with a cervical epidural abscess may pres-
ent with either frank pus or with a phlegmon.4,6–15 
A corpectomy of the C5 and C6 vertebral bodies would 
completely evacuate any residual pus and decompress 
the spinal cord if a phlegmon had developed behind 
the C5 or C6 vertebral bodies. Furthermore, removal 
of the C5 and C6 vertebral bodies would help to eradi-
cate the infection by removing any residual sources of 
infection.

Once the corpectomies of C5 and C6 have been 
performed, we would recommend strut grafting 
with autogenous bone. While Ruf et al., have shown 
success with titanium cages in the setting of infec-
tion, the vast majority of the literature published to 
date supports the use of autogenous bone in the set-
ting of infection.4–16,18–20 There is sufficient evidence 
supporting the use of an anterior plate to prevent 
dislodgment of the graft to warrant its use.18–20 In 
addition, we would recommend supplemental pos-
terior instrumentation at a later date to decrease 
the risk of infection and to improve the fusion 
rate, particularly if C4 and C7 appear osteopenic/
osteoporotic.

Grading the Evidence for This Plan
The evidence to support the technical aspects of our 
treatment selection would be considered low as it is 
derived from retrospective reviews of moderate qual-
ity. The treatment goals have been met in the six stud-
ies found in Table 9.1. Anterior debridement and fusion 
with instrumentation resulted in complete resolution 
of the infection in all of the cases. Also, fusion rates 
were >90% in all of the studies.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al.21 our 
proposed treatment would be considered a strong 
recommendation. The grading paradigm utilized is 
necessary because it not only considers the quality of 
evidence but also addresses the benefi ts, harms, and 
burdens of the proposed interventions.

PREDICTING OUTCOMES

In the clinical scenario provided, the outcome will 
most likely be poor. Hlavin et al. reported no improve-
ment for any of their seven patients with paralysis, 
despite surgical treatment between 6 and 12 hours 
after the onset of paralysis.7 This observation has been 
consistently noted in multiple other studies.10–12 Hence, 
once paralysis has set in, the chance of signifi cant neu-
rologic recovery is not high. However, surgery is still 
indicated in this patient because it gives her the best 

chance of possible neurologic recovery. In addition, 
cultures obtained during surgery will be important 
to guide antibiotic treatment since her blood cultures 
were initially negative.

SUMMARY

We are presented with a 48-year-old woman who has 
developed a cervical epidural abscess. The most appro-
priate treatment for this patient would be a C5 and C6 
corpectomy with thorough debridement of any pus or 
phlegmon ventral to the spinal cord with a C4-7 ante-
rior instrumented fusion with iliac crest bone graft strut 
from C4-7. Posterior instrumentation from C4-7 may 
be performed at a later day to improve fusion rates. 
This procedure gives her the best chance of eradica-
tion of her infection and also yields high fusion rates. 
Unfortunately, the outcome will most likely be poor 
because she has already developed complete paralysis 
in both her upper and lower extremities. However, this 
plan gives her the best chance for neurologic recovery 
and eradication of her infection.
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His history suggests two important clinical 
 components that need to be assessed to make proper 
treatment recommendations:

 1. Low back pain in combination with a kyphotic 
posture and prominent L3 spinous process 
suggests the presence of a lumbar fracture with 
deformity. In terms of decision making, the 
question is whether this deformity is stable. 
A large number of cancer patients present with 
burst fractures and deformity in the lumbar 
spine but have no signifi cant movement-re-
lated pain and are considered stable. However, 
this patient does, in fact, have mechanical back 
pain symptoms relevant to lying fl at. This may 
represent pressure on the kyphotic spinous 
process but more likely represents straighten-
ing of unstable kyphosis and, thus, mechanical 
pain.

 2. The patient has right leg pain. If this pain 
is worse with axial load, the pain would be 
consistent with a mechanical radiculopathy. 
This represents a mechanical symptom caused 
by narrowing of the neural foramen when 
sitting or standing, as opposed to soft-tissue 
compression from tumor. Additional stud-
ies should be undertaken to ensure that the 
lower extremity pain is, in fact, radicular. This 
workup includes plain radiographs of the pel-
vis, hips, and lower extremities and/or bone 
scan, and possible right lower extremity MR. 
His legs should be examined for swelling and 
pain on palpation with consideration given to 
lower extremity Doppler ultrasound; 18-FDG-
PET may be a useful screen for systemic 
disease and the presence of lower extremity 
pathology.

Most commonly, patients with adenocarcinoma of 
prostate origin present with sclerotic, osteoblastic bone 
metastases: Burst or compression fractures in prostate 

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario reveals a man with a known his-
tory of prostate carcinoma who presents with low back 
and right lower extremity pain. The patient is presum-
ably 6 years from his initial diagnosis. Based on the fact 
that he is currently receiving chemotherapy, we can 
assume that he is castrate insensitive and has failed 
prior hormonal androgen deprivation therapy, sug-
gesting that he has advanced disease. Relevant infor-
mation for restaging him at this point would include a 
prostate-specifi c antigen level and recent 18-FDG-PET 
or CT of the chest, pelvis, and abdomen.

EDITORS’ CASE 
PRESENTATION

A 61-year-old man with a history of  prostate can-
cer presents with low back pain and right lower 
extremity pain. Prostate cancer was initially diag-
nosed in 2002, for which he underwent a pros-
tatectomy and radiation; he is currently receiving 
chemotherapy. He also has a complaint of  gener-
alized fatigue. He feels back fatigue with ambula-
tion but, in addition, feels a substantial amount of  
back pain when he tries to lie supine. The patient 
expresses the feeling of  being hunched over, 
particularly with ambulation. He has no bowel or 
bladder complaints.

Physical examination demonstrates a noticeable 
kyphotic posture of  the low back with some prom-
inence of  the L3 spinous process. However, he 
is grossly neurologically intact to motor, sensory, 
and refl ex testing. He has some mild tenderness 
to palpation of  the low back. Magnetic resonance 
(MR) images and plain radiographs are shown in 
Figures 10.1 to 10.3.
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Figure 10.1.

Figure 10.2.
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seen with a burst fracture resulting in foraminal com-
pression. This compression is best appreciated on the 
sagittal T1-weighted images.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patients has an L3 pathologic burst fracture and 
kyphosis with bilateral neuroforaminal involvement 
resulting in a right L3 mechanical radiculopathy.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

As with all spinal metastases, the goals of therapy are 
palliative with the intention of achieving pain and 
local tumor control, maintenance or improvement 
of neurologic function, and mechanical stability. The 
treatment goals follow the NOMS assessment, which 
includes Neurologic, Oncologic, Mechanical instabil-
ity, and Systemic and medical comorbidities.1,2 All four 
assessments should be considered in this patient. The 
principal considerations are neurologic and mechani-
cal instability as the patient is unstable and has a 
kyphotic deformity resulting in axial-load-induced 
right L3 radiculopathy. The oncologic issue relates to 
the radiosensitivity of prostate carcinoma in an attempt 
to achieve durable tumor control. The systemic disease 
assessment refl ects the patient’s ability to withstand 
the proposed procedure, expected survival, and con-
sideration of chemotherapy to treat systemic disease 
if present.

The treatment options fall into four general catego-
ries:

 1. Radiation alone, either conventional external 
beam radiation therapy (cEBRT), for example, 
30 Gy in 300 cGy per fraction, or stereotactic 
radiosurgery (SRS), for example, 24 Gy single 
fraction

 2. Brace treatment
 3. Minimally invasive procedures using percuta-

neous VB cement augmentation, either verte-
broplasty or kyphoplasty with or without the 
addition of percutaneous pedicle screws

 4. Open surgery in the form of posterolateral 
decompression/posterior or circumferential 
instrumentation, retroperitoneal decompres-
sion/anterior instrumentation, or combined 
retroperitoneal and posterolateral decompres-
sion/circumferential instrumentation

Figure 10.3.

 carcinoma are most commonly  osteoporotic result-
ing from androgen deprivation. Although certainly 
not defi nitive on plain radiographs, this patient’s spi-
nal segments adjacent to the fracture do not appear 
to be osteoporotic. Findings on the MR scan suggest 
that the fractures are from lytic tumor destruction and 
not osteoporosis. This determination is based on the 
presence of vertebral body (VB) and bilateral pedicle 
involvement. Epidural and neuroforaminal soft-
tissue tumor extension are also suggestive of tumor. 
If concerned, 18-FDG-PET may be helpful in differ-
entiating osteoporotic from tumor—fracture in this 
patient. In a recent study examining 18-FDG-PET in 
patients undergoing percutaneous needle biopsy, all 
patients with a lytic tumor and an standard uptake 
value greater than two were confi rmed to have tumor 
on needle biopsy. While late-stage prostate carcinoma 
may develop fractures, a needle biopsy is warranted 
to confi rm the diagnosis of prostatic adenocarcinoma, 
establish whether there has been transformation to a 
small cell variant, or detect the unlikely presence of a 
second primary.

The MR does explain the symptoms present in 
this patient. The L3 burst fracture is consistent with 
the observed deformity and back pain (Figs 10.1A–F, 
10.2A–C and 10.3A,B). The fi lms are also consistent with 
mechanical radiculopathy, which is most  commonly 
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resection. SRS can be safely administered in the early 
 postoperative period8 which may be an argument to 
use this modality instead of cEBRT. The beams used 
to deliver SRS are administered from multiple direc-
tions reducing the soft-tissue side effects and there-
fore wound issues compared to cEBRT. If the patient 
requires an open procedure, our preference would be 
the use of SRS as a postoperative adjuvant within 2 to 
4 weeks of the surgery. If the decision is percutaneous 
cement augmentation, cEBRT can effectively be deliv-
ered with little morbidity.

Brace
A paucity of data exists to support brace treatment 
in the presence of gross spinal instability resulting 
from a pathologic fracture. Mechanical radiculopathy 
is worse in axial load, which limits the usefulness of 
brace application for mechanical radiculopathy. Can-
cer patients tend to tolerate braces poorly given multi-
ple other medical issues and often previous procedure. 
If the patient cannot tolerate any surgical procedure, it 
may be worth a brace trial.

Minimally Invasive Procedures
Minimally invasive procedures, particularly per-
cutaneous VB cement augmentation, often provide 
effective palliation for mechanical pain. Multiple 
series have demonstrated excellent pain palliation 
resulting from pathologic fractures in the metastatic 
population.9–13

Hentschel et al.,13 reported a series of pathologic 
fractures treated with either vertebroplasty or kypho-
plasty. Of the 53 patients treated, 17 patients presented 
with 18 fractures that had contraindications to cement 
augmentation procedures as described in previous 
reports.10,14–17 These contraindications included VB 
collapse >75%, epidural extension of disease >20% 
of the spinal canal diameter, radiculopathy, or poste-
rior VB fracture with cortical disruption. VAS scores 
were reduced from 8 to 2 with the only complication 
being transient radiculopathy and extravasation of 
cement anterior to the VB. Unfortunately, the L3 burst 
fracture under review had all of the contraindications 
with the addition of bilateral pedicle and neuroforam-
inal involvement. The risk of extravasation of PMMA 
into the spinal canal is extremely high in this case. In 
an unpublished series from Memorial Sloan-Kettering 
Cancer Center, mechanical radiculopathy responded 
poorly to VB cement augmentation and routinely 
required salvage with open surgery.

Percutaneous pedicle screws, as an adjunct to ver-
tebroplasty or kyphoplasty, offer a potential solution 
to the treatment of mechanical radiculopathy by pre-
venting axial load–induced compression of the neural 
foramen. Currently, there are no data in the literature 

EVALUATION OF THE LITERATURE

In order to identify relevant publications on the treat-
ment of mechanical radiculopathy in solid tumor 
metastases, specifi cally prostate carcinoma, a litera-
ture search was performed. Search strategies included 
the use of MESH headings and key words. These 
words included the following: prostate carcinoma, 
metastasis, solid tumor, pathologic spine fracture, 
vertebroplasty, kyphoplasty, percutaneous cement 
augmentation, radiation therapy (RT) and spine 
metastasis, and SRS and spine metastasis. All relevant 
abstracts were reviewed and pertinent articles were 
perused.

DETAILED REVIEW OF PERTINENT 
LITERATURE

The quality of literature relevant to mechanical insta-
bility and radiculopathy resulting from pathologic 
burst fractures is low to very low. Treatment decisions 
are based on literature review and expert opinion.

Radiation Therapy
Effective treatment of this patient is principally dic-
tated by the need to palliate and resolve the mechanical 
radiculopathy. RT is a very effective treatment modality 
for achieving local tumor control of metastatic prostate 
carcinoma3,4 but will not effectively treat mechanical 
radiculopathy. This follows the dictum that no amount 
of radiation will stabilize an unstable spine. Prostate 
carcinoma is an exception to the rule that solid tumors 
are radioresistant to cEBRT. A small number of retro-
spective studies have demonstrated the marked radio-
sensitivity of prostate carcinoma in terms of reduction 
of soft-tissue tumor and durable tumor control. Maran-
zano and Latini5 reported a series of patients with 
high-grade epidural spinal cord compression. In that 
series, patients with prostate carcinoma maintained 
ambulation in 8/9 (89%) and recovered ambulation 
in 6/11 (55%) cases. Due to the favorable response in 
most patients using cEBRT, limited data exist regarding 
the use of SRS for the treatment of prostate carcinoma. 
However, responses to SRS are histology independent 
and thus should also be effective therapy for local 
tumor control.6,7 Despite the marked radiosensitivity 
of prostate carcinoma, RT is contraindicated as initial 
therapy in this patient because it will not address the 
mechanical instability.

RT should be used as an adjunct following a sta-
bilizing procedure to achieve local tumor control. 
Castrate-insensitive prostate carcinoma tends to be 
locally aggressive with early recurrences following 
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this construct can effectively be terminated in the 
 midvertebral body without regard for an intact 
endplate. Other anterior reconstruction techniques that 
can be placed anteriorly or posteriorly are allograft 
bone,32 PEEK carbon fi ber,33 or titanium cages.34 
Expandable cages have often been used for anterior 
reconstruction in tumor patients.35

All of the referenced publications are based on 
retrospective review of patient records or prospec-
tive observation of patient outcomes without control 
groups. Therefore, all of the literature on this subject 
falls into the very low quality of evidence category. 
Furthermore, most of publications include an array of 
radiation and chemotherapeutic treatments delivered 
at various times in reference to the surgical decompres-
sion, which further complicates literature analysis.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

As mentioned above, the main consideration in this 
patient is restoration of spinal stability in order to treat 
his mechanical radiculopathy. While none of the surgi-
cal or biomechanical studies directly evaluate mechan-
ical radiculopathy in the setting of metastatic disease, 
all of the surgical series where modern instrumenta-
tion techniques were employed report excellent pain 
relief outcomes. While in most publications, it may be 
diffi cult to separate outcomes of back pain and radic-
ular pain, radicular pain must have been included in 
some of the series.

None of the publications report the results of a 
direct comparison of anterior and posterior approaches 
to the VB. Therefore, the decision must be based on the 
preference of the surgeon and the ability of the patient 
to undergo anterior or combined approaches. For this 
reason, an evidentiary table was not formulated. Anterior 
approach in the lumbar spine generally carries the 
risk of damage of major organs or vascular structures. 
Many of the patients with metastatic disease already 
had abdominal surgery or radiation, further complicat-
ing the operation. Therefore, our preference has been 
to avoid the anterior approach and to use the postero-
lateral approach whenever possible. In our hands, the 
posterolateral approach has allowed excellent ventral 
decompression and reconstruction in all patients with 
vertebral metastases. Furthermore, we generally do not 
attempt to perform a gross-total resection of the tumor. 
Our goal is adequate cord or nerve root decompres-
sion with mechanical stabilization of the spine. Once 
these two goals are achieved, patients can be effectively 
treated with radiation in order to achieve local tumor 
control. The quality of the data supporting treatment of 
prostate metastases to the spine with radiation falls in 
categories that range from very low to moderate.5,36–38

to support percutaneous screw augmentation in this 
scenario.

Open Surgery
Open surgery has been used effectively to treat 
mechanical radiculopathy and kyphosis in cancer 
patients followed by RT to achieve local tumor con-
trol. Three open surgical options exist for the treat-
ment of this patient: (1) right-sided retroperitoneal 
resection of L3 VB with anterior strut and plate, 
(2) single-stage posterolateral resection with posterior 
or circumferential fi xation, and (3) two-stage combined 
anterior-posterolateral resection with circumferential 
fi xation. All of these modalities are supported in the lit-
erature for the treatment of epidural disease, but none 
have specifi cally addressed mechanical radiculopathy. 
Considering the mechanism of mechanical radiculopa-
thy, the primary focus of the operation is decompres-
sion of the right neural foramen and achieving spinal 
stability. The other principal consideration is that the 
median survival of patients with castrate insensitive 
prostate carcinoma with metastatic spine disease is 
12 months and all patients in one series died of sys-
temic disease at 2 years. Our preference is for a sin-
gle-stage posterolateral approach.1,18–21 This provides 
access to perform a unilateral or bilateral facetectomy, 
 neuroforaminal and epidural decompression, and VB 
resection and reconstruction. In principle, this proce-
dure is better tolerated than a two-staged combined 
approach. An anterior stand-alone approach is rea-
sonable as well, however; metastatic cancer patients 
are at risk for osteoporosis and adjacent segment 
progression.22–29 Cancer patients benefi t often from pos-
terior supplementation of anterior reconstruction.30

Hardware considerations in metastatic spine 
tumors must take into account the deformity, the prob-
ability of osteoporotic bone, and adjacent segment 
progression. Posterior segmental fi xation is princi-
pally performed using pedicle screw-rod techniques 
as opposed to sublaminar hooks or wires.1 Pedicle 
screws provide for three-column fi xation and obviate 
the need for encroachment into the spinal canal. Typi-
cally posterior fi xation should be extended two levels 
superior and inferior to the diseased level in order to 
prepare for adjacent segment progression. Although 
few data exist, supplemental PMMA may improve 
pedicle screw fi xation in osteoporotic bone.31 In this 
patient, posterior fi xation can be extended superiorly 
to T12 to prevent a junctional kyphosis if that patient 
has extended survival, otherwise L1 may be adequate. 
Inferiorly, pedicle screws are placed at L4 and L5.

A large number of anterior constructs have been 
used in cancer reconstruction. PMMA with or without 
Steinman pins or chest tubes is durable in compression. 
PMMA is excellent for reconstruction in osteoporo-
tic bone following veretebrectomy.20,25,27  Additionally, 
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 2. Bilsky M, Smith M. Surgical approach to epidural 
 spinal cord compression. Hematol Oncol Clin North Am. 
2006;20:1307–1317.

 3. Cereceda LE, Flechon A, Droz JP. Management of verte-
bral metastases in prostate cancer: a retrospective analy-
sis in 119 patients. Clin Prostate Cancer. 2003;2:34–40.

 4. Katagiri H, Takahashi M, Inagaki J, et al. Clinical results 
of nonsurgical treatment for spinal metastases. Int J 
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2006;58:891–898; discussion 891–898.
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21–30.
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tebroplasty for osteolytic metastases and myeloma: 
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1996;200:525–530.
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tebroplasty in the treatment of pain induced by spinal 
metastatic tumor. Minim Invasive Neurosurg. 2008;51:
280–284.

 13. Hentschel SJ, Burton AW, Fourney DR, et al. Percuta-
neous vertebroplasty and kyphoplasty performed at 
a cancer center: refuting proposed contraindications. 
J Neurosurg Spine. 2005;2:436–440.

 14. Amar AP, Larsen DW, Esnaashari N, et al. Percutaneous 
transpedicular polymethylmethacrylate vertebroplasty 
for the treatment of spinal compression fractures. Neuro-
surgery. 2001;49:1105–1114; discussion 1114–1105.

 15. Barr JD, Barr MS, Lemley TJ, et al. Percutaneous verte-
broplasty for pain relief and spinal stabilization. Spine. 
2000;25:923–928.
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broplasty: state of the art. Radiographics. 1998;18:311–320; 
discussion 320–313.

 17. Peters KR, Guiot BH, Martin PA, et al. Vertebroplasty for 
osteoporotic compression fractures: current practice and 
evolving techniques. Neurosurgery. 2002;51:S96–S103.

 18. Street J, Fisher C, Sparkes J, et al. Single-stage postero-
lateral vertebrectomy for the management of metastatic 
disease of the thoracic and lumbar spine: a prospective 
study of an evolving surgical technique. J Spinal Disorder 
Tech. 2007;20:509–520.

DEFINITIVE TREATMENT PLAN

Based on the presence of mechanical radiculopathy, 
the literature supports open surgery followed by RT. 
This patient should undergo an L2-4 posterolateral 
laminectomy, complete right L3 and superior L4 fac-
etectomy, and posterior resection of the L3 VB, L2-3, 
L3-4 laminectomy. Reconstruction includes T12-L5 
pedicle screw fi xation and L2-4 anterior reconstruction 
using PMMA and Steinman pins or cage. Follow-up 
SRS or cEBRT should be used for local tumor control 
2 to 4 weeks postoperatively.

PREDICTING OUTCOMES

Surgery followed by radiation should provide mean-
ingful palliation in terms of local durable tumor con-
trol and relief of mechanical radiculopathy. Based on 
the published experience with surgical decompres-
sion and stabilization of vertebral metastases, in con-
junction with postoperative RT, we expect more than 
90%1,39 probability of pain relief with 95% probability 
of durable local tumor control.7 This is congruent with 
our experience in treating these patients. The patients 
must be informed of the potential complications such 
as wound infection or dehiscence, along with the pos-
sible requirement of postdischarge rehabilitation. Fur-
thermore, this operation must always be placed in the 
context of the patient’s systemic disease and further 
treatment.

SUMMARY

We are presented with a male patient with L3 radicul-
opathy related to an L3 pathologic fracture from meta-
static prostate cancer. Surgery would give this patient 
the best possible chance at symptom relief. It is our 
preference to perform this through an all-posterior 
approach that includes posterolateral decompression, 
PMMA reconstruction of the resected portions of the 
VB, and posterior instrumentation. Good outcomes 
can be expected in terms of local tumor control and 
pain relief.
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specifi ed based on the dermatomal level of radiating 
back and chest pain. Given the history of  non-Hodgkin 
 lymphoma, the time course of symptoms, and the 
absence of trauma, secondary malignancy with epi-
dural spread and possible pathologic fracture in the 
thoracic spine should be strongly considered. Other 
differential diagnoses include herniated thoracic disc, 
spinal cord tumor, spinal infection/abscess, spinal 
hemorrhage, primary malignancy of the spine, spinal 
fracture, and spinal infl ammatory processes.

The spinal column is one of the most frequent 
sites of secondary disease in metastatic cancer.1,2 
The percentage of patients with symptomatic spinal 
metastases is estimated to be 5% to 10% of all cancer 
patients3,4 and, in certain autopsy series, up to 90% of 
cancer patients had vertebral lesions.5,6 The vast major-
ity of spinal metastases are extradural involving the 
bony elements and epidural space, with intradural or 
intramedullary spinal cord metastases occurring infre-
quently. Pain is the most common symptom in spinal 
metastases occurring in up to 90% of patients, which 
can be axial, mechanical, and/or radicular in nature. 
Axial and mechanical pain suggest bony destruction 
and pathologic fracture, while radicular pain suggests 
epidural compression and nerve root impingement. 
This patient presents with back pain and radicular 
pain, which is consistent with an epidural tumor that 
involves the bony spine and is causing compression on 
thoracic nerve roots.

Neurologic symptoms are the second most com-
mon symptom in spinal metastases occurring in about 
70% to 80% of patients and can include weakness, loss 
of sensation, and/or bowel/bladder dysfunction. Neu-
rologic symptoms indicate compression of the spinal 
cord from epidural tumor mass and/or bony compres-
sion secondary to a pathologic fracture or deformity. 
Motor defi cit frequently lags behind the onset of back 
pain by days to weeks for patients with epidural spinal 
compression, and up to two thirds of patients are non-
ambulatory when diagnosed.5,7,8 Later manifestations 
of epidural spinal compression include sensory defi -
cits, such as a spinal sensory level or Lhermitte sign, 
and sphincter dysfunction.

EDITORS’ CASE 
PRESENTATION

A 62-year-old man with a history of  non-Hodgkin 
lymphoma was referred to the emergency depart-
ment by his oncologist for a 1-week history of  
progressive band-like back pain radiating to his 
chest and increasing diffi culty with ambulation. 
Currently, he is unable to stand without assis-
tance. He has no bowel or bladder complaints 
and has no history of  any other substantial 
medical comorbidities. He has recently fi nished a 
course of  chemotherapy.

Physical examination reveals a normal appear-
ing male and no cachexic. He has lower extremity 
hyperrefl exia (3+) and fi ve beats of  clonus on the 
right side. Sensation is grossly intact. Strength 
testing shows 2/5 hip fl exion, 2/5 knee extension, 
4/5 plantar and dorsifl exion, with the right side 
being slightly stronger than the left. He has intact 
rectal tone and perianal sensation. Laboratories 
are relatively normal with no signs of  coagulopathy.

Radiographic imaging studies are shown in 
 Figures 11.1 to 11.3.

INTERPRETATION OF CLINICAL 
PRESENTATION

This case describes an upper middle-aged man with 
known oncological history who presents with radiat-
ing back and chest pain and diffi culty ambulating. The 
onset of symptoms is fairly rapid and has occurred in 
the absence of any injury or trauma, and there is sig-
nifi cant motor dysfunction, thus indicating that this 
is an urgent problem. Physical examination reveals 
myelopathy as evidenced by hyperrefl exia and clo-
nus in the lower extremities, localizing the problem to 
the thoracic spine with involvement of the spinal cord 
above the conus medullaris. Further localization can be 
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Figure 11.1.

This patient’s motor symptoms include bilateral 
leg weakness, hyperrefl exia, and clonus in the right leg, 
which all indicate signifi cant spinal cord  compression. 
There is proximal greater than distal leg weakness and 
suggestion of right greater than left weakness as well, 
which would indicate a lateralized compression. Mul-
tiple studies suggest that pretreatment neurological 
status is a reliable predictor of posttreatment functional 
outcome. Thus, prompt recognition and diagnosis of 
spinal metastases causing signifi cant epidural com-
pression, as in this case, are of vital importance to the 
prognosis of these patients.

MRI is the most sensitive diagnostic test for 
metastases to the spine, and gadolinium should be 
administered whenever cancer is suspected or a com-
pressive mass lesion detected. The axial and sagittal 
MRI images of the thoracic spine are available for 
review. Imaging reveals a posterolateral compressive 
epidural mass with involvement of the left lateral 
bony elements (lamina, spinous process, pedicle, and 
transverse process) (Fig. 11.3A–H). The mass occupies 
more than 50% of the spinal canal and enhances after 
gadolinium administration (Fig. 11.2A and B). There 
is T2 signal change within the cord (Figs. 11.1A–C 
and 11.3A), indicating signifi cant and rapid com-
pression and swelling. Precise localization can be 
performed by counting from C2 or L5 levels if avail-
able on sagittal views, or based on the thoracolumbar 
junction as visualized by the last level of fully formed 
fl oating ribs. This lesion appears to be at the apex of 
normal thoracic kyphosis (generally T6-7). There is no 
indication of a pathologic fracture given the preserved Figure 11.2.
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Figure 11.3.

height and shape of the vertebral bodies and lack of 
contrast enhancement in the bodies. Nevertheless, 
there is extensive involvement of the posterolateral 
bony elements, which correlates with the patients back 
pain and suggests impending or pathologic instability. 
Further imaging could include CT, to aid in treatment 
planning and to evaluate bone integrity and assess-
ment of stability, but is not considered mandatory.

As with any patient with an oncologic history and 
likely metastatic disease, cancer staging is important 
for global understanding of disease burden. Given the 
urgency of this patient’s presentation, staging with a 
PET CT or other modalities can be deferred if urgent 
treatment is required. Additionally, as with any patient 
who had received prior chemotherapy or radiation 
therapy, blood lab values should be carefully reviewed 
to assess coagulopathy, thrombocytopenia, anemia, 
and leukopenia, which could affect treatment options.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a thoracic epidural spinal mass caus-
ing spinal cord compression with bony involvement 
likely from secondary non-Hodgkin lymphoma.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Direct decompression of the spinal cord via 
resection of the mass lesion

 2. Preservation of neural elements
 3. Maintaining spinal alignment and 

ensuring continued stability

 4. Obtain tissue for histopathologic diagnosis
 5. Rehabilitation and healing

The treatment options are

 1. Percutaneous tissue biopsy for diagnosis 
confi rmation

 2. High-dose steroids
 3. Adjuvant chemotherapy/radiation therapy alone
 4. Surgical decompression alone, with follow-up 

adjuvant therapy
 5. Surgical decompression with stabilization and 

follow-up adjuvant therapy

EVALUATION OF THE LITERATURE

A thorough literature search was performed on 
PubMed with “spinal epidural metastasis” included in 
the subject/abstract sections. A total of 226 articles were 
retrieved and when qualifi ed with “surgery” or “sur-
gical management,” 103 articles were found. Earlier 
publications tended to be focused on different radia-
tion dosages, fractionation, and other outcome studies 
after radiotherapy. The role of surgery has been better 
defi ned recently for the treatment of spinal epidural 
metastases. Emphasis was placed on the quality of the 
studies, with prospective, randomized, controlled tri-
als having more weight than other designs.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Surgery with Radiation Versus 
Radiation Alone
Radiotherapy traditionally has been used to prevent 
further tumor growth, ameliorate pain, and maintain 
ambulation for patients with epidural  metastases. 
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myeloma, and germ-cell tumors) were excluded from 
the multicenter randomized study discussed above.17 
Therefore, there is no direct evidence to support the 
recommendation of surgery. However, inference from 
multiple studies and severity of this patient’s neurolog-
ical symptoms suggest that direct surgical decompres-
sion offers the best chance to regain ambulatory ability 
and achieve long-term durable results. For a patient 
with rapid symptom development, surgery offers the 
most immediate method of decompression. Radiation 
treatment can take days to weeks to be effective.

Nevertheless, confi rmation of histologic pathology 
with radiation therapy and chemotherapy is a viable 
option for a patient with non-Hodgkin lymphoma 
and should be discussed.19–23 In patients with signifi -
cant comorbidities and/or frail overall conditions, 
surgery may not be the best option. Additionally, in 
patients with less acute and less dramatic presenting 
symptoms with a very radiosensitive tumor-like 
 lymphoma, radiation alone can be an excellent treat-
ment option.

High-dose steroids have a role in any patient with 
spinal cord compression secondary to tumor and 
neurologic symptoms, especially weakness. Decad-
ron (10–100 mg) has been used and should be started 
as soon as possible after presentation.24 In the event 
that there is no previous oncologic history, steroid use 
can interfere with pathologic diagnosis; therefore, the 
decision to use them should be tailored to the clinical 
urgency of the situation.

Anterior Versus Posterior Surgical 
Approaches
Anterior and anterolateral spinal decompression have 
been described in several surgical series for spinal metas-
tases that involve mainly the vertebral body.3,14,16,25 These 
approaches spare the posterior elements of the spinal 
cord, which are often intact and thus afford better stabil-
ity. The patient in this case, however, has cancer metas-
tasized to the spinous process, lamina, pedicle, invading 
epidural space and paraspinal soft tissues. The majority 
of the disease is located posteriorly and posterolaterally. 
Therefore, a posterior approach will offer better expo-
sure for the surgical resection of the metastatic tumor.

Direct Posterior Versus Posterolateral 
Transpedicular Decompression
For this patient, direct laminectomy can provide 
access for adequate decompression of the posterior 
compression. To address the posterolateral involve-
ment, additional exposure is needed to access tumor 
in the pars, pedicle, neuroforamen, and lateral epidu-
ral space. Transpedicular approaches, including cos-
totransversectomy and lateral extracavitary exposure, 
are especially well suited to provide excellent visual-
ization of the neural elements and working room for 

Prognostic factors for radiotherapy include pretreatment 
neurological status, type of tumor, radiation sensitivity 
of tissue type, and extent of subarachnoid block seen on 
MRI.5 A number of series demonstrate that 80% to 100% 
of patients who are ambulatory when treatment begins 
will maintain ambulation, and about one third of those 
who are not mobile will regain mobility.5,7,9 Radiother-
apy is noninvasive and is preferred in patients with 
overall poor performance and limited life expectancy. 
Complications are generally low but do include bone 
marrow suppression, spinal cord necrosis, and skin 
irritation.

Harrington10,11 created a staging system for 
patients with epidural metastasis based mainly on 
neurologic defi cits and instability. Nonsurgical man-
agement was recommended for stage 1 (no signifi cant 
neurological involvement) to stage 3 (neurological 
involvement without bony invasion) disease, which 
he considered to be milder. The patient in this case 
presented with an epidural mass invading through 
the posterior column of the thoracic spine and caus-
ing cord compression and signifi cant neurological 
defi cit. The patient is nonambulatory at the time of 
presentation. According to the above classifi cation, 
the patient is categorized stage 5, for which radiation 
therapy alone may not be enough to achieve adequate 
disease control.

The role of surgery was traditionally limited in 
the treatment of spinal epidural metastases. Earlier 
studies compared simple laminectomies, laminecto-
mies plus radiation, and radiation alone and failed 
to show any benefi ts for patients who underwent 
laminectomies.12,13 Recent advancements in surgical 
techniques introduced direct circumferential decom-
pression of the spinal cord and multilevel spinal fusion 
to achieve immediate mechanical stability. A number of 
surgical series3,14–16 and a recent multicenter, prospec-
tive, randomized trial17 indicate that radical surgical 
decompression followed by radiotherapy is superior 
compared with radiation alone. Subgroup analysis 
of the same study indicates that age is an important 
factor to determine postoperative benefi ts for patients 
with epidural cord compression. There was no dif-
ference in outcome between treatments for patients 
>65 years of age.18

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Based on the current literature, the patient should 
undergo surgical decompression followed by radiation 
therapy (Table 11.1). One caveat for this recommenda-
tion comes from the type of tumor involved in this case. 
Lymphoma is highly radiosensitive and patients with 
lymphomas (as well as those with leukemia, multiple 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Patchell et al. (2005) Multicenter, randomized, 
prospective trial comparing 
surgery followed by radiation 
and radiation alone.

A total of 50 patients were randomized to 
surgery and radiotherapy and 51 to radio-
therapy alone. Overall, 84% of patients 
were ambulatory after surgery and 57% 
after radiotherapy.
Patients treated with surgery retained 
the ability to walk for a median of 122 d, 
whereas those treated with radiotherapy 
alone, 13 d. Of 32 patients who entered 
the study nonambulatory, 62% regained 
ambulation after surgery and 19% after 
radiation. The study was stopped after an 
interim analysis.

High

Klimo et al. (2005) Meta-analysis of 24 surgical 
series and 4 radiation series, 
mostly uncontrolled cohort 
studies. Ambulatory ability 
and rescue rates were pri-
mary outcome measures.

A total of 999 surgical patients and 543 
radiation patients were included. Surgical 
patients were 1.3 times more likely to be 
ambulatory after treatment and twice as 
likely to regain ambulatory function. Over-
all ambulatory rate is 85% after surgery 
and 64% after radiation. Primary pathol-
ogy was the principal factor determining 
survival.

Medium

North (2005)30 Retrospective case series Of 61 patients included in the study, 52 
(85%) were ambulatory preoperatively and 
59 (97%) postoperatively. 81% of those who 
survived 6 mo remained ambulatory, and 
66% of those alive at 1.6 y. The median post-
operative survival was 10 mo.

Low

Evidentiary Table: A Summary of the Quality of Evidence for Direct Surgical 
Resection with Instrumented Fusion Followed by Radiation to Treat Spinal 
Epidural Metastases.

TABLE 11.1

decompression. For ventral epidural spread, sacrifi ce 
of the exiting nerve root is necessary and usually of 
little consequence if carefully performed. CSF leak is 
rare but could lead to pseudomeningocele formation.

Considerations on Instrumentation and 
Arthrodesis
Patients with metastatic disease of the spine usually 
require stabilization after posterior decompressive sur-
gery because of interruption of the posterior elements 
and likely wide spread bony involvement of cancer.26,27 
Vertebrectomy and transpedicular approaches would 
require instrumented reconstruction. For posterolat-
eral approaches, at least two levels above and below 
the level of decompression are included in the recon-
struction. In cases where laminectomy alone is ade-
quate, instrumented arthrodesis is not required unless 
the decompression is at the apex of the thoracic kypho-
sis (T6-7) or thoracolumbar junction (T11-L1). Wound 
complications have been shown to be higher for sur-
gery performed after external radiation; therefore, 
if surgery and radiation are recommended, surgery 

should be performed fi rst with at least 2 to 4 weeks 
allowed for wound healing prior to radiation doses.28

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be man-
aged with operative decompression and stabilization 
primarily because of the signifi cant neurologic dys-
function observed over a short period of time. Intra-
venous steroids should be administered if there is a 
delay in surgery. Decompression should be achieved 
via a posterior approach with posterolateral exposure 
for maximal decompression. Complete laminectomy 
(bilateral) with left-sided removal of the pars, trans-
verse process, and pedicle would allow for a trans-
pedicular decompression of the lateral spinal canal. 
Stabilization would include pedicle screw at two 
to three levels above and below the decompressed 
level, given that the spine is partially destabilized by 
involvement of the left-sided pedicle and facet com-
plex and that the lesion is at the apex of the thoracic 
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nerve injury, CSF fi stula, pneumothorax, chylothorax, 
 instrumentation failure, surgical hematoma, and sur-
gical site infection. Combined rates of complications 
range from 5% to 25%.28

SUMMARY

We are presented with a 62-year-old man with a history 
of non-Hodgkin lymphoma with pain and neurologic 
dysfunction from epidural compression of the spinal 
cord. The most appropriate treatment, considering 
the timing of symptoms and severity of dysfunction, 
would be a surgical decompression and stabilization at 
the affected level. Preservation of ambulation, improve-
ment in quality of life, and relief of pain can all be 
expected with a fairly low surgical complication rate.
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performed in the way recommended, then instrumen-
tation is strongly advised, though there is little class 
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option for treatment in this patient and has medium 
class II level evidence in the literature.19,20,22

PREDICTING OUTCOMES
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ural course of the disease can have major alterations 
on quality of life, independent of those attributable to 
surgical treatment. Improvement of pain is another 
outcome to be measured, and in several retrospective 
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patients. Patients with >6 months life expectancy, well-
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can expect to have low rates of complications. Com-
plications from surgery for spinal cancer do include 

Bono_Chap11.indd   112Bono_Chap11.indd   112 9/20/2010   11:07:53 AM9/20/2010   11:07:53 AM



CASE 11 ■ Thoracic Epidural Tumor  113 

 14. Harrington KD. Anterior cord decompression and spinal 
stabilization for patients with metastatic lesions of the 
spine. J Neurosurg. 1984;61:107–117.

 15. Klimo P Jr. Thompson CJ, Kestle JR, et al. A meta-
analysis of surgery versus conventional radiotherapy 
for the treatment of metastatic spinal epidural disease. 
Neuro Oncol. 2005;7:64–76.

 16. Overby MC, Rothman AS. Anterolateral decompression 
for metastatic epidural spinal cord tumors. Results of a 
modifi ed costotransversectomy approach. J Neurosurg. 
1985;62:344–348.

 17. Patchell RA, Tibbs PA, Regine WF, et al. Direct decom-
pressive surgical resection in the treatment of spinal cord 
compression caused by metastatic cancer: a randomised 
trial. Lancet. 2005;366:643–648.

 18. Chi JH, Gokaslan ZL, McCormick P, et al. Selecting treat-
ment for patients with malignant epidural spine cord 
compression—does age matter? Results from a random-
ized clinical trial. Spine. 2008;34:431–435.

 19. Maranzano E, Bellavita R, Rossi R, et al. Short-course 
versus split-course radiotherapy in metastatic spinal 
cord compression: results of a phase III, randomized, 
multicenter trial. J Clin Oncol 2005;23:3358–3365.

 20. Maranzano E, Latini P. Effectiveness of radiation therapy 
without surgery in metastatic spinal cord compression: 
fi nal results from a prospective trial. Int J Radiat Oncol 
Biol Phys. 1995;32:959–967.

 21. Maranzano E, Latini P, Beneventi S, et al. Comparison 
of two different radiotherapy schedules for spinal cord 
compression in prostate cancer. Tumori. 1998;84:472–477.

 22. Maranzano E, Latini P, Perrucci E, et al. Short-course 
radiotherapy (8 Gy × 2) in metastatic spinal cord com-
pression: an effective and feasible treatment. Int J Radiat 
Oncol Biol Phys. 1997;38:1037–1044.

 23. Maranzano E, Trippa F, Chirico L, et al. Management 
of metastatic spinal cord compression. Tumori. 2003;89:
469–475.

 24. Loblaw DA, Laperriere NJ. Emergency treatment 
of malignant extradural spinal cord compression: 
an evidence-based guideline. J Clin Oncol. 1998;16:
1613–1624.

 25. Tomita K, Kawahara N, Kobayashi T, et al. Surgical strat-
egy for spinal metastases. Spine. 2001;26:298–306.

 26. Heary RF, Bono CM. Metastatic spinal tumors. Neurosurg 
Focus. 2001;11:e1.

 27. Rompe JD, Eysel P, Hopf C, et al.  Decompression/sta-
bilization of the metastatic spine.  Cotrel-Dubousset-
Instrumentation in 50 patients. Acta Orthop Scand. 
1993;64:3–8.

 28. Bilsky MH, Fraser JF. Complication avoidance in ver-
tebral column spine tumors. Neurosurg Clin N Am. 
2006;17:317–329.

 29. Chi JH, Gokaslan ZL. Vertebroplasty and kyphoplasty 
for spinal metastases. Curr Opin Support Palliat Care. 
2008;2:9–13.

 30. North RB, LaRocca VR, Schwartz J, et al. Surgical man-
agement of spinal metastases: analysis of prognostic 
factors during a 10-year experience. J Neurosurg Spine. 
2005;2:564–573.

Bono_Chap11.indd   113Bono_Chap11.indd   113 9/20/2010   11:07:53 AM9/20/2010   11:07:53 AM



C A S E

2

114

12 L1 Fracture with
Paraplegia
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to increased  mortality by leading to acute respiratory 
 distress syndrome, pneumonia, or sepsis.3,4 In this 
case, the patient’s respiratory status has presumably 
been stabilized with intubation and mechanical ven-
tilation. Second, the closed head injury may represent 
a serious threat to the patient. The description of the 
patient’s neurological status suggests a GCS (Glasgow 
Coma Score) of 8 or less, which in the context of the 
mechanism of injury is very worrisome for a traumatic 
brain injury. Prior to any thoughts of surgical inter-
vention for a spine injury, the patient’s neurological 
exam must improve or intracranial pressures must be 
measured and determined to be stable in a tolerable 
range.

The description of the patient’s neurological exam-
ination is suggestive of a severe spinal cord injury. 
The bulbocavernosus refl ex is a spinal cord refl ex arc 
mediated by sacral nerve roots 1 to 3 in which the anal 
sphincter contracts after a controlled pull on the glans 
penis or Foley catheter. This refl ex can be lost because 
of spinal shock or direct injury to the conus medul-
laris. The loss of lower extremity refl exes suggests a 
lower motor neuron injury, which can also occur at the 
conus medullaris where the central nervous system 
transitions to the peripheral nervous system. Thus, 
the examination is most consistent with an injury at 
the level of the conus medullaris, which would imply 
a spine injury in an adult between T12 and L2.5 A spi-
nal cord injury at a higher level would be expected to 
cause brisk or pathological refl exes. The spinal cord 
injury should not be at the level of the cervical spine 
because the function of the upper extremities appears 
to be intact.

The Frankel or American Spinal Injury Asso-
ciation (ASIA) grading system is the most commonly 
used classifi cation of spinal cord injuries. Based on 
the information provided, the patient most likely has 
a Frankel grade A spinal cord injury, although a grade 
B injury cannot be excluded. A Frankel grade A injury 
is defi ned by a complete loss of motor and sensory 
functions, while a grade B injury has a complete loss of 

EDITORS’ CASE 
PRESENTATION

A 41-year-old man was ejected from the front 
windshield of  his car after a motor vehicle col-
lision. He presented to the trauma department 
intubated and unconscious. At the scene, he was 
reported to be moving his arms but not his legs. 
The patient’s non–spine injuries include bilateral 
pulmonary contusions and a closed head injury. 
He is now hemodynamically stable fi ve hours 
after the injury.

Physical examination is limited because the 
patient is not awake and is not moving spontane-
ously. He has no rectal tone and has an absent 
bulbocavernosus refl ex. He has no appreciable 
refl exes in his lower extremities. In addition to his 
thoracolumbar injury, he has nondisplaced lamina 
fractures of  C5 and C6 but no evidence of  liga-
mentous injury, translation, kyphosis, or misalign-
ment.

Radiographic imaging studies are shown in 
Figures 12.1 and 12.2.

INTERPRETATION OF THE CLINICAL 
PRESENTATION

This case involves a middle-aged man with a high-
energy mechanism of injury. Individuals ejected 
from a motor vehicle have, on average, a higher ISS 
(Injury Severity Score), length of hospital stay, and 
mortality rate compared with those not ejected.1 Strict 
adherence to ATLS (Advanced Trauma Life Support) 
protocols is critical to maximize the patient’s chance 
of survival.2 This patient has two injuries (brain and 
pulmonary) that are potentially life threatening 
and therefore take precedence over a spine or spinal 
cord injury. First, pulmonary contusions can  contribute 
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motor function but not sensory function. Since we do 
not explicitly know the status of the patient’s sensory 
function, a grade B injury cannot be excluded, although 
a complete spinal cord injury is assumed because there 
is no documented neurological function in the lower 
extremities.

The computed tomography scans include axial 
images of T12 and L1, as well as sagittal views of 
the thoracolumbar spine. The axial images of T12 
(Fig. 12.2A and B) demonstrate a sagittal split fracture 
that involves the vertebral body and right lamina. The 
axial images of L1 (Fig. 12.2C and D) show a burst frac-
ture with 100% canal compromise, which correlates 
well with a complete neurological injury of the conus 
medullaris. There is also a fracture of the right lamina. 
There is no appreciable widening of the T12/L1 facet 
joints. The sagittal views (Fig. 12.1A and B) clearly 
demonstrate an L1 burst fracture. There is 22 degrees 
of kyphosis from the superior endplate of T12 to the 
inferior endplate of L2, with 40% loss of L1 vertebral 
body height. Furthermore, there appears to be a mild 

increase in the distance of the posterior elements from 
T12 to L1 on Figure 12.1A.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has an L1 axial burst fracture (Magerl 
A3.3.3 injury) and T12 sagittal split fracture (Magerl 
A2.1 injury) with associated complete conus medul-
laris spinal cord injury.6

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OUTCOMES?

The treatment goals are

 1. Primum non nocere (fi rst, do no harm)
 2. Stabilization of the spine

Figure 12.1.

Figure 12.2.
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116  CASE 12 ■ L1 Fracture with Paraplegia

term, functional outcomes are hindered and other 
 complications, such as Charcot spine, can arise.8 Thus, 
an optimal study in the context of this case would 
specifi cally only include patients with thoracolum-
bar burst fractures and complete spinal cord injuries. 
There were no articles that specifi cally met these crite-
ria. Some studies only included burst fractures with-
out neurological defi cits, which are not included in 
this discussion. The remaining articles have a mixed 
patient population of neurologically intact, incomplete 
spinal cord injuries, and complete spinal cord injuries. 
Patients with complete spinal cord injuries are gener-
ally a small minority.

Operative or Nonoperative Treatment
Several studies have either retrospectively or prospec-
tively directly compared operative and nonoperative 
treatments for the management of thoracolumbar 
burst fractures.9–13 Several of these studies specifi cally 
excluded patients with neurological defi cits10,12,13 and 
are therefore not applicable to this case. Two stud-
ies comparing operative and nonoperative treatment 
of thoracolumbar burst fractures included patients 
with neurological defi cits9,11; however, neither study 
was randomized, and patients with severe neurologi-
cal injuries (Frankel grade A or B) were treated only 
operatively. Thus, we could not identify any contem-
porary studies comparing operative and nonopera-
tive treatment in a patient population similar to this 
case. In their prospective comparison of operative and 
nonoperative treatments, Hitchon et al.11 concluded 
that patients should undergo surgery if they have neu-
rological defi cits, >20 degrees of angular deformity, 
>50% canal compromise, or >50% loss of anterior ver-
tebral body height. Other authors have made similar 
recommendations.9,14,15 There appears to be a general 
consensus that the degree of angular kyphosis, percent 
canal compromise, and presence of signifi cant canal 
compromise in this case are all reasonable indications 
for surgical intervention in the absence of strong evi-
dence to guide treatment.

In recent years, the Spine Trauma Study Group has 
developed the Thoraco-Lumbar Injury Classifi cation 
and Severity (TLICS) scale to guide both the classifi ca-
tion and the treatment of thoracolumbar injuries.16 The 
TLICS scale is based on three distinct variables of the 
injury: (1) injury morphology, (2) integrity of the poste-
rior ligamentous complex, and (3) neurological status. 
The grading system is not complicated, which con-
tributes to good interobserver and intraobserver reli-
ability.17 In this case, the patient receives a morphology 
score of 2 for a compression burst fracture. The integ-
rity of the posterior ligamentous complex receives a 
score of 2 because it is indeterminate whether there is 
injury. Finally, a complete neurological injury receives 
a score of 2, for a total score of 6. Because a score 

 3. Maximize functional recovery
 4. Decompression of neural elements
 5. Restoration and long-term maintenance of 

radiographic measures

The treatment options are

 1. Bracing or casting
 2. Posterior fi xation with pedicle screws (short or 

long segment construct)
 3. Anterolateral corpectomy, strut graft, and 

instrumentation
 4. Combined anterior and posterior approach, 

using a short segment construct

EVALUATION OF THE LITERATURE

To identify relevant publications on burst fractures of 
the thoracolumbar spine, a PubMed search was per-
formed with the phrases “thoracolumbar” and “burst 
fracture,” which produced a total of 322 citations in 
the English language. All abstracts were reviewed and 
articles were excluded if they included fewer than 10 
patients or specifi cally pertained to patients who were 
osteoporotic or adolescent, had no neurological defi cits, 
had lower lumbar burst fractures, or were treated with 
antiquated instrumentation constructs. The remaining 
81 articles were carefully reviewed, and any additional 
references that were identifi ed in the articles were also 
reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES AND EVIDENTIARY TABLE

This patient has two specifi c issues that must be 
addressed: the L1 burst fracture and the complete 
spinal cord injury. The burst fracture itself is a con-
troversial topic with regard to the optimal treatment. 
However, the spinal cord injury raises additional con-
troversies including the timing of surgery and role of 
decompressing the central spinal canal. This review of 
pertinent articles fi rst focuses on the topics of operative 
or nonoperative treatment, the timing of surgery, and 
decompression of the central canal. The evidentiary 
table and accompanying discussion focus on the selec-
tion of a surgical plan. It should be noted that other 
important but contentious issues, such as the medical 
management of spinal cord injuries with blood pressure 
maintenance and corticosteroid therapy, are excluded 
because they are beyond the scope of this chapter.

A complete spinal cord injury is a signifi cant clini-
cal consideration. Acutely, a patient unable to walk has 
a higher risk of hospital complications such as pneu-
monia and deep venous thrombosis.7 Over a  longer 
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 publications. In a review by Boerger and Dickson27 
addressing the issue of surgical canal clearance, they 
included 60 articles in their analysis. Only three of the 
articles were prospective, and no articles included a con-
trol group or randomization. When data were pooled, 
the average Frankel score improvement in patients with 
spinal cord injuries due to burst fractures was 0.83 for 
patients treated with surgery and 0.97 for those treated 
nonoperatively. The authors concluded that there is cur-
rently no convincing evidence that surgical decompres-
sion infl uences neurological outcome. The role of central 
canal decompression in cases of complete spinal cord 
injury is even more questionable because of the poor rate 
of neurological improvement. For example, in a study of 
105 cases treated with anterior decompression for tho-
racic or lumbar spine fractures, none of 34 patients with 
complete spinal cord injuries recovered any function 
below the level of injury.

Surgical Approach
The literature search identifi ed 17 clinical stud-
ies that met our inclusion criteria. The three stud-
ies by Been and Bouma,28 Hitchon et al.29 and Sasso 
et al. were cohort studies with control groups but 
were graded as poor quality since there was no ran-
domization and the studies were retrospective. The 
remaining studies were all graded as very poor qual-
ity because they were cohort studies without control 
groups. Most studies evaluated posterior and/or 
anterolateral constructs, but three studies by Been 
and Bouma,28 Payer,30 and Tezer et al.31 specifi cally 
looked at combined anterior plus posterior con-
structs. The results of all 17 clinical studies are sum-
marized in Table 12.1.

of 5 or higher indicates a surgical injury, the TLICS 
scale recommends operative treatment for this case.

Timing of Surgery
The question of whether early surgical decompression 
of the spinal cord results in better neurological recov-
ery in cases of spinal cord injury has received consider-
able attention with no defi nitive answers. Fehlings and 
Perrin18 performed a systematic literature review to 
assess the timing of surgical intervention for acute spi-
nal cord injury, which included 67 articles. Nineteen 
animal studies consistently demonstrated that neuro-
logical recovery was improved with early decompres-
sion. The same results were not been borne out in human 
studies. One prospective randomized trial published by 
Vaccaro et al.19 did not fi nd a difference between early 
(<72 hours) and late (>5 days) decompression for cervi-
cal spinal cord injuries. This study was considered class 
II (moderate quality) evidence because a large portion 
of patients were lost to follow-up. Other class II and 
III (poor quality) studies have had mixed results, with 
some studies concluding that early surgical decom-
pression confers no benefi t,20,21 while others found that 
early surgical decompression was advantageous.22–24 
For patients with complete spinal cord injuries, the 
possibility of neurological improvement with decom-
pression is even more doubtful than with incomplete 
injuries.21,25,26 Overall, there is no clear evidence at this 
time that early decompression improves neurological 
recovery in cases of spinal cord injury.

Central Canal Decompression
The potential of canal clearance contributing to neu-
rological recovery has also been the topic of many 

Authors (Year) Description Summary of Results Quality Rating

Been and Bouma (1999) Retrospective cohort 
study
Comparison of combined 
anterior plus posterior 
instrumentation and 
short segment pedicle 
screw fi xation

Retrospective cohort of 46 patients with 
thoracolumbar burst fractures and at least 50% 
canal compromise treated with either combined 
anterior and posterior stabilization (Group 1) or 
short segment posterior pedicle fi xation alone 
with the AO internal fi xator (Group 2). 39% of 
patients had neurological injury. Mean follow-up 
of 6 y. Bony fusion occurred in all patients. 
Loss of reduction of –5 degrees occurred 
signifi cantly more often in Group 2 (68%) than 
in Group 1 (7%), but the kyphotic angle at last 
follow-up examination did not signifi cantly 
differ between groups. Mean loss of correction 
was 2.1 degrees in Group 1 and 8.2 degrees 
in Group 2. Clinical outcome was also similar 
between groups with regard to pain.

Low

(Continued)

Evidentiary Table.TABLE 12 .1

Bono_Chap12.indd   117Bono_Chap12.indd   117 9/20/2010   12:38:10 PM9/20/2010   12:38:10 PM



118  CASE 12 ■ L1 Fracture with Paraplegia

Authors (Year) Description Summary of Results Quality Rating

Hitchon et al. (2006) Retrospective cohort 
study
Comparison of 
anterolateral and 
posterior constructs

Retrospective review of 63 thoracolumbar 
fractures (T11-L2) treated with decompression 
and either an anterolateral (N = 38) or posterior 
(N = 25) construct. The anterolateral group had 
either dual rods and screws (N = 31) or plate and 
screws (N = 7) placed, while the posterior 
group had pedicle screws (N = 18), pedicle 
screws and hooks (N = 6), or hooks alone 
(N = 1). Mean preoperative Frankel score was 
3.7 in the anterolateral group and 3.5 in the 
posterior group. Mean clinical follow-up period 
of 1.8 y except SF-36 scores were obtained a 
mean of 5.8 y after surgery. The mean angular 
deformities in the anterolateral and posterior 
groups preoperatively were 11.9 and 4.1 degrees, 
postoperatively 2.0 and 3.4 degrees, and at last 
follow-up examination 4.5 and 9.8 degrees, 
respectively. The difference in angular deformity 
between groups at last follow-up examination 
was statistically signifi cant. No signifi cant 
difference in SF-36 score, Frankel scores, or 
complication rates postoperatively between 
groups.

Low

Sasso et al. (2006) Retrospective cohort 
study
Comparison of anterior 
strut graft or posterior 
short segment fi xation

Retrospective review of 53 patients with unstable 
burst fractures treated by either an anterior 
strut graft and plate (N = 40) or posterior short 
segment fi xation (N = 23). Posterior construct 
included pedicle screws 1 level above and below 
fracture as well as laminar hooks 1 level below 
and 2 levels above. 47 patients with neurological 
defi cits, including 9 with complete injuries. 
Mean follow-up of 53 mo in posterior group 
and 31 mo in anterior group. Mean 
postoperative correction of kyphosis was 
15.3 degrees in the anterior group and 
14.1 degrees in the posterior group, which was 
not a signifi cant difference. At last follow-up 
examination, the anterior group had a mean 
loss of correction of 1.8 degrees, which was 
signifi cantly less than the 8.1 degrees loss 
in the posterior group. 5/9 (56%) had some 
neurological improvement after surgery.

Low

Akalm et al. (1994) Cohort study
No control group

Cohort of 44 patients with thoracolumbar burst 
fractures treated with short segment pedicle 
fi xation using the AO spinal internal fi xator. 59% 
of patients had a neurological defi cit, 
including 18% with a Frankel grade 
A injury. Mean follow-up period of 28.8 months. 
Signifi cant improvement was noted for spinal 
canal compromise, local kyphotic deformity, 
and anterior vertebral body height. The local 
kyphotic angle improved from 20.2 degrees 
preoperatively to 4.3 degrees postoperatively 
and 6.5 degrees at last follow-up. Half of grade 
A patients neurologically improved.

Very low

Evidentiary Table. (Continued )TABLE 12 .1

(Continued)
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Authors (Year) Description Summary of Results Quality Rating

Alvine et al. (2004) Retrospective cohort 
study
No control group

Retrospective cohort of 40 patients with 
thoracolumbar burst fractures treated with 
pedicle screw fi xation, of which 36 constructs 
were short segment. Mean follow-up period of 
52 mo. For thoracolumbar junction fractures, 
the preoperative, postoperative, and follow-up 
mean angular measurements were 15, 4, and 
9 degrees, respectively. The mean anterior 
vertebral body collapse was 37%, 15%, and 16%. 
7 of 14 patients with neurological injury had 
improvement. Pseudarthrosis rate of 8% and 
reoperation rate of 23%.

Very low

Benson et al. (1992) Prospective cohort study
No control group

Prospective cohort of 25 patients who underwent 
short segment pedicle screw fi xation with the 
AO internal fi xator for unstable thoracolumbar 
burst fractures. 14 patients with neurological 
defi cits, including 2 patients with Frankel grade A 
injuries. Mean follow-up period of 22 mo. Mean 
sagittal kyphosis improved from + 16 degrees 
preoperatively to −4 degrees postoperatively. 
A mean of 9 degrees of correction was lost at 
last follow-up examination. Canal compromise 
improved from a mean of 42%–28%. Neither 
of the patients with grade A injuries improved 
neurologically. No instances of pseudarthrosis, 
and no reoperations were required. 33% of 
patients had intermittent back pain.

Very low

Bernucci et al. (1994) Cohort study
No control group

Cohort of 41 patients with thoracolumbar burst 
fractures treated by short segment pedicle screw 
fi xation. Mean follow-up period of 19.9 mo. 
Kyphotic deformity signifi cantly improved 
from 13.4 degrees preoperatively to −1 degrees 
postoperatively. A signifi cant loss of correction 
occurred to a fi nal kyphosis of 5.4 degrees at last 
follow-up examination. Vertebral body height 
followed a similar pattern.

Very low

Boucher et al. (2001) Cohort study
No control group

Cohort of 24 patients treated for lumbar burst 
fractures with short segment pedicle screw 
fi xation. Mean follow-up period of 3.2 ys. 
6 patients had a neurological defi cit. Mean 
kyphosis was 16.9 degrees preoperatively, 
6.3 degrees postoperatively, and 12.4 at last 
follow-up examination. Canal compromise 
improved from 54.4% to 29.6%. SF-36 and 
Oswestry questionnaires found a high level 
of functional outcome, with no correlation to 
radiographic fi ndings.

Very low

Esses et al. (1991) Prospective cohort study
No control group

Prospective multicenter trial evaluating the use 
of the AO internal fi xator for the treatment of 
unstable thoracolumbar injuries, including 61 
burst fractures. 19 patients with neurological 
defi cits, including 5 with Frankel grade A 
injuries. All but 3 patients had short segment 
pedicle screw constructs. Mean kyphosis 
improved from 18 degrees preoperatively 

Very low

Evidentiary Table. (Continued )TABLE 12 .1

(Continued)
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Authors (Year) Description Summary of Results Quality Rating

to 3 degrees postoperatively, with no long-term 
follow-up monitoring. Mean improvement 
in canal clearance was 30%. One patient with 
a grade A injury improved to grade C. No 
instances of pseudarthrosis at 6 mo.

Inamasu et al. (2008)32 Retrospective cohort 
study
No control group

Retrospective cohort of 32 patients with 
unstable injuries from T11-L2 and neurological 
defi cits treated with pedicle screw fi xation 
2 vertebrae above and below the level of 
injury. Patients treated within 7 d of injury. 
Excluded 4 patients treated anteriorly who 
had progressively worsening neurological 
examination. 17 of the patients had burst 
fractures. ASIA classifi cations included 15 
grade A, 8 grade B, 7 grade C, and 2 grade D. 
Mean follow-up period of 18 mo. No ASIA 
grade A and 6/8 grade B patients remained 
nonambulatory. All other patients became 
ambulatory. One case of hardware failure, but 
bony fusions still occurred.

Very low

Kaneda et al. (1997)33 Cohort study
No control group

Cohort of 150 patients with a thoracolumbar 
burst fracture and neurological defi cit treated 
with anterior corpectomy and placement of 
a Kaneda device. Mean follow-up period 
of 8 years. Average kyphosis of 19 degrees 
preoperatively improved to 7 degrees at 
discharge and 8 degrees at last follow-up 
examination. 95% had improvement of at least 1 
Frankel grade. 93% fusion rate, with 10 patients 
requiring posterior instrumentation.

Very low

McDonough et al. 
(2004)

Retrospective cohort 
study
No control group

Retrospective cohort of 30 patients with 
thoracolumbar burst fractures treated with 
anterior corpectomy and Z-plate fi xation. 46% 
of the patients had an incomplete neurological 
defi cit. Mean follow-up period of 27 mo. Mean 
preoperative kyphosis of 18 degrees improved 
to 6 degrees at fi rst follow-up examination 
and 8 degrees at last follow-up examination. 
No statistical analysis performed. All patients 
with neurological defi cits improved at least 
one Frankel grade. One patient required 
supplemental posterior fi xation.

Very low

Payer (2006) Prospective cohort study
No control group

Prospective cohort of 20 patients with 
unstable thoracolumbar junction burst 
fractures treated with a posterior bisegmental 
fi xation followed by anterior corpectomy and 
titanium cage placement. 14 of the patients 
had neurological defi cits. Follow-up period of 
24 mo. Mean preoperative regional kyphosis 
of 16 degrees was improved to 2 degrees of 
lordosis postoperatively. Mean loss of kyphosis 
correction was 3 degrees at 24 mo. No cases 
of hardware failure. 12/14 patients with 
neurological defi cits had average improvement 
of 1.5 grades on the ASIA scale. This included 
3/6 patients with initial complete paraplegia 
(ASIA A) who improved 3 grades. Mean VAS of 
1.6 at follow-up examination.

Very low

Evidentiary Table. (Continued )TABLE 12 .1

(Continued)
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Authors (Year) Description Summary of Results Quality Rating

Tezer et al. (2005) Retrospective cohort 
study
No control group.

Retrospective cohort of 48 patients with 
thoracolumbar burst fracture and associated 
with fl exion-distraction injury. All patients 
treated with combined posterior pedicles 
screws and anterior corpectomy, strut graft, and 
anterior rod. Mean follow-up period of 70 mo. 
Mean correction of kyphosis was 98%. No loss 
of correction at follow-up examination. 8/11 
patients with neurological injury had some 
improvement.

Very low

Viale et al. (1993) Cohort study
No control group

Cohort of 27 patients who underwent 
transpedicular decompression and short 
segment pedicle screw fi xation for the treatment 
of lumbar burst fractures. All patients had a 
neurological defi cit, with 4 patients initially 
being a Frankel grade A. Median follow-up 
period of 18.7 mo. Both kyphosis and 
vertebral body height signifi cantly improved 
postoperatively, but no long-term radiographic 
results were reported. 17 patients exhibited 
complete neurological recovery, and 75% of 
Frankel grade A patients showed improvement.

Very low

Wang et al. (2008) Retrospective cohort 
study
No control group

Retrospective cohort of 27 patients with 
thoracolumbar burst fractures treated with 
short segment pedicle screw fi xation. 6 of the 
patients had incomplete neurological defi cits. 
Mean follow-up period of 2.7 ys. Mean anterior 
vertebral body height ratio signifi cantly 
improved from 44% preoperatively to 90% 
postoperatively. A mean 3.8% loss of height at 
last follow-up examination was not signifi cant. 
Signifi cant improvement in mean Cobb angle 
(16.3–3.1 degrees) and sagittal index (19.3–2.9 
degrees) noted postoperatively. Signifi cant loss 
of correction at fi nal follow-up examination was 
noted with both the Cobb angle (11.5 degrees) 
and sagittal index (8.4 degrees). Authors 
concluded the collapse of the disc contributes 
to 94% of the loss of correction. All patients 
with neurological defi cits improved at least one 
Frankel grade.

Very low

Wiggins et al. (1999) Retrospective cohort 
study
No control group

Retrospective cohort of 21 patients with an 
unstable thoracolumbar burst fracture treated 
with anterior corpectomy, titanium mesh 
cage, and Kaneda device. 11 patients had a 
neurological defi cit but no complete injuries. 
Mean 15-mo follow-up period. Preoperative 
kyphosis of 18.8 degrees improved to 0.1 degrees 
at last follow-up examination. Compared with 
a previously published cohort of burst fractures 
treated with posterior constructs, anterior group 
had better results for correction of kyphosis and 
pain. However, posterior surgical group treated 
with a variety of instrumentation systems 
including Harrington distraction rods and 
Luque rings.

Very low

SF-36, Short Form 36.

Evidentiary Table. (Continued )TABLE 12 .1
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The success of a surgical approach can be 
 measured by many parameters. Historically, radio-
graphic measures such as canal decompression and 
kyphotic angulation have received the most attention. 
However, pain and functional scores are more impor-
tant from the perspective of the patient. Quantifying 
radiographic differences between surgical approaches 
should be qualifi ed with the question of whether these 
differences are clinically signifi cant. Thus, the follow-
ing discussion attempts not only to compare the vari-
ous radiographic outcome measures between surgical 
treatments but also to place them in a clinical context.

Central Canal Decompression
In 1990, Esses et al.34 published a prospective ran-
domized-control trial comparing anterior decompres-
sion and Kostuik-Harrington instrumentation with 
pedicle screw fi xation using the AO internal fi xator in 
the treatment of unstable burst fractures. This study 
was not included in the evidentiary table because the 
anterior instrumentation was outdated and potentially 
contributed to an unusually high loss of correction of 
kyphosis in the anterior group. However, the anterior 
instrumentation should not affect the canal decom-
pression, which was signifi cantly better in the anterior 
(57.1%) group than in the posterior (29.9%) group. This 
study provides good quality evidence that anterior 
surgery is superior to posterior surgery for improving 
canal clearance. Several studies have provided very 
poor quality evidence that canal decompression with 
a posterior approach ranges from 15% to 39%.14,35–37 
As discussed, the benefi t of canal decompression in 
cases of incomplete and complete spinal cord injury 
remains unproven.

Kyphotic Deformity
Sasso et al.38 retrospectively reviewed 53 patients 
with unstable burst fractures treated with either ante-
rior strut graft and plating or short segment pedicle 
screw fi xation. The mean postoperative kyphosis cor-
rection for the anterior (15.3 degrees) and posterior 
(14.1 degrees) groups was not signifi cantly different. 
At a mean follow-up of 53 months, there was signifi -
cantly less loss of kyphosis correction with the anterior 
(1.8 degrees) group than with the posterior (8.1 degrees) 
group, providing poor quality evidence that an ante-
rior approach is superior to a posterior approach for 
maintaining kyphosis correction. In a similar study 
providing poor quality evidence, Hitchon et al.29 
found that posterior surgery resulted in signifi cantly 
more kyphosis at last follow-up examination than an 
anterior approach. This result is diffi cult to general-
ize because the posterior group had an average initial 
kyphosis correction of only 0.7 degrees, which is an 
order of magnitude smaller than any other study. The 
fi nal study offering poor quality evidence by Been and 

Bouma28 found that a loss of more than 5% kyphosis 
correction occurred signifi cantly less often in a com-
bined approach (7%) than with short segment pedicle 
fi xation (68%). However, the fi nal kyphosis angle was 
not different between groups because the posterior 
group was overcorrected initially.

Numerous studies provide very poor quality evi-
dence that posterior short segment pedicle screw fi xa-
tion initially improves kyphotic deformity between 
and 10.3 and 20 degrees.14,35–40 Long-term loss of correc-
tion ranges from 2.2 to 9 degrees, resulting in a net fi nal 
correction of 4.5 to 13.7 degrees. In comparison, very 
poor quality evidence has shown that anterior surgery 
corrects kyphosis between 12 and 18.7 degrees, which 
is similar to posterior results.41–43 However, the anterior 
approach loses only 1 to 2 degrees of correction, with a 
net gain of 10 to 11 degrees. A combined approach has 
similar results to an anterior approach.30,31

Taken together, poor and very poor quality evi-
dence suggests that anterior and posterior approaches 
can gain a similar amount of correction of kyphosis 
but that more loss of correction over time occurs with 
a posterior construct. A recent article by Wang et al.44 
found that 94% of the loss of correction with posterior 
surgery occurs because of collapse of the disk spaces. 
If loss of correction occurs at the disk spaces, then less 
loss would be expected with an anterior approach 
because the disks are removed and replaced with the 
strut graft.

Functional Status and Pain
Despite the better maintenance of kyphosis correction 
than anterior surgery offers, there is a notable lack of 
evidence supporting a clinical benefi t of an anterior ver-
sus posterior approach. In the study by Hitchon et al.29 
anterior and posterior groups did not have signifi cant 
differences in mean Short Form-36 scores, Frankel 
scores, and complication rates despite the signifi cantly 
worse kyphosis in the posterior group at last follow-up 
examination. Likewise, Been and Bouma28 found no 
difference in pain between posterior and combined sur-
gery. Finally, in a cohort of 24 patients treated with short 
segment pedicle screw instrumentation, Boucher et al.36 
found no correlation between radiographic outcomes 
and Short Form-36 or Oswestry Disability Index scores. 
Wiggins et al.43 did report that anterior corpectomy and 
fusion resulted in a better pain outcome than posterior 
surgery. However, the posterior group was a historical 
control group of which a large portion of patients were 
treated with outdated instrumentation constructs such 
as Harrington distraction rods and Luque rings.

Complications and Surgical Morbidity
The evidence suggests that anterior and posterior 
approaches have similar pseudarthrosis rates.28 Very 
poor quality evidence has found a pseudarthrosis rate 
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involve laminectomies with disruption of the  posterior 
elements and are therefore not applicable to this 
case.47,48

Our surgical plan emphasizes those goals we 
believe are most important. The fi rst goal of treatment 
is to not harm the patient, which is why we do not 
emphasize early surgery in this case. The second goal 
is stabilization of the spine, and our proposed con-
struct with pedicle screws two levels above and below 
the burst fracture has been demonstrated to be similar 
to a combined anterior plus posterior construct biome-
chanically. The third goal of functional recovery is not 
affected by the choice of surgical approach. The fi nal 
goals of neural decompression and maintaining correc-
tion of radiographic measurements are better obtained 
with an anterior approach but are of uncertain clinical 
signifi cance and therefore considered less important.

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be man-
aged with surgical stabilization because of the degree 
of kyphotic deformity, neurological injury, and likely 
injury to the posterior ligamentous complex. A poste-
rior approach is favored to address any injury to the 
posterior tension band. After exposure from the level 
of the pedicles of T10 to L3, neural decompression 
would be achieved with a L1 laminectomy. Transpedic-
ular removal of vertebral body fragments would allow 
for further decompression. Pedicle screws would be 
placed bilaterally at T10, T11, L2, and L3. Pedicle 
screws and rods could then be used to introduce distrac-
tion and lordosis across L1. The combination of distrac-
tion and previous removal of vertebral body fragments 
would then allow bony fragments retropulsed into the 
central canal to be pushed back into the vertebral body. 
Finally, autograft and graft extender as needed could 
be placed for a posterolateral arthrodesis.

Grading the Evidence for this Plan
In accordance with the method of grading recommen-
dations set forth by Schunemann et al.,49 our proposed 
treatment would be considered a strong recommenda-
tion. Although there is only low and very low qual-
ity of evidence for outcome measures, the benefi ts of 
spine stabilization are deemed to clearly outweigh the 
risks and morbidity of surgery.

PREDICTING OUTCOMES

The most important outcome from the patient’s per-
spective is recovery of the spinal cord injury. Unfor-
tunately, large studies have found that the chance of 
a functionally meaningful recovery from a complete 

between 0% and 8% for posterior surgery14,37,39 and 7% 
for anterior surgery.41 Very poor quality evidence has 
found that a posterior approach incurs signifi cantly 
less blood loss during surgery and consumes less 
time.34,45

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Available evidence does not provide any strong evi-
dence to guide treatment decisions in this case of an 
L1 burst fracture with a concurrent T12 sagittal split 
fracture and complete conus medullaris spinal cord 
injury. On the basis of the recommendations of mul-
tiple authors and the TLICS scale, this patient should 
be managed with operative treatment. It is doubtful 
that early surgical decompression is a viable option, 
given the patient’s closed head injury. Since there is no 
clear benefi t of early surgical decompression, it would 
be reasonable to wait until the patient’s other injuries 
have stabilized and the risks of surgery minimized.

The mild widening of the posterior elements sug-
gestive of posterior ligamentous disruption favors 
posterior stabilization. Although a posterior approach 
will likely result in mildly more kyphosis long-term, 
current evidence suggests that functional and pain 
outcomes will not be adversely affected with a poste-
rior approach. Because of the adjacent level fracture at 
T12, pedicle screws would be placed two levels below 
and above the level of the burst fracture, although this 
determination is admittedly based on clinical expe-
rience and not data. We are unaware of any clinical 
studies addressing the issue of adjacent burst and sag-
ittal split fractures, so there is no available evidence to 
guide this decision. However, a biomechanical study 
did show that a construct with pedicle screws at four 
levels is superior to an anterior construct and equiva-
lent to a combined anterior plus posterior.46

There is no convincing evidence that decompres-
sion of the canal would improve the neurological out-
come in this patient. On the other hand, there is no good 
quality evidence showing that decompression does not 
improve neurological recovery. Until canal decom-
pression has been convincingly demonstrated to be 
ineffective, we believe that it is reasonable to attempt 
canal decompression to maximize a patient’s chance of 
recovery. In this case, the posterior longitudinal liga-
ment is likely disrupted, and therefore canal decom-
pression would be performed with a laminectomy 
and transpedicular approach instead of by ligamento-
taxis. The laminectomy would also provide autograft 
for a formal fusion, which could be supplemented 
with a graft extender. There are data demonstrating 
that short segment pedicle fi xation for burst fractures 
does not require fusion, but those studies did not 
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patients with posttraumatic acute respiratory distress 
syndrome. Am J Emerg Med. 2008;26:419–424.

 5. Malas MA, Salbacak A, Buyukmumcu M, et al. An inves-
tigation of the conus medullaris termination level during 
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Zasshi. 2001;76:453–459.

 6. Magerl F, Aebi M, Gertzbein SD, et al. A comprehensive 
classifi cation of thoracic and lumbar injuries. Eur Spine J. 
1994;3:184–201.

 7. Aito S. Complications during the acute phase of trau-
matic spinal cord lesions. Spinal Cord. 2003;41:629–635.
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2007;14:265–269.
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burst fractures. Clin Orthop Relat Res. 2001;382:119–123.

 10. Denis F, Armstrong GW, Searls K, et al. Acute thora-
columbar burst fractures in the absence of neurologic 
defi cit. A comparison between operative and nonopera-
tive treatment. Clin Orthop Relat Res. 1984;189:142–149.

 11. Hitchon PW, Torner JC, Haddad SF, et al. Management 
options in thoracolumbar burst fractures. Surg Neurol. 
1998;49:619–626; discussion 626–617.

 12. Shen WJ, Liu TJ, Shen YS. Nonoperative treatment ver-
sus posterior fi xation for thoracolumbar junction burst 
fractures without neurologic defi cit. Spine. 2001;26:1038–
1045.

13. Wood K, Buttermann G, Mehbod A, et al. Operative com-
pared with nonoperative treatment of a thoracolumbar 
burst fracture without neurological defi cit. A prospec-
tive, randomized study. J Bone Joint Surg Am. 2003;85-
A:773–781.

 14. Benson DR, Burkus JK, Montesano PX, et al. Unsta-
ble thoracolumbar and lumbar burst fractures treated 
with the AO fi xateur interne. J Spinal Disord. 1992;5:
335–343.

 15. Willen J, Anderson J, Toomoka K, et al. The natural his-
tory of burst fractures at the thoracolumbar junction. 
J Spinal Disord. 1990;3:39–46.

 16. Vaccaro AR, Lehman RA Jr, Hurlbert RJ, et al. A new 
classifi cation of thoracolumbar injuries: the impor-
tance of injury morphology, the integrity of the poste-
rior ligamentous complex, and neurologic status. Spine. 
2005;30:2325–2333.

 17. Rihn JA, Anderson DT, Harris E, et al. A review of the 
TLICS system: a novel, user-friendly thoracolumbar 
trauma classifi cation system. Acta Orthop. 2008;79:
461–466.

 18. Fehlings MG, Perrin RG. The timing of surgical inter-
vention in the treatment of spinal cord injury: a system-
atic review of recent clinical evidence. Spine. 2006;31:
S28–S35; discussion S36.

 19. Vaccaro AR, Daugherty RJ, Sheehan TP, et al. Neurologic 
outcome of early versus late surgery for cervical spinal 
cord injury. Spine. 1997;22:2609–2613.

 20. McKinley W, Meade MA, Kirshblum S, et al. Outcomes 
of early surgical management versus late or no surgical 
intervention after acute spinal cord injury. Arch Phys Med 
Rehabil. 2004;85:1818–1825.

 21. Pollard ME, Apple DF. Factors associated with improved 
neurologic outcomes in patients with incomplete tetra-
plegia. Spine. 2003;28:33–39.

 spinal cord injury is not good. Benzel and Larson50 
reported that all 34 patients with complete spinal cord 
injuries after thoracic or lumbar spine injuries achieved 
no neurological improvement. Another large study 
of 154 patients with spinal cord injuries secondary to 
motor vehicle accidents found that 93% of patients 
with complete injuries had no improvement.51 There is 
reason to give patients some small measure of hope, 
however, as reports of grade A injuries improving 2 or 
3 grades have sporadically been published.30,37

The literature suggests at least a 90% chance of 
solid bony fusion.14,37,39 Over time, approximately 
5 degrees of kyphosis would recur, which would be 
clinically insignifi cant.14,35–40

We would counsel the patient that the goal of sur-
gery is to stabilize the spine to allow for mobilization. 
Although we would decompress the spinal cord and, 
in theory, maximize the chance of neurological recov-
ery, it would be performed with the understanding 
that signifi cant recovery is doubtful. In our experience, 
functional impairment from a surgical fusion is mini-
mal compared with the disability of a complete spinal 
cord injury. As such, the risks and morbidity of a thora-
columbar surgery are acceptable in this case, given the 
severity of the injury.

SUMMARY

We are presented with a 41-year-old man who has 
incurred both an L1 complete burst fracture and a 
T12 sagittal split fracture with an associated complete 
spinal cord injury. A posterior surgical approach for 
decompression and stabilization is warranted given 
the degree of kyphosis, neurological injury, and like-
lihood of posterior ligamentous injury. The patient’s 
functional outcome will be limited by recovery of 
the spinal cord injury. Radiographically, some mild 
kyphosis will likely occur over time without clinical 
consequence.
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 without imaging. The traditional means of imaging 
would have included an anteroposterior (AP), odon-
toid, and lateral cervical plain radiographs. If such 
fi lms revealed evidence of an injury, then a CT would 
be indicated to characterize that injury, but if no evi-
dence of injury was identifi ed, then, given the history 
of pain and trauma, a CT scan would still be indicated 
to look for more occult pathology. With this thought 
process in mind and given the literature on helical CT 
scanning as a screening tool in trauma, this patient 
would proceed directly to a helical CT scan as the pri-
mary means of evaluating her for a cervical fracture, 
subluxation, or dislocation.

Figure 13.1A–F shows images from her CT evalua-
tion. Figure 13.1A is a sagittal cut through the left fac-
ets and demonstrates a minimally displaced fracture of 
the superior facet of C4, but it involves almost the entire 
facet, which is nicely shown in the magnifi ed view of 
Figure 13.1E. The joint itself is not dislocated, but the 
inferior facet of C3 is following the fractured superior 
facet of C4 as it shifts forward. In Figure 13.1B, we see a 
midsagittal image slightly to the left and there appears 
to be a minimal anterolisthesis of C3 on C4, but in Fig-
ure 13.1C, there is a midsagittal image slightly to the 
right without an anterolisthesis, implying that there is 
a rotational component. The axial view in Figure 13.1F 
confi rms the rotation with forward subluxation on the 
left since the posterolateral corner of the C3 body is 
shifted anterior to the C4 uncinate process. Also, the 
facet fracture on the left is again seen with a normal 
right facet joint in this view. Figure 13.1D is a sagittal 
cut through the right facet and is normal.

These radiographic fi ndings clearly explain the 
neck pain. This pattern of injury could potentially be 
associated with a spinal cord injury but more com-
monly would include a root injury (C4 in this case) if 
there was a neurological injury. In this specifi c case, it 
might be diffi cult to fully rule out a root injury because 
the C4 root is cephalad to the roots that make up the 
brachial plexus making a specifi c sensory-motor exam 
unreliable. At this level, a subtle root injury would 
be unlikely to alter the decision making; thus, it is 
unnecessary to consider it further.

C4 Fracture
J O H N  C.  F R A N C E ,  M D

EDITORS’ CASE 
PRESENTATION

A 52-year-old woman presents to the emergency 
department after being rear-ended in her car. She 
presented in a cervical collar with a complaint 
of  neck pain and left shoulder pain. She had no 
other associated injuries. She works as a real-
estate agent and relies on her voice for her 
livelihood.

Physical examination demonstrates that she is 
neurologically intact to motor, strength, and refl ex 
testing of  the upper and lower extremities. She 
has pain to palpation in the upper cervical spine 
but no palpable deformities or step-off. Rectal 
tone is normal and perianal sensation is intact.

Radiographic images are shown in 
Figure 13.1A–F.

INTERPRETATION OF CLINICAL 
PRESENTATION

Because this is a low-energy motor vehicle accident, 
it is likely that the initial patient evaluation will be 
made by the emergency room physician. Although 
low energy, it does represent a trauma and the patient 
should be evaluated with a primary and secondary 
survey according to ATLS (Advanced Trauma Life 
Support) protocols. Based on the history given, we 
know that her only complaint and relevant fi nding 
is neck pain radiating to her shoulder. Because the 
radiating pain does not extend beyond her shoulder 
and her motor and sensory exam are intact, the pain 
likely represents musculoskeletal pain rather than 
neurological pain.

Given that no associated injuries are identifi ed, 
a decision must be made regarding cervical clear-
ance or the need for further radiographic assessment. 
Because she has neck pain, this patient would not meet 
the NEXUS or Canadian C-spine rules for clearance 
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Additional imaging may be justifi ed. If one is 
 considering nonoperative treatment as an option, 
which is a possibility in this patient, then an AP and 
lateral plain fi lms should be done as a baseline that 
could be used in comparison to future fi lms to rule 
out interval increase in subluxation. An MRI would 
give additional information regarding the discoliga-
mentous status that may alter the decision between 
nonoperative and operative management and may 
alter the direction of surgical intervention (posterior 
vs. anterior). It could reveal disruption of the posterior 
ligamentous complex greater than expected from the 

subtle subluxation on the CT images. Such a fi nding 
would confi rm the need for surgical stabilization. Also 
a signifi cant disc herniation could make the anterior 
approach favorable.

If an MRI is ordered, then it should be a trauma pro-
tocol with sagittal short T1 inversion recovery (STIR) or 
other T2 fat-suppressed series to highlight edema or lig-
amentous disruption. If based on the CT images one has 
decided to pursue surgical treatment and the surgeon’s 
preferred direction of surgical stabilization for this frac-
ture is anterior, then the information to be gained from 
an MRI would be superfl uous. Because the  subluxation 

Figure 13.1.
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137, 446, and 123 articles, respectively, with much 
 overlap between searches. The titles were reviewed, 
and abstracts potentially pertaining to or possibly 
including treatment of unilateral cervical facet frac-
tures were read. From these abstracts, 40 articles were 
selected that dealt specifi cally with unilateral facet 
fractures or the broader topic of unilateral facet dislo-
cations that could potentially be pertinent to or include 
some discussion of facet fractures without dislocation. 
These articles were read and their references searched 
for any additional relevant articles.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Most articles reviewed dealt primarily with unilateral 
facet-dislocations or fracture-dislocations. The litera-
ture available to guide treatment of unilateral facet 
fractures without dislocation is much more limited. 
With the current practice of using helical CT scans 
as the means of radiographically screening trauma 
patients for injury, the identifi cation of unilateral facet 
fractures with minimal to no displacement seems to 
have increased.1

Predicting Early Instability
Because the most important early goal is to prevent loss 
of alignment and potential new onset of neurological 
defi cit, one must attempt to predict which injuries are 
most likely to be unstable. There are three articles that 
look at CT and one using MRI parameters to defi ne 
which facet fractures are the most unstable.

The only article using MRI is from 1997 and was a 
retrospective review of 24 unilateral facet/lateral mass 
fractures, most of which were initially nondisplaced 
or minimally displaced.2 Twelve patients were treated 
operatively and 12 nonoperatively. The anterior lon-
gitudinal ligament (ALL), posterior longitudinal liga-
ment (PLL), the interspinous ligament, and the facet 
capsules were assessed for injury. The operative group 
included seven patients considered to be minimally or 
nondisplaced (<1–2 mm) on the initial CT that subse-
quently displaced in either a Minerva brace or Miami-J 
collar. They did not report any late development of 
neurological defi cit, but six of the seven had evidence 
of injury to at least three of the ligamentous structures 
evaluated on MRI. In the nonoperative group, there 
were three patients who also had injury to at least 
three structures but were lost to follow-up. The other 
 nonoperative patients had less ligamentous injury.

Three studies looked at CT alone as a predictor 
of instability. In 1994, Shanmuganathan et al.3 used 
CT scans of 40 patients to look at the incidence and 
role of facet fractures in unilateral facet dislocations. 
They found the incidence to be 73% and that injury 

is  minimal and little reduction will be required, the 
concerns about creating a neurological defi cit from an 
unrecognized disc herniation during a posterior stabi-
lization are not prominent in this case. Therefore, even 
if one had decided that this patient required surgi-
cal stabilization and the surgeon preferred a posterior 
approach, then the MRI may also be unnecessary.

DECLARATION OF SPECIFIC 
DIAGNOSIS

The diagnosis is a left unilateral superior facet frac-
ture with mild rotary subluxation of C3 on C4 without 
 neurological defi cit.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

The treatment goals for this patient can be divided into 
early and long-term goals. The initial goal is to impart 
enough stability to avoid further subluxation and neu-
rological injury. The amount of subluxation is minimal 
and restoration of alignment may not be critical, but 
one would want to avoid further subluxation. The 
method chosen to establish enough stability to allow 
bony healing of the superior facet to create long-term 
stability should allow early and full mobility of the 
patient.

In the long-term, the goal of treatment is to maxi-
mize function. The greatest factor determining this will 
be the amount of pain that the patient is experiencing 
so minimizing late pain is probably the dominant long-
term goal. Secondarily, it would be good to preserve 
motion across the C3-4 segment but not at the cost of 
pain that limits function.

The options for treatment are as follows:

 1. Immobilization in a rigid collar
 2. Immobilization in cervicothoracic orthosis or a 

halo-vest
 3. Anterior discectomy and fusion at C3-4
 4. Posterior fusion at C3-4, potentially C3-5
 5. Anterior-posterior fusion C3-4.

EVALUATION OF THE LITERATURE

A literature search was performed using PubMed as 
the data base search engine. A variety of search terms/
phrases were used to identify articles pertaining to facet 
fractures. We used cervical facet fractures, facet frac-
tures, and facet fracture-dislocation, which  identifi ed 
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measures. Of the 18 patients treated nonoperatively, 17 
were nondisplaced superior facet fractures. There were 
a total of 40 nondisplaced facet fractures (32 superior 
and 8 inferior); the remainder of these patients were 
treated surgically. The surgical group was divided into 
early (<18 months) and late (>18 months) follow-up. 
The later operative follow-up group had the best out-
comes. The SF36-PCS was statistically better for the 
surgical group as compared to the nonsurgical group 
(p = 0.017). In addition, the SF36-BP and NASS PD 
scores trended to favor the surgical group (p = 0.22 and 
p = 0.074 respectively). Scores for both the operative 
and nonoperative groups were below normative data.

One study found no effect of preinjury canal diam-
eters on neurological or pain outcomes.12 Only initial 
neurological injury and fracture severity appeared to 
infl uence the end result.

Approach for Surgery (Anterior or 
Posterior)
There are no studies that directly compare surgical 
approaches for this specifi c injury pattern (nondis-
placed facet fracture) and no studies that prospectively 
compare anterior versus posterior surgery for facet dis-
locations. Traditionally, facet injuries have been handled 
posteriorly due to favorable biomechanics, but anterior 
procedures may be able to achieve enough clinical sta-
bility to provide good end results.13 There are only ret-
rospective case series that look at anterior and posterior 
stabilization procedures. Dvorak et al.11 could not reach 
any conclusions that favored one approach over the 
other due to sample size. Renaudin et al.14 found that 
four patients with facet chip fractures with subluxation 
who also had radiculopathy benefi ted from the posterior 
approach that afforded more direct access for foraminal 
decompression of the offending bony fragment. Rabb et 
al.15 demonstrated satisfactory results from anterior dis-
cectomy and fusion for unilateral facet fractures with at 
least 2 mm subluxation. Johnson et al.16 were also able 
to obtain good results in 87% of patients with traumatic 
cervical fl exion distraction injuries using anterior cervi-
cal plating, but they raised concern for failure of fi xation 
in those patients who had vertebral endplate fractures 
and facet  fractures (13% loss of reduction).

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

From the above articles, we have selected those that 
are most pertinent to this case study of a nondisplaced 
or minimally displaced cervical facet fracture in a neu-
rologically intact patient and included them in an evi-
dentiary table (Table 13.1). From this data, we can offer 
a treatment plan to address both the goal of early stabi-
lization and late satisfactory functional outcomes.

occurred at a greater rate at the more caudal segments. 
 Interestingly, they asserted that the facet fractures cre-
ated greater instability, but noted that when a facet frac-
ture was present, there was a statistically signifi cantly 
lower incidence of neurological injury (p = 0.006). More 
recently, Ebraheim et al.4 studied facet morphology in 
cadavers and on patient CT scans and found that dislo-
cation was more common at C5-6 and C6-7. The supe-
rior articular facets at C6 and C7 had signifi cantly less 
slope relative to the horizontal, less height, and smaller 
AP diameter relative to the more cephalad facets. They 
felt this variation in anatomy made dislocation easier 
in the event of injury to the caudal levels.

The best attempt to use radiographic fi ndings to 
predict which patients will fail nonoperative treatment 
comes from Spector et al.5 who looked retrospectively at 
24 patients with unilateral facet fractures who were all 
initially treated nonoperatively. Five of these patients 
failed nonoperative treatment (four subluxated, one 
increased radiculopathy). The presence of radiculopa-
thy and the location of superior or inferior facet did 
not correlate with failure. The two factors that were 
most predictive of failure were the absolute height of 
the fracture as measured on a sagittal CT reconstruc-
tion (p = 0.0002) and the fracture height as a percent of 
the intact contralateral lateral mass (p = 0.026). In fact, 
no patient with <1 cm actual height or <40% relative 
height failed nonoperative treatment. Although there 
was no signifi cant progression in neurological defi cit 
in the above studies with external immobilization, 
there is a case report of transient tetraparesis from an 
unrecognized superior facet fracture.6

Compliance with immobilization devices was con-
sidered by Kalayci et al.7 They reported two patient cases, 
one of which failed nonoperative management (defi ned 
as increased subluxation requiring surgery) who was 
noncompliant and another who successfully completing 
nonoperative treatment who was compliant.

Predicting Late Pain and Outcomes
Comparisons between nonoperative and operative 
management of unilateral facet dislocations have been 
retrospectively studied in larger case series,8–10 and 
operative treatment has been demonstrated to be supe-
rior for maintenance of anatomic alignment, avoid-
ance of late surgery, and minimizing late pain. Only 
one study is available that compares operative and 
nonoperative Health Related Quality of Life (HRQoL) 
outcomes for cervical facet fractures.11 Dvorak et al. ret-
rospectively looked at 90 patients with cervical facet 
fracture that included displaced and nondisplaced 
fractures. They used the SF-36 with focus on the bodily 
pain (BP) and physical component score (PCS), and the 
American Academy of Orthopaedic Surgeons (AAOS)/
North American Spine Society (NASS) cervical spine 
questionnaire (NASS PD) as their primary outcome 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Spector et al. (2006) Retrospective cohort study
No control group

24 patients with unilateral minimally 
displaced facet fractures
All nonoperatively treated, fi ve fail due 
to subluxation or increased radicular 
complaints
Height of facet fracture (1 cm) and 
percent height of facet fracture relative 
to contralateral intact lateral mass (40%) 
correlate with loss of reduction and late 
surgery

Low

Dvorak et al. (2007) Retrospective cohort study 
compares nonoperative and 
operative HRQoL outcomes
Outcomes compared with 
normative data

90 patients unilateral facet injuries
Includes 32 superior facet fractures without 
displacement
Compare late outcomes for function and 
pain between operative and nonoperative 
groups
All patients scored lower than normative 
data, but the operative patients appear to be 
statistically better on SF 36-PCS and trend 
better on SF 36-BP and NASS PD

Moderate

Johnson et al. (2004) Retrospective case series 107 patients with cervical fl exion distraction 
injuries treated operatively via anterior 
approach
13% loss of reduction
Patients with facet fractures and vertebral 
endplate fractures at greatest risk

Very low

Evidentiary Table.TABLE 13.1

It appears that early stability can be inferred from 
the CT evaluation. Although MRI scans are playing a 
larger role in assessment of this type of injury, there 
have been no studies since Halliday2 in 1997 that have 
looked at the role of MRI in predicting stability of 
nondisplaced facet fractures. Halliday looked at four 
ligamentous components, namely, the facet region, 
interspinous ligament, ALL, and PLL and concluded 
that injury to at least three of the four constituted insta-
bility. Our case does not provide an MRI so these data 
are not included in our treatment decision. But, an MRI 
as part of the decision process for this type of patient 
may be worthwhile. The best data about CT come from 
the Spector study.5 It would support an initial course 
of nonoperative treatment and would predict that spi-
nal alignment could be maintained with hard collar 
immobilization to defi nitive healing. The height of our 
fracture is <1 cm and <40% of the intact contralateral 
lateral mass. In their study, no patient suffered loss of 
alignment when those criteria were met so this would 
favor a nonoperative approach.

Since we can assume that nonoperative treatment 
has a good probability of maintaining alignment, 
the next issue is one of late functional and pain-
related outcomes. The only study available to aid us 

in our  treatment decision is the one by Dvorak et al.11 
Because 17 of the 18 patients treated nonoperatively 
had  minimally displaced superior facet fractures, we 
can gain signifi cant insight since this matches our case 
example. The pain and disability outcome measures in 
this study statistically signifi cantly favored the opera-
tive treatment group in those followed >18 months. The 
actual scores were only 8% to 10% improved making it 
diffi cult to determine whether or not they are clinically 
signifi cant. On the other hand, the operative patients as 
a whole had more severe injuries. Because that group 
included the dislocations, one would expect any bias 
to favor the nonoperative group. Perhaps this strength-
ens their conclusions that operative treatment should 
be considered for all facet fractures. Based on this data, 
one would have to favor an operative approach even if 
the alignment could be maintained in a collar.

Lastly, if operative treatment is selected, the next 
step is to determine whether the fusion should be 
done anteriorly or posteriorly. The current literature fails 
to defi nitively dictate in favor of either approach so 
this remains entirely up to the surgeon. We can offer 
some guidance from what is available. The posterior 
approach remains an excellent option, has been used 
for a long time, and is sound biomechanically. It does 
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involve turning the patient prone, which carries some 
displacement risk, and it is more destructive to soft 
tissues, namely the paraspinal muscles. The poste-
rior approach offers a more direct means of foraminal 
decompression that may have resulted from the frac-
ture fragment, which would be unnecessary in this 
case of a neurologically intact patient. The anterior 
approach, although not as strong biomechanically, can 
provide clinically adequate stability for this purpose. If 
used in the face of facet fracture, one has to be careful 
since the facets may not provide enough translational 
stability, particularly if the motion segment is overd-
istracted during graft insertion. Thus, either an ante-
rior or posterior approach can be chosen based on our 
evidence.

DEFINITIVE TREATMENT PLAN

For our patient, I would recommend operative 
 stabilization and would perform it through a posterior 
approach. The patient is neurologically intact, so no 
decompression is necessary. Even in the face of radicu-
lopathy, the evidence does not require decompression 
or even surgery for a reasonable rate of resolution. The 
density of any radiculopathy would have to be factored 
in the decision but is not required for our patient.

Given the size of the superior facet fracture in this 
patient, one could be confi dent that further displace-
ment is unlikely even with nonoperative treatment. 
The concern that I have for this individual patient is 
that there is already some mild rotary subluxation. This 
is clearly not a dislocation or even a perched facet, but 
the amount of rotary subluxation or fracture displace-
ment that would be considered “nondisplaced” is not 
well elucidated in any of the literature reviewed. There 
is some reference to 2 to 3 mm and 11 degrees of angu-
lation (no angulation present in our patient), but this 
is clearly not a nondisplaced fracture. The amount of 
displacement and the knowledge that functional and 
pain outcomes tend to be better with surgical manage-
ment would push me over the edge toward surgical 
treatment. One would not be faulted for choosing non-
operative treatment because even in the unlikely event 
of increased subluxation in the collar, the risk of sig-
nifi cant neurological deterioration is unexpected and 
not reported in the literature reviewed. Additionally, 
it could be argued that the improvement in functional 
outcome measures is minimal and late pain could be 
addressed with a fusion procedure at that time. In my 
practice, it is rare for a patient to return with enough 
complaints of pain or dysfunction to warrant a late 
fusion.

I have traditionally stabilized these injuries with 
a posterior approach since that is the region of injury. 
If the superior facet fracture was a little larger and I 

thought the lateral mass would not hold a screw to allow 
a two-level posterior fusion, then I would approach 
this anteriorlym, taking great care to not overdistract 
and achieve good extension to minimize the risk of loss 
of reduction. In this case, the approach should be cho-
sen based on the procedure with which the individual 
surgeon is most comfortable and familiar.

Grading the Evidence for this Plan
The grade of recommendation is being determined 
in accordance with the guidelines set forth by Schun-
emann et al.17 The quality of studies forming the basis 
for a decision to recommend surgery is low to moder-
ate and for the direction of approach is low. The stud-
ies are all retrospective and either cohort or case series 
with no prospective or randomized clinical trials. The 
studies used in the review and evidentiary table make 
up only part of the fi nal strength of the recommenda-
tion for treatment. The fi nal strength of recommen-
dation must include a consideration of the benefi ts, 
harms, and burdens of the proposed interventions. 
Also, surgeon expert opinion and experience as well as 
patient factors such as comorbidities and preferences 
should be taken into account.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al., our 
proposed treatment would be considered a weak rec-
ommendation. The potential harm to the patient by 
selecting nonoperative treatment appears to be subtle 
in the way of mild pain or functional defi cit and the 
nonoperative approach would be less costly initially. 
However, the patient numbers in all studies are rela-
tively low, and thus care must be taken when deter-
mining the fi nal treatment recommendation. This is a 
case where a clear discussion with the patient to deter-
mine their concerns and desires will play a large role in 
the fi nal treatment decision.

PREDICTING OUTCOMES

The only literature available to assess HRQoL out-
comes for this group of patients is that of Dvorak et al., 
which would indicate that no matter which treatment is 
selected, the patient’s pain and function measures will 
remain less than normative data even after 18 months 
postinjury. With operative treatment, the outcome mea-
sures can be slightly improved. If one chooses nonoper-
ative treatment but remains vigilant on follow-up (i.e., 
upright x-rays are taken prior to discharge and after 
1–2 weeks), then any subsequent displacement can be 
detected early and treatment can be changed to opera-
tive care. The risk of neurological deterioration while 
immobilized in a collar appears to be unlikely.

I frequently begin nonoperative treatment for 
those facet fractures that are nondisplaced and only on 
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occasion need to switch to surgical care. Similar to the 
literature, I have not experienced neurological deterio-
ration with additional subluxation in these patients. 
I follow these patients 1 to 2 years postinjury, although 
many trauma patients are lost to follow-up. It is rare 
that they have enough pain or dysfunction to consider 
late fusion procedures. The persistence of radiculopa-
thy with persistent root compression is the exception, 
but this is not the case in our case example. This is defi -
nitely a patient whom I would directly involve in the 
treatment decision process since the literature-derived 
treatment recommendations are weak.

SUMMARY

Our patient has a minimally rotationally subluxated 
unilateral superior facet fracture and is neurologically 
intact. How much of this rotary subluxation is accept-
able is very unclear in the literature. Based on the 
size of the fragment, it is unlikely to displace further 
with nonoperative treatment. However, the late pain 
and functional status of the patient can perhaps be 
improved with operative treatment. Although this is 
a patient and injury I would treat operatively, this rec-
ommendation is weak and a choice for nonoperative 
treatment could not be faulted as long as the follow-up 
was vigilant. The approach to surgical treatment is 
based on surgeon’s preference.
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the conus medullaris or cauda equina. Her physical 
examination is remarkable for mild symmetric hyper-
refl exia. Her gait and motor exam are reassuring, in the 
sense that there is no evidence of an upper or lower 
motor neuron lesion. A lower motor neuron defi cit 
would suggest signifi cant nerve root dysfunction, 
while an upper motor neuron defi cit would indicate 
compression of the spinal cord or cerebral involve-
ment. It is important to remember that renal cell car-
cinoma has a propensity for intracerebral metastasis, 
which could manifest solely as unilateral leg weakness 
in this setting.

The patient had recently undergone an L4 kypho-
plasty. The procedure involves the injection of polym-
ethylmethacrylate (PMMA) into the vertebral body 
using a percutaneous transpedicular approach.2 In 
contradistinction to vertebroplasty, kyphoplasty uti-
lizes a balloon to locally dilate the vertebral body prior 
to injection of the cement. Kyphoplasty has been pur-
ported to offer greater vertebral body height restora-
tion with less risk of cement extravasation; however, 
the relative merits of the two techniques are contro-
versial.3 In the setting of spinal malignancy, verte-
bral augmentation has been used to provide relief of 
mechanical back pain by stabilizing the pathological 
collapse of the vertebral body.4

The available images demonstrate the metastatic 
tumor of L4 and confi rm that a kyphoplasty had 
been performed at this level. Figure 14.1A–D shows 
T2-weighted images in the sagittal and paramedian 
planes. The sagittal alignment of the spine is preserved, 
and normal lumbar lordosis is present. There is no evi-
dence of vertebral body collapse at any of the lumbar 
levels. In the midsagittal plane, there is no signifi cant 
central stenosis. However, on the parasagittal images, 
it becomes apparent that there is attenuation of the 
thecal sac by epidural tumor along the posterolateral 

EDITORS’ CASE 
PRESENTATION

A 68-year-old woman with a history of  known 
metastatic renal cell carcinoma presents with a 
history of  a destructive lesion of  L4. She has a 
primary complaint of  left leg pain, with a lesser 
complaint of  back pain. She underwent a kypho-
plasty about a month and a half  ago that did 
not improve her pain. Lower extremity pain is 
described as radiating into her thigh, down to the 
knee, and intermittently into the lower leg. She 
has no bowel or bladder complaints.

Physical exam demonstrates that her gait is nor-
mal. She has decreased sensation in the left L4 
distribution. Strength is 5/5 in the upper and lower 
extremities. Her refl exes are 2+ in the upper and 
lower extremities. She has negative straight leg 
raises. Alignment of  the cervical spine is grossly 
normal.

Radiographic imaging studies are demonstrated 
in Figures 14.1 to 14.3.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a woman with spinal 
metastasis secondary to known renal cell carcinoma. 
Her chief complaint is that of pain, primarily localized 
to the left leg, but involves her back to a lesser extent. 
The right leg is not affected. The fact that her pain peri-
odically radiates below the knee suggests that there is 
a radicular component to her symptoms.1 It is impor-
tant to note that her bowel and bladder are unaffected, 
which is crucial when contemplating involvement of 
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Figure 14.1.

Figure 14.2.
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Figure 14.3.

aspect of the vertebral body. The left L4 pedicle is also 
expanded by tumor. The overall effect is compression 
of the left L4 nerve root within the lateral recess and 
L4/5 neural foramen. Note the area of hypointensity 
within the vertebral body; this is the PMMA that had 
been injected previously during the kyphoplasty.

Figure 14.1E is a T1-weighted sagittal MRI that 
again demonstrates the adequate sagittal alignment 
of the spine. This image is without gadolinium con-
trast, so the pathology of L4 is represented by areas of 
hypointensity within the posterior vertebral body. The 
intensely hypointense region is the PMMA.

The T2-weighted axial MR images provided in 
Figure 14.2 are most helpful in defi ning the radiologic 
pathology. Figure 14.2A represents a slice through the 
L3-4 disc space, and the remaining cuts continue cau-
dally. Of particular importance is the T2-isotense tumor 
involving the left L4 posterior vertebral body and pedi-
cle. This results in severe stenosis of the left L4 lateral 
recess, undoubtedly contacting and compressing the 
exiting left L4 nerve root. Further caudally (Fig. 14.2E), 
both nerve roots are seen exiting their respective 
foramina, indicating that the left L4 nerve root remains 
intact. This likely explains part of the patient’s symp-
tomatology, namely the left radicular pain. There is 
some displacement of the thecal sac medially due to 
the mass, although this does not result in severe central 
canal stenosis. Note that the left superior facet of L4 is 
partially involved with tumor but sparing the remain-
ing facet joints above and below the tumor.

Figure 14.3A–D shows axial CT images (bone-win-
dow algorithm) and is best at illustrating the PMMA 
from the kyphoplasty procedure and the extent of 
bone destruction by tumor. Note the local destruction 
of bone involving the posterior aspect of the vertebral 
body. The injected PMMA is evident as the intensely 
hyperdense material within the vertebral body. The 
PMMA was injected unilaterally along the left pedi-
cle, and PMMA is visible along the cannulation path. 
A small amount of PMMA is evident anterior to 
the vertebral body, which represents extravasation 
of cement (Fig. 14.3C). On CT, the tumor is barely 

visible as a slightly hyperdense mass coinciding with 
the tumor’s location on the MR images.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient is experiencing left radicular lower 
extremity pain and axial back pain secondary to 
metastatic involvement of the left L4 vertebral body, 
pedicle, foramen, and facet. Her main complaint is left 
L4 radiculopathy due to metastatic epidural tumor 
involving the L4/5 neural foramen and lateral recess. 
The previous kyphoplasty was not successful because 
this procedure is indicated for painful vertebral body 
fracture. In the present case, the tumor only involves 
the posterolateral aspect of the vertebral body, and 
therefore there is no vertebral collapse. Although 
some kyphoplasty cement is located in the left L4 
pedicle, the cement does not appear to be compress-
ing the nerve root.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Preservation of neurological status
 2. Decompression of compressed neural elements
 3. Restoration of segmental stability
 4. Provision of symptomatic relief

The treatment options are

 1. Radiation therapy
 2. Posterior decompression
 3. Posterior decompression and stabilization
 4. Anterior decompression and stabilization
 5. Combined anterior/posterior decompression 

and stabilization
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surgery and radiotherapy more so than radiotherapy 
alone. These data are helpful in designing treatment 
algorithms for patients with spinal metastatic disease 
and emphasize the importance of acting quickly before 
paraplegia occurs. An important exception to this strat-
egy is the presence of radiosensitive tumors, for which 
radiation may be given up front.

The study by Patchell et al.8 provides good clinical 
evidence regarding the effi cacy of surgery and radio-
therapy to functional outcome. A recent prospective, 
multicenter study by Ibrahim et al.9 focused on these 
patients’ quality of life. Several clinical parameters 
were analyzed, including the type of surgery per-
formed (i.e., en bloc vs. debulking procedure or pal-
liative decompression) and overall survival. Quality of 
life parameters included preoperative and postopera-
tive mobility status, neurological impairment, conti-
nence, and daily activity performance. A total of 223 
patients were included in the study. Postoperatively, 
71% of patients reported improved pain control. Dur-
ing the follow-up period, 53% of patients regained or 
retained their ability to mobilize independently, and 
39% regained urinary continence.

Although the literature suggests that a more exten-
sive surgical excision is associated with prolonged 
survival,7,10,11 there is no randomized data dictating 
which procedure should be performed for any given 
patient. Recent advancements in technical and hard-
ware technology have made aggressive anterior-poster 
tumor resection and reconstruction feasible.12–14 Prior 
to this, surgery consisted of laminectomy alone. This 
was often associated with a poor outcome since the 
procedure led to signifi cant iatrogenic instability if the 
anterior column was weakened by tumor.15

One of the features of the clinical case included in 
this discussion is the kyphoplasty that was performed 
on our patient. This procedure does have merit in the 
management of metastatic spine disease, provided the 
appropriate indications are followed. A prospective 
study by Pfl ugmacher et al.16 reports a 2-year evalua-
tion regarding the effi cacy of kyphoplasty for vertebral 
body collapse secondary to metastasis. A pain visual 
analogue scale (VAS) and the Oswestry Disability 
Index (OSD) were recorded from 65 patients preopera-
tively and at 3, 6, 12, and 24 months postoperatively. 
The mean outcome of these scales improved postop-
eratively (p < 0.0001) and remained stable during the 
24-month follow-up period. The authors concluded 
that kyphoplasty provides long-term pain relief and 
improved functional status for appropriately selected 
patients. Patients who may benefi t from kyphoplasty 
include those experiencing refractory pain due to 
pathological compression fractures. Contraindications 
for the procedure include epidural compression of the 
neural elements and pain that is primarily radicular in 
nature.17,18

EVALUATION OF THE LITERATURE

To provide an evidence-based treatment plan, a com-
prehensive literature search was carried out on meta-
static tumors of the spine. Embase, Medline, and the 
Cochrane Review databases were interrogated with 
the following key words: “spine,” “metastasis,” “insta-
bility,” “decompression,” “radiculopathy,” “fusion,” 
“vertebroplasty,” and “kyphoplasty.” The key words 
“spine and metastasis” were sequentially combined 
with the other key words during the literature search 
process. All searches were limited to English articles 
published between 1974 and 2009. Articles specifi -
cally limited to regions of the mobile spine aside from 
the lumbar spine were excluded. The search strategy 
revealed a total of 3,218 publications among the data-
bases. Of these, 294 articles were relevant to the clinical 
question. These abstracts were reviewed, and of these, 
26 papers were selected for in-depth analysis.

DETAILED REVIEW OF PERTINENT 
ARTICLES

When contemplating surgery, consideration is given to 
the neurological status of the patient, the type of tumor 
the patient has, the stage of the spinal tumor, the radi-
osensitivity of the tumor, the chemosensitivity of the 
tumor, and the presence of medical comorbidities.5,6 
An expected survival >3 months is suggested in the 
literature before surgery is offered.7 These parameters 
are built on experience and observational studies, so 
the evidence supporting these algorithms is poor.

The vast majority of articles published regarding 
the surgical management of epidural spinal disease 
were of low-quality evidence. Of the literature avail-
able to the search parameters, only one randomized, 
nonblinded trial is published.8

The landmark study by Patchell et al.8 randomized 
patients with metastatic epidural spinal cord compres-
sion into two arms: those treated with radiotherapy 
alone and those treated with decompressive surgery 
and radiotherapy. We should point out that all patients 
in this trial had spinal cord compression by metastatic 
tumor. Patients with radiculopathy alone were not 
candidates for the trial; however, it is still the best evi-
dence we have comparing surgical and nonsurgical 
treatment.

A clear benefi t to the surgical arm was noted, 
with respect to preserving ongoing mobility (122 vs. 
13 days, p = 0.003) or recovery of mobility (62% vs. 
19%, p = 0.01). According to this data, patients who 
retained some degree of lower extremity motor func-
tion (i.e., were not completely paraplegic beyond 48 
hours), who had limited medical comorbidities, and 
had a life expectancy beyond 3 months benefi ted from 
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excision may be warranted. Either way, it is imperative 
that the epidural tumor be removed to decompress the 
neural elements. This will likely destabilize an already 
compromised motion segment, and it will be necessary 
to internally fi xate the spine. Depending on the degree 
of resection, this will take the form of a short- or long-
segment fi xation. Because radiotherapy is often given 
postoperatively, a fusion is not likely to occur and a for-
mal fusion procedure is not necessary.

Based on the available data, our patient would 
undergo a simultaneous combined anterior-posterior 
approach with the goal of en bloc spondylectomy. The 
thecal sac and nerve roots will be completely decom-
pressed. The anterior column will be stabilized with 
an expandable anterior cage or the chest-tube/PMMA 
technique introduced by Errico et al.22 A posterior 
short-segment fi xation (L3-5) is performed. A formal 
fusion procedure is not necessary. Postoperatively, 
once the wound has suffi ciently healed, the patient 
will undergo adjuvant radiotherapy.

En bloc resection is an aggressive choice but is 
most appropriate in the setting of radioresistant soli-
tary vertebral metastasis. A second choice, with a 
lower chance for early morbidity but less chance for 
long-term  disease control, is an intralesional resection.

DEFINITIVE TREATMENT PLAN

Prior to surgery, the patient is placed on steroids and 
preoperative embolization is performed.19 The tech-
nique for this procedure would be that described 

Renal cell carcinoma is poorly responsive to 
 radiation therapy, and therefore, this would be a poor 
choice for the palliation of symptomatic epidural com-
pression. It would be most appropriately administered 
as an adjuvant to surgery.19 Stereotactic radiosurgery 
and intensity-modulated radiotherapy are potential 
options, but most reported series employed these 
modalities when surgery was not feasible and radia-
tion therapy had failed.20,21

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence suggests that our patient 
should be treated with tumor resection, internal stabi-
lization, and postoperative radiation therapy. This will 
provide the patient with the best chance of preserving 
her current functional status. It is very likely that she 
will experience signifi cant pain relief postoperatively. 
Her pattern of pain is primarily radicular, which is a 
contraindication for kyphoplasty (Table 14.1).

Although no guidelines exist regarding the selec-
tion of a surgical approach, an argument is made for 
en bloc resection. Renal cell carcinoma is radioresistant, 
and Biorini et al.14 have reported long-term survival 
following en bloc resection of isolated renal cell spinal 
metastasis. The status of the primary tumor is important 
when making this decision; solitary spinal metastasis in 
the setting of a well-controlled primary tumor provides 
a strong incentive to achieve local control. If the primary 
tumor is not controlled, then a less  aggressive surgical 

Paper Author (Year) Description Summary of Results Quality of Evidence

Patchell et al. (2005) Prospective, randomized, 
nonblinded study

101 patients to receive radiotherapy alone, 
or surgery and radiotherapy
Patients treated with surgery were more 
likely to retain or regain the ability to walk
Study stopped prematurely due to the 
signifi cant benefi t incurred by the surgery 
arm

High

Ibrahim et al. (2008) Prospective observational 
study

223 patients underwent surgery
71% improvement in pain, 53% regained 
independent mobility
39% regained urinary continence
en bloc associated with longer survival

Low

Pfl ugmacher et al. (2008) Prospective observational 
study

65 patients treated with kyphoplasty
Signifi cantly improved VAS and OSD 
postoperatively
Results sustained during 24 mo follow-up

Low

Evidentiary Table: A Selected Summary of the Quality of Evidence for Surgery 
and Kyphoplasty for the Treatment of Metastatic Epidural Spinal Disease.

TABLE 14 .1
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proposed treatment would be considered a strong 
 recommendation (low-quality evidence).

PREDICTING OUTCOMES

According to the available data, our patient should 
expect to experience signifi cant reduction in her pre-
operative pain following decompression of the left L4 
nerve root and stabilization of the motion segment. 
Her functional status should be preserved.

It is our experience that timely decompression 
for radiculopathy can result in remarkable recovery 
of function with time. Radicular pain is often relieved 
immediately postoperatively, and the patient’s narcotic 
requirement is drastically reduced over time. If the 
bladder or bowel function is affected prior to surgery, 
it is not likely that signifi cant recovery will take place 
(although this does happen on the rare occasion).

Prior to surgery, it is crucial for the patient to under-
stand the rationale behind the procedure. It should be 
emphasized that the goal of surgery is the relief of pain 
and prevention of a neurological defi cit. A blood trans-
fusion is to be expected.23 Renal cell carcinoma metas-
tasis can be very vascular, and consideration should 
be given to preoperative embolization.19 The morbid-
ity and mortality of the procedure need to be clearly 
explained, along with the expected postoperative 
course. For the above-mentioned surgery, a morbid-
ity of 27% and a 30-day mortality of 0% are reported.23 
The possibility of recurrent tumor in the future should 
be discussed as well. Alternative treatments (such as 
radiotherapy alone, intralesional surgery, stereotactic 
radiosurgery, or ongoing conservative management) 
must be discussed along with the potential risks and 
benefi ts of each approach.

SUMMARY

The case presented is a 68-year-old woman with per-
sistent radicular and back pain following a kypho-
plasty for metastatic renal cell carcinoma of L4. The 
kyphoplasty was not successful most likely because 
the main complaint was radiculopathy due to epidu-
ral metastasis within the lateral recess and neural fora-
men and there was no pathologic fracture. Following 
an extensive literature search, the available data were 
assessed to assist in the selection of the most appro-
priate treatment regimen. Based on the current data, 
the patient would best be served by undergoing an en 
bloc resection of the tumor. This would provide her 
with the best chance of long-term local disease control 
while preserving her functional status and providing 
her with signifi cant symptomatic relief.

by Fourney et al.,23 consisting of a simultaneous 
 anterior-posterior approach. This technique offers 
adequate exposure anteriorly to remove the involved 
vertebral body en bloc and reconstruct the anterior col-
umn. The patient can be turned 90 degrees (without 
the need for redraping) to the fully prone position for 
resection of the posterior columns and placement of 
stabilization devices.

The patient is placed in the right lateral decubi-
tus position upon a Wide Lateral Access Table (Jack-
son OSI Table, Union City, California). Antibiotics are 
given upon induction. A retroperitoneal incision is con-
nected to the posterior midline incision over the index 
level. This is confi rmed by intraoperative fl uoroscopy. 
Skin fl aps are refl ected and the paraspinal muscles are 
mobilized and retracted with a Penrose drain. Simul-
taneously, a midline posterior incision is made by a 
second surgical team. Pedicle screws are placed at L3 
and L5. The laminae and facets of L4 are removed, 
with careful attention not to enter tumor along the left 
pedicle. The right pedicle is cut across its base with a 
thread-wire saw.13 A single rod is placed on the right 
side, to maintain vertebral alignment while the spon-
dylectomy is completed.

The L4 vertebral body followed anteriorly on the 
left side and the segmental vessels are identifi ed and 
divided along the midposition of the vertebral body. 
The vertebral body is dissected free from the perito-
neum, and radical discectomies are performed at the 
L3-4 and L4-5 levels. Along its right side, the vertebral 
body has to be dissected free of the psoas muscle from 
the posterior approach, as described by Tomita et al.13 
The thecal sac is mobilized and gently retracted to 
expose the vertebral body and pedicle contralateral to 
the tumor. This is drilled until the contralateral retro-
peritoneum is encountered and the vertebral body cir-
cumferentially dissected free of the adjoining tissues. 
The tumor is then delivered en bloc with care to protect 
the thecal sac. A marginal resection is expected along 
the dura and nerve root sleeve. Great care is taken not 
to enter the tumor, but given the location of disease 
within the neural foramen, it is not unlikely to have a 
small area of intralesional resection.

The left-sided rod can now be fi xed to the pedicle 
screws and then cross-links are applied. Reconstruc-
tion of the anterior column utilizes a cage or chest-
tube technique with PMMA.22 An anterior plate is not 
 necessary if the cage is expandable or alternatively 
placed under compression by the pedicle screws. 
The wound is irrigated. Subfascial drains are placed 
and the wound closed in layers. Postoperatively, the 
patient is managed in the ICU and early mobilization 
is encouraged.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al.24 our 
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15 Thoracolumbar 
Flexion-Distraction Injury

S T E P H E N  P.  K I N G W E L L ,  M D,  F RC S C  A N D 
C H A R L E S  G.  F I S H E R ,  M D,  M H S C ( E P I ) ,  F RC S C

injury (FDI). Furthermore, a lack of neurological 
defi cit is consistent with an FDI as the incidence of 
neurological injury is lower for this thoracolumbar 
trauma subgroup than patients with burst fractures or 
fracture-dislocations.3 The incidence of neurological 
defi cits in patients with FDIs is reported to be between 
11% to 32%.4–8 Importantly, the diagnostic priority must 
be adherence to the primary survey with the abdomi-
nal pain being assessed by the trauma team leader or 
general surgeon.

The transverse bruising on the abdomen repre-
sents the likely contact area of the gate. This fi nding 
is analogous to the so-called seatbelt sign classically 
found on victims of motor vehicle collisions wear-
ing lap belts.7–11 In this case, the gate acts as a fulcrum 
and the thoracolumbar spine is fl exed and subjected 
to a distractive force starting posteriorly.4,6,12 The spi-
nal injury that is most likely to occur in a neurologi-
cally intact patient subjected to this mechanism is a 
thoracolumbar FDI. There is a 44% to 67% incidence 
of concomitant abdominal trauma in patients with 
FDIs.4,7–9,13,14 The clinician must recognize this relation-
ship because the abdominal trauma may be life threat-
ening and the diagnosis can be unnecessarily delayed. 
Classically, hollow viscus structures, such as the intes-
tines, are most at risk.8,15

The presence of swelling, tenderness, and an inter-
spinous gap at the thoracolumbar junction is consis-
tent with an FDI. Still, the absence of these signs would 
not exclude an FDI as the sensitivity of these fi ndings 
is poor. Lee et al.16 found that the diagnostic accuracy 
for detecting posterior ligamentous complex (PLC) 
injury by palpation was 54% compared to 97% for fat-
suppressed T2 sequence magnetic resonance imaging 
(MRI). Both techniques were compared to operative 
fi ndings. Though sensitivity and specifi city were gen-
erally low, it is valuable to appreciate that a palpable 
gap had a 93% positive predictive value of intraopera-
tive PLC disruption.16

The computerized tomography (CT) scan images 
available include two paramedian reformatted images, 

EDITORS’ CASE 
PRESENTATION

A 38-year-old woman presents to the emergency 
department with a complaint of  pain at the thora-
columbar junction following a ski injury in which 
she ran into a gate. Immediately following the 
injury, she experienced pain in the abdomen and 
thoracolumbar region of  the spine. She does not 
report any lower extremity numbness or weak-
ness. She has no other associated injuries and 
has no other relevant medical history.

Physical examination reveals a healthy, fi t-appearing 
woman. Her abdomen is tender and has a trans-
verse bruise across its lower aspect. She has 
active bowel sounds. Upon examination of  her 
back, she has intact skin, though there is some 
swelling about the thoracolumbar junction. She 
has a palpable interspinous process gap in this 
region, as well as tenderness. Her neurological 
examination reveals intact motor, sensory, and 
refl ex functions. She has intact perianal sensation 
and normal rectal tone.

Radiographic imaging studies are shown in 
Figures 15.1 to 15.3.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a woman of childbear-
ing age who was involved in a recreational accident of 
moderate energy. The chief complaint of thoracolum-
bar pain would suggest a spinal injury; however, the 
initial approach to this patient must adhere to ATLS 
protocols.1,2 Striking a gate while skiing could poten-
tially lead to a compressive or distractive force to the 
spinal column, depending on the body area of con-
tact. The concomitant abdominal and thoracolumbar 
pain would raise the possibility of a fl exion- distraction 
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a midline sagittal reformat, and a representative axial 
cut through the facets at the injury level. Figure 15.1A 
demonstrates failure of the anterior column in com-
pression, distraction through the posterior disc space, 
and a unilateral facet subluxation on the left at T12. 
Mild anterior compression fractures are noted at T8 
and T9. In the midline, there is a similar degree of ante-
rior compression, a focal kyphosis at the injury level, 
and a widened interspinous space (Fig. 15.1B). Figure 
15.1C shows a transverse fracture through the right 
pedicle and thus, the injury pattern involves both bony 
and soft-tissue structures. The axial CT cut through the 

T11-12 disc space demonstrates an absence of the T12 
superior articular process on the left, which is in keep-
ing with the unilateral facet subluxation (Fig. 15.2).

Representative fat-suppressed T2-weighted images 
in the sagittal and paramedian planes are shown in Figure 
15.3. Figure 15.3A shows increased signal in the inters-
pinous and supraspinous ligaments at T11-12 with wid-
ening of the interspace. There is evidence of a hematoma 
in the disc space. A line of increased signal is visualized 
in the vertebral body, which represents the compression 
fracture. Of note, there is no evidence of ongoing neural 
compression at the level of the conus medullaris; nor is 
there evidence of an epidural hematoma or intramed-
ullary hematoma at this level. No signal change is seen 
within the conus on the available images. Figure 15.3B 
clearly shows the pedicle fracture on the right with resul-
tant widening. The T11-12 facet joint appears to be intact 
on the right. On the left, the facet joint is subluxated and 
there is increased signal, which suggests disruption of 
the facet capsule (Fig. 15.3C).

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a T11-12 FDI with bony and disco-
 ligamentous disruption.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Obtaining a reduction and normal spinal 
 alignment

 2. Preservation of neural elements

Figure 15.1.

Figure 15.2.
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DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
Overall, the quality of evidence pertaining to FDIs in 
the thoracolumbar spine is poor. The literature review 
revealed only one prospective cohort study and one ret-
rospective cohort study with a cross-sectional outcome 
analysis.14,17 Nevertheless, these studies in addition to 
numerous case series represent the best available evi-
dence.

Although most thoracolumbar trauma classifi ca-
tion systems adequately categorize an injury, they usu-
ally fall short in specifying or directing management 
based on important clinical radiographic parameters. 
This consistent limitation amongst classifi cations led to 
a new scoring system devised by a panel of experts that 
utilized the injury morphology, integrity of the PLC, 
and the neurologic status of the patient.18 According to 
the Thoracolumbar Injury Classifi cation and Severity 
Score (TLICS), our patient would receive a total score 
of four. The compression injury morphology receives 
a score of one, no points for intact neurology, and a 
score of three for an injured PLC. A score of four can 
be considered for nonoperative or operative interven-
tion. Although this classifi cation has been found to be 
reliable, and has face validity and content validity, its 
ultimate acceptance will depend on the results of the 
criterion validity studies currently being conducted.

As such, for the purpose of this chapter, the deci-
sions concerning how to manage this patient will be 
based on a thoughtful analysis of three factors: patient 
factors, literature evidence, and clinical expertise, spe-
cifi cally related to stability and healing issues.

Patient Factors
This patient has an FDI at T11-12 with a suspected 
intra-abdominal injury. Although there is uncertainty 
regarding the precise abdominal pathology, an  orthosis 

 3. Maintaining spinal alignment and ensuring 
 continued stability

 4. Early mobilization
 5. Rehabilitation and healing

The treatment options are

 1. Brace/Casting with or without closed 
 reduction

 2. Percutaneous/minimally invasive reduction 
and instrumentation

 3. Open reduction and short-segment or 
 multilevel fi xation

 4. Fusion or no formal fusion

EVALUATION OF THE LITERATURE

To identify relevant publications on fl exion-distraction 
injuries of the thoracolumbar spine, a Medline search 
was performed. Search strategies included the use of 
MeSH (medical subject headings) and key words. Key 
words included “fl exion distraction,” “chance” within 
three words of “fractures,” and “seatbelt or seat belt” 
within three words of “fractures.” A focused search of 
“spinal fractures” with subheadings of mortality, clas-
sifi cation, complications, radiography, rehabilitation, 
surgery, and therapy was performed. The results for 
“spinal fractures” were then combined with thoracic 
vertebrae or lumbar vertebrae to identify patients with 
fl exion-distraction injuries within larger heterogeneous 
studies on spinal fractures. Journals were hand searched 
and references were reviewed to identify pertinent 
articles. The search strategy revealed 1,410 potential 
publications after limiting from 1950 to 2007. The same 
search strategy was applied to Embase and revealed 
268 results. Medline “in process” and nonindexed cita-
tions were searched as was EBM reviews-Cochrane 
database. There were 131 English language abstracts 
that were reviewed and 35 full text articles read.

Figure 15.3.
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is likely contraindicated and would probably not be 
well tolerated in this patient.

NEUROLOGIC STATUS

In this case, there is no neurologic defi cit and therefore 
no requirement for operative decompression.

Spinal Stability
In the setting of an FDI, analyzing the degree of soft-
tissue disruption is an essential component of the 
decision-making process. When the injury pattern 
involves primarily ligamentous structures, there is 
concern that healing will be incomplete and resul-
tant instability and delayed neurologic deterioration 
could occur. Expert opinion and pathophysiological 
rationale would suggest that an FDI with a substantial 
discoligamentous injury is unlikely to heal with non-
operative methods.7,13,14,17,19–25 In this case, the patient’s 
injury is primarily bony on the right and soft tissue on 
the left. The fact that this patient has a facet sublux-
ation is important based on the study by LeGay et al.7 
Eighteen patients with fl exion-distraction injuries were 
reviewed and nonoperative treatment resulted in fair 
or poor results in 60% of patients with “facet involve-
ment.” However, this study was retrospective and the 
duration of bed rest (average 4.1 weeks) would not be 
considered acceptable by today’s standards.

Thus, the ultimate question is what distribution 
and degree of soft tissue and bony injury will lead 
to adequate healing with nonoperative treatment? 
The answer is elusive as a selection bias is present in 
the studies available for review. Demonstrably, our 
patient, with an abdominal injury and ligamentous 
spine injury, is typically treated surgically. A useful 
guideline to assist with this dilemma is from the work 
of Schunemann et al.26

In order to offer clinical recommendations, it is sug-
gested that the clinician consider the quality of the evi-
dence in addition to the perceived benefi ts, harms, and 
burdens of the interventions. On an individual level, 
patient preference will infl uence the variables consid-
ered above. However, without specifi c knowledge of 
the weight of various outcomes or risks from their per-
spective, the clinician must be the patient’s surrogate. 
The results of the three studies in Table 15.1, which 
utilized modern spinal instrumentation and are more 
representative of our patient, demonstrate that surgi-
cal treatment results in acceptable disease-specifi c out-
come scores and health-related quality of life (HrQoL) 
outcome scores. Furthermore, surgical complications 
and radiographic failure are uncommon. From ret-
rospective case series, nonoperative treatment has a 
more unpredictable outcome with respect to nonunion 
and radiographic deterioration.5,7,13 For this  particular 
patient, operative treatment is selected because of 

Paper Author (Year) Description Summary of Results Quality of Evidence

Finkelstein et al. (2003) Prospective cohort study
No control group

21 patients with bony and ligamentous FDIs 
were treated with a standard technique of 
single-level fi xation.
Signifi cant radiographic correction, no loss 
of correction
Mean Oswestry score of 11.5 and 88% 
reporting minimal disability at 20 mo

Low

Miyanji et al. (2006) Retrospective cohort 
study with cross-sectional 
outcome analysis
Outcomes compared 
with normative data and 
patient recall

40 patients (25 operative, 15 nonoperative) 
with thoracolumbar FDIs treated with sin-
gle-level instrumentation and fusion.
HrQoL was signifi cantly worse for surgi-
cally treated FDIs at 3 y compared to recall 
baseline/normative data
No difference in HrQoL between nonopera-
tive and recall/normative data
No relationship between kyphosis and func-
tional outcome

Low

Liu et al. (2003) Retrospective case series 23 patients with thoracolumbar FDIs treated 
surgically if ligamentous or initial kyphosis 
>15 degrees
Average radiologic correction was 
9.5 degrees
No validated outcome score

Very low

Evidentiary Table: A Summary of the Quality of Evidence for Posterior, 
Single-Level Fixation of Thoracolumbar Flexion-Distraction Injuries.

TABLE 15.1
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proven benefi t, low risk, and fewer treatment-related 
burdens, such as brace wear in the setting of an abdom-
inal injury, potentially slower mobilization, and closer 
radiographic follow-up due to the greater potential for 
deformity progression.

Other reported indications for surgical intervention 
include initial kyphosis >10 to 17 degrees; however, 
there is little evidence to support such one-dimensional 
indications.13,17,20,27

Literature Inconsistencies
The study by Miyanji et al.14 would suggest that non-
operatively treated patients have superior HrQOL 
outcomes as compared to operatively treated patients 
with FDIs. The type of treatment had an infl uence 
on the SF-36 mental component score (MCS) and the 
North American Spine Society (NASS) pain and dis-
ability score as lower scores were more likely in the 
surgically treated group. These fi ndings can be attrib-
uted to the fact that nonoperatively treated patients 
were preselected because of a bony injury, reducible 
kyphosis, and lack of concomitant abdominal injuries 
that would have precluded the use of a brace. Further-
more, their regression analysis demonstrated that only 
an “associated other system injury” independently 
infl uenced the SF-36 physical component score (PCS). 
The patient in our clinical scenario would still have 
been treated operatively according to the surgical indi-
cations set forth by Miyanji et al.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient 
presented in the clinical scenario should be treated 
operatively. In order to evaluate the most appropriate 
surgical treatment, only articles pertaining to adult 
patients with thoracolumbar FDIs treated with mod-
ern spinal instrumentation were critically examined. 
These results are summarized in Table 15.1.

Open or Percutaneous (Minimally 
Invasive) Reduction and Stabilization
The concept of minimally invasive or percutaneous sta-
bilization of FDIs is appealing, given that short-segment 
instrumentation has been shown to be clinically sound 
for this particular injury. Two case reports of temporary 
percutaneous stabilization of bony FDIs followed by 
implant removal have been described, the rationale for 
which was preserving segmental motion long-term.28,29 
Presently, there is not enough evidence to support this 
technique for this patient and open reduction is favored.

Short-Segment or Multilevel Fixation
Selection of the appropriate surgical technique for 
this patient comes from an analysis of two  studies 

that  utilized modern spinal instrumentation.17,20 
In a  prospective cohort study by Finkelstein et al.17 
21 patients with FDIs were treated with single-level 
fi xation. Signifi cant improvements in kyphosis were 
noted at 29 months, the mean Oswestry score was 11.5, 
and 88% of patients reported only minimal disabil-
ity. This represents the only series of a standardized 
surgical technique for FDIs. The components of this 
technique were the following: positional reduction, 
neural monitoring, midline posterior approach, poste-
rior decompression, further gentle compression reduc-
tion using interspinous wiring, single-level screws or 
hooks (depending on pedicle fractures) to form a neu-
tralization construct, and iliac crest autograft over the 
adjacent transverse processes. Liu et al.20 also utilized 
short-segment instrumentation at one level above and 
below the injury. Although radiographic kyphosis 
improved, no validated outcome score was utilized to 
judge clinical outcomes. Only one mechanical failure 
occurred in thirty patients at 85 months. Therefore, 
short-segment fi xation is appropriate.

Fusion or No Formal Fusion
The fact that surgically treated burst fractures have 
been adequately managed without a formal fusion 
suggests that bony FDIs could be treated in a similar 
manner.30,31 In our clinical scenario, we have elected to 
treat the patient operatively because of concerns that 
there is not enough bony surface to heal and as such a 
formal fusion should be carried out.

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be man-
aged with operative stabilization primarily because 
of the soft-tissue injury and the associated abdominal 
injury. Initial reduction is obtained through position-
ing on bolsters on a radiolucent table. Instrumentation 
would include pedicle screws at T11 and L1 and a for-
mal fusion between T11 and T12. Final reduction can 
be achieved through a compression maneuver under 
direct visualization once the ligamentum fl avum is 
removed over the injured interspace. The fl avum is 
removed to prevent any infolding and subsequent nar-
rowing of the canal with reduction. Implant removal 
can be considered at 9 to 12 months, although the goal 
of preserving motion at the thoracolumbar junction is 
questionable. Alternatively, a laminar hook could be 
used at T12 on the right and a pedicle screw on the 
left at T12 to preserve the integrity of T12-L1. This 
would be consistent with single-level fi xation. Both 
constructs are safe in the hands of fellowship-trained 
spine surgeons and have been shown to maintain spi-
nal alignment in patients with FDIs while allowing 
early mobilization. The role for postoperative bracing 

Bono_Chap15.indd   144Bono_Chap15.indd   144 9/21/2010   12:55:33 PM9/21/2010   12:55:33 PM



CASE 15 ■ Thoracolumbar Flexion-Distraction Injury  145 

some degree of physical impairment at 2 to 3 years. 
The severity of the abdominal injury will have a sig-
nifi cant infl uence on the patient’s functional outcome.

Patient preference is an important component of 
evidence-based medicine.35 Preoperative counseling 
requires a frank discussion of the treatment options and 
their inherent risks, benefi ts, potential outcomes, and 
associated burdens. The information conveyed must 
contain the best available evidence and expert opinion. 
Importantly, the delivery must consider the fact that the 
patient has sustained a signifi cant injury and their abil-
ity to understand this information may be impaired.

These results are in keeping with my experience 
as a spine surgeon and should drive the clinician to be 
selective with surgical treatment and offer nonopera-
tive treatment when factors such as patient preference, 
an absence of abdominal trauma, and a bony injury 
pattern are present. Less invasive surgical techniques 
and attempts to preserve segmental motion are impor-
tant considerations that require further investigation.

SUMMARY

We are presented with a 38-year-old woman who 
sustained a T11-12 FDI and suspected intra-abdomi-
nal trauma. The most appropriate treatment for this 
patient’s spinal injury, considering the combined bony 
and ligamentous injury, would consist of operative 
reduction and stabilization from T11-L1 with a formal 
fusion from T11-12. A sustained radiological correction 
with some degree of persistent physical impairment can 
be expected. Her functional outcome will be somewhat 
dependent on the severity of her concomitant injuries.
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EDITORS’ CASE 
PRESENTATION

A 61-year-old woman with a history of  renal cell 
carcinoma detected and treated 4 years ago with 
nephrectomy has a complaint of  neck pain. She 
reports that her pain is aggravated by activity, par-
ticularly with neck rotation. She does not have any 
subjective weakness, numbness, or tingling in the 
upper or lower extremities. She has been using 
high-dose narcotic medication for her “cancer 
pain,” though this has become increasingly less 
effective. She is currently receiving chemotherapy 
for oncological management and has not had 
radiation to the neck. She reports no other rel-
evant comorbidities and is otherwise medically fi t.

Examination reveals a fi t, healthy woman. Overall, 
her neck range of  motion is decreased by about 
60% and she prefers to hold her neck in a neu-
tral position. She has pain with the extremes of  
motion. She has tenderness to palpation of  the 
upper cervical spine. She is neurologically intact 
to motor, sensory, and refl ex testing. She has no 
other pertinent positives on examination.

Complete oncological workup reveals no other 
metastatic lesions.

Plain radiographic, magnetic resonance, CT, and 
arteriographic images are shown in Figures 16.1 
to 16.4.

16 Metastatic Tumor of  the 
Cervical Spine

J O S E P H  H .  S C H W A B,  M D

is worse with activity, and she does not have neuro-
logic signs or symptoms. If I were encountering this 
patient for the fi rst time in my clinic, I would feel the 
need to rule out metastatic renal cell carcinoma as 
the cause of her pain. I would be concerned that she 
has an unstable cervical spine based on her history of 
 activity-related pain not responding to narcotics. With-
out looking at the images, her pain pattern seems more 
like that of instability rather than “cancer pain” per se. 
The instability may be due to the cancer; however, 
I think of “cancer pain” when the patient’s symptoms 
are present even at rest or while in bed. The distinc-
tion is important because “cancer pain” may respond 
to chemotherapy or radiation, while “instability” pain 
will not respond to either.

Her physical examination is helpful in particular 
because it does not reveal myelopathy. However, her 
tendency to hold her head in a neutral position and 
the pain at extremes of motion further my concern for 
instability.

Figure 16.1 demonstrates a destructive lesion in the 
body of C3. There is focal collapse at this level seen on 
the lateral view. This image is quite helpful and it cor-
relates well with her history and physical examination. 
The fact that she is tender in her upper cervical spine 
is not surprising based on these images. The anterior/
posterior view does not demonstrate the destructive 
lesion as well due to the overlying mandible.

The CT scans demonstrate the lytic nature of 
this tumor the best. It also reveals the destruction of 
C2, which I did not appreciate on the plain x-rays. 
Nearly half of the body is destroyed on the left side. 
The vertebral artery on the left is embedded within 
the tumor; however, it does appear  patent.

The T1- and T2-weighted MRIs demonstrate a 
large soft-tissue mass particularly posteriorly on the 
left side. The spinal cord is displaced by the mass. Her 
angiogram reveals a very vascular tumor, which cor-
relates well with the patient’s history of renal cell carci-
noma as these tumors can be quite vascular.

INTERPRETATION OF CLINICAL 
PRESENTATION

This 61-year-old female presents with a history of renal 
cell carcinoma as well as neck pain that is not being 
well controlled with narcotic pain medicine. Her pain 
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Figure 16.2.

Figure 16.1.

Figure 16.3.
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 metastasis to the spine or skeleton. The fi rst search used 
the key words renal cell metastasis and bone metastasis, 
which delivered 640 papers. A second search utilized 
spine metastasis instead of bone metastasis. Fifty-two 
articles were discovered. The titles of these articles 
were read and those that seemed relevant were further 
explored by reading the abstract. If the abstract seemed 
pertinent, then the entire article was reviewed.

Subsequent searches utilizing PubMed were per-
formed using the key words embolization, renal cell, 
and/or balloon occlusion. Abstracts were scanned and 
pertinent articles were read. Subsequently, a search 
was performed using the key words cervical spine, cor-
pectomy, and biomechanics. Abstracts were scanned and 
relevant articles were reviewed. Additionally, the bib-
liographies or particularly well-written articles were 
scanned for relevant articles, which were subsequently 
reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Surgery and Radiation Versus 
Radiation Alone
There has been a prospective, randomized, non-
blinded trial comparing surgery plus radiation 
therapy versus radiation alone for spinal cord com-
pression from metastatic disease published by Patchell 
et al.1 The patient in our example falls within most of 
the inclusion criteria of the study with some notable 
exceptions. She is over 18 years old and has meta-
static disease with spinal cord compression. She has 
at least one sign or symptom (in this case pain) that is 
referable to her disease. Her lesion has not been con-
fi rmed as a metastatic lesion. A biopsy would have 
been  necessary for her to be included in the random-
ized trial; it is necessary prior to begin treating this 
patient.

Our patient has a fracture at C3, which is noted on 
the lateral plain radiograph. This would have excluded 
her from the Patchell et al.1 study as they would have 
classifi ed her as unstable. All patients in the study 
were treated with high-dose corticosteroids including 
a bolus of 100-mg dexamethasone followed by 24 mg 
every 6 hours until the onset of radiation or surgery. 
Once randomized, patients underwent surgery or 
started radiation within 24 hours. Radiation included 
a total dose of 30 Gy in ten fractions.1 Surgery was tai-
lored to each patients needs.

The primary endpoint was the ability to walk 
after treatment. They defi ned walking as the ability to 
take a total of four steps with or without a gait aid. 
The study found that those patients who underwent 
surgical decompression followed by radiation main-
tained the ability to walk longer than those patients 

DECLARATION OF SPECIFIC 
DIAGNOSIS

This 61-year-old woman with neck pain and a lytic 
lesion with large soft-tissue mass likely has metastatic 
renal cell carcinoma in the cervical spine.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

The treatment goals are to

 1. Stabilize the spine
 2. Prevent spinal cord compromise
 3. Improve her pain
 4. Improve/maintain quality of life

The treatment options are

 1. Radiation alone
 2. Surgical decompression with spinal 

 stabilization
 3. Surgical excision with spinal stabilization
 4. Posterior stabilization
 5. Anterior and posterior stabilization

EVALUATION OF THE LITERATURE

A search of the literature was carried out using the 
Pubmed search engine. I searched with the intent 
of reviewing articles specifi cally dealing with renal 

Figure 16.4.
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 metastasis. Her tumor would be given a score of 
2 out of a possible 3 for renal cell metastasis. She has 
no visceral metastasis, and so she would be given a 
score of 1 out of 3. A score of 2 in this category rep-
resents a patient with treatable visceral metastasis, 
whereas a score of 3 is a patient with untreatable vis-
ceral metastasis. She has an isolated bony metasta-
sis and so would also receive a score of 1 out of 2. 
A score of 2 represents multiple metastases. Her total 
score would be a 4 out of a possible 10. Tomita states 
that a patient with this clinical scenario ought to be 
approached with a goal of “middle term local con-
trol.” They recommend a marginal or intralesional 
excision. They report a correlation coeffi cient of 0.690 
using their prognostic system.4

A second classifi cation system by Tokuhashi et al.5 
uses several more parameters in its decision tree: the 
patient’s performance status, number of extra spinal 
bony metastases, the number of metastases in verte-
brae, whether visceral metastases were present and 
whether they were resectable, the primary tumor 
type, and the Frankel grade. The primary tumor type 
is weighed more heavily than other parameters with 
a maximum score of 5 as opposed to the others that 
have a maximum score of 2. The highest score a patient 
could be given would be a 15. Our patient would 
be given a score of 13 out of 15. The scoring system 
would predict that she would live longer than 1 year, 
and they would recommend excisional surgery. They 
subgrouped their patients into three groups based on 
their prognosis. Group 1 survived <6 months, group 2 
survived between 6 months and a year, and group 3 
survived more than a year. They report that their prog-
nostic scheme is correct in over 87% of cases.5 They 
did not provide a correlation coeffi cient, which would 
give us an idea of how often their predictions were cor-
rect above that which you would expect from chance 
alone.

In a separate study analyzing only those patients 
with solitary spinal metastases, Sundaresan et al.6 
found that those patients with solitary renal metasta-
ses survived a median of 36 months. He recommended 
considering complete surgical excision for these 
patients.6

A more recent study concluded that surgery 
improved the quality of life of patients with spinal 
metastases by providing pain relief, maintaining 
mobility, and maintaining bowel and bladder func-
tion.7 Nearly half of their patients had been treated 
with aggressive debulking, and 28% had been treated 
with en bloc excision. Renal cell carcinoma was one of 
the three most common histological subtypes in their 
groups treated with en bloc or aggressive debulking 
surgery.7 Patients from these two groups had a median 
Tomita score of 5, which places them in the same 
Tomita group as our patient with a score of 4.

who  underwent radiation alone. Furthermore, those 
patients who were unable to walk regained the abil-
ity to walk more frequently than those patients who 
underwent radiation alone. Finally, they found that 
those patients who underwent surgery survived lon-
ger than those who did not. These data have been used 
in support of surgical decompression for patients with 
symptomatic spinal cord compression.1 The patient in 
this study would not have been randomized in their 
trial as she would have been classifi ed as unstable. 
Radiation therapy will not render her spine stable, 
and randomizing her to the radiation arm of the study 
would have biased the data against radiation.

A follow-up study has been performed using the 
data from the prospective, randomized study men-
tioned above. Post hoc analysis of the data revealed 
that age <65 is an important predictor of ambulatory 
status and survival.2

Although there are no data proving that surgery 
is better for those patients with an unstable spine due 
to pathologic fracture, most physicians would not be 
comfortable treating such conditions nonoperatively. It 
is unlikely that contrary data will ever be collected in a 
randomized trial. Harrington classifi ed spinal metasta-
sis into fi ve categories based on neurologic compromise 
and bone destruction: (1) no neurologic involvement, 
(2) bony involvement without collapse, (3) major neu-
rologic involvement without bony involvement, (4) 
vertebral collapse with pain resulting from instability, 
and (5) vertebral collapse with instability and neuro-
logic involvement. He recommended surgical inter-
vention for those patients in category 4 or 5, both of 
which have instability.3

Oncologic Considerations
Assuming the pathologic diagnosis is metastatic 
renal cell carcinoma and that oncologic staging has 
not revealed any other site of disease in the setting 
of an unstable cervical fracture, the primary question 
becomes what type of surgery to perform rather than 
whether or not to operate.

There are two main points to consider with regard 
to surgery. The fi rst issue pertains to the oncologic 
management of the tumor, and the second pertains to 
the stability of the spine. The fi rst issue to consider is 
how aggressive to be with regard to tumor excision. 
The surgical approach must be guided by survival 
expectations. The three options that exist are palliative 
(laminectomy alone) decompression, aggressive deb-
ulking, and en bloc excision. There are no randomized 
trials comparing the three options. However, there 
have been several proposed mechanisms by which one 
can make this decision.

The classifi cation by Tomita et al.4 is based on 
the growth pattern of the tumor as well as the extent 
of metastasis. Our patient has a solitary renal cell 
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Finally, the role of systemic therapy for renal cell 
metastasis is also evolving. There have been no prospec-
tive trials evaluating the benefi t of systemic therapy in 
the local management of spinal metastasis. However, 
there have been prospective, randomized trials evalu-
ating the effi cacy of newer targeted agents including 
sunitinib (Sutent, Pfi zer) and bevacizumab (Avastin, 
Genentech/Roche) in the management of metastatic 
renal cell carcinoma. Sunitinib targets VEGF-2, PDGF-
Beta, c-kit, and Flt -3 tyrosine kinases, while bevaci-
zumab targets VEGF. Sunitinib delayed progression 
of the tumor by 6 months when compared with inter-
feron alone in patients with metastatic disease.16 Simi-
larly, bevacizumab delayed tumor progression by 3 to 
5 months when given with interferon versus to inter-
feron alone.17,18 There are additional studies comparing 
the use of other targeted agents in the management of 
renal cell metastasis. Predicting survival in metastatic 
renal cell metastasis is a moving target. It is important 
for surgeons treating these conditions to be aware of 
the advances so they can alter their treatment algo-
rithm accordingly.

Reconstructive Considerations
The patient has tumor compressing her spinal cord 
from the posterior and lateral margins. In addition, 
much of her C3 vertebral body and part of the C2 body 
have been destroyed. We must now weigh whether to 
proceed from posterior or anterior or both.

Posterior stabilization alone is an option and has 
been advocated by some.19,20,21 This usually involves 
instrumenting more levels above and below the level 
of vertebral body involvement than would be per-
formed if an anterior construct were added. In our case, 
it would likely involve fusion to the occiput down to 
the lower cervical spine. If an anterior reconstruction 
is entertained, then the posterior fi xation need not 
encompass the occiput. In this case, screws placed in 
the lateral masses of C1 and the remaining pedicle of 
C2 are necessary.22,23

In our case, the C3 body is fractured and the C2 body 
is partially destroyed. A second stage using the antero-
lateral approach would allow these two vertebrae to 
be debulked from tumor as well as reconstructed. An 
anterior approach alone could be considered; however, 
this would not address the tumor burden posteriorly, 
which is displacing the spinal cord. In addition, there 
are good biomechanical data indicating that the addi-
tion of posterior stabilization provides a signifi cant 
advantage after multilevel corpectomy in the cervical 
spine.24 Furthermore, good long-term clinical results 
have been reported with anterior/posterior recon-
struction after multilevel cervical corpectomy.25

Options for C2 and C3 reconstruction include 
static or expandable cages as well as methylmetha-
crylate. The odontoid and much of the C2 body are 

Based on the studies described above, we should 
perform either an aggressive debulking procedure 
or an en bloc resection for our patient. The implied 
advantage of en bloc excision would be increased sur-
vival. This would have to be weighed against the com-
plications encountered with en bloc excision surgery. 
First, we should examine whether there are any data 
supporting en bloc excision for renal cell carcinoma in 
terms of survival advantage. There have been several 
retrospective reviews of the surgical management of 
renal cell metastases in the bones of the extremity.

In a retrospective review of bony metastases from 
renal cell carcinoma, which included 26 cases of solitary 
metastasis, the authors found that three parameters 
were found to infl uence survival in a positive way. The 
presence of only one osseous metastasis, wide resec-
tion of the metastasis, and a history of nephrectomy 
all correlated with survival. This study included four 
patients with solitary metastasis from the spine.8 A sec-
ond study from the Mayo Clinic, which analyzed 60 
patients, did not fi nd that a wide resection improved 
survival.9 A large study from M.D. Anderson of 295 
patients also failed to show a benefi t to wide excision. 
While there is some evidence that wide excision is use-
ful, there are larger series that contradict this fi nding.10 
It is not possible to make fi rm recommendations for or 
against wide excision based on these data, which are 
taken from cases of the extremity in most instances.

As mentioned previously, the merits of en bloc 
excision must be weighed against the possible compli-
cations of en bloc excision. Bandiera et al.11 reported 
43 major and 29 minor complications in 28 patients 
demonstrating the morbidity associated with en bloc 
excision in the spine. Some of these complications are 
severe and include death.

En bloc removal of the tumor is not the same as 
wide excision of the tumor. Based on the Enneking 
classifi cation, a wide margin includes the entire tumor 
with a cuff of normal tissue around it.12 A wide exci-
sion is not possible in this setting without removing 
the dura, which has been described for primary malig-
nant disease.13 It has not been described in the meta-
static setting. In light of this, the surgical margin will 
be at best marginal and most likely intralesional.

It is important to remember that our goal of local 
control need not be carried solely by the surgeon. The 
role of radiation therapy in the management of tumors 
is evolving. The increased use of radiosurgery, inten-
sity-modulated radiation therapy, as well as proton 
and carbon ion therapy offers signifi cant promise. One 
prospective study reported local control rates over 90% 
using stereotactic radiation without surgery.14 Further-
more, proton and carbon ion radiation have shown 
promise in treating “radioresistant” sarcomas, and 
they may play a larger role in the treatment of metas-
tases in the future.15
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not involved with tumor. The transverse ligament 
and its attachments are intact. However, the supe-
rior facet of C2 is destroyed on one side and it will 
need to be reinforced. Reconstruction of the defect left 
after tumor excision can be readily performed with 
methylmethacrylate. Several retrospective studies 
have documented its safety as a means of corpectomy 
reconstruction in the cervical spine when combined 
with anterior plating.26,27 A recent biomechanical 
model in the thoracic spine revealed that the combina-
tion of posterior instrumentation with anterior meth-
ylmethacrylate more than reconstitutes the rigidity of 
the spine.28 A provocative approach for C2 corpectomy 
reconstruction utilizes a C2 prosthesis.29 In our case, 
the remaining C2 body and the odontoid process will 
not be removed obviating the need for a prosthesis. 
In addition, this will allow us to expose the spine via 
a high cervical/retropharyngeal approach as opposed 
to a transoral approach.

Embolization
An important thing to consider is embolization. This 
is particular true in cases in which intralesional exci-
sion is expected. There have not been any prospective 
randomized studies evaluating the benefi ts of embo-
lization for bony metastasis. However, there have been 
several retrospective reviews supporting its use as a 
means to reduce intra-operative blood loss.30–33 Tomita 
et al. report embolizing not only the level of the tumor 
but the level above and below. They have found that 
this method signifi cantly reduced blood loss without 
causing an increase in neurologic decline. This study 
was also retrospective.34

Balloon Occlusion of the Vertebral 
Artery
The vertebral artery is encased by the mass in this 
patient, and it is important to understand the potential 
neurologic consequences of its ligation. Evaluation of 
the relative importance of the vertebral artery to cere-
bral blood fl ow can be accomplished via balloon occlu-
sion of the involved artery. There are retrospective 
studies regarding this technique in the management of 
head and neck aneurysms as well as the management 
of vertebral artery injuries.35–37 While the technique has 
also been described in the treatment of primary and 
metastatic tumors of the spine, there have been no pro-
spective trials.38,39

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence leads us toward pursuing 
surgery in this case. The only randomized controlled 
study evaluating whether surgery plus radiation 

versus radiation alone would not have included our 
patient. She would have been excluded since she met 
their criteria for instability. I have included the article 
in my summary table as well as a subsequent post 
hoc analysis and a prospective study on the subject. 
They are the best studies to date on the problem of 
spinal cord compression from metastatic disease. All 
three indicate that surgery has a signifi cant positive 
infl uence on outcome in patients with metastatic 
spine disease. While the issue of spine instability sec-
ondary to metastatic disease has not been specifi cally 
addressed in the literature, the risks of attempting 
nonoperative management are clearly outweighed 
by the known risks of surgery. In making my fi nal 
recommendations regarding surgery, I am using the 
criteria outlined by Schunemann et al.40 The criteria 
utilize the available evidence from the literature but 
mandate that the surgeon and patient balance the 
benefi ts, harms, and burdens of said intervention 
with the quality of the clinical evidence from the lit-
erature. In this case, the patient is in pain and she 
has a fracture. Her spine is unstable, and a potential 
consequence of further instability is damage to her 
spinal cord. This must be balanced with known but 
more predictable risks inherent in surgery. A surgical 
approach to this patient’s problem is strongly recom-
mended (Table 16.1).

Determining the type of surgery and the aggres-
siveness with which to pursue surgery can be aided 
with the literature available. In addition, and more 
importantly, the personal goals of the patient should 
be considered. The data available support surgery, 
but the type of surgery is not clear. Available ret-
rospective studies evaluating the effect of wide 
resection for metastatic renal cell carcinoma are 
confl icting. In addition, the decision regarding sur-
gery should be made in conjunction with the medi-
cal and radiation oncologists. The extent to which 
they can help control local disease as well as the 
patients’ willingness to undergo such treatments is 
telling.

Both of the available prognostic surgical algorithms 
advise removing the tumor. A gross total resection 
would be the goal in this case.41,42 While it is not pos-
sible to obtain a wide margin, this does not mean that 
aggressive surgery is not warranted. In some ways, the 
diffi culty of intralesional resection in renal cell carci-
noma is equal to en bloc excision due to its vascularity. 
A gross total resection will require both an anterior and 
a posterior approach. Again, it is important to think of 
the oncologic goals of surgery fi rst and then meshing 
them with the stability goals. For instance, it is pos-
sible to perform a posterior decompression and occipi-
tal cervical fusion for this patient without attempting 
a gross total resection. Her spine can be decompressed 
and rendered stable in this manner; however, it would 
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DEFINITIVE TREATMENT PLAN

The treatment of this patient will include 3 major 
points that include surgery, radiation, and systemic 
therapy. The surgical portion will include preopera-
tive embolization as well as a balloon occlusion study 
of the left vertebral artery. Assuming the embolization 
was successful and that collateral fl ow existed after 
occluding the left vertebral artery, I would begin with 
a posterior approach. The posterior approach would 
involve laminectomy at C2 and C3. The proximal and 
distal extent of the vertebral artery, above and below 
the tumor, would be identifi ed and ligated. The left C2 
and C3 nerve roots would be identifi ed and protected. 
Aggressive removal of the left sided mass would be 
performed. The anterior aspect of the spine would be 
accessible due to the excision of the artery and roots 
as well as the fact that the tumor had destroyed the 
pedicle of C2. All gross tumor would be removed. 
Lateral mass screws would be placed into C1, and a 
pedicle screw would be placed into C2 on the right 

provide a less than optimal oncologic outcome. My 
recommendation would be for an anterior and a pos-
terior approach to this tumor. Based on the grading 
recommendations set forth by Schunemann et al., my 
proposed treatment would be considered a weak rec-
ommendation.

Once the decision has been made to pursue ante-
rior and posterior surgery, then the reconstruction 
options must be considered. An anterior construct uti-
lizing methylmethacrylate with or without a titanium 
cage has the support of several retrospective studies. 
Additionally, there are good biomechanical data sup-
porting the use of methylmethacrylate in anterior con-
structs particularly when they are used in conjunction 
with posterior instrumentation. Posterior lateral mass 
screws in C1 and pedicle screws into C2 have been 
shown to provide the most stability of all C1-2 recon-
structive options. A combination of anterior structural 
support combined with posterior instrumentation 
including C1 lateral mass and C2 pedicle screws is 
strongly recommended.

Paper Author (Year) Description Summary of Results Quality of Evidence

Patchell et al. (2005) RCT comparing surgery plus XRT 
vs. XRT alone for high-grade spinal 
cord compression

Surgery plus XRT was superior 
to XRT alone regarding overall 
 survival, function, and ambulation. 
Note: Patients with instability were 
excluded

Low

Tokuhashi et al. (2005) Retrospective data used to develop 
a prognostic scoring system 
designed to help physicians decide 
when surgery is advisable

This scoring system proved useful 
with a correlation coeffi cient of 0.69
Note: Surgery is recommended 
based on this system, but the 
 specifi c type of surgery is not clear

Low

Tomita et al. (1997) Retrospective data used to develop 
a prognostic scoring system 
designed to help physicians decide 
when surgery is advisable

This system has been modifi ed over 
time and it has been shown to be a 
useful tool when surgery is being 
considered
Note: Surgery is recommended 
based on this system, but the 
 specifi c type of surgery is not clear

Low

Shannon et al. (2004) This biomechanical study was 
designed to evaluate anterior ver-
tebral body reconstruction with 
methylmethacrylate combined with 
posterior fi xation after corpectomy

Anterior reconstruction with meth-
ylmethacrylate combined with 
posterior fi xation was equivalent to 
structural allograft in this model.
Note: This was not a cervical spine 
model

Low

Singh et al. (2004) Biomechanical study comparing 
different methods of cervical spine 
fi xation following corpectomy

This study supports anterior and 
posterior reconstruction after 
 multilevel corpectomy

Low

Evidentiary Table: A Summary of the Quality of Evidence for Comparison of 
Primarily Anterior Corpectomy Versus Laminoplasty for Multilevel Cervical 
Spondylotic Myelopathy.

TABLE 16.1
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side. Lateral mass screws would be placed from C3 
through C5. An anterior retropharyngeal approach 
would then allow the remaining tumor to be removed 
from C2 and C3. A titanium cage would be fi tted into 
the defect left after removing the tumor. The cage 
would be fi lled with methylmethacrylate. The bone 
cement would be used to replace the superior facet 
of C2 on the left. An anterior plate placed would be 
inserted into what remained of the C2 body and also 
into the C4 body.

PREDICTING OUTCOMES

The patient has metastatic renal cell carcinoma. There 
is evidence that metastasectomy can improve sur-
vival; long-term survival has been noted in a subset of 
patients.8,43 However, that seems to be the exception. 
A large series of surgically treated, metastatic renal cell 
carcinoma to bone indicated that over 50% of patients 
had died by 12 months. Thirty percent of patients 
were alive at 2 years and 10% at 5 years.10 Still, there 
is cause for hope as targeted therapies have demon-
strated increased disease-free survival up to 6 months. 
Our patient does fall into a more favorable category 
in that she has had a nephrectomy, her fi rst metasta-
sis occurred several years after her primary tumor was 
removed, she has no visceral metastasis, and she is 
<65 years of age.2,8,44 Furthermore, she has not been 
treated with any systemic therapy so that there is 
hope that she will be a responder. Her reconstruction 
is sound, and it is likely that her quality of life will be 
improved with my plan.7

Treatments are evolving and the survival patterns 
of these patients are likely to change over time. Patients 
with metastatic disease pose a very diffi cult problem 
and all decisions should be made in collaboration with 
the patient’s wishes as well as the recommendations of 
the medical and radiation oncologists.

SUMMARY

A 61-year-old woman with a pathologic cervical frac-
ture along with spinal cord compression from meta-
static renal cell carcinoma was presented. Surgical 
stabilization is indicated for the fracture alone; how-
ever, her prognosis is relatively good and so a sound 
oncologic procedure must also be considered. We have 
recommended a circumferential decompression and 
reconstruction of her cervical spine. The construct 
recommended is based on sound biomechanical data. 
She has several prognostic factors in her favor and it is 
hopeful that she will respond to targeted therapy. With 
good luck, she could be alive in 5 years.
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EDITORS’ CASE 
PRESENTATION

A 46-year-old man presents with a chief  
 complaint of  back pain at the thoracolumbar 
 junction following a ski injury in which he fell 
forcefully upon his buttocks. He has no com-
plaints of  numbness, tingling, or weakness. 
He is otherwise healthy and has no other inju-
ries. Physical examination demonstrates minimal 
 tenderness at the thoracolumbar junction. There 
is no swelling or palpable gap in the area. He is 
fi t otherwise and is neurologically intact.

Radiographic imaging studies are shown in 
 Figure 17.1A–E.

17 Thoracolumbar Burst 
Fracture

C H R I S TO P H E R  S.  BA I L E Y,  M D,  F RC S C,  M S C

With respect to thoracolumbar burst fractures, it is 
rare that a delayed signifi cant neurological defi cit will 
develop if it did not occur initially at the time of frac-
ture.4 However, it should be remembered that if non-
operative treatment is ultimately chosen, ambulation 
can produce lumbar radiculopathy, which is otherwise 
not detectable when the patient is recumbent.5 In this 
case, it is unknown whether the patient was able to 
ambulate or ski following the injury, but this informa-
tion would provide some insight into the “stability” 
of the fracture from both neurological and mechanical 
perspectives.

Determining whether the posterior column is 
competent is critical to assessing mechanical stabil-
ity of this fracture.6,7 Based on the AO classifi cation, a 
burst fracture is produced by an axial load compres-
sion force, which does not disrupt the integrity of the 
posterior column.8 This needs to be differentiated from 
a fl exion-distraction or shear force, which will disrupt 
the posterior column, rendering the fracture unstable. 
History is important in identifying the injury mecha-
nism. In this case, a direct load to the buttocks suggests 
a compression force. The physical exam of this patient 
identifi ed minimal posterior tenderness in the location 
of the fracture with no palpable gap or swelling in the 
area. However, physical exam, specifi cally palpation 
for a gap, has a low negative predictive value and sen-
sitivity (i.e., large possibility of a false negative), so it 
should not be relied upon to exclude posterior column 
injury in this patient.9

The axial CT cut (Fig. 17.1D) demonstrates a verte-
bral body fracture with associated retropulsion of bone 
into the spinal canal, producing an approximate 20% 
compromise. This confi rms that at least a two column 
burst fracture has occurred. The facet joints at the level 
of this axial cut show no evidence of subluxation or 
widening. The sagittal CT cut (Fig. 17.1E) reveals an 
L2 burst fracture, which involves only the superior 
endplate, which is the most common pattern of frac-
ture.10 The kyphotic deformity approximates 10 degrees 
measured using the Cobb technique.11 This represents 
a total deformity of approximately 20 degrees beyond 

INTERPRETATION OF CLINICAL 
PRESENTATION

This case describes a 46-year-old man who has sus-
tained a signifi cant axial load to his spine while skiing 
and is now complaining of pain at the thoracolum-
bar region. It will be assumed that a complete assess-
ment was performed identifying only this isolated 
spinal injury.1 The mechanism of injury suggests that 
the patient most likely has sustained a burst fracture. 
Therefore, two important factors must be determined 
from the history, physical examination, and imaging 
studies: (1) whether an associated neurological injury 
has occurred (e.g., conus medullaris, cauda equina, or 
nerve root) and (2) the integrity of the posterior col-
umn. The posterior column was described by Denis to 
include the osseous posterior elements dorsal to and 
including the pedicles, as well as the facet and asso-
ciated soft tissues including the capsules, ligamen-
tum fl avum, interspinous  ligament, and supraspinous 
ligament.2,3

Both the history and physical examination exclude 
the possibility of an associated neurological injury. 
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Figure 17.1.

the 10 degrees of normal lordosis expected at this 
level.12,13 This image confi rms that the L1-2 and L2-3 
facet joints are not subluxated, and there is no evidence 
of a distraction or shear fracture involving the poste-
rior elements.

Three sagittal images are available from the MRI, 
which are T2 weighted with and without fat suppres-
sion (Fig. 17.1A–C). These images confi rm the diagno-
sis of an L2 superior endplate burst fracture with an 
associated high signal in the superior aspects of the 
vertebral body and L1-2 disc. The ligamentum fl avum 
and supraspinous ligaments appear to be in continuity. 
Some increased signal is seen within the interspinous 
ligaments and dorsal to the supraspinous ligament 
at the L2 level, which is suggestive of some degree of 
injury but not indicative of posterior column  instability 
in light of the intact supraspinous ligament and liga-
ment fl avum. It has been demonstrated that MRI is 
highly accurate in detecting injury to the posterior lig-
amentous complex,9,14 but the accuracy of determining 
the severity of the injury has not been determined.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a so-called stable L2 burst fracture. It 
is described as stable because it is not associated with 
a neurological defi cit or a mechanically destabiliz-
ing injury to the posterior elements such as a fl exion-
 distraction injury or fracture-dislocation.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
TREATMENT OPTIONS?

Treatment goals:

 1. Provide spinal stability to ensure early 
 mobilization with adequate pain control

 2. Prevent signifi cant progression of deformity
 3. Minimize the risk of neurological deterioration
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 4. Minimize the risk of treatment related 
 complications

 5. To ensure the best long-term functional  outcome

Treatment options:

 1. Prolonged recumbency followed by a 
 thoracolumbosacral immobilization

 2. Thoracolumbosacral orthosis (TLSO) and early 
mobilization

 3. Postural kyphosis correction and percutaneous 
instrumentation

 4. Open posterior realignment and stabilization ± 
fusion

 5. Anterior corpectomy, instrumentation, and fusion
 6. Combined anterior and posterior procedure

EVALUATION OF THE LITERATURE

A comprehensive literature search was undertaken 
utilizing the electronic databases of Medline (1966–
2007), Embase (1980–2007), CINAHL (1982–2007), and 
Cochrane–EBM Reviews and controlled trials using the 
following MeSh and text word headings: fracture, and 
burst, and thoracolumbar or thoracic or lumbar, and 
intact neurolog$ or without neurolog$. Studies meet-
ing the following criteria were included: thoracolum-
bar burst fracture (T10-L2); age 16 years or older; no 
neurological defi cit; operative or nonoperative treat-
ment; an outcome measure including radiographic, 
pain, function, disability, or health related quality of 
life assessment; and published in English. Bibliog-
raphies of selected articles were reviewed to detect 
other pertinent citations. One  hundred and sixty two 

abstracts were reviewed. Of these, 23 met all inclusion 
criteria.4,15–36 The most common reasons for exclusion 
of articles were heterogeneous nature of the patient 
cohort (e.g., the inclusion of patients with neurologi-
cal defi cit, differing types of fractures) or report of only 
lower lumbar fractures. Moreover, studies in which the 
subgroup data from patients meeting the inclusion cri-
teria could be extracted from the heterogeneous cohort 
were included in the review.

DETAILED REVIEW OF PERTINENT 
ARTICLES AND EVIDENTIARY TABLE

Operative or Nonoperative Treatment
To help decide whether to operate or to treat non-
operatively, the literature search provides four original 
studies and one review: two retrospective case series 
by Kraemer et al. and Butler et al.22,27 a randomized 
controlled trial (RCT) by Wood et al.36 a quasi-RCT 
by Shen et al.,34 and a systematic review by Thomas 
et al.4 (Table 17.1). Also, one prospective study applied 
the Load Sharing Classifi cation (LSC) to a cohort of 
nonoperatively treated patients so as to predict fi nal 
outcomes.18 It should be noted that a Cochrane System-
atic review comparing operative versus nonoperative 
treatment was published in 2008 and was therefore not 
identifi ed by the current literature review.37 However, 
the Cochrane review included only the RCT by Wood 
et al. and therefore would not have contributed addi-
tional data to this analysis.

The RCT by Wood et al.36 provides the best evidence 
by which to direct treatment. However, it should be 
considered moderate-quality evidence due to a number 
of methodological issues, which were well outlined in 

Paper Author (Year) Description Summary of Results Level of Evidence

Wood et al. (2003) RCT Anterior or posterior surgery; cast/custom TLSO for 12–16 wk, 
AAT with orthosis, Nonop group superior in SF-36 function, 
RMD, Oswestry (NSD); no difference in kyphosis or VAS pain

Moderate

Shen et al. (2001) Quasi-RCT Short-segment posterior instrumentation + fusion; custom 
TLSO for 3 mo, AAT with orthosis, op group superior VAS 
pain and Greenough LBOS early; op group less fi nal kyphotic 
deformity

Moderate

Kraemer et al. (1996) Case series Anterior or posterior surgery; nonspecifi ed nonoperative, no 
difference fi nal RMD, SF-36, SF-36 pain, kyphosis

Very low

Butler et al. (2005) Case series Short-segment posterior instrumentation + fusion; custom 
TLSO for 3 mo followed by 6–12 wk TLSO, immediate AAT 
with cast, less pain in non-op group, improved kyphosis 
 correction in surgical group

Very low

Operative Versus Nonoperative Treatment.TABLE 17.1
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they did report two of the three components of the LSC 
as a combined score called the load share score. They 
also reported the kyphosis angle, which is the third 
component of the LSC. For the nonoperative group, 
the average load share score was 4.1 and the mean pre-
senting kyphosis was 21 degrees.34 Because a kyphosis 
of 21 degrees is awarded three points in the LSC,38 the 
average LSC for the nonoperative group must be 5 or 
greater. Given that there is no signifi cant difference in 
load share score, kyphosis, and fi nal outcome between 
treatment groups would refute the suggestion that an 
LSC score of 5 or more necessitates surgery to improve 
outcome. Similarly, Wood et al.36 reported individual 
data for each subject allowing a minimal LCS score of 
5 to be assigned for 13 of the patients treated conser-
vatively (kyphosis >9 degrees receives a score of 3 and 
the minimal score for the remaining two components of 
the LSC must each equal 1). Eleven of these 13 patients 
are reported to have minimal to no pain and a RMD of 
<3/24 at fi nal outcome. Therefore, an LCS score should 
not help direct the decision to operate or treat conser-
vatively due to the contradicting studies’ results.

In summary, the RCTs of Shen et al.34 and Wood 
et al.36 represent moderate-quality evidence that for 
long-term outcome there is no difference between sur-
gical treatment and a TLSO for a neurologically intact 
patient with a thoracolumbar burst fracture. Shen et al. 
demonstrated that a superior improvement existed 
in pain for 3 months and in functional outcome for 
6 months in the surgically treated group. However, my 
post hoc analysis of the presented data reveals that, 
although statistically signifi cant, the minimum clini-
cally important difference for pain39,40 was detected 
until only 1 month and for functional outcome at only 
3 months.41 Shen et al. also demonstrated a smaller 
residual posttraumatic kyphosis in the operative group. 
However, the systematic review by Thomas et al.4 
found no correlation between subjective outcome and 
kyphosis. Both the Shen and Wood articles describe a 
higher complication rate and repeat surgery rate for the 
operative treatment cohorts. Finally, the pertinent arti-
cles detailed above are well generalized to the patient 
described in the case presentation. Therefore, there is 
moderate-quality evidence to suggest the additional 
risk of surgery in the current patient is not justifi ed.4

Nonoperative Treatment
The literature search identifi ed seven case series provid-
ing low-quality to very low-quality evidence regarding 
the outcome of conservatively treated patients with 
neurologically intact thoracolumbar burst fractures 
(Table 17.2). The results, however, are very similar in 
that they show high success rates as measured by pain 
and work status.18,19,24–26,30 These fi ndings are consistent 
with those of the studies comparing operative and 
nonoperative treatment. Wood et al. demonstrated an 

the systematic review by Thomas et al.4 Fifty-three of 
 fi fty-fi ve consecutive subjects were randomized to either 
nonoperative treatment (postural reduction plus 12–16 
weeks cast or TLSO) or surgical treatment (posterior or 
anterior construct based on surgeon’s preference). At a 
mean follow-up of 44 months, there were no differences 
in Visual Analogue Scale (VAS) pain or Oswestry Dis-
ability Index scores, but the nonoperative group was 
superior in the Roland Morris Disability (RMD) and 
SF-36 physical role and function scores. Although aver-
age kyphosis was signifi cantly improved in the operative 
group compared to the nonoperative group at discharge, 
at fi nal follow-up, there was no signifi cant difference. 
The mean hospital stay was almost three days shorter for 
the nonoperative group. The operative cohort endured a 
combined nineteen complications in comparison to two 
in the nonoperative group. Initial hospital cost was sig-
nifi cantly greater for the operative group.

Shen et al. compared 47 patients treated with 
a custom TLSO worn for 3 months with immedi-
ate ambulation as tolerated to 33 patients treated by 
reduction followed by short-segment instrumentation 
and posterior autograft fusion. At the time of enroll-
ment, seven patients initially randomized to operative 
treatment immediately crossed over to the nonopera-
tive arm, breaking the randomization process. Thus, 
the study must be downgraded from high-quality evi-
dence to moderate-quality evidence. The mean hospi-
tal stay was not signifi cantly different, but the cost was 
four times greater for the surgical cohort. The surgical 
group had signifi cantly less pain as measured by VAS 
at 1 and 3 months, which equalized afterward. The 
surgical group had a signifi cantly higher Greenough 
low back outcome score (LBOS) at 1, 3, and 6 months, 
with no difference later. The mean kyphosis at 2 years 
was 24 degrees in the nonoperative arm and 12 degrees 
in the surgical arm. Five patients required a second 
 surgery for hardware removal.

To help predict prognosis, Aligizakis et al.18 pro-
spectively assessed the functional outcome of 60 con-
secutive patients treated with 6 months of a TLSO. 
They found that 55 of 60 patients had a satisfactory 
outcome and a LSC score of 3 or 4. The remaining fi ve 
patients had a LSC score of 5 or 6, and all had unsatis-
factory outcomes. This observational study represents 
low-quality evidence. A signifi cant drawback of the 
study is that even though the Denis Pain and work 
scales were used to assess outcome, the defi nition of 
“satisfactory” was not clearly defi ned and apparently 
arbitrary. Despite this drawback and low-quality evi-
dence, the assertion that a LSC score of 5 or 6 prognos-
ticates a poor outcome compels one to more strongly 
consider surgery for such a patient.

However, this result can be refuted by both the 
 studies of Shen et al.34 and Wood et al.36 Shen et al. did 
not directly report the LSC score in their study; however, 
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and Shen.33 While only 9 of the 38 patients who were 
prescribed a Jewett brace actually wore it, more than 
80% of patients reported little to no pain and only 
three patients were precluded from work because of 
pain. The ideal duration of treatment in a brace is also 
unknown, but based on the fi ndings of this review, 
it appears that extended wear longer than 12 weeks 
is not necessary. In my experience, this is in keeping 
with current standards of practice.

SELECTION OF TREATMENT METHOD

Based on the evidence identifi ed by the literature 
search, I would recommend the patient be treated 
conservatively with an off-the-shelf orthosis such as 
a Jewett extension brace and immediate ambulation 

average VAS pain of 1.9, RMD of 3.9 (low disability), 
and Oswestry score of 10.7 (0–20 indicates minimal 
disability).36 Shen et al.34 found an average 2-year VAS 
pain of 1.5 and Greenough LBOS of 65, which corre-
sponds to excellent patient status.

A variety of nonoperative treatment methods 
have been used in these studies including body cast, 
custom TLSO, hyperextension Jewett brace, and no 
brace in association with variable mobilization pro-
tocols ranging from 4 weeks of strict recumbency 
to immediate activity as tolerated (AAT). Although 
none of the studies were designed to determine the 
ideal conservative treatment protocol, it is clear that 
early mobilization and less restrictive orthosis are not 
required to achieve a successful outcome. The extreme 
example of this was described in the study by Shen 

Paper Author (Year) Description Summary of Results Level of Evidence

Cantor et al. (1993) Prospective cohort Total contact TLSO 14–24 wk, AAT with orthosis, 
15/18 very little/no pain on pain scale of Denis; 95% 
satisfactory score on Work scale of Denis, 
<5 degrees kyphosis progression, 15/18 very little/no 
pain on pain scale of Denis; 95% satisfactory score on 
Work scale of Denis, <5 degrees kyphosis progression

Low

Aligizakis et al. (2002) Prospective cohort Custom TLSO for 6 mo, AAT, 50/60 no or minimal 
pain (Denis), 55 returned to work, average 2 degrees 
kyphotic deformity progression, 50/60 no or minimal 
pain (Denis), 55 returned to work, average 2 degrees 
kyphotic deformity progression

Low

Mumford et al. (1993) Case series Bed rest for average 31 d (range: 7–61 d), bracing for 
average 12 wk (range: 2–24), 66% good or excellent 
 outcome based on Denis work status and VAS pain, 
66% good or excellent outcome based on Denis work 
status and VAS pain

Very low

Shen and Shen (1999) Case series Jewitt brace or no orthosis, AAT, 32/38 very little/no 
pain (Denis); 3 unable to work; 6 degrees  maximum 
kyphosis progression

Very low

Chan et al. (1993) Case series Cast, 8/8 no or minimal pain, preinjury work capac-
ity, 6 degrees maximum deformity progression, 
8/8 no or minimal pain, preinjury work capacity, 
6 degrees maximum deformity progression

Very low

Chow et al. (1996) Case series Cast or Jewitt brace for 12–24 mo, AAT with orthosis, 
19/24 no or minimal pain, slight progression (average 
2.3 degrees) of kyphosis, 19/24 no or minimal pain, 
slight progression (average 2.3 degrees) of kyphosis

Very low

Aligizakis et al. (2002) Case series 4-wk strict recumbency followed by 6 mo TLSO, 
25/30 no, or minimal pain (Denis), some kyphotic 
deformity progression

Very low

RMD, Roland Morris Disability Questionnaire.

Nonoperative Treatment.TABLE 17.2
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brace for 10 to 12 weeks. A 90-degree hip fl exion pre-
caution would be implemented. The patient would be 
discharged with adequate oral analgesia. Weekly fol-
low-up with upright x-rays would be required for the 
fi rst 3 weeks to ensure that an unexpected progressive 
kyphotic deformity did not occur. I would expect no 
more that 7 to 10 degrees of further kyphosis from the 
initial (recumbent) measurement. Isometric core sta-
bility exercise would be started as soon as the patient 
could tolerate and continued during the duration of 
the brace treatment. When the brace was discontin-
ued, the patient would initially wean from the brace 
and then begin an extensive rehabilitation directed by 
physiotherapy.

In accordance with the method of grading rec-
ommendations set forth by Schunemann et al., the 
proposed treatment would be considered a strong 
recommendation based on moderate-quality of evi-
dence.46 To be considered a strong recommendation, 
the benefi ts of the treatment must clearly outweigh 
the harms and burdens. This has been demonstrated 
by the evidence outlined above, would be in keeping 
with the preference of the patient (if surgery does not 
provide a superior outcome then why have it!), and is 
consistent with my experience as a spine surgeon.5

PREDICTING OUTCOMES

According to the literature, it is most likely that this 
patient will have an excellent outcome. As illustrated 
in Tables 17.1 and 17.2, the evidence suggests that over 
80% of patients who sustain a thoracolumbar burst frac-
ture without neurological defi cit and no posterior column 
instability will have little to no pain at fi nal follow-up 
and return back to their preinjury level of activity and 
work status.18,19,22,24–26,33,34,36 In the context of health-related 
quality of life, Wood et al.36 reported that the average 
score for the eight dimensions of health assessed by 
the SF-36 was similar to the general population norms. 
A residual kyphotic deformity of <30 degrees will be 
present in this patient’s case, and it will likely not pro-
duce signifi cant pain or dysfunction.4,16,21,22,25,26,30,31,33,34

My experience as an orthopaedic spine surgeon 
is similar to what the evidence demonstrates. The 
interim analysis of an ongoing multicentered RCT 
comparing brace treatment to no orthosis for the treat-
ment of thoracolumbar burst fractures has shown very 
similar results: mean VAS pain <3 by 3 months, mean 
RMD score of 3 by 6 months, mean SF-36  physical 
 component summary score to be 90% of normal at 
1 year, and an average kyphotic deformity of 16 degrees 
(SD = 6 degrees).5

Therefore, taking into account the evidence and my 
personal experience, I would counsel this patient that 
surgery is not superior to brace treatment for his injury. 

as tolerated. There is moderate-quality evidence to 
 support treating the patient nonoperatively using a 
brace with immediate ambulation.

All original treatment goals would be satisfi ed 
with the recommended treatment plan.

 1. Brace treatment provides adequate spinal 
 stability to allow for early mobilization. Both 
the studies by Wood et al.36 and Shen et al.34 
comparing operative to nonoperative 
treatment found a shorter mean hospital 
stay for those patients treated nonoperatively.

 2. Some progression of kyphotic deformity will 
occur with brace treatment but a number of 
studies demonstrated that it is <7 degrees 
from initial deformity. Importantly, the degree 
of posttraumatic kyphosis was not found to 
 correlate with clinical outcome.4,16,21,22,25,26,30,31,33,34 
Certainly, the average residual kyphosis will 
likely be less if the patient is treated with sur-
gery. Apart from cosmesis, there is no detri-
mental implication to outcome.

 3. Treatment with a brace poses minimal risk of 
neurological deterioration.4 Furthermore, the 
severity of spinal canal compromise cannot 
be considered an indication for surgery in the 
neurologically intact patient as at least some 
resorption of retropulsed fragments over time 
with gradual reconstitution of the spinal canal 
diameter is expected.18,24,25,33,34,42–45 However, as 
cautioned previously, with initial mobilization, 
a radiculopathy can occur that may require 
surgical intervention to facilitate mobilization, 
although this is unlikely.5

 4. Treatment-related complications are unlikely 
with conservative treatment and much less 
in frequency and severity compared to those 
demonstrated with operative treatment (Tables 
17.1 and 17.2). The most common complica-
tion reported with nonoperative treatment is 
a urinary tract infection, which most likely is 
related to catheterization secondary to tran-
sient urinary retention.

 5. Brace treatment has a high likelihood of achiev-
ing successful functional outcome as described 
in the evidentiary Tables 17.1 and 17.2. There is 
moderate-quality evidence that nonoperative 
treatment is at least equal to operative treat-
ment for this patient.

DEFINITIVE TREATMENT PLAN

At the time of initial hospitalization, both  physiotherapy 
and occupational therapy would clear the patient for 
discharge. The patient would be required to wear the 
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In addition, there is an 80% chance if treated with a 
TLSO that he will have little to no pain and return to 
near normal function within 3 to 6 months. I would 
also inform him that there is a small chance that this 
fracture will require surgical intervention and the risks 
and complications associated with brace treatment 
are small. Furthermore, the patient would be advised 
that he will have a residual gibbus at the thoracolum-
bar junction but that it is unlikely to cause signifi cant 
symptoms or dysfunction.

SUMMARY

A 46-year-old man complaining of back pain at the 
thoracolumbar junction following a ski injury in 
which he fell forcefully upon his buttocks is presented. 
The history and physical examination are consistent 
with a burst fracture. Investigations confi rm an L2 
burst fracture without a signifi cant posterior column 
injury, thus ruling out an associated fl exion-distraction 
injury. As this fracture is stable from a mechanical and 
neurological perspective, and there are no patient fac-
tors excluding nonoperative treatment, I would make 
a strong recommendation to treat him with a Jewett 
brace and early mobilization.
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EDITORS’ CASE 
PRESENTATION

A 63-year-old woman presents with a complaint 
of  low back pain and right leg pain for the past 
year and a half. Pain radiates from her low back 
to her right calf  and foot. She has no subjec-
tive complaint of  weakness but feels that she 
has some “good days” and “bad days.” She has 
undergone a course of  physical therapy. The 
patient has had a number of  selective nerve root 
blocks and other epidural injections but has not 
had long-standing pain relief. Despite these treat-
ments, she feels she has become worse over 
time. Though her primary complaint in the right 
lower extremity, she does have some fatigue of  
her bilateral lower extremities with ambulation. 
Pain is worse with extension and a bit better with 
fl exion. Additionally, she has a history of  infre-
quent occurrences of  loss of  bladder control over 
the past several months.

Physical examination reveals 4/5 dorsifl exion 
weakness on the right compared to the left. 
Refl exes and sensation are normal. She has a 
somewhat positive straight-leg raise on the right 
side, negative on the left. She has minimal ten-
derness to palpation of  the back, has normal gait, 
and has normal posture and alignment. Range of  
motion of  the low back is limited in both fl exion 
and extension by pain.

Radiographic imaging studies are shown in 
 Figure 18.1A–D.

18 Single-Level Lumbar 
Degenerative

Spondylolisthesis
with Stenosis I

M A N I S H  K .  S E T H I ,  M D  A N D  M I TC H E L  B.  H A R R I S,  M D

INTERPRETATION OF CLINICAL 
PRESENTATION

The patient’s symptoms are consistent with lumbar 
spinal stenosis (LSS). She describes both radicular 
symptoms and axial pain, and her overall presentation 
is consistent with neurogenic claudication. Coupled 
with her age, this clinical presentation and history are 
classic for LSS.1,2 Furthermore, these symptoms are 
alleviated with bending forward, which again is most 
suggestive of spinal stenosis. In a study of 93 adults 
with back pain by Katz et al.,3 the fi nding of pain radi-
ating into the buttocks or more distally had a sensitiv-
ity for the diagnosis of lumbar stenosis of 88% and a 
specifi city of 34%.

The clinical examination identifi ed weakness of 
the tibialis anterior muscle, innervated by the exiting 
L4 root. The presence of a positive straight-leg raise is 
not specifi c for LSS. Similarly, the presence of activity 
related to low back pain is consistent with but certainly 
not specifi c for LSS. Amundsen et al.2 demonstrated 
the close relationship between these physical fi ndings 
and LSS. Katz et al.3 demonstrated that patients with 
abnormal gait demonstrated >90% sensitivity for LSS.

The patient presents with fl exion and extension 
fi lms of the lumbar spine, which demonstrate a Grade 
1 spondylolisthesis at L4-5. L4-5 disc space narrowing 
along with end plate sclerosis and facet hypertrophy 
is also appreciated. The spondylolisthesis appears 
 relatively stable as there is no obvious angular or 
translational motion in either fl exion or extension. 
However, as Nizard et al.4 point out, the use of fl exion 
and  extension lumbar radiographs to assess stability 
is neither highly sensitive nor specifi c.

Bono_Chap18.indd   166Bono_Chap18.indd   166 9/21/2010   10:38:10 AM9/21/2010   10:38:10 AM



CASE 18 ■ Single-Level Lumbar Degenerative Spondylolisthesis with Stenosis I  167 

 stenosis, MRI remains the gold standard study with 
high  interobserver and intraobserver reliability.7

The imaging is consistent with both the physical 
examination fi ndings and the patient’s complaints. 
Her right-sided radicular symptoms together with 
weakness of ankle dorsifl exion are consistent with the 
signifi cant foraminal stenosis on the right side at L4-5. 
The patient’s report of lower back pain, neurogenic 
claudication, and occasional urinary incontinence 
coupled with the report that these symptoms improve 
on bending forward is consistent with the single-level 
lumbar stenosis demonstrated at L4-5 on MRI.

DECLARATION OF SPECIFIC 
DIAGNOSIS

In considering the patient’s complaints, physical exam 
fi ndings, and radiographic imaging, her diagnosis is 
that of single-level degenerative  spondylolisthesis 

On review of the MRI, with specifi c attention to the 
T2 sagittal images, one fi nds a disc herniation at L4-5 
superimposed upon a grade 1 spondylolisthesis lead-
ing to evidence of single-level stenosis. One also notes 
a vacuum disc phenomenon at this level. There is clear 
evidence of Modic changes at the endplates of both the 
L4 and L5 vertebral bodies. The discs above and below 
L4-5 appear well hydrated with a very minimal disc pro-
trusion at L3-4. On review of the paramedian imaging, 
one fi nds severe foraminal stenosis affecting the right L4 
root secondary to the disc pathology and facet arthropa-
thy. The traversing L5 nerve root is compressed by the 
disc at this level. The left parasagittal image reveals 
minimal foraminal stenosis in the left L4-5 foramen.

One must be cautious in interpreting MRI evi-
dence and correlate with physical fi ndings. Boden et 
al. have demonstrated that 21% of asymptomatic indi-
viduals aged 60 to 80 years had MRI evidence of lum-
bar stenosis.5 Other studies have corroborated these 
fi ndings.6 However, with regard to diagnosing lumbar 

Figure 18.1.

Bono_Chap18.indd   167Bono_Chap18.indd   167 9/21/2010   10:38:10 AM9/21/2010   10:38:10 AM



168  CASE 18 ■ Single-Level Lumbar Degenerative Spondylolisthesis with Stenosis I

The  following discussion will review the literature 
surrounding each of these treatments.

CONSERVATIVE TREATMENT

Katz and Harris1 point out the lack of high-quality 
prospective controlled trials in evaluating conserva-
tive treatment (including physical therapy) of patients 
with lumbar stenosis. However, the two recent major 
prospective cohort studies of patients with lumbar 
stenosis both advocate an extended period of conser-
vative treatment including physical therapy prior to 
surgery.8,9 As noted in the illustrative case history, our 
patient continued to have symptoms in a progressive 
fashion despite a trial of physical therapy.

She also received epidural steroid injections, 
which provided transient improvement. The benefi ts 
of epidural steroid injections in the treatment of spi-
nal stenosis are not consistent. In patients with lum-
bar stenosis, studies have demonstrated the utility 
of epidural steroids for periods from 1 to 2 years.10,11 
However, other studies have demonstrated minimal 
effect and have called for randomized controlled 
trials.12–14

With respect to conservative treatment, the patient 
had attempted both of the above-mentioned modali-
ties without sustained relief of her symptoms prior to 
presentation. As such, we would move to offer her sur-
gery for pain relief as well as to avoid further progres-
sion of her leg weakness.

Recent randomized trials lend evidence to the 
decision to move forward with surgical treatment. 
They demonstrate the benefi ts of surgery as compared 
to conservative treatment, after failure of the two 
major modalities of conservative treatment (physical 
therapy and injections). In two studies, one involving 
94 patients and the other 289 patients, patients dem-
onstrated signifi cant improvement of symptoms after 
surgical management of lumbar stenosis compared to 
those patients managed conservatively.15,16 However, 
a single observational cohort study following lumbar 
stenosis patients over a decade has demonstrated no 
major difference between the two modalities at the 
10-year mark.17

Decompression Without Fusion
Pursuing surgery in this patient would begin with a 
thorough decompression at L4-5 with particular atten-
tion placed on the foraminal compression of the fourth 
nerve root on the right side. Decompression alone, 
however, would not be suffi cient given the patient’s 
accompanying spondylolisthesis. While patients with 
only lumbar stenosis benefi t from decompression alone, 
those with associated spondylolisthesis often dem-
onstrate further instability leading to an  exacerbation 

with spinal stenosis at L4-5. She has severe right-sided 
L4 root compromise originating from foraminal 
stenosis.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS

The treatment goals are

 1. Relief of radicular pain and back pain
 2. Improvement of neurogenic claudication
 3. Improvement of urinary incontinence
 4. Improvement in quality of life

The treatment options are
Conservative

 1. A supervised course of physical therapy
 2. Selective nerve root blocks and other epidural 

injections

Surgical

 3. Decompression without fusion
 4. L4-5 decompression with posterolateral 

 instrumented fusion
 5. L4-5 decompression with posterolateral fusion 

without instrumentation
 6. L4-5 decompression and instrumented 

 transforaminal lumbar interbody fusion (TLIF)
 7. L4-5 decompression and instrumented 

 posterior lumbar interbody fusion (PLIF) 
with posterolateral fusion

EVALUATION OF THE LITERATURE

In order to identify relevant publications on single-level 
lumbar degenerative spondylolisthesis with stenosis, 
Medline and PubMed searches were performed. Key 
words included the following: “lumbar stenosis,” 
“spondylolisthesis,” and “single level.” Subheadings 
included “conservative treatment” and “surgical treat-
ment.” This search identifi ed 1,200 abstracts that were 
reviewed. From this search, 150 articles were read and 
reference lists were reviewed. The search was limited 
from 1970 until the present.

DETAILED REVIEW OF PERTINENT 
ARTICLES

As mentioned previously, there are multiple treat-
ment options for a patient with single-level lum-
bar  degenerative spondylolisthesis with stenosis. 
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study demonstrated that while short-term clinical 
results perhaps are not infl uenced by the rates of fusion, 
longer-term results are.23 In long-term follow-up rang-
ing from 5 to 10 years of 49 patients similar to the case 
scenario presented here treated with decompression 
and instrumented posterolateral fusion, more than 80% 
of patients demonstrated signifi cant improvement in 
symptoms and satisfaction with the procedure.24

Therefore, given the better long-term outcomes 
of patients with instrumented fusions as compared 
to those without, we would argue for the use of 
instrumentation given the demonstrated relationship 
between successful arthrodesis and long-term patient 
satisfaction in this patient group. Importantly, the liter-
ature has also demonstrated an increased complication 
rate with instrumentation as compared to noninstru-
mented fusion. For example, Bjarke et al. demonstrated 
a higher reoperation rate in patients with instrumenta-
tion in a prospective randomized trial involving 129 
patients with 5-year follow up.25 The instrumented 
group had a 25% reoperation rate, most commonly 
entailing removal of instrumentation with and without 
second fusion, compared with a 14% reoperation rate 
in the noninstrumented group.

TRANSFORAMINAL-LUMBAR 
INTERBODY FUSION AND POSTERIOR 
LUMBAR INTERBODY FUSION

Both TLIF and PLIF procedures have been advo-
cated as a means to an increased fusion rate in patients 
compared to posterolateral fusion alone.26 No ran-
domized studies have demonstrated the purported 
advantage in patients with stenosis and degenera-
tive spondylolisthesis. Studies comparing PLIF and 
TLIF have demonstrated similar rates of fusion with 
higher complication rates (dural tears) among PLIF 
patients.27,28 As such, recent trends of interbody fusion 
have moved away from PLIF toward TLIF.29

Given the patient’s unilateral facet hypertrophy 
in this clinical scenario, along with the signifi cant 
foraminal stenosis, a TLIF with its requisite unilateral 
facetectomy could be implemented in either an open 
or mini-open TLIF procedure.30 This decision would 
be based more on personal experience than available 
high-quality evidence.

LITERATURE INCONSISTENCIES

As noted throughout the discussion so far, there is a 
lack of randomized controlled trials in treating patients 
like the one presented in this case. The literature is in 
need of more studies like that of Fischgrund et al.23 
The majority of literature guiding surgical options is 

of symptoms, particularly noted in association with 
activity.18 Lombardi et al.19 demonstrated signifi cant 
improvement in 90% of patients with lumbar degen-
erative spondylolisthesis with stenosis treated with 
decompression and fusion as compared to 33% of 
similar patients treated with decompression alone. 
Ghogawala et al.20 demonstrated signifi cant improve-
ment in both the Owestry Disability Index and Short 
Form 36 (SF-36) responses in similar patients treated 
with decompression and fusion as compared to those 
treated with decompression alone. However, a recent 
study has argued that similar patients do as well with 
laminoplasty decompression alone as compared to 
laminectomy and fusion.21

Given the literature described above and its dem-
onstration of less favorable outcomes of patients with 
degenerative lumbar stenosis with grade I spondylolis-
thesis treated with decompression alone, we would 
recommend both a decompression and fusion. How-
ever, there remains a debate on the role of instrumenta-
tion in these patients.

Decompression and Posterolateral 
Fusion with and Without 
Instrumentation
In one of the few prospective controlled trials in the 
area, Fischgrund et al. compared the results of patients 
with degenerative lumbar stenosis with spondylolis-
thesis treated with decompression and fusion with or 
without instrumentation. In the 67 patients involved, 
the study demonstrated an 82% successful fusion rate 
in those with instrumentation as opposed to a 45% suc-
cessful fusion rate in patients decompressed and fused 
without instrumentation.22 However, while pedicle 
screws improved the fusion rate, there was no signifi -
cant difference in clinical outcomes between the two 
groups at 2-year follow-up. In a prospective study 
conducted with 71 patients, France et al. also demon-
strated no benefi t in clinical outcomes with instrumen-
tation in a similar patient population over 2 years. His 
study also demonstrated similar fusion rates with and 
without instrumentation.23 Another recent random-
ized prospective study with 129 patients has suggested 
that LSS patients without instability fair better without 
instrumentation, whereas those who are unstable are 
more likely to achieve long-term improvement with 
instrumented fusion.25

To add to this debate, we consider a study by 
Kornblum et al., 23 which was a follow-up study of 47 
patients who underwent single-level decompression 
and uninstrumented fusion for degenerative lumbar 
stenosis with spondylolisthesis from the Fischgrund 
et al.’s study. This group demonstrated a signifi cant 
difference in clinical outcomes between patients who 
achieved fusion as opposed to those with pseudoar-
throsis with an average follow-up of 7.8 years. This 
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forward with single-level L4-5 wide decompression 
and instrumented posterolateral fusion. While TLIF 
is an interesting option and offers great potential, 
the literature does not offer enough guidance with 
respect to long-term outcomes in the patient pre-
sented here.

DEFINITIVE TREATMENT PLAN

The patient in this scenario would best be treated with 
single-level L4-5 decompression with instrumented 
fusion and iliac crest bone graft to augment the local 
bone harvested during the laminectomy. Most often, 
we further extend bone graft volume with allograft 
supplement.

The patient would be placed prone on a four 
post Jackson table, paying particular attention to the 

limited to retrospective cohort models. Furthermore, it 
seems that the fi ndings of these prospective controlled 
trials are occasionally at odds with the retrospective 
data. For example, Fischgrund’s study demonstrated 
no improvement in clinical outcomes in patients simi-
lar to the one presented here with instrumented fusion 
while retrospective studies did demonstrate a benefi t.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Table 18.1 summarizes the key studies noted above 
in guiding treatment. As mentioned in the discussion 
above, the patient in this case has failed conservative 
treatment and as such would benefi t from surgical 
intervention. Given the literature and long-term out-
comes demonstrated (see Table 18.1), we would move 

Paper Author (Year) Description Summary of Results Quality of Evidence

Fischgrund et al. (1997) Prospective randomized 76 patients with symptomatic spinal stenosis 
associated with degenerative lumbar
All patients underwent posterior decompres-
sion with concomitant posterolateral intertrans-
verse process arthrodesis. Patients randomized 
to a segmental transpedicular instrumented 
or noninstrumented group. Clinical outcome 
was excellent or good in 76% of the patients 
in whom instrumentation was placed and in 
85% of those in whom no instrumentation 
was placed (p = 0.45). Successful arthrodesis 
occurred in 82% of the instrumented cases vs. 
45% of the noninstrumented cases (p = 0.0015).

High

Herkowitz and Kurz 
(1991)

Prospective study
No control

50 patients with degenerative lumbar spon-
dylolisthesis (L4-5). 25 patients treated with 
decompression and 25 treated with decompres-
sion and uninstrumented fusion. Patients with 
fusion had signifi cant improvement in back and 
leg pain compared with decompression alone

High

Bjarke (2002) Prospective randomized
Control

129 patients with lumbar spondylolisthesis 
selected for either fusion with instrumentation 
or fusion alone. Patients with primary degen-
erative instability treated with instrumented 
fusion improved signifi cantly compared to 
those treated with fusion alone (p < 0.02)

High

Ghogawala et al. (2004) Prospective
No control

34 patients with lumbar degenerative spon-
dylolisthesis, Grade 1. Age 50–81. 20 patients 
underwent decompression alone, 14 patients 
underwent decompression and fusion. Both 
SF-36 scores and ODI scores demonstrated a sig-
nifi cant and substantial improvement in fusion 
group as compared to decompression alone.

Low

Evidentiary Table: A Summary of the Quality of Evidence for Single-Level 
Lumbar Degenerative Spondylolisthesis with Stenosis.

TABLE 18.1
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 padding of the chest, iliac crests, and ulnar nerve 
areas. An incision would be made spanning the 
spinous processes of L3-5. Care would be taken to 
avoid  compromising the facet joints of L3-4 and L5-S1, 
while clearly exposing the transverse processes and 
pars of L4 and L5 bilaterally. Pedicle screws would 
then be placed in L4 and L5 bilaterally. A laminectomy 
and decompression would be performed across L4-5 
with a total right-sided facetectomy. Attention would 
be focused on the right L4/L5 foramen and its com-
pressed exiting fourth nerve root. Iliac crest bone graft 
would be harvested in the younger patient population 
(same incision), whereas local bone form the lamine-
ctomy would be supplemented with allograft in this 
particular patient. The rods would be placed in situ 
with no attempt at reduction. No brace would be used 
in the postoperative period.

GRADING THE EVIDENCE FOR 
THIS PLAN

In accordance with the method of grading recommen-
dations set forth by Schunemann et al., our proposed 
treatment plan would be considered a strong recom-
mendation.31 In considering the existing evidence in 
the literature together with the risks and benefi ts of 
the proposed procedure, the proposed treatment plan 
offers the soundest approach to surgically treating a 
patient with lumbar stenosis and spondylolisthesis 
who has failed conservative  treatment.

PREDICTING OUTCOMES

In the above discussion of conservative versus surgi-
cal treatment of lumbar stenosis, patients who under-
went surgical treatment including decompression 
and fusion had better outcomes than similar groups 
treated nonoperatively at the 2-year mark.15,16 Con-
sidering the operative approach, while Fischgrund 
et al. demonstrated no difference between patients 
treated with or without instrumented fusion at 
2-year follow-up,22 other studies have demonstrated 
improved outcomes in patients with instrumented 
fusions.23,25

In our personal experience, patients who have 
failed nonoperative therapy have obtained signifi cant 
relief of symptoms and improvement in quality of life 
following the suggested procedure. Finally, in preoper-
atively counseling patients, it is of critical importance 
that the patient understands the different treatment 
options, both surgical and conservative. It is crucial 
that the patient understands the benefi ts as well as the 
risks of the treatment proposed.
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EDITORS’ CASE 
PRESENTATION

A 66-year-old man presents with complaints of  
low back pain and bilateral lower extremity pain 
for over 1 year. He reports calf  pain and tightness 
when he walks. Symptoms are worse on the left 
than the right. He has had nonoperative treat-
ment that included 8 weeks of  physical therapy, 
from which he had minimal relief  of  his back or 
radicular pain. In addition, he has had three epi-
dural injections, which only provided temporary 
relief. The man does not complain of  numbness 
or  tingling in the feet. Pain is worse with forward 
fl exion and not necessarily relieved with exten-
sion. He does not have any bowel or bladder 
complaints, nor does he have balance issues.

Physical exam reveals that he can forward fl ex to 
touch his hands to his toes without pain. He can 
only extend to the neutral position. Motor, sen-
sory, and refl ex examination are normal. Straight 
leg test is negative.

Radiographic imaging studies are shown in 
Figures 19.1A–E and 19.2A–D. 

19 Single-Level Lumbar 
Degenerative

Spondylolisthesis
with Stenosis II

D O N  YO U N G  PA R K ,  M D  A N D  E U G E N E  C A R R AG E E ,  M D

INTERPRETATION OF CLINICAL 
PRESENTATION

This clinical vignette illustrates a male in his 60s with 
chronic low back pain and radicular complaints of the 
bilateral lower extremities with his left leg symptoms 
worse than the right. Thus far, nonoperative  management 

of physical therapy and epidural injections has not 
alleviated the patient’s symptoms. At fi rst glance, his 
complaints of calf pain and tightness with ambulation 
depict neurogenic claudication. Back pain is common in 
neurogenic claudication, as well as limited back motion 
as in this clinical scenario.1 In this vignette, no vascular 
exam is given and it is not clear if the back pain or leg 
pain is worse with forward fl exion. These are important 
points to clarify during the patient visit. Neurogenic clau-
dication typically occurs with walking or standing and is 
usually relieved with sitting or bending. This type must 
be differentiated with vascular claudication, which is 
typically brought on by walking and relieved with 
 standing upright but resting the legs. Pain relief with 
upright standing is so atypical with neurogenic claudi-
cation that it should be seen as a red fl ag to the spine 
surgeon when reported by a patient with spinal stenosis. 
Conversely, sensory symptoms, tingling, and dysesthetic 
sensations are highly atypical in vascular claudication.

Beyond lower extremity pulses, occasionally a 
more comprehensive vascular examination is required 
to be more certain there is not a distal ischemic com-
ponent to his pain.2 Functional testing with a treadmill 
or bicycle may be useful to differentiate vascular ver-
sus neurogenic claudication. A treadmill test may elicit 
typical symptoms with either vascular or neurogenic 
claudication; however, usually, vascular symptoms 
are more reliably reproducible. A bicycle test does not 
reproduce symptoms in neurogenic claudication since 
forward fl exion of the spine while sitting forward 
would increase the central and foraminal space for the 
nerve roots involved.

The differential diagnosis for the patient’s con-
stellation of symptoms includes peripheral vascular 
 disease, sciatic claudication, or insuffi ciency of the 
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inferior gluteal artery producing ischemia to the sciatic 
nerve, referred pain from the lumbar spine instability, 
hip or knee pathology, and psychological distress.3 Sci-
atic claudication should be considered if there is no evi-
dence of spinal stenosis or major vascular disease, but 
the symptoms seem more vascular. Referred pain from 
unstable spondylolisthesis may be present in different 
activities other than walking, such as bending as in this 
patient’s situation. Psychosocial factors such as gener-
alized somatization, compensation distress, or depres-
sion may amplify symptoms and contribute to the 
development of chronic back pain4 but uncommonly 
have the typical stenosis and claudication history.

This patient does not have clear neurologic signs 
or symptoms. Straight leg testing is not typically pro-
vocative in neurogenic claudication. A relative increase 
in forward fl exion compared with lumbar extension 
may be indicative of degenerative spondylosis and is 
seen in approximately 50% of patients with neurogenic 
claudication.3

The sagittal MRI images demonstrate grade 1 spon-
dylolisthesis of L4 on L5 by the Meyerding  classifi cation 
with <25% of slippage seen. Lumbar  lordosis is 

Figure 19.2.

 maintained and multilevel degenerative disk disease is 
seen, with prominent disc collapse at the L5-S1 level. 
Axial MRI images depict extensive facet joint arthropa-
thy especially at L4-5 with medial facet fragmentation, 
joint effusion, and subluxation. There is mild subarticu-
lar stenosis seen at the L3-4 level and severe central and 
subarticular stenosis at L4-5 level. In addition, the L4-5 
level has a large cystic lesion compressing the cauda 
equina, most signifi cantly on the left side. The cystic 
lesion has a high-intensity signal with T2-weighted 
MRI sequences consistent with that of a synovial cyst. 
The majority of the canal impingement in this patient at 
L4-5 is due to the cysts. On the supine view of the MRI, 
despite the small listhesis, the canal subarticular space 
would be relatively patent without the synovial cysts.

There are no dynamic radiographs testing spinal 
instability. While there is some question of the impor-
tance of small degrees of motion in subjects with spon-
dylolisthesis, gross instability may change the primary 
diagnosis in this case to a mainly deformity/instability 
problem with different treatment approaches. For the 
sake of this review, we will assume no instability was 
found on dynamic radiographs.

Figure 19.1.
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 3. Decompression of spinal canal and stenotic 
regions

 4. Maintenance of spinal alignment and stability
 5. Prevention of recurrence

The treatment options are

 1. Nonoperative treatment consisting of bed rest, 
anti-infl ammatory medications, analgesics, 
physical therapy, epidural or intra-articular 
steroid injections

 2. Percutaneous cyst aspiration and rupture
 3. Surgical cyst excision and decompression
 4. “Minimally invasive techniques” for cyst 

 excision and microdecompression
 5. Lumbar fusion in addition to decompression 

surgery

EVALUATION OF THE LITERATURE

Utilizing Medline search methods, publications per-
taining to LISCs were identifi ed using MeSH (medical 
subject headings) and key words. The search criteria 
included keywords such as “lumbar intraspinal syn-
ovial cyst,” “lumbosacral region,” “synovial cyst,” and 
“cyst.” This led to 259 results utilizing this search strat-
egy. One-hundred one English language abstracts and 
twenty-fi ve full-text articles were reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Close scrutiny of the pertinent publications regarding 
LISCs reveals poor quality of evidence with no level 1 
prospective or randomized studies. Given the low inci-
dence of synovial cysts with concomitant stenosis on 
CT and MRI studies,12,13 a well-designed level 1 study 
may be diffi cult to perform with a large enough cohort 
in a short time frame. The vast majority of studies in 
the literature are comprised of retrospective reviews of 
small sample sizes as well as a multitude of small case 
series. The data from the literature suggest that opera-
tive treatment of LISCs is superior to nonoperative 
treatment in terms of pain relief and clinical outcome.

Nonoperative Treatment
Nonoperative treatment includes short-term bed rest, 
anti-infl ammatory medications, analgesics, physical 
therapy, epidural or intra-articular steroid injections, 
and percutaneous cyst aspiration and rupture. These 
modalities led to a failure rate of 60% at 6 months and 
required all patients to undergo surgical treatment 
in a study of 77 patients.14 Fluoroscopically guided 
cyst aspiration provided some pain relief for a period 

Lumbar intraspinal synovial cysts (LISCs)  usually 
arise from the zygapophyseal joint capsule of the lum-
bar spine and are also termed juxtafacet cysts based 
on their anatomic location.5 Kao et al.5 described 
and classifi ed extradural intraspinal cysts into three 
groups: perineural cysts arising from the dorsal root 
ganglion, arachnoid cysts with pedicle attachment to 
spinal dura near the nerve root, and juxtafacet cysts 
that comprised of ganglion and synovial cysts attached 
to the facet joint capsule. Histologically, ganglion and 
synovial cysts differ primarily in that ganglion cysts do 
not have a synovial lining.6–8

LISCs typically occur in patients in their 7th decade 
of life as in this patient’s case.6 An unknown proportion 
of older persons with these fi ndings are asymptomatic. 
When found in symptomatic patients, the presentation 
includes unilateral or bilateral radiculopathy occur-
ring in 55% to 97% of patients, neurogenic claudica-
tion in 25% to 44% of patients with associated spinal 
stenosis, motor and sensory defi cits in up to 40%, and 
cauda equina syndrome in up to 13% of patients in the 
literature.7–9 Most LISCs are associated with facet joint 
arthropathy as seen in 75% to 90% of cases.8,10 In addi-
tion, degenerative spondylolisthesis is seen in approxi-
mately 50% to 80% of symptomatic cases, and the L4-5 
level, the level of greatest mobility in the lumbar spine, 
is most commonly identifi ed as the location of LISCs.6–11 
The degenerative process and ensuing instability 
likely represent the pathogenic mechanism of LISCs. 
Degeneration may cause herniation of the synovial 
membrane through facet joint capsular defects, lead-
ing to the formation of a para-articular cavity fi lled 
with synovial fl uid.11 With concurrent spinal stenosis 
and progressive degenerative disease, an enlarging 
and expanding LISC can produce the constellation of 
symptoms experienced by this patient.

DECLARATION OF SPECIFIC DIAGNOSIS

This patient has neurogenic claudication and spinal 
stenosis primarily due to a large left-sided LISC. This 
problem is found in the context of multilevel degenera-
tive disk disease, degenerative (and presumed stable) 
spondylolisthesis, facet joint arthropathy, and subar-
ticular stenosis.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

The treatment goals are

 1. Resolution of pain and symptoms
 2. Avoiding neurological injury
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Minimally invasive techniques have also been 
applied to surgically address LISCs, and similar clinical 
results are seen. A retrospective review of 46 patients 
with 9.7-year follow-up demonstrated 88% relief of 
preoperative pain and symptoms with 89% of patients 
reporting overall satisfaction with the surgery.26 The 
authors reported 87% of patients reported resolution 
of numbness and 84% with resolution of weakness. 
In 28% of patients, new back pain developed after a 
period of initial improvement. A similar study utiliz-
ing minimally invasive techniques also demonstrated 
94% good to excellent pain relief with only one patient 
with preexisting spondylolisthesis requiring spinal 
fusion.27 However, the majority of surgical outcome 
studies in the literature were limited by the absence of 
well-validated outcome measures to better delineate 
clinical results, and the careful selection of patients for 
this treatment may limit generalization.

Fusion
The role of spinal fusion in surgical treatment of LISCs 
has been investigated since instability is regarded 
as part of the pathogenic process and may infl uence 
clinical results. A retrospective study of 39 patients 
demonstrated marginally better outcomes with spi-
nal fusion, with 80% having good to excellent results 
versus 70% without fusion.28 This patient population 
consisted of 82% of patients with degenerative spon-
dylolisthesis, with 67% of patients requiring lateral 
spinal fusion with decompression and cyst excision. 
In contrast, no statistical differences were seen in clini-
cal outcomes between patients requiring decompres-
sion alone versus patients with concomitant spinal 
fusion in a study with long-term (9.7 year) follow-up.26 
Three patients (6.5%) who were not fused at the ini-
tial surgery required eventual fusion due to instability. 
Lyons et al.9 reported only 18 out of 194 patients (9.3%) 
required spinal fusion and only 4 out of 194 patients 
(2.1%) required delayed fusion for symptomatic spon-
dylolisthesis. This patient population consisted of 50% 
Meyerding grade 1 degenerative spondylolisthesis. No 
statistical correlation was found between the develop-
ment of symptomatic spondylolisthesis and the degree 
of laminectomy and facetectomy. However, an analy-
sis was not performed in this study comparing clinical 
outcomes between patients with fusion versus without 
fusion.

Literature Inconsistencies
The largest inconsistency in the literature is the selec-
tion of patients for specifi c approaches. None of the 
articles reviewed gave defi ned entry and exclusion 
criteria and all of the retrospective studies accepted 
the clinicians’ general impressions of the best treat-
ment recommended and performed without clear 
defi nition. Important variables such as instability, 

of 3.4 weeks, but 8/10 patients underwent surgery 
due to absence of sustained benefi t.6 Additional 
small case series have demonstrated similar results; 
however, their small sample sizes and the variety of 
various injection sites utilized signifi cantly limit any 
veritable and worthwhile conclusions.8,15–17 Upon 
review of nonsurgical treatment in the literature and 
pooling the results together with 149 total patients, 
nonsurgical treatment amassed a failure rate as high 
as 46.9%, with surgery being the ultimate endpoint.6 
This patient has failed nonsurgical treatment thus far 
and would not likely improve clinically without fur-
ther intervention.

Recently, a retrospective review of 101 consecutive 
patients who underwent fl uoroscopically guided per-
cutaneous corticosteroid injection with attempted cyst 
rupture demonstrated successful cyst rupture in 81% 
with 54% requiring surgical intervention at a mean 
0.70 years after the procedure.18 Successful cyst rup-
ture did not necessarily prevent the need for surgery 
and was associated with worse disability 3 years after 
the procedure. Another recent retrospective review 
of 32 patients undergoing a similar procedure aimed 
at contrast distention and cyst rupture demonstrated 
excellent pain relief in 72% of patients at a mean 1-year 
follow-up and 60% successful outcomes with no fur-
ther treatment.19 However, cyst recurrence occurred 
in 37.5% of patients and a second procedure 3 months 
later provided pain relief in only 45% of patients with 
55% of these patients ultimately requiring surgical 
intervention. Potential causes of failure include inade-
quate cyst aspiration, rarity in cyst involution, inability 
to administer steroids into the correct site, inability to 
puncture the cyst, and cyst recurrence.20

Operative Treatment
Surgical treatment of LISCs has established high rates 
of successful outcomes as reported in cases series 
reports. In the largest retrospective review published 
thus far on surgical outcomes, 194 patients underwent 
lamina decompression and cyst resection with a mean 
follow-up of 26 months.9 The surgeons’ global assess-
ment was that 91% of patients reported good or excel-
lent relief of their preoperative radicular pain, with 
82% and 79% of patients improving in their motor and 
sensory defi cits, respectively. Another study detail-
ing surgical outcomes followed 77 patients for a mean 
42 months and compared the outcomes for patients 
with unilateral radiculopathy and bilateral neurogenic 
claudication.14 The clinical results were similar for both 
groups with the authors reporting approximately 80% 
excellent and 15% good functional results postopera-
tively. Overall, 97.4% of patients had good to excellent 
results. Multiple smaller studies have corroborated 
these high rates of clinical success with short-term fol-
low-up and fewer patients.21–25
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percutaneous procedures harbor defi nite risks, such 
as infection, bleeding, dural puncture, nerve root 
injury, and possible worsening of neurological defi cit 
or pain, but these are not likely greater than surgi-
cal and anesthetic risks.19 Patients should weigh these 
risks against the expected likelihood of temporary 
benefi t of percutaneous treatment.

For more predictable clinical outcomes, surgical 
treatment may be necessary for this patient. Surgical 
treatment may include decompression and synovial 
cyst excision utilizing conventional or minimally 
invasive techniques. Minimally invasive techniques 
can spare the morbidity of larger open procedures 
with less muscle and soft-tissue disruption but may 
require specifi c expertise not generally available. 
Clinical results for minimally invasive LISC surgery 
are similar to conventional techniques,26,27 as reported 
in these lower level evidence studies. Decompres-
sion of coexisting stenosis may also be necessary for 
optimal results. The most important aspect of the sur-
gery is excision of the LISC to provide symptomatic 
relief, decompress the neural elements, and prevent 
 recurrence.

Since the patient has grade 1 spondylolisthesis at 
L4-5, the level of maximum lumbar spine mobility, 
spinal fusion may treat the inherent instability that 
likely is contributing to the etiology of the synovial 
cyst. As discussed above, if gross instability were 
detected with preoperative fl exion and extension 
radiographs, then concomitant fusion would likely 
improve the patient’s clinical outcome. This deci-
sion for fusion should be specifi cally tailored to the 
patient’s own situation with a thorough assessment 
of spinal stability, medical risks of a larger proce-
dures, the patient’s tolerance of a failure of the less 
invasive surgery, and the risks of a second anesthetic 
in high-risk patients.

DEFINITIVE TREATMENT PLAN

In our opinion, this patient should be best managed 
with surgical treatment of the left-sided LISC utilizing 
minimally invasive techniques, which we perform rou-
tinely. After proper positioning on the operating room 
table, the L4-5 level is identifi ed using fl uoroscopy and 
the dissection is taken down to ipsilateral lamina con-
taining the synovial cyst. Using microscopy and mini-
mally traumatic retractors, a laminotomy is performed 
and the ligamentum fl avum is excised. Adequate expo-
sure of the synovial cyst allows more complete exci-
sion. If the synovial cyst is adherent to the dura, careful 
blunt dissection may be necessary; however, overag-
gressive dissection may lead to a dural tear. The sub-
articular and foraminal zones are decompressed along 
with excision of the synovial cyst. A complete, wide 

facet orientation, disc height preservation, degree of 
spondylosis are rarely mentioned but likely contrib-
uted to  enrollment.

Furthermore, treatment success may not be uni-
formly reported by patients and surgeons. Both sur-
geon and patient-based outcomes measures were 
utilized to evaluate results of decompressive lamine-
ctomies for synovial cyst excision in 45 patients with 
coexistent lumbar spinal stenosis and 35 patients 
with stenosis and degenerative spondylolisthesis.29 
After 2 years follow-up, surgeon-based outcomes 
data revealed 58% good to excellent results in the 
stenosis group and 63% good to excellent results in 
the spondylolisthesis group. Patient-based outcomes 
data utilized the SF-36 questionnaire that compared 
preoperative and postoperative responses. Some-
what more moderate improvements were seen in the 
Physical Function and Role-Emotional health scales 
in both groups. In this population, patients who dem-
onstrated poorer outcomes had signifi cant comor-
bidities, such as multiple sclerosis, tumors, spasticity, 
depression, recurrent disc herniation, and prior lum-
bar surgery. These comorbidities may have contrib-
uted to less favorable clinical results as compared to 
other studies in the literature. No primary fusions 
were performed in this study and subsequently 5 of 
45 patients in the stenosis group and 11 of 35 patients 
in the spondylolisthesis group developed frank post-
operative instability. This may indicate that primary 
fusion for synovial cysts, lumbar stenosis, and degen-
erative spondylolisthesis could improve the success 
rates. But again, the selection biases for these studies 
are diffi cult to assess.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Based on the available evidence, this patient may bene-
fi t from surgical treatment since nonsurgical treatment 
has not provided improvement to this point. Although 
the rates of initial surgical success are consistently high 
and patients seem satisfi ed with surgery, the quality 
of evidence is poor with no prospective, randomized 
level 1 studies regarding LISCs. Table 19.1 summarizes 
the retrospective studies and case series in the litera-
ture regarding surgical intervention.

Percutaneous cyst aspiration and rupture is a 
reasonable option for the patient if he would like 
to exhaust all nonsurgical options, which has failed 
up to this point. Percutaneous treatment may pro-
vide suffi cient symptomatic improvement so that the 
patient may possibly avoid surgery. However, the 
failure rate for this option can be as high as 60% and 
as high as 50% of patients will eventually require sur-
gery despite experiencing temporary relief.18,19 These 

Bono_Chap19.indd   177Bono_Chap19.indd   177 9/20/2010   11:59:57 AM9/20/2010   11:59:57 AM



178  CASE 19 ■ Single-Level Lumbar Degenerative Spondylolisthesis with Stenosis II

Paper Author (Year) Description Summary of Results Quality of Evidence

Lyons et al. (2000) Retrospective, 194 
patients, 6 mo follow-up

134/147 (91%) good-excellent (G-E) pain relief, 
4/194 delayed fusion (2%), no  recurrences

Low

Epstein et al. (2004) Retrospective, 80 patients, 
(45 in cyst-stenosis group 
1, 35 in cyst-spondylolis-
thesis group 2), 2 y 
follow-up

58% G-E results (group 1), 63% G-E results 
(group 2), SF-36 physical Function (group 1: + 
44, group 2: + 38), Role-emotional (group 1: + 
39, group 2: + 33), 4/80 (5%) delayed fusions, 
2 recurrences

Low

Métellus et al. (2006) Retrospective, 77 patients, 
42 mo follow-up

75/77 (97.4%) G-E functional results, 1/77 (1%) 
delayed fusions, 1 recurrence

Low

Sabo et al. (1996) Retrospective, 56 patients, 
12 mo follow-up

52/53 (98%) G-E outcome, 1 recurrence Low

Weiner et al. (2007) Retrospective, 46 patients, 
9.7 y follow-up

40/46 (88%)relief of preop pain/Sx, 41/46 
(89%) overall satisfaction, 3/46 (6.5%) delayed 
fusions

Low

Khan et al. (2005) Retrospective, 39 patients, 
26 mo follow-up

22/24 (92%) G-E results, 80% G-E results with 
fusion, 2/39 (5%) delayed fusions, 1 recurrence

Low

Banning et al. (2001) Retrospective, 29 patients, 
24 mo follow-up

20/24 (83%) improved pain, 16/24 (67%) 
improved function, 2/29 (7%) delayed fusions, 
2 recurrences

Low

Salmon et al. (2001) Retrospective, 28 patients, 
3 mo–10.5 y follow-up

21/28 (75%) complete resolution of symptoms, 
1 recurrence

Very low

Trummer et al. (2001) Retrospective, 19 patients, 
23 mo follow-up

19/19 (100%) G-E pain relief, 1  recurrence Low

Sandhu et al. (2004) Retrospective, 17 patients, 
13 mo follow-up

16/17 (94%) G-E pain relief, 1/17 (6%) delayed 
fusions

Low

Howington et al. 
(1999)

Case series, 28 patients, 
40 mo follow-up

81% relief of LBP, 88% relief of radicular symp-
toms

Low

Freidberg et al. (1994) Case series, 26 patients, 
1 y follow-up

15/23 (65%) complete relief, 7/23 (30%) some 
residual symptoms, 1/26 (3.8%) delayed 
fusions

Very low

Boviatsis et al. (2008) Case series, 7 patients, 
12 mo follow-up

7/7 excellent outcomes Very low

Jönsson et al. (1999) Case series, 8 patients, 
0.5–2 y follow-up

All radiculopathy improved, 5/8 pain free Very low

Evidentiary Table.TABLE 19.1

decompression of stenotic levels may not be required 
to address his neurogenic claudication. If, intraop-
eratively, gross spinal instability is found (or created), 
then an instrumented posterolateral fusion, including 
facet joint fusion, is carried out.

The evidence to support the surgical treatment out-
lined is only moderate since the studies in the  literature 

consist of retrospective clinical outcome studies or case 
series with relatively small sample sizes and the wide 
variety of outcome measures used.

In accordance with the method of grading recom-
mendations set forth by Schunemann et al.,21,31 our pro-
posed treatment (compared to continued nonoperative 
care) would be considered a strong  recommendation. 
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This recommendation is made despite the low quality 
of evidence in the literature since surgical interven-
tion would more predictably improve the patient’s 
pain and symptoms as compared to the nonsurgical 
options previously proposed. The potential benefi t of 
surgical treatment would outweigh the risks and bur-
dens of the intervention, especially in this patient with 
refractory pain and symptoms. However, this recom-
mendation may change if the quality of evidence 
improves.

PREDICTING OUTCOMES

According to the literature, the patient would likely 
improve with surgical treatment in terms of his radic-
ular pain, especially since the patient has failed non-
surgical interventions. Retrospective studies and case 
series demonstrated signifi cant improvement in pain, 
motor and numbness symptoms, and satisfaction with 
surgical intervention. As previously mentioned, clini-
cal results in the existing literature utilized various 
patient-based questionnaires and reported subjective 
patient satisfaction rates as measures of success. Better 
validated outcome measures would improve the qual-
ity of data and allow more confi dence in the strength 
of our recommendation.

However, a defi nite pathologic abnormality is 
causing compression of already stenotic neural ele-
ments and decompression with cyst excision would 
allow the patient the best chances of clinical improve-
ment and possible resolution of his leg symptoms and 
possible low back pain.30 Our own clinical experience 
corresponds well with the results seen in the literature 
and provides weight to our recommendation for this 
patient. As always, the patient should be counseled 
that full resolution of pain and symptoms may not 
occur and the risks of surgery, such as dural tear, infec-
tion, epidural hematoma, and recurrence, are uncom-
mon but defi nitely possible.

SUMMARY

In this case presentation, a 66-year-old man is dis-
cussed with chronic low back pain and bilateral lower 
extremity pain with neurogenic claudication and spi-
nal stenosis and spondylolisthesis associated with a 
large LISC who has failed nonoperative treatment. The 
most appropriate treatment for this patient includes 
decompression with synovial cyst excision and pos-
sible fusion if clear instability is also present. Clini-
cal improvement should be expected for this patient 
in terms of radicular pain relief and improvement in 
walking.
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INTERPRETATION OF CLINICAL 
PRESENTATION

This case describes an adult patient of middle age 
who presents with complaints of both low back and 
leg pain. Her pain is described as absent at rest and 
exacerbated by long periods of standing and ambula-
tion. This is consistent with neurogenic claudication, 
which is the most common clinical symptom of lumbar 

spinal stenosis.1 Neurogenic claudication is typically 
characterized by lower extremity aching, burning, 
and paresthesias, radiates from proximal to distal, and 
is commonly associated with back pain. The lower 
extremity symptoms of neurogenic claudication must 
be differentiated from vascular claudication, which 
presents with calf tightness and lower extremity cramp-
ing made worse by exercise and improved with cessa-
tion of activity but not typically improved by fl exion 
as in neurogenic claudication. Although this patient’s 
symptoms are more typical of a neurogenic etiology, it 
is important to rule out vascular disease with a thor-
ough physical examination and referral to a vascular 
surgeon for further evaluation if physical fi ndings of 
signifi cant peripheral vascular disease are found.2 In 
addition, this patient reports no numbness or tingling 
in her lower extremities and denies any bowel or blad-
der involvement. This is also consistent with lumbar 
spinal stenosis, in which pain is often the presenting 
complaint and signifi cant neurologic defi cits are rare.

This patient’s physical exam demonstrates pain 
exacerbated with extension and more ability to for-
ward fl ex comfortably than to extend. This is typical 
of spinal stenosis in that fl exion relieves discomfort 
and extension can worsen it. In this case, the gait is 
stable with the use of a cane. Although patients with 
spinal stenosis may be deconditioned and may lose 
strength and endurance, they will not typically have 
an unsteady gait or signs of hyperrefl exia. The afore-
mentioned are more typical of myelopathy and would 
prompt a search for compressive pathology more 
cephalad in the spinal axis. Furthermore, this patient 
is neurologically intact and demonstrates no tension 
signs on physical exam. This is consistent with spinal 
stenosis, as there is often no neurologic defi cit or only 
subtle defi cits in the lower lumbar or sacral nerve root 
distributions, with tension signs usually absent.2

The magnetic resonance imaging (MRI) sequences 
provided with this case include T2-weighted  paramedian 

EDITORS’ CASE 
PRESENTATION

A 65-year old woman presents to the clinic with 
a long-standing history of  low back pain and left 
lower extremity pain. Her back pain is worse than 
her leg pain. However, she has no back pain at 
rest. Back pain is present when she stands for 
long periods of  time and worse with ambulation, 
during which she uses a cane. Resting relieves 
her symptoms, after which she can resume 
 walking. She reports no numbness and tingling. 
Nonoperative treatment has included three 
 epidural steroid injections that produced some 
short-term relief  for about 5 weeks. She has not 
had any exercise therapy. She has no bowel or 
bladder complaints.

On examination, she has pain that is exacerbated 
with extension. However, she can forward fl ex to 
touch her hands to her midshin. Her gait is stable 
with the use of a cane. Besides being overweight, 
she has no other pertinent positives. She is neuro-
logically intact in the upper and lower extremities 
and demonstrates no positives to provocative tests.

Radiographic images are shown in Figures 20.1 
and 20.2.
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and median sagittal images of the lumbar spine as well 
as T2-weighted axial images through the level of the 
disc spaces from L2-3 to L5-S1. Figure 20.1D is a midline 
T2 sagittal image demonstrating multilevel degenera-
tive disc disease with disc bulging at L2-3, L3-4, L4-5, 
and a 25% slip (Grade I spondylolisthesis) of L4 on L5.3 

Figure 20.1

Stenosis of the spinal canal with buckling of the ligamen-
tum fl avum and compression of the thecal sac between 
the posterior elements and the disc can also be seen at 
the L4-5 level, although the axial cuts are more useful 
for defi ning the anatomic location of stenosis. Over-
all,  sagittal alignment can also be seen on the  sagittal 
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BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Relief of back and leg pain
 2. Maintenance of normal alignment of the spine
 3. Prevention of slip progression of the 

degenerative spondylolisthesis
 4. Stabilization of all unstable motion segments

The treatment options are

 1. Nonoperative treatment including physical 
therapy with or without additional lumbar 
epidural steroid injections

 2. Decompression of all stenotic motion segments
 3. Fusion of some or all of the decompressed 

levels
 4. Instrumented or noninstrumented 

posterolateral fusion
 5. Posterolateral fusion or with additional 

interbody fusion
 6. Application of a motion sparing device

EVALUATION OF THE LITERATURE

In order to identify relevant articles, a Medline search 
was performed using the MeSH (medical subject 
headings) “lumbar spinal stenosis,” “degenerative 
spondylolisthesis,” and “lumbar spinal stenosis and 
degenerative spondylolisthesis.” Searches were lim-
ited to articles published from 1950 to 2008, and only 
English language articles were read and their refer-
ences further reviewed to identify additional perti-
nent articles. A total of 3,147 articles were identifi ed, 

images, and loss of normal lordosis is seen in the mid 
to upper lumbar spine in Figure 20.1D and E. It should 
also be noted that in cases of previous lumbar surgery or 
spondylolisthesis, fl exion/extension radiographs may 
be warranted in order to assess dynamic component to 
the slip as instability is diffi cult to assess on a static MRI 
or radiograph.

The paramedian images (Fig. 20.1A, B, F–H) dem-
onstrate stenosis in both the subarticular zone and the 
foraminal zone to some degree at both L3-4 and L4-5. 
Figure 20.1B, a paramedian image through the patient’s 
left side, shows foraminal stenosis at the L3-4 level, 
and to a lesser degree at the L4-5 level. This is seen also 
on the patient’s right side at L4-5 and to lesser degrees 
at L3-4 in Figure 20.1F and G.

Representative axial images through the level of 
the disc spaces and facet joints are shown in Figure 
20.2. The L2-3 level is relatively normal with a circu-
lar-shaped thecal sac and nerve roots that are evenly 
spaced, as shown in Figure 20.2A. In contrast, Figure 
20.2B (demonstrating L3-4) shows a trefoil-shaped 
thecal sac with compression of the spinal canal by 
hypertrophic facet joints and ligamentum fl avum 
posterolaterally and ventrally by a broad left-sided 
foraminal disc bulge. Similarly, the L4-5 level (shown 
in Fig. 20.2C) shows narrowing of the lateral recess 
and foraminal zones with disc bulging and promi-
nent, hypertrophic facet joints. The next most caudal 
level, L5-S1, is shown in Figure 20.2D for comparison 
and appears normal without evidence of thecal sac 
 compression.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has L4-5 degenerative spondylolisthesis 
with multilevel disc degeneration and lumbar spinal 
stenosis, most signifi cant at the L3-4 and L4-5 levels.

Figure 20.2

Bono_Chap20.indd   183Bono_Chap20.indd   183 9/20/2010   12:00:45 PM9/20/2010   12:00:45 PM



184  CASE 20 ■ Lumbar Degenerative Spondylolisthesis with Multilevel Stenosis I

with 2,398 pertaining to lumbar spinal stenosis, 706 
 pertaining to degenerative spondylolisthesis, and 43 
relevant to both lumbar spinal stenosis and degenera-
tive spondylolisthesis. Out of these articles, 38 full-text 
papers were identifi ed as most relevant to this case 
and were read in full. In addition, an evidence based 
medicine (EBM) review-Cochrane database search was 
performed, resulting in one relevant article entitled 
“Surgery for Degenerative Lumbar Spondylosis.”4

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
Overall, there are few high-quality randomized con-
trolled trials (RCTs) on the treatment of lumbar spinal 
stenosis with associated degenerative spondylolisthe-
sis. While there are several studies that evaluate out-
comes following lumbar decompression and fusion 
that have smaller subsets of patients with spinal steno-
sis and degenerative spondylolisthesis, only four RCTs 
specifi cally address this pathologic entity.5–8 Three of 
these studies compare methods of surgical interven-
tion,5,6,8 while one7 compares operative versus nonop-
erative treatment.

The fi rst question in this case to be addressed is 
whether or not this patient will benefi t from operative 
treatment. The Spine Patient Outcomes Research Trial 
(SPORT) was designed to compare the effectiveness of 
surgical and nonsurgical treatment for patients with 
lumbar disc herniation,9,10 spinal stenosis,11 and lum-
bar degenerative spondylolisthesis.7 The results of the 
trial evaluating lumbar degenerative spondylolisthe-
sis were published in 2007.7 In 13 centers in the United 
States, patients with at least 12 weeks of symptoms 
were offered enrollment in a randomized cohort or 
an observational cohort. Treatment was decompres-
sive laminectomy with or without fusion versus usual 
nonoperative care. High crossover rates (40% in each 
direction) in the randomized cohort presumably con-
tributed to a failure to demonstrate signifi cant effects 
on intent-to-treat analysis for the primary self-reported 
clinical outcome measures. As-treated analysis of the 
 combined cohorts, however, showed a signifi cant 
advantage for surgical treatment at 3 months that 
increased at 1 year and diminished only slightly at 
2 years.

While the large amount of crossover diminished the 
true randomization effect, the baseline characteristics 
of both surgical and nonsurgical groups remained sim-
ilar. The lack of a standardized nonoperative treatment 
regimen has also been criticized, despite the historical 
absence of widely accepted nonoperative treatment 
approaches. Despite these issues, this study provides 

good evidence that operative treatment is superior to 
nonoperative treatment for this condition. In addition, 
the results of this study are consistent with the results 
demonstrated in the mixed-stenosis (those with and 
without degenerative spondylolisthesis) cohort of a 
nonrandomized trial, the Main Lumbar Spine Study.12 
Finally, an RCT of surgical versus nonoperative treat-
ment of lumbar stenosis that was conducted in Fin-
land included a subgroup of patients (42%) that had 
concomitant degenerative spondylolisthesis.13 While 
the surgical group demonstrated greater improve-
ment than the nonoperative group, separate analysis 
of those patients with degenerative spondylolisthesis 
was not performed.

Given the information presented, it is diffi cult to 
discern whether the patients’ symptoms are predomi-
nantly a result of the pathology at the L4-5 level, the 
L3-4 level, or partly attributable to both. As such, the 
planned surgical intervention would include decom-
pression of both levels, as failure rates as high as 27% 
have been reported due to recurrent same-level or adja-
cent-level stenosis.14 The SPORT degenerative spon-
dylolisthesis study included patients with multilevel 
stenosis (38% in the randomized cohort, 31% in the 
observational cohort) and subgroup analysis did not 
show signifi cant effect modifi cation.7 This observation 
should be made with the awareness that the study was 
not designed, nor powered, to examine subgroup dif-
ferences. The other RCTs evaluating surgical treatment 
of spinal stenosis11–13,15 can be considered supporting 
evidence of the benefi t of operative versus nonopera-
tive treatment for the presented case.

The work of Schunemann et al.16 has been widely 
cited as a useful framework for making clinical recom-
mendations based on available evidence. In keeping 
with these guidelines, the evidence supporting opera-
tive treatment for this patient can be considered high 
quality, given the RCT for this condition, the consis-
tency of results with other studies,5,6,8 and the addi-
tional RCTs that indirectly evaluate this condition.12,13,15 
In addition to the quality of evidence supporting the 
effi cacy of treatment, little evidence of harm was dem-
onstrated from either surgical or nonsurgical care.7 
Given these two considerations, a strong recommen-
dation for operative treatment can be made, assuming 
that the patient’s pain and functional limitations would 
make her agreeable to such a recommendation.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Although the best available evidence directs the 
patient in this clinical scenario toward operative treat-
ment, this is stated under the assumption that the 
patient has failed at least 6 weeks of nonoperative treat-
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and instrumented posterolateral fusion). They found that 
the fusion rate was higher in the instrumented fusion 
group, and the rate of spondylolisthesis progression 
was higher in both the unfused and noninstrumented 
fusion groups, although clinical outcomes scores were 
not available and a clear superiority of fusion could not 
be found. Herkowitz and Kurz performed a prospec-
tive RCT involving 50 patients who were alternatively 
assigned to either decompression or decompression 
with noninstrumented fusion, founding that the fusion 
group reported signifi cantly improved back pain, leg 
pain, and had lower rates of progression of olisthesis 
than the unfused group.5 Thirty-six percent of the fusion 
group developed pseudarthroses but still achieved 
good or excellent outcomes. The authors theorized that 
even a pseudarthrosis provided some degree of ben-
efi cial stability. More recently, Ghogawala et al.18 per-
formed a  prospective  comparative  observational study 
of 34 patients who underwent decompression with and 
without fusion with autograft and pedicle screw instru-
mentation. They found that 1-year Oswestry Disability 
Index (ODI) and Short Form-36 (SF-36) scores were sig-
nifi cantly better in the fusion group than in the unfused 
group, although both groups showed signifi cant 
improvement from preoperative scores. While fl aws in 
the methodology of the clinical trials (e.g., inadequate 
randomization) may warrant downgrading them to 

ment of some kind (medications, activity  modifi cation, 
 physical therapy, or injections). The scenario sug-
gests long-standing symptoms and partial relief for 
5 weeks after injection treatments. Most studies look-
ing at operative treatment require between 6 weeks 
and 3 months of failed nonoperative treatment of some 
form prior to surgery.5–7,17 In order to evaluate the most 
appropriate surgical treatment, only articles pertaining 
to adult patients with surgical management of degen-
erative spondylolisthesis were critically examined. The 
highest-quality articles evaluating surgical treatment 
of this condition were examined in further detail, and 
the results are summarized in Table 20.1.

Fusion or no Fusion at the Time 
of Decompression
Once it is decided that operative treatment is superior 
and that a decompression should be performed, the 
next step is to determine whether this patient would 
benefi t from a formal fusion and what levels should 
be included in the fusion. Three prospective stud-
ies have been performed comparing decompression 
with and without concomitant fusion for degenera-
tive spondylolisthesis.5,8,18 Bridwell et al.8 prospectively 
compared three small subsets of patients undergoing sur-
gical treatment of this condition (no fusion, noninstru-
mented posterolateral fusion without  instrumentation, 

Paper Author (Year) Description Summary of Results
Quality of 
Evidence

Weinstein et al. 
(2007)

Prospective random-
ized and observational 
cohorts

304 patients in randomized cohort and 303 in observa-
tional cohort. Outcome measures included SF-36 and 
Oswestry scores.
No difference in outcome in intent-to-treat analysis, but 
superior results in surgery group at 3 mo, 1 y, and 2 y in 
as-treated analysis.

High

Herkowitz and 
Kurz (1991)

Prospective study, 
patients alternately 
assigned

50 patients underwent decompression with or without 
posterolateral noninstrumented fusion
Fusion group had signifi cantly less back and leg pain 
and superior clinical outcome at 2 y follow-up despite 
36% pseudoarthrosis rate

Moderate

Fischgrund et al. 
(1997)

Prospective randomized 
study

67 patients randomized to decompression and fusion 
with or without instrumentation
Fusion rate 82% in instrumentation group vs. 45% in 
nonoperative group but no benefi t in clinical outcome 
(76% good/excellent in instrumented group vs. 85% in 
noninstrumented group)

High

Ghogawala (2004)
 

Prospective, controlled 
observational study

34 patiens with degenerative spondylolisthesis, 
20 underwent laminectomy, 14 underwent  laminectomy 
and instrumented posterolateral fusion
1 y ODI and SF-36 scores signifi cantly better in fusion 
group

Low
 

TABLE 20 .1 Evidentiary Table: A Summary of the Quality of Evidence for Surgical 
Treatment of Degenerative Spondylolisthesis with Lumbar Spinal Stenosis.
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of pedicle screw instrumentation for chronic low back 
pain and included a subset of patients with degenera-
tive spondylolisthesis. They found that patients with 
degenerative spondylolisthesis had better results with 
instrumentation than those with grade 1 and 2 isthmic 
spondylolisthesis, although there was a 25% overall 
reoperation rate in the instrumentation group versus 
14% in the noninstrumented posterolateral fusion 
group. Finally, as part of a systematic review, Martin 
et al. examined three observational studies23–25 com-
paring instrumented and noninstrumented fusion for 
degenerative spondylolisthesis.26 They felt there was 
no conclusive evidence at short-term follow-up of the 
clinical benefi t of instrumented fusion over noninstru-
mented fusion. There was a signifi cant trend, however, 
that the use of instrumentation increases the chance of 
achieving a solid fusion.

Given the confl icting results from the primary 
studies on the clinical benefi t of instrumented fusion 
over noninstrumented fusion, the evidence support-
ing its use is graded as low to moderate quality. This is 
considered in concert with the authors’ clinical exper-
tise and presumed patient preferences. In the authors’ 
experience, the addition of instrumentation adds an 
acceptable amount of additional operative time pro-
vided that there are no patient factors that would 
dictate otherwise. For example, if the patient has reli-
gious preclusions to accepting a blood transfusion, 
then this might alter the risk-benefi t ratio of the addi-
tional blood loss during the placement of instrumen-
tation. In the absence of such exceptions, the authors 
would offer the patient the option of instrumentation, 
with the assumption that the patient would prefer to 
maximize her chances for a satisfactory outcome over 
the long-term. Using the framework of Schunemann, 
et al.16 this would constitute a strong recommendation 
for an instrumented fusion.

Number of Levels to be Fused
An additional dilemma here is whether to fuse only the 
level of the spondylolisthesis or to include the other 
decompressed levels as well. The authors were unable 
to locate any RCTs or even comparative observational 
studies that specifi cally addressed this issue. While 
the subject of adjacent segment degeneration has been 
extensively debated in the literature, relevant studies 
in patients with degenerative spondylolisthesis have 
focused on whether to include L5-S1 in the fusion if 
it demonstrates asymptomatic disc degeneration.27–29 
These have not found any adverse effect to fusing 
only the level of the degenerative spondylolisthesis. 
On careful review of the data presented in the SPORT 
degenerative spondylolisthesis study, 57% of the com-
bined surgical cohort underwent multilevel decom-
pression whereas only 23% underwent multilevel 
fusion.7 Although not directly stated, this implies that 

moderate-quality evidence, the overall agreement of 
these and the observational studies, plus the failure to 
demonstrate harm7 with fusion, supports a strong rec-
ommendation for decompression plus fusion.

Instrumented Versus Noninstrumented 
Fusion
Although attempted fusion appears to improve clini-
cal outcomes in most studies, the addition of instru-
mentation is more controversial. The only prospective, 
randomized study examining this issue specifi cally in 
patients with degenerative spondylolisthesis and spi-
nal stenosis is that of Fischgrund et al, who reported 
clinical outcomes of 67 patients undergoing decom-
pression with and without instrumentation at 2-year 
follow-up.6 They found that although the fusion rate 
was signifi cantly higher for the group undergoing 
 instrumented fusion (82% vs. 45% in the noninstru-
mented group), this increased fusion rate did not pre-
dict better clinical outcomes, which was excellent or 
good in 76% of the instrumented group versus 85% 
in the noninstrumented group. The authors identi-
fi ed preoperative angular motion as the only variable 
that seemed to predict pseudoarthrosis; therefore, 
in this patient population, the addition of instru-
mentation would have added value. In a long-term 
(5–14 year) follow-up study of the noninstrumented 
patient groups from the previously cited studies of 
Herkowitz and Kurz5 and Fischgrund et al.,6 Korn-
blum et al.17 demonstrated that the clinical outcome 
was signifi cantly better in patients with radiographic 
and clinical evidence of a solid fusion than in patients 
with a pseudoarthrosis. While not directly comparing 
instrumented to noninstrumented fusion patients, the 
authors concluded that the benefi cial effect of a solid 
fusion on clinical outcome at longer term follow-up 
supports the rationale for use of instrumentation at 
the index procedure.

In addition to the RCT described above, other 
comparative observational studies merit review. One 
prospective study looking at the clinical outcome of 
fusion performed with and without instrumentation 
included a smaller subgroup of patients with degen-
erative spondylolisthesis.19 Fusion rates were higher 
in the rigid fi xation group (86% fusion rate compared 
to 65% in the noninstrumented group and 50% of the 
semirigid fi xation group), but clinical outcomes were 
not signifi cantly different between the groups. Other 
retrospective case series have looked at clinical out-
come following decompression and instrumented 
fusion and found satisfactory outcomes.20,21 However, 
Booth et al.20 noted that 12 of 41 patients had radio-
graphic evidence of transition syndromes at adjacent 
levels, with 5 patients requiring reoperation or hav-
ing the intention of undergoing reoperation. Bjarke-
Christensen et al.22 prospectively evaluated the outcome 
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a substantial number of patients underwent multilevel 
decompression with fusion only of the olisthetic level. 
On subgroup analysis, the number of stenotic levels 
did not signifi cantly affect outcomes. This is an indirect 
observation, however, and the study was not powered 
to examine this issue. However, there is insuffi cient 
evidence to support extending the fusion an additional 
level. As a result, the authors recommend fusing only 
the L4-5 level and not all of the decompressed lev-
els in this patient. Reasons for extending the fusion to 
adjacent levels might include evidence of instability 
on preoperative fl exion-extension fi lms or iatrogenic 
instability caused by aggressive resection of the facet 
joints during the decompression.

Role of Interbody Fusion
The addition of some type of interbody fusion has been 
advocated by some due to the important stabilizing 
role of the anterior column against compressive, tor-
sion, and shear forces, the increased surface area avail-
able for fusion, and the higher fusion rate associated 
with circumferential fusion versus posterior and pos-
terolateral fusions.30 Several retrospective studies have 
looked at outcomes after either posterior lumbar inter-
body fusion (PLIF) or transforaminal lumbar interbody 
fusion (TLIF) in association with decompression for 
degenerative spondylolisthesis.31–34 One retrospective 
study compared the addition of PLIF to posterolateral 
fusion in patient groups with and without instability at 
the level of spondylolisthesis, defi ned as >4 mm trans-
lation or >10-degree angulation on fl exion/extension 
fi lms.34 They found no difference in outcomes among 
the patients in the stable group, but the unstable group 
with additional PLIF had signifi cantly better clinical 
outcomes. Although the results of interbody fusion are 
favorable, there is insuffi cient evidence to advocate 
the addition of an interbody fusion here, since there 
are no prospective studies comparing either PLIF or 
TLIF to posterolateral lumbar fusion for this specifi c 
condition.

Motion-Sparing Technology
Several alternatives to posterolateral fusion have 
been proposed, including the use of dynamic poste-
rior stabilization in place of rigid instrumentation.35,36 
Although no high-quality clinical evidence exists 
to support them, both the Graf fl exible stabilization 
technique (INVISTA, Wichita, Kansas) and the Dyne-
sys (Zimmer, Inc., Warsaw, Indiana) have been used 
in patients with degenerative spondylolisthesis with 
good short-term results.35,36 Interspinous distraction 
devices prevent extension at the implanted level. The 
implant is intended for patients who report exacerba-
tion of symptoms with extension and improvement 
with forward fl exion (as our patient reports) since the 
implanted motion segment is placed in a position of 

 relative fl exion. In a recent randomized, controlled 
study, Anderson et al.37 evaluated such an implant, the 
X-Stop (St. Francis Medical Technologies, Inc., Alameda, 
California), for use in patients with neurogenic clau-
dication and degenerative spondylolisthesis. Patients 
were assigned to treatment with the X-Stop versus 
nonoperative treatment. At 2-year follow-up, 63% of 
the patients treated with X-Stop reported success com-
pared with 13% treated nonoperatively. Another retro-
spective study, however, reported a 58% reoperation 
rate within 2 years after implantation in patients with 
degenerative spondylolisthesis.38 Given the confl icting 
available evidence, and the lack of a direct compara-
tive study between interspinous process devices and 
traditional surgical methods, the authors would not 
recommend this option at this time.

DEFINITIVE TREATMENT PLAN

This patient with an L4-5 degenerative spondylolisthe-
sis with a 25% slip and multilevel lumbar spinal steno-
sis should be treated with a thorough decompression 
of the L3-4 and L4-5 levels, followed by posterolateral 
instrumented fusion with a pedicle screw and rod con-
struct extending from L4 to L5. The procedure would 
begin with an exposure carried laterally to the tips of 
transverse processes. A posterolateral gutter should 
be developed with exposure down to the intertrans-
verse membrane in anticipation of placing bone graft 
bilaterally from the L4 to the L5 transverse processes. 
Great care should be taken to preserve the L3-4 facet 
capsules. Laminectomy can be started in the midline 
and extended to the lateral recesses as far lateral as 
necessary to achieve an adequate decompression at 
L4-5. A chisel or osteotome can facilitate this process 
by thinning out the medial portion of the facet, requir-
ing less forceful Kerrison bites. The traversing L5 nerve 
roots should be visualized in the lateral recesses and 
foraminotomies should be performed over the L4 and 
L5 nerve roots. A Woodson or Penfi eld-3 should eas-
ily pass through the foramen at the completion of the 
decompression. At L3-4, careful medial facetectomies 
should be performed in order to avoid destabilizing 
this level.

Pedicle screws can be placed at the  appropriate 
levels either before or after the decompression is com-
plete. The authors favor decortication of the trans-
verse processes prior to pedicle screw insertion since 
the implants make this process more diffi cult later. 
The lateral portion of the L4-5 facet and the L4 and L5 
pars regions should be rigorously decorticated. After 
the rods have been secured to the screws, morcelized 
autograft is packed over the decorticated posterolat-
eral elements. The patient would be mobilized out of 
bed as tolerated starting on the fi rst postoperative day. 
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Brace immobilization after an instrumented lumbar 
fusion has not been proven to have any mechanical 
stabilizing effect although it may have some psycho-
logical benefi t.39

Grading the Evidence for this Plan
While the evidence to support decompression and 
fusion would be considered high quality since it is 
derived from RCTs, the evidence to support our selec-
tion for an instrumented fusion would be considered 
low since there are no prospective RCTs or compara-
tive observational studies that directly demonstrate 
clinical benefi t of instrumentation in this scenario. 
However, in accordance with the guidelines outlined 
by Schunemann et al.,16 additional consideration is 
given to the potential benefi ts, harms, and burdens 
of the more controversial component of the proposed 
interventions (instrumentation). Given the low risk of 
harm and the anticipated superior long-term results of 
a solid fusion, our proposed treatment would be con-
sidered a strong recommendation.

PREDICTING OUTCOMES

Although clinical improvement can be expected follow-
ing decompression and fusion in this clinical scenario, 
patients may have some persistent back pain despite 
radiographic evidence of fusion. Relief of neurogenic 
claudication and leg pain is more reliable following 
decompression.7,11,17 However, most of the studies 
examining clinical outcome following decompression 
and fusion use visual analog scales for back and leg 
pain, and only the SPORT trials include validated 
outcome measures such as the SF-36 bodily pain and 
physical function scores, and the ODI.7,11 Symptoms 
of stenosis, back pain, and leg pain were improved at 
3 months, and these results persisted at 1 and 2 years, 
with signifi cant differences at all time points in the 
 as-treated analyses.

In addition, Kornblum et al.17 studied 58 patients 
who underwent decompression and noninstrumented 
posterolateral fusion with autogenous bone graft and 
reported on 5-year clinical outcomes. Eighty-six per-
cent of patients with a successful fusion had a good or 
excellent clinical outcome, while only 56% of patients 
with a pseudoarthrosis had a good or excellent 
result. In addition, 46% of patients with a solid fusion 
were able to walk 2 mile or more at fi nal follow-up 
(vs. 8% in the pseudoarthrosis group) and 77% were 
community ambulators (vs. 24% of patients with a 
 pseudoarthrosis).

While instrumented fusion appears to give 
patients the best chance of obtaining a solid fusion, 
patients must be given all treatment options in as 
thorough and unbiased a manner as possible and 

should be counseled that they will sustain a  longer 
operation with increased blood loss and at consid-
erably more expense should instrumentation be 
used.40 As the role of biologics becomes increasingly 
important and new advances are made, which may 
signifi cantly affect fusion rates, the best surgical treat-
ment options for this clinical scenario may change. 
The roles for selected interbody fusion and motion-
 preserving devices will become better defi ned with 
further investigation.

SUMMARY

In this case, a 65-year old woman presented with 
degenerative spondylolisthesis at L4-5 with multi-
level spinal stenosis at L3-4 and L4-5 and with com-
plaints of back pain that was worse than her leg pain. 
After an appropriate trial of nonoperative treatment, 
this patient would benefi t most from a bilateral pos-
terior laminectomy from L3 to L5 followed by an 
instrumented posterolateral fusion with autograft 
at L4-5. Although she will need to be counseled that 
some back pain may persist and adjacent segment 
disease may occur, this procedure can be expected 
to reliably improve her symptoms of stenosis and 
leg pain and should improve her back pain to some 
extent.
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21  Lumbar Degenerative 
Spondylolisthesis with 
    Multilevel Stenosis II

J O H N  R .  D I M A R  I I ,  M D

INTERPRETATION OF CLINICAL 
PRESENTATION

This case demonstrates typical key features of symp-
tomatic degenerative spondylolisthesis as it describes 
an elderly female with neurogenic claudication, mini-
mal back pain complaints, positive sagittal balance, 
with involvement of the L4/5 level.1–7 It also demon-
strates the usual temporal progression of symptoms 

over a 2- to 3-year period as a result of worsening static 
stenosis combined with dynamic spinal stenosis.8,9 The 
differential diagnoses to consider in elderly patients 
who complain of walking intolerance with referred 
pain down the buttocks and legs include peripheral 
vascular disease, spinal cord compression due to spon-
dylosis, tumors proximal to the lumbosacral spine, 
degenerative joint disease or avascular necrosis of the 
hips and knees, metastatic disease to lower extremity 
osseous structures or the lumbosacral plexus, periph-
eral neuropathy, and rare tumors of the peripheral 
nerves.4 The etiology of spinal stenosis is multifactorial. 
There may be a component of preexisting congenital 
spinal stenosis as well as acquired spinal stenosis from 
gradual degeneration of discs and facet joints. Progres-
sive instability of the spinal segment may result in 
spondylolisthesis.7,8,10 As a result of progressive degen-
eration, these patients tend to pursue a downward 
spiral of decreasing activity where increasing claudica-
tion results in a more sedentary lifestyle resulting in 
signifi cant deterioration of their core muscle strength.

Review of the available sagittal and axial magnetic 
resonance image demonstrates multilevel central and 
foraminal spinal stenosis at L2/3 (mild), L3/4 (mild), 
L4/5 (severe), and L5/S1 (mild). The Grade I spon-
dylolisthesis at L4/5 appears to be the worst level of 
spinal stenosis, which is the result of a combination of 
posterior spondylosis, severe bilateral facet hypertro-
phy, and ligamentum fl avum thickening. The fi nding 
of severe static stenosis combined with the potential 
for additional dynamic stenosis that is frequently asso-
ciated with a spondylolisthesis targets the L4/5 level 
as the likely source of this patient’s spinal claudica-
tion. No anteroposterior, lateral, or fl exion-extension 
radiographs of the lumbar spine are available for 
review. Full-length 36-in anteroposterior and lateral 
radiographs may be helpful to further evaluate sagit-
tal balance. A myelogram combined with a computed 
tomography (CT) scan can further delineate the degree 

EDITORS’ CASE 
PRESENTATION

A 72-year-old woman with a history of  hyperten-
sion, diabetes mellitus, hypercholesterolemia, 
glaucoma, and gastroesophageal refl ux presents 
with a complaint of  bilateral thigh and buttock 
pain over the past 2½ years. She feels her symp-
toms are better leaning forward or leaning on a 
shopping cart when she goes to the supermarket. 
Bowel and bladder functions are reportedly intact. 
The woman has had a course of  nonoperative 
treatment that has included multiple epidural 
steroid injections and physical therapy, from which 
she has had only short-term relief. Since then, 
her pain has become unbearable and is substan-
tially affecting her ability to function, as she can 
no longer walk long distances.

Physical exam demonstrates decreased exten-
sion of  the lumbar spine. Gait is fairly normal, 
though she does use a cane. Posture is stooped 
forward. She has intact strength and sensation 
bilaterally and no pain to palpation of  the back. 
Refl exes are normal. Radiographic images are 
shown in Figures 21.1A–D and 21.2A–D.

C A S E
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of motion at the level of the spondylolisthesis and any 
weight-bearing-induced central or foraminal stenosis 
above or below the spondylolisthesis.10–12

DECLARATION OF SPECIFIC 
DIAGNOSIS

The case presented describes a patient with a poten-
tially unstable grade 1 spondylolisthesis at L4/5 with 
associated severe spinal stenosis causing neurogenic 
claudication combined with mild adjacent central and 
foraminal stenosis at L2/3, L3/4, and L5/S1.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Exhaust all reasonable conservative care and 
ensure the patient is medically fi t for surgery.

 2. Surgical treatment of the incapacitating spinal 
neurogenic claudication symptoms.

 3. Restore long-term stability to the L4/5 spinal 
segment to prevent progression of slippage.

Figure 21.1.

Figure 21.2.
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elderly with spinal pathology.14,15 These nonsurgical 
treatment methods are the same as for the treatment 
of low back pain and include activity modifi cation, 
physical therapy, aquatic aerobics, nonsteroidal anti-
infl ammatory drugs, bracing, and epidural blocks. 
A recent systematic review of physiotherapy showed 
that specifi c exercise interventions alone or in combi-
nation with other treatments had a positive effect on 
low back pain due to spondylolisthesis; however, there 
were not enough studies that were similar enough to 
draw any conclusions.16

Although many patients temporarily respond to 
conservative care, approximately 15% of patients even-
tually undergo surgical intervention to increase the 
diameter of the spinal canal and restore stability.4,9,17,18 
Despite a course of nonoperative treatment including 
epidural steroid injections and physical therapy, the 
patient in the current case continues to have unbear-
able pain and can no longer walk long distances, 
diminishing her quality of life. Surgical  decompression 

 4. Address any adjacent level central or foraminal 
stenosis only as absolutely necessary.

 5. Maintain or improve the lumbosacral sagittal 
balance.

 6. Improve quality of life (QOL) outcome mea-
sures to ensure meaningful improvement.

The treatment options are

 1. Continue conservative care including NSAID, 
water aerobics, periodic epidural blocks, nar-
cotic pain medications.

 2. Surgical correction via posterior decompres-
sion of L4/5 and other required levels.

 3. Surgical correction via posterior decompression, 
posterolateral spinal fusion (PLSF) in situ (no 
reduction).

 4. Surgical correction via posterior decompres-
sion, PLSF with pedicle instrumentation with 
or without reduction of the spondylolisthesis.

 5. Surgical correction via decompression, 
 transforaminal lumbar interbody fusion (TLIF), 
posterior instrumentation, reduction of the 
spondylolisthesis, with or without a concurrent 
PLSF.

 6. Surgical correction via an anterior lumbar 
interbody fusion (ALIF), PLSF, pedicle instru-
mentation, with or without a concurrent PLSF.

EVALUATION OF THE LITERATURE

Relevant articles addressing adult degenerative spon-
dylolisthesis were identifi ed by doing a computer 
search of MEDLINE, EMBASE, HealthSTAR, Cumu-
lative Index to Nursing & Allied Health Literature, 
Cochrane Database of Systematic Reviews, ACP Jour-
nal Club, Database of Abstracts of Reviews of Effects, 
Cochrane Central Register of Controlled Trials, from 
the beginning of the databases up to January of 2008 
using the search strategy outlined in Table 21.1. Five 
hundred and ninety article abstracts were identifi ed.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative Versus Nonoperative 
Treatment
Degenerative spondylolisthesis is a common diagnosis 
in the aging population in whom there is also a high 
incidence of concurrent comorbidities.13 Therefore, 
because of the potentially high complication rate asso-
ciated with surgery, physicians tend to exhaust all pos-
sible conservative modalities in the treatment of the 

Results Search Type Display

1 spondylolisthesis {Including 
Related Terms}

761

2 child$.ti,ab. 718701

3 adolescent.ti,ab. 45555

4 pediatric.ti,ab. 98550

5 juvenile.ti,ab. 38413

6 infantile.ti,ab. 19398

7 isthmic.ti,ab. 1583

8 dysplastic.ti,ab. 9593

9 high.ti,ab. 1572065

10 trauma.ti,ab. 106239

11 cervical.ti,ab. 115569

12 6 or 11 or 3 or 7 or 9 or 2 or 8 or 4 
or 10 or 5

2494255

13 1 not 11 717

14 limit 14 to humans 707

15 limit 15 to English language 590

TABLE 21.1 Search Strategy.
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symptoms are severe enough, surgery offers substan-
tially greater improvement of pain and function when 
compared to nonsurgical treatment.6,9

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence was reviewed in order to 
develop a specifi c surgical treatment plan. This body 
of evidence is summarized in Table 21.2. The following 
is a description of pertinent data.

Decompression Alone Versus Fusion
There are two randomized clinical trials29,31 and six obser-
vational cohorts32–37 available that evaluated decom-
pression alone versus decompression and fusion for 
degenerative spondylolisthesis. Except for one observa-
tional study,35 all the studies showed better results with 
fusion compared to decompression alone.

Decompression with an Interspinous 
Spacer
There is one randomized clinical trial showing that 
decompression using an interspinous spacer leads 
to better clinical outcomes compared to nonopera-
tive treatment in patients with a stable  degenerative 

and  stabilization of degenerative spondylolisthesis 
have been shown to reliably relieve a patient’s symp-
toms and result in improved long-term outcome 
measures.2,7,9,19–26 Surgery should only be considered if 
the patient’s overall medical condition is stable enough 
to tolerate surgery, if the patient is aware of the risks 
associated with surgery, and the patient’s perception of 
his or her QOL has deteriorated to such a degree that 
they are willing to undergo surgery.27

Weinstein et al.9 recently reported the 2-year out-
comes from the SPORT (Spine Patient Outcomes 
Research Trial) study where surgically treated patients 
showed substantially greater improvement of both pain 
and function compared to patients treated nonsurgi-
cally. The objective of surgical treatment is the relief of 
spinal claudication while ensuring a stable, balanced 
lumbosacral spine. Preoperative assessment should 
evaluate the potential risks and consider the unique 
features that affect success of the surgery. The slip 
grade, presence of osteopenia, positive sagittal imbal-
ance, rotational and translational instabilities, and the 
severity of the stenosis all may affect the outcome of 
surgery.8,9,24,28–30 Adequate decompression leads to rapid 
relief of the neurologic symptoms. Achieving a solid 
fusion has been associated with short- and long-term 
clinical improvement and patient satisfaction.9,17,24,28–30 
Studies demonstrate that when back and leg pain 

Paper Author (Year) Description Summary of Results Quality of Evidence

Weinstein et al. (2007) RCT, nonoperative vs. opera-
tive treatment for degenerative 
spondylolisthesis

Patients treated surgically showed 
substantially greater improvement in 
pain and function during a period of 
2 y than patients treated nonsurgically

High

Kornblum et al. (2004) Long-term follow-up of patients 
with solid fusion and those 
with pseudarthrosis

Outcomes of patients with stable pseu-
darthrosis deteriorated over time; solid 
fusion achieved with instrumentation 
had better long-term results

Moderate

Fischgrund et al. 
(1997)

RCT, instrumented vs. nonin-
strumented fusion

Instrumented fusions had higher 
fusion rates, but outcomes were similar 
to noninstrumented fusions.

High

Montgomery and 
Fischgrund (1994)

Prospective study of passive 
reduction of spondylolisthesis 
on the operating room table

Postural reduction improves the degree 
of slippage

High

Herkowitz and Kurz 
(1991)

RCT, fusion vs. decompression 
alone

Patients who were fused had better 
outcomes and symptom relief even if 
they had a pseudarthrosis

High

Anderson et al. (2006) RCT, interspinous spacer versus 
nonoperative care

Using an interspinous spacer leads to 
better clinical outcomes compared to 
nonoperative treatment

High

TABLE 21.2 Evidentiary Table.
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good restoration of disc space height,  decompression 
of the foramen, and prevention of adjacent level 
degeneration.44,45 There, however, were no differences 
in the amount of postoperative lordosis, percentage 
of slippage, improvement in outcome measures, or 
success of surgery when compared to a posterolateral 
fusion.46

Bone Grafting Options
There are a wide variety of bone graft materials avail-
able. Autograft demonstrates a fusion rate between 
40% and 98%. A meta-analysis of all available fusion 
literature demonstrated an overall autograft fusion 
rate of 87%.47 Demineralized bone matrix has also been 
shown to be useful as a bone graft extender in a recent 
study when combined with autograft.48 Further studies 
have shown that use of the rhBMP’s, with and without 
pedicle instrumentation, when compared to iliac crest 
bone graft (ICBG) signifi cantly improves the chance 
of solid fusion and should be considered as adjunct 
 treatment.2,25,26,28,49–51

Reduction of Spondylolisthesis
There is some controversy over whether or not a con-
current reduction should be performed in a grade 1 
spondylolisthesis.7 When there is documented insta-
bility on preoperative fl exion and extension radio-
graphs, the spondylolisthesis will usually reduce 
following muscle relaxation with positioning the 
patient in the prone position.6,52 Additional posterior 
surgical maneuvers that facilitate reduction of the 
spondylolisthesis include the use of reduction screws, 
soft-tissue releases, facet osteotomies, and the PLIF or 
TLIF techniques that remove the disc and elevate the 
disc space while simultaneously effecting the inter-
body fusion.21,24,42 However, a reduction should be 
abandoned in the instances where the spondylolisthe-
sis is rigidly fi xed or signifi cant osteoporosis exists. 
In these instances, there is signifi cant potential to 
lose fi xation as a result of pedicle screw failure at the 
bone/screw interface or actual fracturing of the pedi-
cle either acutely or in a delayed fashion.53 Therefore, 
the general consensus is to use postural reduction 
and fuse in situ unless the patient’s physiologic or 
chronologic age is such that reduction is mandatory 
to maintain good lordosis and prevent adjacent level 
degenerative disc disease.6,7

DEFINITIVE TREATMENT PLAN

Treatment is predicated on all reasonable nonop-
erative treatment modalities being exhausted prior 
to surgical consideration. Several different surgi-
cal techniques are available to address the grade I 
degenerative spondylolisthesis in his case. Based 

 spondylolisthesis and symptomatic neurologic 
 complaints.38 The spacer has been shown to increase 
the interspinous distance and foraminal height, thus 
relieving nerve compression. This treatment may 
be extremely useful in patients who do not wish a 
more extensive surgical procedure or those with sig-
nifi cant comorbidities that preclude a more extensive 
 surgery.

Instrumented Versus Noninstrumented 
Fusion
Studies comparing instrumented versus noninstru-
mented fusions are available for posterolateral fusion 
techniques only. There are two randomized clini-
cal trials28,31 and three observational cohorts.39–41 In 
these studies, higher rates of fusion were observed in 
patients who had instrumentation compared to those 
who were not instrumented. Long-term follow-up30 
has shown a correlation between achieving a solid 
fusion with instrumentation and improved clinical 
outcome and less pain. Instrumentation should be 
considered if there is documented listhesis >5 mm, 
the spondylolisthesis is more than 50%, or a previous 
wide laminectomy has been performed because of 
the potential to lead to further instability with just an 
 isolated  decompression.7

Interbody Fusion
An interbody technique via a posterior lumbar inter-
body fusion (PLIF) or TLIF may be indicated in higher 
grade spondylolistheses, signifi cant segmental kypho-
sis, osteoporosis, or short transverse processes.2,7,8,19,21,24,42 
The placement of an interbody device through a pos-
terior approach removes the morbidity of an anterior 
procedure and provides considerable support to the 
overall construct via load sharing. Interbody fusions 
have been shown to decrease the stress on the poste-
rior pedicle instrumentation up to eighteen times.43

There are limited studies comparing instrumented 
posterolateral fusion alone versus the addition of an 
interbody fusion. Ha et al.19 showed that the addi-
tion of PLIF to an instrumented posterolateral fusion 
improves outcomes in unstable spondylolistheses. In 
contrast, Inamdar et al.20 showed better outcomes in 
patients with instrumented posterolateral fusion alone 
compared to those combined with PLIF. The study also 
showed better reduction but higher complications rates 
in patients who had PLIF. Observational cohorts19,24 
have shown improvement in outcome scores at fol-
low-up compared to preoperative in patients who had 
TLIF or PLIF.

Anterior Interbody Fusion or Combined 
Anterior/Posterior Fusion
Certain authors have reported favorable results in 
observational cohorts with stand-alone ALIF with 
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on the available  evidence and the particular patient 
characteristics, the preferred treatment is a pos-
tural reduction or fusion in situ, followed by pos-
terior decompression to address the spinal stenosis 
and a concurrent posterolateral fusion with pedicle 
 instrumentation.

Grading the Evidence for this Plan
The evidence to support surgical treatment over con-
tinued nonoperative treatment would be considered 
high. The evidence to support fusion plus decompres-
sion over decompression alone would also be con-
sidered high. The evidence to support instrumented 
fusion rather than noninstrumented fusion would 
be considered low. However, given the reasonable 
risks and safety of the prescribed treatment, and the 
consistency of the data in general, the author con-
siders the surgical plan as outlined to be a strong 
 recommen dation.

PREDICTING OUTCOMES

Predicting outcomes in an elderly population is diffi cult 
due to an extensive array of variables. These include 
the extensive differential diagnosis in the elderly, mul-
tiple comorbidities, and diffi culty obtaining long-term 
follow-up. Prospective randomized trials and obser-
vational cohorts have shown improved outcomes in 
patients undergoing decompression and fusion for sin-
gle-level degenerative spondylolisthesis.28,29,54 There-
fore, surgical intervention should reliably improve 
the patient’s unremitting leg pain, instability, and the 
sagittal imbalance. Subsequent deterioration of the 
adjacent levels resulting in stenosis and the long-term 
effect on outcomes are controversial but may be an 
acceptable consequence in light of the patient’s severe 
symptoms.

SUMMARY

This is a classic case example of a 72-year-old female 
with signifi cant comorbidities who presents with a 
>2-year history of progressive spinal claudication. Hav-
ing ruled out potential other etiologies of leg pain, she 
was treated with extensive conservative care including 
physical therapy and epidural blocks, neither of which 
has given her any lasting relief. She has pursued a typi-
cal downhill course of increasing symptoms that have 
severely affected her quality of life. If surgery is her 
choice to attempt to relieve her symptoms and she is 
medically fi t enough to undergo surgery, then the sur-
gical procedure that has the best supporting evidence 
is a posterior decompression and posterolateral fusion 
with instrumentation.
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EDITORS’ CASE 
PRESENTATION

A 64-year-old woman with a history of  hyperten-
sion, hypothyroidism, depression, gastroesopha-
geal refl ux, and anxiety presents with a primary 
complaint of  low back pain and right lower 
extremity pain, numbness, and tingling. The onset 
of  her pain was approximately 6 to 8 months ago. 
By history, low back pain started fi rst followed 
by right leg symptoms. She feels the back pain 
is more signifi cant than her leg pain. Right lower 
extremity pain radiates down to the plantar sur-
face of  the foot and is exacerbated with sneezing 
and coughing. Back pain is worse with forward 
fl exion and somewhat relieved with extension. 
She can walk about ten minutes before the low 
back pain stops her. She has no bowel or bladder 
complaints. The patient has not undergone a for-
mal course of  physical therapy, but she has had 
three epidural steroid injections without relief.

Physical examination reveals pain with forward 
 fl exion, which is limited to touching her hands to 
her knees. Though extension is limited to about 
15 degrees, there is little pain. Localized tenderness 
is present with palpation of the L5 spinous process. 
Sensation is intact. However, she has decreased 
strength in the quads and hamstrings bilaterally, 
seemingly secondary to pain. Straight leg raise test 
is negative. Refl exes are equal and intact bilaterally.

Radiographic imaging studies are shown in 
 Figures 22.1 to 22.4.

22 L5-S1 Slip and 
    Herniation

W I L L I A M  C.  W AT T E R S  I I I ,  M S,  M M S,  M D

INTERPRETATION OF CLINICAL 
PRESENTATION

This patient presents as a chronologically older though 
not elderly female with dominant lower back pain and 
with less intense radicular symptoms of right leg pain 

as well as numbness and tingling to the plantar surface 
of her right foot. Her back pain is increased on forward 
fl exion while she has little pain on extension. She has 
L5 spinous process tenderness on palpation and she 
has no clear-cut neurological changes. Potentially com-
plicating her management is a history of hypertension, 
hypothyroidism, gastroesophageal refl ux, depression, 
and anxiety.

Routine AP and lateral x-rays reveal a Grade I 
spondylolisthesis with >50% loss of disc height at the 
L5-S1 disc space (Fig. 22.1 A–C). The remaining lumbar 
discs are well preserved with minimal loss of height at 
L4-5, and there are few stigmata of degenerative spon-
dylosis at these levels but some increased sclerosis of 
the sacroiliac joints. A lateral CT scan confi rms a Grade 
I spondylolisthesis with severe loss of disc height and a 
central vacuum disc phenomenon (Fig. 22.2 A–C). This 
study suggests more spondylosis at other levels than 
the routine fi lms, showing facet degenerative changes 
at L2-3 and L3-4 as well as the L4-5 and L5-S1 disc lev-
els. T2 imaging on MRI shows generalized disc des-
iccation through the lumbar spine, worst at L4-5 and 
L5-S1. There are Schmoral nodes in the vertebral bod-
ies of T11, T12, and L1 (Fig. 22.3 A,B). Transaxial views 
show a broad-based central disc protrusion at L4-5 with 
bilateral lateral stenosis though the lateral views of this 
same study suggest the lateral stenosis at L4-5 is only 
mild (Fig. 22.4 A–C). There is a Grade I spondylolis-
thesis at L5-S1 and a large herniated nucleus pulposus 
at L5-S1 as well, eccentric to the right producing cen-
tral and bilateral, right greater than left lateral stenosis 
with nerve root impingement on the right. There are 
degenerative facet changes on the L3-4, L4-5, and L5-S1 
images presented.

This patient’s initial presentation demonstrating 
no progressive neurological defi cits warranted a course 
of nonoperative care. The minimal physical fi ndings 
included increased pain on forward fl exion, a fi nding 
clinically felt to be consistent with discogenic pain, 
and spinous process tenderness clinically felt to be 
consistent with posterior element pain.1 Her imaging 

C A S E
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studies demonstrate mild bilateral, lateral stenosis at 
L4-5, and both a Grade I spondylolisthesis and an HNP 
on the right at L5-S1, the same side as her radicular 
symptoms. The potential for all of these conditions to 
respond favorably to conservative care is good. How-
ever, the presence of hypertension and, in particular, 
gastric refl ux will seriously limit the use of oral anti-
infl ammatory medications, which would potentially 

be helpful for both axial and radicular pain.2 With this 
limitation, continued attempts at conservative care are 
likely to be compromised.

We are further informed that the claimant has now 
undergone three epidural steroid injections without 
relief. We are not told whether these were targeted, 
transforaminal injections or simply interlaminar injec-
tions and also if any short-term relief, say for the 

Figure 22.1.

Figure 22.2.
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 duration of the anesthetic, was achieved. We are also 
not told whether the claimant’s leg pain was in fact 
improved with these injections, as would be expected,3,4 
to the point where now her back pain is dominant or 
whether the back pain was always the dominant com-
plaint making the probability that lumbar epidural 
injections would help her far less likely.5,6

Finally, the claimant has not undergone a course of 
formal physical therapy. The role of physical therapy 
and other rehabilitation measures including bracing 
is not well described for degenerative lumbar spon-
dylolisthesis, with or without an HNP, but there is a 
larger literature base for degenerative spinal stenosis, a 
pathologically similar condition. While physical  therapy 
can be helpful in controlling back pain and radicular 

symptoms in degenerative spinal stenosis, a recent sys-
tematic review of the literature on the role of physical 
therapy and exercise yielded insuffi cient evidence to 
draw any conclusions on the long-term effectiveness of 
this treatment for the symptoms of degenerative spinal 
stenosis.7 Thus, while a course of physical therapy cer-
tainly could be instituted in this patient, the likelihood 
of a successful and acceptable outcome is limited both 
by the evidence available in the literature on a simi-
lar condition, degenerative spinal stenosis, and by the 
patient’s failure to improve over >8 months of nonsur-
gical care. Given the failure of appropriate nonsurgi-
cal measures on this patient and assuming her current 
clinical complaints are unacceptable to her, a surgical 
solution should be considered.

Figure 22.3.

Figure 22.4.

Bono_Chap22.indd   200Bono_Chap22.indd   200 9/21/2010   10:45:33 AM9/21/2010   10:45:33 AM



CASE 22 ■ L5-S1 Slip and Herniation  201 

DETAILED REVIEW OF PERTINENT 
ARTICLES

Nonoperative Versus Operative 
Treatment
As previously discussed, this patient has been symp-
tomatic for >8 months and has failed to improve 
signifi cantly during a course of nonoperative care. 
She has not had a course of structured rehabilita-
tive therapy, but a recent systematic review of the 
literature on degenerative spinal stenosis suggests 
that such treatment is at best useful for episodic 
relief only of symptom fl air-ups and not useful for 
long-term treatment.7 Furthermore, a recent large 
prospective controlled study presents moderate-
level evidence that such a patient as this is likely to 
benefi t more from surgical intervention than from 
continued nonsurgical care.8 After a thoughtful and 
complete discussion with this patient and her family, 
the decision has been made to pursue a surgical solu-
tion to her problem. This decision was arrived at tak-
ing into account the three important components of 
evidence-based decision making: the patient’s needs 
and desires, her treating physician’s knowledge and 
experience, and the best evidence currently available 
in the clinical literature on her condition, which will 
be  summarized below.

As noted above, one treatment goal in this 64-year-
old patient is to minimize the effects of her medical 
comorbidities on the outcomes of her surgical treat-
ment. The presence of both physical as well as psycho-
logical comorbidities can infl uence surgical outcomes 
in lumbar spinal surgery, and their presence appears 
to be additive.9 This patient’s history of hypertension, 
hypothyroidism, and gastrointestinal refl ux has to be 
evaluated prior to any surgical intervention by a com-
petent medical specialist. Assurances must be obtained 
that the patient can withstand not only the challenges 
of a possibly prolonged anesthesia and attendant 
blood loss and possible replacement but also the rig-
ors of a potentially prolonged rehabilitation. The pres-
ence of depression and/or anxiety especially has been 
shown to be predictors of poor functional outcomes in 
lumbar spinal surgery for both back pain and radicular 
syndromes.10–12 Thus, this patient should also be evalu-
ated by a competent psychiatrist prior to surgery to 
assess her current status with respect to both her his-
tory of depression and anxiety. If signifi cant depression 
and/or anxiety are present, these should be actively 
treated prior to surgery. The presences of either of 
these conditions could portend a poor functional out-
come independent of choice of surgical intervention. 
Both the internist and the psychiatrist should be avail-
able for assistance in the postoperative management of 
this patient.

DECLARATION OF SPECIFIC 
DIAGNOSES

This patient has complaints of axial back pain greater 
than right leg radiculopathy associated and/or most 
likely attributable to Grade I L5-S1 degenerative spon-
dylolisthesis and concomitant right-sided HNP at 
L5-S1.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Long-term relief of or signifi cant reduction in 
both axial and radicular complaints

 2. Improved patient function in daily activities 
such as walking

 3. Minimize the effects of medical comorbidities 
during treatment

The surgical treatment options are

 1. Simple discectomy, open or minimally inva-
sive, at L5-S1 on the right

 2. Indirect decompression of the spinal canal 
by an interspinous process distraction 
device

 3. Open decompression of spinal canal
 4. Open decompression of the spinal canal with 

fusion
 5. Open decompression of the spinal canal with 

fusion and internal fi xation

EVALUATION OF THE LITERATURE

To identify relevant publications on the surgical  treatment 
of degenerative lumbar spondylolisthesis (with or with-
out HNP), PubMed was searched from 1966 to 2008 
using both MeSH terms and key words. One search 
was performed addressing each of the surgical options 
listed for this patient. Key words included “lumbar disc 
herniation,” “lumbar disc rupture,” “lumbar HNP,” 
“lumbar degenerative spondylolisthesis,” “decompres-
sion,” “laminectomy,” “laminotomy,” “foraminotomy,” 
“fusion,” “arthrodesis,” “hardware,” “instrumentation,” 
and “pedicle screw.” Electronic searches were also per-
formed in answering Questions 4, 5, and 6 at the ACP 
Journal Club database, Cochrane Database of Systematic 
Reviews, Database of Abstracts of Reviews of Effective-
ness (DARE), and Cochrane Central Register of Con-
trolled Trials.
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and basically reproduce the intended action of spinous 
process distraction. The patient being discussed 
in this analysis actually has increased lower back pain 
on forward fl exion, and thus, an interspinous distraction 
device might actually worsen her clinical complaints.

Open Decompression of the Spinal 
Canal Alone or with Fusion
If deciding to do a more aggressive surgery in this 
patient, the decision will have to be considered as to 
whether or not to add a simple, noninstrumented fusion 
to the surgical decompression and discectomy. Overall, 
the quality of evidence to make this decision is poor. An 
early and often quoted study by Herkowitz and Kurz23 
was a prospective comparative study of 50 patients with 
degenerative spondylolisthesis, 25 of whom under-
went decompression only and 25 of whom underwent 
decompression and lateral transverse fusion. These 
patients were followed for 2 years with x-rays and a 
subjective (nonvalidated, nonfunctional) outcome scale. 
After 2 years, the authors reported statistically highly 
signifi cant improvement in the subjective results for 
both leg and back pain in the patients who had a con-
comitant fusion with their decompression compared 
to those patients who underwent just a decompres-
sion. This study provides low levels of evidence that 
fusion improves patient outcomes when combined with 
decompression in the surgical treatment of symptom-
atic lumbar degenerative spondylolisthesis.

Mardjetko et al.24 published a meta-analysis of 
papers published between 1970 and 1993 on the surgi-
cal treatment of degenerative lumbar spondylolisthesis. 
Twenty-fi ve papers were identifi ed with three present-
ing moderate levels of evidence and the remainder 
low levels of evidence. Over all, the Mardjetko et al., 
paper yielded low levels of evidence. Typical of papers 
from this period, none used validated functional out-
come measures. Outcomes did include leg pain, back 
pain, and global outcome scores. In this meta-analysis, 
11 papers reported patients who underwent decompres-
sion only, and of these, 69% of patients were reported to 
have a clinically satisfactory outcome by nonvalidated 
measures. In addition, six papers were identifi ed that 
reported patients who underwent both a decompres-
sion and noninstrumented lateral transverse fusion 
with 90% of these patients reporting a clinically satis-
factory outcome. When the clinical outcomes of these 
two groups, patients with decompression only versus 
patients with decompression and noninstrumented 
fusion, were compared in the meta-analysis, the decom-
pression and fusion group was statistically highly sig-
nifi cantly superior to the decompression only group.

Martin et al.25 attempted to do a systematic review 
of higher level data by looking only at RCTs and 
 comparative observational studies using surgery to treat 

Simple Discectomy—Open or Minimally 
Invasive
This patient’s axial back pain is felt by her to be more 
signifi cant than her radicular symptoms. While a sim-
ple discectomy might further decrease this patient’s 
radicular symptoms, the role of simple discectomy, 
either open or minimally invasive, in this patient is 
limited. A search of PubMed for the surgical treatment 
of lower back pain with or without radiculopathy by 
simple discectomy yielded 246 papers with only very 
low levels of evidence, primarily case series of vari-
ous percutaneous procedures, suggesting that some 
patients can improve from solitary back pain with a 
variation of percutaneous discectomy. There is only 
very poor evidence supporting the limited use of sim-
ple discectomy for the relief of dominant axial lower 
back pain. Furthermore, this very poor evidence comes 
from reports of case series of relatively young patients, 
none of whom have the confounding problems that 
this patient does of degenerative lumbar spondylolis-
thesis and medical comorbidities. For this patient, a 
simple discectomy would appear to be a poor treat-
ment option that would expose the patient to the risks 
of surgery with little or no chance that her main com-
plaint, axial back pain, would be successfully treated.

Indirect Decompression of the Spinal 
Canal by an Interspinous Process 
Distraction Device
The use of an interspinous distraction device in both 
cadaver spines as well as in live patients with x-rays 
showing a Grade I degenerative spondylolisthesis 
similar to this patient has been promoted to unload 
the posterior facets and increase space available in the 
stenotic canal at the level of the implant.13–15 Two ran-
domized controlled trials (RCTs) with 2-year follow-
up have been published comparing one commercially 
available device to nonoperative care, suggesting sta-
tistically improved functional outcomes for the inter-
spinous device.16–18 Three small case series have also 
been published suggesting a moderate effect for the 
same commercial device on a validated functional 
outcome measuring claudication, though one of these 
small trials saw a high failure rate of the device.19–21 
In summary, the data base is insuffi cient currently to 
strongly recommend for or against this device.

Even ignoring the fact that this claimant has an 
HNP in addition to her spondylolisthesis and in spite 
of the appearance of the remainder of this patient’s 
imaging studies, she is not a candidate for consider-
ation of one of these interspinous process distrac-
tion devices.22 The critical historical prerequisite for 
use of this device is that forward fl exion diminishes 
a patient’s back pain. This maneuver can unload the 
posterior elements, theoretically increase the canal size 
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The Mardjetko et al.24 study discussed in the 
 previous section also identifi ed fi ve studies in which 
patients underwent decompression with fusion and 
internal fi xation for degenerative lumbar spondylolis-
thesis. When the patients in these fi ve studies with 
decompression, fusion, and instrumentation were 
compared to the patients in the six studies who under-
went decompression and simple uninstrumented 
fusion, there was no difference in outcomes. Thus, 
this meta-analysis provides low levels of evidence 
that adding instrumentation to a decompression and 
fusion for degenerative lumbar spondylolisthesis does 
not  signifi cantly improve patient outcomes.

Finally, the systematic review by Martin et al.25 
discussed in the last section also investigated patient 
outcomes in surgery for degenerative lumbar spon-
dylolisthesis as a function of decompression and fusion 
with and without instrumentation. In this systematic 
review of higher levels of evidence, there were six 
studies addressing decompression and fusion versus 
decompression and fusion with instrumentation in the 
surgical treatment of degenerative lumbar spondylolis-
thesis. Three of these studies were RCTs. The authors 
found moderate levels of evidence that the addition of 
instrumentation signifi cantly increased the probability 
of a solid arthrodesis but did not have any signifi cant 
effect on clinical outcomes for the patients.

The role of reduction of the slip in addition to an 
instrumented fusion in the type of patient being dis-
cussed in this analysis remains ill defi ned with very 
low levels of evidence. Three case series have been 
published with incomplete follow-up at <2 years.28–30 
In all, outcomes were comparable to decompression or 
decompression and fusion except in one, in which 7% 
of the patients endured major complications.28 There is 
insuffi cient evidence to support reduction of a Grade 
I lumbar degenerative spondylolisthesis as part of the 
surgical treatment of this condition.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

This patient has failed appropriate conservative care 
within the parameters of her medical condition. The best 
available evidence suggests that her clinical complaints 
and her functional status would best be improved by sur-
gical intervention. This intervention would be provided 
in the context of an informed decision-making process 
including the patient’s needs and desires as well as her 
physicians’ and surgeon’s experience and the knowledge 
of the best evidence available for her treatment decisions. 
The articles that best address the surgical decision-mak-
ing process in this patient are listed in Table 22.1, and 
they address the respective roles of spinal decompres-
sion, spinal fusion, and spinal instrumentation.

degenerative lumbar spondylolisthesis from 1966 to 
2005. Outcome measures utilized in the study included 
“clinical outcomes,” reoperation rate and fusion status. 
An attempt was made to use only validated clinical out-
comes measures, but because of the heterogeneity of the 
studies, comparisons could not be made across studies, 
and in the end, outcomes were reduced to a dichoto-
mous scale of “satisfactory” or “unsatisfactory.” Because 
of metho dological problems in many of these studies, 
this systematic review actually yielded only moder-
ate levels of evidence. Eight papers addressed decom-
pression only versus fusion and decompression. When 
grouped data were analyzed, the authors reported a sig-
nifi cantly higher probability of achieving a satisfactory 
clinical outcome when fusion was added to decompres-
sion. The signifi cance deteriorated, however, if the only 
clinical measure was radiculopathy or claudication and 
did not also contain a measure of back pain.

Decompression and Fusion with or 
Without Internal Fixation
The evidence available appears to favor adding a fusion 
in this patient to a decompression for the treatment of 
her HNP and symptomatic degenerative lumbar spon-
dylolisthesis. Would addition of internal fi xation to the 
fusion improve her outcomes even further? In a fol-
low-up publication to the Herkowitz and Kurz23 publica-
tion noted above, Fischgrund et al., randomly assigned 
76 patients with symptomatic degenerative lumbar 
spondylolisthesis to surgery with decompression and 
lateral transverse fusion or decompression with surgery 
and lateral transverse fusion and pedicle screw fi xation.26 
Outcomes were pain on a 5-point VAS and examiner-
assessed outcome based on pain and function along with 
fusion status on x-ray. The authors reported at 2-year 
follow-up that clinical outcomes were good or excellent 
in 76% of the instrumented patients and 82% of the non-
instrumented patient, a nonsignifi cant difference. The 
fusion rate on routine x-rays was much higher for the 
instrumented group (82% vs. 45%), but there was no cor-
relation between patient outcome and successful fusion, 
a fi nding noted in the original paper as well.23 This study 
provides low levels of evidence that adding instrumenta-
tion to decompression and fusion for degenerative lum-
bar spinal stenosis does not improve patient outcomes.

Gibson and Waddell27 found 8 RCTs of instru-
mented versus uninstrumented fusion for degenera-
tive lumbar spondylolisthesis within a larger study of 
31 RCTs for surgical treatment of lumbar spondylosis 
showing that instrumented lumbar fusions resulted in 
high fusion rates but with no correlation in clinical out-
comes. Also suggested in these studies was a higher 
complication rate in the instrumented cases. Thus, 
these authors provided moderate levels of evidence 
that instrumenting a lumbar fusion does not lead to 
signifi cantly improved patient outcomes.
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Paper Author (Year) Description Summary of Results Quality of Evidence

Herkowitz and Kurz 
(1991)

Prospective cohort 
study
Decompression vs 
decompression and 
uninstrumented fusion

25 patients with degenerative lumbar spondylolis-
thesis treated with decompression only and 25 
patients treated with decompression and lateral 
transverse fusion. At 2 y, patient outcomes on a 
dichotomous scale were highly superior for the 
fusion group (Fisher exact test: p < 0.0001) inde-
pendent of fusion status on x-ray

Low

Fischgrund et al. 
(1997)

Prospective, random-
ized comparative study
Decompression and 
fusion vs decompres-
sion and instrumented 
fusion

76 patients were randomized to decompression 
and fusion alone or with pedicle fi xation. Follow-
up was at 2 y on 89% of patients with VAS and 
dichotomous outcome scale. Clinical outcome was 
good in 76% of instrumented patients and 82% of 
noninstrumented patients, a nonsignifi cant differ-
ence. Fusion rate was signifi cantly higher among 
instrumented patients (p = 0.0015) but did not cor-
relate with clinical outcomes (p = 0.435).

Low

Mardjetko et al. 
(1994)

Meta-analysis of lit-
erature on the surgical 
treatment of lumbar 
degenerative spon-
dylolisthesis published 
between 1970 and 1993.

25 papers were identifi ed encompassing 889 
patients. Only three were prospective RCTs. 
Pain was the most frequently reported outcome 
with only 6 papers reporting function and only 2 
papers patient-determined outcomes. 11 papers 
reported results of decompression only with 69% 
satisfactory outcomes. 6 papers were reported 
with decompression and fusion in which 90% had 
satisfactory results. 5 papers were reported with 
decompression and instrumented fusion in which 
85% of the patients had satisfactory outcomes. Both 
uninstrumented (p < 0.00001) and instrumented 
(p < 0.00001) fusion patients had signifi cantly better 
outcomes than those patients with decompression 
alone. There was no signifi cant difference between 
the outcomes of the uninstrumented and instru-
mented fusion patients (p = 0.08)

Low

Martin et al. (2007) Systematic review of 
RCTs and comparative 
studies examining the 
surgical management 
of degenerative lumbar 
spondylolisthesis

Clinical outcomes were recorded, but an attempt 
to compare patient-centered outcomes failed 
because of the heterogeneity of the study designs. 
Instead, outcomes were dichotomized into satis-
factory and unsatisfactory. 8 studies, including 2 
RCTs  compared fusion to decompression alone.
Fusion was found to contribute a signifi cantly 
higher chance of a satisfactory outcome when 
compared to decompression alone (p < 0.05) 
but only if back pain was part of the symptoms. 
6 studies looked at instrumented versus uninstru-
mented fusions of which 3 were RCTs. While the 
addition of instrumentation improved the prob-
ability of fusion (p < 0.05), there was no improve-
ment in clinical outcomes from the surgery by the 
addition of instrumentation to the lumbar fusion.

Moderate

Gibson and Waddell 
(2005)

Systematic review of 
RCTs looking at surgi-
cal treatment of lumbar 
spondylosis

8 papers supported a higher fusion rate for instru-
mented vs. uninstrumented fusions but no dif-
ferences in clinical outcomes were demonstrated 
between the 2 groups. Higher complications rates 
were noted with the instrumentation cases

Moderate

TABLE 22 .1 Evidentiary Table: A Summary of the Evidence for Decompression and Fusion 
Without Internal Fixation for Surgical Treatment of Symptomatic Degenerative 
Lumbar Spondylolisthesis with Lumbar HNP.
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when back pain is a dominant symptom, as it is in this 
patient, the evidence is moderate that addition of a 
fusion will improve patient outcomes, as refl ected in 
the fourth paper in Table 22.1.

The evidence in support of rejecting the addi-
tion of internal fi xation as an adjunction to fusion in 
this patient is based on moderate levels of evidence 
as refl ected in the fourth and fi fth papers in Table 
22.1, which demonstrate that, while rates of fusion 
are increased, clinical outcomes are not respectively 
improved by the addition of internal fi xation and pos-
sibly complications are increased.

In accordance with the method of grading recom-
mendations set forth by Schunemann, et al.,31 our pro-
posed treatment of decompression, discectomy, and 
lateral transverse fusion would be considered a strong 
recommendation based on low-quality evidence and 
the clinical situation in this patient that the benefi ts of 
this treatment outweigh its risks and burdens. Further-
more, according to these same grading of recommen-
dations, our recommendation against the adjunctive 
use of internal fi xation in the surgical treatment of 
this patient would be considered a strong recom-
mendation based on moderate-quality evidence and 
the clinical situation in this patient that the benefi ts of 
this treatment do not outweigh its attendant risks and 
 burdens.

PREDICTING OUTCOMES

Success in predicting surgical treatment outcomes on 
an individual patient is a process prone to extreme 
variance. These outcomes are infl uenced by patient fac-
tors including the patient’s biological substrate or gen-
eral condition as discussed in the introduction to this 
analysis as well and perhaps equally by the patient’s 
psychological state, expectations, and trust in his or 
her surgeon. Surgeon factors that contribute to out-
comes include, among others, expertise, experience, 
physical well being, and attitude toward and relation-
ship with the patient. Finally, perhaps that which best 
can be assessed, outcomes can be predicted to some 
degree by the quality of the evidence available on the 
treatment choice. Unfortunately, the evidence base for 
the treatment choices in our patient contains few stud-
ies that rely on validated outcome measures and it is 
validated outcome measures that best predict surgical 
outcomes.

The statistical effects reported in the evidence base 
comparing decompression versus decompression with 
fusion strongly favor adding fusion in this patient’s 
surgical treatment. The design of these studies, many 
of which are older, is lacking, however, in not employ-
ing validated outcome measures, and thus, the levels 
of evidence for adding fusion are low. On the other 

Open Decompression Alone or 
with Fusion
One small prospective cohort study and one meta-
analysis on older clinical papers provide low levels 
of evidence for superior clinical outcomes with the 
addition of fusion to lumbar decompression.23,24 In 
addition, one systematic review on higher levels of evi-
dence provides moderate levels of evidence in favor 
of improved clinical outcomes from adding a fusion 
to lumbar decompression in this condition.25 Thus, 
the best available evidence suggests that this patient’s 
back pain and leg pain would best be treated by both a 
decompression (with discectomy) and lumbar fusion.

Open Decompression and Fusion with 
or Without Internal Fixation
One prospective, randomized comparative study of 
moderate size and one meta-analysis on older clinical 
papers provide low levels of evidence for improved 
fusion rates on x-rays with the addition of internal fi xa-
tion but no improved patient outcomes by the addition 
of internal fi xation to fusion in the treatment of degen-
erative lumbar spondylolisthesis.24,26 Two systematic 
reviews of high level data provide moderate levels of 
evidence for the lack of improved patient outcomes by 
the addition of internal fi xation to fusion procedures, 
though both papers suggest that improved rate of 
fusion on routine x-rays is seen.25,27 One of these sys-
tematic reviews27 suggests a higher complication rate 
occurs with internal fi xation as well. Based on this best 
evidence, we have decided to treat this patient with a 
decompression and uninstrumented lateral intertrans-
verse fusion.

DEFINITIVE TREATMENT PLAN

This patient with a Grade I L5-S1 spondylolisthesis 
and a right-sided L5-S1 HNP manifesting symptoms 
of dominant lower back pain worsened with exercise, 
forward fl exion, and a right S1 radiculopathy should 
be taken to the operating room and undergo an L5-S1 
decompression with bilateral foraminotomies and 
right-side discectomy. The option for a left-sided dis-
cectomy exists based on the MRI fi ndings and would 
depend upon the fi ndings at surgery. In addition, she 
should undergo a bilateral lateral transverse fusion 
with autograft. She would not undergo internal fi xa-
tion as an adjunct to her fusion.

Grading the Evidence for this Plan
The evidence in support of the addition of a lateral 
transverse fusion to decompression and discectomy for 
this patient’s condition is of a low level and is refl ected 
in the fi rst and third papers in Table 22.1. However, 
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hand, the evidence base is stronger that the additional 
time of surgery and risk of complications along with 
the lack of improved patient outcomes validated, or 
otherwise, do not justify adding internal fi xation to the 
procedure in this patient. From the standpoint of the 
surgeon in this case, my expertise and experience in 
treating similar cases match closely that of the litera-
ture reviewed and I would feel comfortable offering a 
decompression and fusion to this patient once she was 
properly cleared medically and psychologically for this 
surgery and once she and her family had an informed 
understanding of the evidence upon which the recom-
mendation was being made.

SUMMARY

We have been presented a 64-year-old women with 
lower back pain greater than right leg radiculopa-
thy, no neurological changes, and markedly reduced 
ambulatory ability all present for >8 months. Imag-
ing has demonstrated a Grade I spondylolisthesis and 
right-sided HNP at L5-S1. The claimant has failed all 
reasonable nonoperative care but is noted to have sev-
eral medical and psychological comorbidities. With 
appropriate adjunctive medical management of her 
comorbidities, the most appropriate surgical treatment 
of this patient’s condition would be a decompression 
at L5-S1 with bilateral foraminotomies and an L5-S1 
discectomy combined with an uninstrumented lateral 
transverse fusion with autograph. With good post-
operative management of her medical condition and 
appropriate rehabilitative exercise, she can anticipate 
relief of her radiculopathy, a gradual reduction over 
several months of her back pain, and a signifi cant 
increase in her walking and exercise endurance.

REFERENCES

 1. Maigne R. Low back pain of thoracolumbar origin. Arch 
Phys Med Rehabil. 1980;61(9):389–395.

 2. Chou R, Huffman LH. Medications for acute and 
chronic low back pain: a review of the evidence for an 
American Pain Society/American College of Physicians 
clinical practice guideline. American Pain Society; Amer-
ican College of Physicians. Ann Intern Med. 2007;147(7):
505–514.

 3. Riew KD, Park JB, Cho YS, et al. Nerve root blocks in the 
treatment of lumbar radicular pain: a minimum fi ve-year 
follow-up. J Bone Joint Surg Am. 2006;88(8):1722–1725.

 4. Buttermann GR. Treatment of lumbar disc herniation: 
epidural steroid injection compared with discectomy: 
a prospective, randomized study. J Bone Joint Surg Am. 
2004;86-A(4):670–679.

 5. Buttermann GR. The effect of spinal steroid injections for 
degenerative disc disease. Spine J. 2004;4(5):495–505.

Bono_Chap22.indd   206Bono_Chap22.indd   206 9/21/2010   10:45:40 AM9/21/2010   10:45:40 AM



CASE 22 ■ L5-S1 Slip and Herniation  207 

randomized study comparing decompressive lamine-
ctomy and arthrodesis with and without spinal instru-
mentation. Spine. 1997;22(24):2807–2812.

27. Gibson JN, Waddell G. Surgery for degenerative lum-
bar spondylosis: updated Cochrane Review. Spine. 
2005;30(20):2312–2320.

28. Bednar DA. Surgical management of lumbar degenera-
tive spinal stenosis with spondylolisthesis via posterior 
reduction with minimal laminectomy. J Spinal Disord 
Tech. 2002;15(2):105–109.

29. Lee TC. Reduction and stabilization without laminec-
tomy for unstable degenerative spondylolisthesis: a pre-
liminary report. Neurosurgery. 1994;35(6):1072–1076.

30. Sears W. Posterior lumbar interbody fusion for degen-
erative spondylolisthesis: restoration of sagittal bal-
ance using insert-and-rotate interbody spacers. Spine J. 
2005;5(2):170–179.

31.  Schünemann HJ, Jaeschke R, Cook DJ, et al. An offi cial 
ATS statement: grading the quality of evidence and strength 
of recommendations in ATS guidelines and recommenda-
tions. Am J Respir Crit Care Med. 2006;174(5):605–614.

of lumbar spinal stenosis caused by  degenerative 
spondylolisthesis. Eur Spine J. 2008;17(2):188–192.

22. Lauryssen C. Appropriate selection of patients with 
lumbar spinal stenosis for interspinous process decom-
pression with the X STOP device. Neurosurg Focus. 
2007;22(1):E5.

23. Herkowitz HN, Kurz LT. Degenerative lumbar spon-
dylolisthesis with spinal stenosis: a prospective study 
comparing decompression with decompression and 
intertransverse process arthrodesis. J Bone Joint Surg Am. 
1991;73(6):802.

24. Mardjetko SM, Connolly PJ, Shott S. Degenerative 
lumbar spondylolisthesis: a meta-analysis of literature 
1970–1993. Spine. 1994;19(20 suppl):2256S–2265S.

25. Martin CR, Gruszczynski AT, Braunsfurth HA, et al. 
The surgical management of degenerative lumbar spon-
dylolisthesis: a systematic review. Spine. 2007;32(16):
1791–1798.

26. Fischgrund JS, Mackay M, Herkowitz HN, et al. 1997 
Volvo Award winner in clinical studies. Degenerative lum-
bar spondylolisthesis with spinal stenosis: a prospective, 

Bono_Chap22.indd   207Bono_Chap22.indd   207 9/21/2010   10:45:40 AM9/21/2010   10:45:40 AM



C A S E

2

208

23 L5-S1 Herniation

She has no motor  weakness, progressive neurologic 
defi cits, or  symptoms of cauda equina. She does have 
an ipsilateral positive straight leg raising sign. Her leg 
symptoms have persisted beyond 6 weeks despite a con-
servative course of home physical therapy exercises.

Her back pain localized to the L5-S1 region may be 
explained by paraspinal muscle spasm, although this 
fi nding is nonspecifi c and contributes little to the diag-
nosis. Alternatively, some of her back pain can be attrib-
uted to degenerative disc disease and/or the annular 
tear that potentiated the disc herniation. The posterior 
annulus is innervated by branches of the sinuvertebral 
nerve, and back pain in the setting of degenerative disc 
disease has been postulated to result from transmission 
along this pathway.1,2 Jinkins et al.3 have documented 
that back pain can result from disc herniations that do 
not enter the spinal canal or contact nerve roots.

The most signifi cant fi ndings in the physical exami-
nation are the pattern of radicular pain, the presence 
of paresthesias in an appropriate S1 distribution, and 
the ipsilateral positive straight leg raising sign. Pain 
and paresthesias in an S1 distribution are commonly 
the result of a disc herniation contacting the S1 nerve 
root. S1 radicular pain may involve the back of the calf 
but often extends into the dorsolateral aspect of the foot 
as well as the plantar surface. Compression of a nonin-
fl amed nerve has been found to produce sensory and 
motor defi cits without pain, while pain occurs as a result 
of neural infl ammation.4,5 Nerve root infl ammation may 
occur as a result of ischemia from prolonged mechanical 
compression, although neurochemical factors released 
from the herniated disc may play an important role.6,7 
Kang et al.6 demonstrated that infl ammatory factors, 
such as matrix metalloproteinase, nitric oxide, prosta-
glandin E2, and interleukin-6, were present in herniated 
disc material inducing radiculopathy.

The straight leg raising test is a provocative exami-
nation and integral to the evaluation of patients with 
suspected lumbar disc herniations. Kosteljanetz et al.8 
reported that nerve root compression was present in 
90% of individuals with a positive straight leg raise, 
and Xin et al.9 documented an 88.5% correlation 

EDITORS’ CASE 
PRESENTATION

A 32-year-old woman presents with a 
 long-standing history of  low back pain and, more 
acutely, left leg pain. Back pain started about 1 
year ago, which was treated with physical therapy 
and epidural injections. Two months ago, she felt 
that she had an acute worsening of  her back pain, 
at which time she also reported an onset of  severe 
left leg pain. Currently, pain is worse with forward 
fl exion, sneezing, and coughing. Since the exacer-
bation, she has continued with her home exercises 
as recommended by her physical therapist. She 
does not have any bowel or bladder complaints.

The physical exam demonstrates a positive left 
straight leg raise, point tenderness at the L5-S1 
interspace, and decreased sensation in the L4 
and S1 distributions on the left side compared to 
the right. Gait is normal. She can forward fl ex to 
touch her hands to her knees and extend past 
neutral, but both elicit pain. She has full strength 
otherwise and has no other pertinent positives.

Magnetic resonance imaging (MRI) studies are 
shown in Figures 23.1A–F and 23.2A–C.

INTERPRETATION OF CLINICAL 
PRESENTATION

The case scenario depicts a young woman with a 
1-year history of prodromal back pain combined with 
radicular symptoms in the left lower extremity for 
8 weeks’ duration. Her complaints include left leg 
radicular pain, back pain localized to the L5-S1 inter-
space, and diminished sensation in the L4 and S1 der-
matomal regions on the left side. Her pain appears to 
be exacerbated by activities that increase intradiscal 
pressure (forward fl exion, Valsalva maneuver, etc.), 
but lumbar range of motion is not compromised. 

A N D R E W  J.  S C H O E N F E L D,  M D
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Figure 23.1.

Figure 23.2.

between the presence of a positive straight leg raise and 
fi ndings at time of discectomy. A recent prospective 
study by Majlesi et al.10 found that the straight leg raise 
demonstrated 52% sensitivity for lumbar disc  herniation 
and 89% specifi city. In light of these fi ndings, the 
authors suggested that, owing to a high specifi city, 
the straight leg raise would be useful in identifying 
patients with a disc herniation requiring surgery.

The MR images available are representative fat-
suppressed T2 weighted images. These include sagittal 
reformatted images (Fig. 23.1) as well as axial images 
through the L5-S1 level (Fig. 23.2). Paramedian and 
midline sagittal images (Fig. 23.1B–E) reveal mild disc 
degeneration throughout the lumbar spine with a 
severely degenerated disc at L5-S1 (Pfi rrmann Grade 
4-5).11 There is mild evidence of endplate edema at this 
level. A large disc herniation can also be appreciated at 
the L5-S1 disc space (Fig. 23.1C). The herniation appears 
to be of the extruded type according to the classifi ca-
tion of Spengler et al.12 Axial sections of the MRI (Fig. 
23.2) indicate that the disc herniation is large and occu-
pies portions of the central zone as well as the lateral 
recess. This corresponds to a paracentral disc hernia-
tion as described by Knop-Jergas et al.13 The disc frag-
ment is large (>6 mm in anteroposterior diameter)14 and 
appears to be impinging on the left S1 nerve root. There 
is no evidence of compression on the cauda equina, nor 
is there evidence of other osseous or intramedullary 

fi ndings (i.e., tumor, infection, or hematoma) that could 
adequately explain the patient’s symptoms.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has an L5-S1 disc herniation preferentially 
impacting the left S1 nerve root. This is associated with 
radiculopathy in an appropriate S1 nerve distribution.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Eliminate radicular pain symptoms.
 2. Improve sensation in the S1 distribution in the 

patient’s left lower extremity.
 3. Accelerate rehabilitation and healing.
 4. Return patient to normal activities of daily living.

The treatment options are
 1. Continued conservative management with for-

mal physical therapy and/or epidural steroid 
injection
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injections as indicated. Using this protocol, the authors 
reported that 90% of patients were found to have good or 
excellent outcomes at the time of fi nal follow-up. Ninety-
two percent of patients in this study were able to return 
to work. Concerns about this study include the fact that 
10% of the initial cohort received surgery and that the 
58 patients included represent a small proportion of the 
347 patients initially identifi ed for enrollment.25 Based 
on these factors, it is possible that the study of Saal and 
Saal represents a “best-case scenario” and overestimates 
the benefi cial effects of nonoperative management for 
the average patient with a lumbar disc herniation.

Indeed, the nonoperative arms of many case-
control investigations do not substantiate the fi ndings 
reported by Saal and Saal. For example, the 10-year 
results of the prospective Maine Lumbar Spine Study 
endorse a 56% satisfaction rate, 61% improvement in 
predominant symptom, and 40% resolution of low back 
issues in patients managed nonoperatively.20 The 4-year 
results of the SPORT trial document similar results, 
with only 51.7% of nonoperatively managed patients 
reporting major improvement in symptoms.17 In the 
2-year results of a prospective randomized controlled 
trial (PRCT) conducted by Peul et al.23 the authors cite 
a 56% success rate for nonoperative management, with 
the ability to avoid surgery used as the measure.

Several cohort studies support satisfactory out-
comes for patients with lumbar disc herniations treated 
surgically.12,18–20,27–35 Spengler et al.12 documented a good 
result in 77% of patients treated with open discectomy. 
In a prospective series of 203 patients undergoing dis-
cectomy, Guilfoyle et al.28 observed continued relief of 
symptoms and substantial overall health gains at an 
average of 2 years after surgery.

In one of the most extensive studies on the topic 
conducted to date, the Maine Lumbar Spine Study 
Group prospectively followed patients with lumbar 
disc herniations for a period of 10 years after index 
presentation.18–20 More than 500 patients were enrolled 
in this investigation, with the decision regarding 
treatment determined by patients’ wishes. At 1-year 
follow-up 71% of surgically treated patients reported 
resolution of their back or leg symptoms as compared 
to 43% of those managed conservatively.18 Seventy per-
cent of those patients in the surgical group reported 
continued relief of symptoms at the 5-year time point, 
compared to 56% in the nonoperative group.19 In the 
study’s 10-year analysis, 69% of surgical patients main-
tained symptom relief, while 61% of conservatively 
treated patients experienced symptom resolution. In 
terms of level of satisfaction, however, signifi cantly 
more patients who had received surgery were satis-
fi ed compared with their nonoperative counterparts 
(71% vs 56%, p = 0.002).20

The major critique regarding the above-cited stud-
ies is that some were not prospective and all were not 

 2. Open discectomy
 3. Minimally invasive discectomy or 

microdiscectomy

EVALUATION OF THE LITERATURE

To facilitate an evidence-based analysis of the exist-
ing literature, a formal search was performed using 
the PubMed and Medline databases. A Medline search 
was conducted using both medical subject headings 
and key words. The initial step entailed a focused 
search using “intervertebral disc displacement” as the 
medical subject heading. This was followed by key 
word searches using “lumbar disc herniation” and 
“lumbar disc displacement.” Results of these searches 
were combined with a focused search for publications 
regarding “lumbar spine.” Pertinent articles identifi ed 
in this initial Medline search were accessed and their 
references used to identify further publications of inter-
est. This search strategy revealed 6,338 potential pub-
lications between 1950 and 2008. A similar approach 
was applied to PubMed, revealing 2,256 potentially 
relevant articles. One-hundred sixteen abstracts were 
reviewed, and 50 full text articles were read.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative or Nonoperative Treatment
Until recently, the quality of evidence pertaining to 
operative versus nonoperative management of lumbar 
disc herniations was poor. In the last few years, a num-
ber of higher quality, scientifi cally rigorous studies 
have been published on this topic.15–23 Unfortunately, 
due to diffi culties with methodology, many of these 
studies have not yielded the defi nitive conclusions 
that the scientifi c community hoped they would and 
controversy still persists.24 Some of the disagreement 
results from the fact that the natural history of lumbar 
disc herniations remains incompletely described, but 
the number of poor quality, retrospective studies in the 
current literature obfuscates the issue as well.

Support for nonoperative intervention is largely 
derived from studies that have treated patients 
using nonoperative modalities alone25 or from non-
operative arms of operative versus nonoperative 
 investi gations.15–20,22,23,26 The most widely quoted study 
used to support nonoperative treatment of disc her-
niations is that of Saal and Saal.25 In this retrospective 
investigation, 58 patients treated conservatively for 
lumbar disc herniation were followed for an average of 
31 months. Nonoperative treatment consisted of spinal 
stabilization exercises, fl exibility training, and epidural 
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and not according to the intervention received. In 
intent-to-treat analysis, demonstrating signifi cant 
 differences between groups becomes diffi cult once 
50% of patients refuse assigned treatment.24 As a result, 
although the majority of the randomized trials reported 
some advantage for surgery, particularly in regard to 
early relief of symptoms and functional improvement, 
most fi ndings were not statistically signifi cant.15,21–23,36 
Weber documented signifi cantly better results for the 
surgically treated group at 1-year follow-up only.26 At 
4-year evaluation, although the surgical group contin-
ued to exhibit better results, the differences between 
the operative and nonoperative groups were no longer 
statistically signifi cant.

In a review of the randomized controlled litera-
ture regarding treatment of lumbar disc herniations, 
Anderson et al.24 maintained that in light of increas-
ing crossover, the randomized investigations did 
not validly address the interventions under study. 
Furthermore, Anderson et al.24 maintained that the 
randomized controlled trial was an inappropriate 
research model, incapable of answering the ques-
tion of optimal treatment in the setting of a herni-
ated lumbar disc. “…(Statistical) techniques based 
on null hypothesis testing and (p) values make valid 
subgroup analyses diffi cult…limiting the amount of 
relevant data that can be obtained from…(random-
ized controlled trials)….” These authors maintain 
that in the absence of intent-to-treat analysis, the 
effect of surgical intervention would have been more 
substantial.

Supporting this contention, the observational arm 
of the SPORT trial demonstrated signifi cantly greater 
treatment effects following surgery at 3-month, 1-year, 
and 2-year time-points.16 Similarly, the as-treated anal-
ysis of 4-year results in the SPORT documented sig-
nifi cantly improved results in the surgical group for all 
outcome measures at every time-point in the study.17

randomized. Within the last decade, the  randomized 
controlled trial has come to be accepted by the 
 orthopaedic and neurosurgical communities as the 
most valid and conclusive manifestation of scientifi c 
research. Of the 50 full-text articles reviewed for this 
chapter, only 6 were prospective randomized trials 
regarding the treatment of lumbar disc herniations.15,21–

23,26,36 Two of these, however, involved the same cohort 
of patients, reporting outcomes at 122 and 2 years23 
 following  randomization.

Weber’s classic study consisted of three groups: 
one requiring surgery, one without indications for 
surgery, and one where the benefi t of surgery was felt 
to be unclear.26 Only this “undecided” group was ran-
domized to receive surgery. The other, more modern 
investigations, randomized patients to receive either 
surgery or conservative management.15,21–23,36 In one 
instance, conservative treatment was under the direc-
tion of the patient’s primary care practitioner.22,23 In 
the SPORT trial, nonoperative management included 
physical therapy, education, and nonsteroidal drugs, 
but treatment was individually tailored to each 
patient.15,37 In Buttermann’s investigation, patients 
were randomized to receive either surgery or epidural 
steroid injections.36

The main diffi culty encountered in all of these 
randomized investigations was a signifi cant degree of 
crossover, or lack of adherence to randomized treat-
ment, between groups. In all of the studies, there 
was crossover from the nonoperative to the opera-
tive group in more than one third of the randomized 
patients (Table 23.1). Among patients assigned to sur-
gery, there was generally good adherence except in the 
SPORT trial, which experienced 40% crossover from 
the surgical group.15 The diffi culty with these random-
ized studies lies in the fact that all sought to conduct 
intent-to-treat analyses, where patients were evaluated 
according to the treatment they were initially assigned 

Investigation % Crossover Conservative % Crossover Surgery

Weber (1983) 35 2

Buttermann (2004) 54 0

Osterman et al. (2006) 39 0

SPORT (2006) 45 40

Peul et al. (2007)a 39 11

Peul et al. (2008)a 44 11

aRepresents the same cohort of patients followed for 1 (2007) and 2 (2008) years, respectively.

Comparison of Crossover Rates in Randomized Controlled Trials for Treatment 
of Lumbar Disc Herniation.

TABLE 23.1
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moderate-quality evidence.16–20 This results from the 
fact that the treatment effects in these studies were not 
large enough to warrant the appellation of  high-quality 
evidence.

In the case under consideration, based on the 
patient’s age, radicular symptoms, positive straight 
leg raise, and MRI fi ndings, the best available evi-
dence supports a surgical intervention. The surgery 
would entail a discectomy performed using standard 
open techniques or with the assistance of an opera-
tive microscope.29,35,39–41 Recently, minimally invasive 
techniques for discectomy, including tubular retrac-
tors or the use of an endoscope, have also gained 
popularity.42–46

There are numerous studies that support perform-
ing a discectomy using any of the techniques men-
tioned above.15–20,29,34,35,41,47 Although there are many 
who maintain that superior results are achieved with 
microscopic or minimally invasive techniques, such 
fi ndings are not borne out in the literature.  Kahanovitz 
et al.41 documented decreased hospital stays for 
patients treated with microdiscectomy but were unable 
to demonstrate any other benefi t. In a  comparative 

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

Because of the large number of studies relevant to this 
topic, inclusion in the evidentiary table was limited to 
high-quality level I and II studies available in the liter-
ature.38 Some of these investigations, such as that of the 
Maine Lumbar Spine Study, were published in multi-
ple installments over the course of several years.18–20 In 
such instances, a single level of evidence was assigned 
to the whole study based on analyses performed at the 
various time-points, as well as at the study’s conclu-
sion. The qualities of evidence for the studies are pre-
sented in Table 23.2.

Due to the large crossover effects, the qualities 
of evidence for most of the randomized trials were 
downgraded to moderate.15,21–23,36 The study conducted 
by Weber had a smaller percentage of crossovers and 
reported a statistically signifi cant fi nding at the 1-year 
time-point.26 Based on these facts, this study was felt to 
provide high-quality evidence. The prospective case-
control trials of the Maine Lumbar Spine Study and the 
observational/as-treated arms of the SPORT  provide 

Investigation Description Summary of Results Quality of Evidence

Weber (1983) PRCT Signifi cantly improved results for 
surgery at 1 y but not after 4.

High

Maine Lumbar Spine 
Study (1996–2005)

Prospective case-control 
study

More patients with pain relief and higher 
satisfaction levels in the operative group.

Moderate

Buttermann (2004) PRCT Greater success rate for surgery. Large 
crossover effect.

Moderate

Osterman et al. (2006) PRCT No clinically signifi cant differences 
between treatment groups over 2 y. Large 
crossover effect.

Moderate

SPORT RCT (2006) PRCT No clinically or statistically signifi cant 
differences between treatment groups. 
Large crossover effect.

Moderate

SPORT Observational (2006) Prospective case-control 
study

Signifi cantly improved outcomes for 
surgical group at 3-mo, 1-y, and 
2-y time-points.

Moderate

Peul et al. (2007–2008) PRCT Early signifi cant benefi t to surgery in 
terms of relief of leg pain. Benefi t of 
surgery no longer signifi cant after 6 mo. 
Large crossover effect.

Moderate

SPORT As Treated (2008) Prospective case-control 
study

Signifi cantly improved results in the 
surgical group for all outcome measures 
at every time-point in the study.

Moderate

Evidentiary Table: Summary of the Quality of Evidence Available in Level I or II 
Studies Regarding Treatment of Lumbar Disc Herniation.

TABLE 23.2
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aspects of the open  discectomy procedure, and the 
decision to use open discectomy over other techniques, 
are considered strong recommendations based on 
low-quality evidence from mostly  retrospective case 
series.

PREDICTING OUTCOMES

The literature supports reliable outcomes following 
 discectomy in numerous level I–IV investigations.15–24,26,

29–32,34–36,40,41,47,48,50,54,55 The most important factors in terms of 
predicting outcomes appear to be strict adherence to pre-
operative selection criteria, predominance of leg symp-
toms, and location and size of the herniation.17–20,26,29,36,50 
In the case scenario, the patient has a large disc fragment 
(>6 mm) located in the paracentral region, or lateral recess. 
Carragee and Kim14 demonstrated that herniated discs 
with an intracanalicular component greater than 6 mm 
in size were predictive of good outcomes following sur-
gery. Similarly, Knop-Jergas et al.13 found that patients 
with paracentral disc herniations achieved the great-
est benefi t following surgical interventions. The recent 
report of Pearson et al.54 also supports such fi ndings. 
Based on the available evidence, the patient would 
most likely experience relief of her leg pain following 
surgery and return to full activities earlier than if she 
was treated  conservatively.

Especially in light of the fact that many prospec-
tive investigations do not show a demonstrable benefi t 
for surgery, however, the desires of the patient are par-
amount in making the decision to perform an elective 
discectomy.23 In light of the equivocal fi ndings present 
in their study, Peul et al.22,23 advocated that surgeons 
should educate their patients on the current state of 
the literature, helping them to decide which treatment 
option best meets their needs. Preoperative discussion 
must include the potential risks of surgery as well as 
the anticipated benefi ts, including earlier relief of leg 
pain, accelerated recovery, and greater level of satisfac-
tion. It is also wise to counsel this patient that the dis-
cectomy would not likely positively impact her level 
of back pain, although many investigations support a 
concomitant reduction in back-related symptoms fol-
lowing discectomy.16–20,54

Results presented here are aligned with what I 
have experienced in my own clinical practice as a spine 
surgeon. A predominance of back pain in a patient with 
absence of radicular symptoms and no reproducible 
fi ndings on physical examination, such as a positive 
straight leg raise, would lead to a more conservative 
recommendation of nonoperative management. Ulti-
mately, however, the decision for surgical intervention 
rests with the patient and her desires following a frank 
discussion with a spine surgeon.

review, McCulloch,29 arguably one of the founders 
and  strongest proponents of microdiscectomy surgery, 
affi rmed that no advantage for the procedure could be 
supported by the available literature, with success rates 
documented from 80% to 96% regardless of technique. 
The rate of complications following microdiscectomy 
also approximates that of open procedures,48 although 
higher rates of infection have been reported.32,49

Similarly, multiple studies have attempted to con-
trast results following standard discectomy with those 
obtained using tubular, or endoscopically assisted, 
procedures.43,44,45 While results are comparable, no 
study has been able to demonstrate a clinical advan-
tage for minimally invasive discectomy. A recent study 
by Arts et al.,46 however, calls into question the pur-
ported advantages of tubular discectomy techniques. 
In a randomized controlled trial comparing outcomes 
of patients treated with microdiscectomy or tubular 
discectomy in 328 patients, Arts et al.46 reported infe-
rior results following tubular discectomy in terms 
of degree of leg and back pain relief and level of 
recovery.

DEFINITIVE TREATMENT PLAN

The patient presented in this case should be treated 
with an open discectomy procedure at L5-S1 per-
formed on a Jackson table with Wilson frame, or an 
Andrews surgical table.34,39,50 The surgery should be 
conducted with the use of surgical loupes and an 
operative headlight.34,50 Laminotomy, or hemilamine-
ctomy, can be utilized as necessary to allow removal 
of the ligamentum fl avum and suffi cient exposure of 
the interlaminar window. A Love nerve root retractor 
is employed to protect the thecal sac and traversing S1 
nerve root, while the herniated disc is removed with 
a pituitary rongeur. Exploration of the disc space may 
be necessary if the herniated fragment is not readily 
apparent within the canal. Aggressive curettage of the 
disc space is not supported.51,52

Grading the Evidence for this Plan
The proposed surgical intervention in this patient 
would be considered a strong recommendation based 
on moderate-quality evidence according to the grading 
recommendations of Schünemann et al.53 The literature 
supports benefi ts of more reliable reduction of leg pain, 
earlier return to function, and increased  satisfaction for 
as long as 10 years following intervention.17–20,24,26,36,39,54 
The benefi ts of surgery in this patient outweigh the 
potential harms, and a recommendation for surgery 
would apply to most other patients of similar age, with 
like fi ndings on physical examination and radiographic 
evidence of a lumbar disc herniation. The  technical 
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SUMMARY

This case presents a 32-year-old woman with a 2-month 
history of radicular symptoms in her left leg. The 
patient presents with radicular pain in a dermatomal 
distribution, hypesthesia, and a positive straight leg 
raising sign on physical exam. MRI fi ndings are con-
cordant with her presentation and demonstrate a large, 
paracentral, L5-S1 disc herniation. Based on her young 
age, physical examination fi ndings, and the presence of 
radicular pain for more than 6 weeks, the most appro-
priate treatment option for this individual would be 
surgical intervention. Resolution of her radicular pain 
following surgery can be expected. She should also be 
able to return to full activities of daily living follow-
ing a brief convalescence. A reduction in her back pain, 
while less predictable, may also be anticipated follow-
ing surgery.
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so severe nerve root compression is less likely to be 
 present. The intact motor, sensory, and refl ex testing 
further support absence of severe nerve or dural sac 
compression as well as the absence of bowel and blad-
der complaints. The tenderness over L5-S1 noted on 
physical examination supports a bony lesion at that 
level, as other nonbony degenerative and develop-
mental disease processes will not usually produce ten-
derness upon palpation.

The T2-weighted magnetic resonance images (MRI) 
presented include one midline sagittal (Fig. 24.1B), 
three paramedian (Fig. 24.1A, C, and D), and three 
axial images at the level of L4-5 disc space (Fig. 24.1E), 
L5 body (Fig. 24.1F), and L5-S1 disc space (Fig. 24.1G). 
In Figure 24.1A, a paramedian cut shows a bony lesion 
at the pars interarticularis of L5 with a mild degree of 
anterior displacement of L5 over S1 and posterior bulg-
ing of the intervertebral disc annulus with narrowing 
of the L5 foramen and possible nerve root compres-
sion. Figure 24.1C and D shows a similar picture on the 
other side but with a somewhat higher degree of ante-
rior displacement of the vertebral body and less foram-
inal narrowing. Figure 24.1B demonstrates a minimal 
degree of anterior displacement of the body of L5 over 
S1 (Meyerding Grade 0),1 mild bulging of the interver-
tebral disc annulus with no signifi cant compression of 
the dural sac, very few bony degenerative signs, and a 
relatively low signal intensity at the intervertebral disc 
indicative of possibly an early degenerative process in 
the disc. The disc height is moderately decreased.

Although best measured using a plain lateral 
radiograph, the slip angle measured on the median 
sagittal MRI cut is not kyphotic and measures 
<30 degrees. Figure 24.1E shows minimal facet joint 
hypertrophy with no signifi cant disc bulging and 
no neural element compression. Figure 24.1F dem-
onstrates the bony lesion at the pars interarticularis 
with abundant soft tissue surrounding it, indicating 
nonunion of the pars lesion. Figure 24.1G shows mild 
L5-S1 disc bulging with possible compression on the 
exiting nerve root, worse on the left. Several reports 
emphasize a possible correlation between isthmic 

EDITORS’ CASE 
PRESENTATION

A 34-year-old man has a primary complaint of  low 
back pain and a secondary complaint of  left leg 
pain greater than right leg pain. Symptoms began 
after a work injury 2 years ago. However, worker’s 
compensation refuses to claim responsibility for 
his injury, so he has sought care under his private 
insurance carrier. Because of  his pain, he has not 
worked since the injury. His back pain is worse 
with extension, though he does have some pain 
with fl exion. He has no bowel and bladder com-
plaints. He has failed three courses of  physical 
therapy as well as multiple epidural and transfo-
raminal steroid injections.

Physical examination demonstrates that he is neu-
rologically intact to motor, sensory, and refl ex test-
ing. He has tenderness primarily over the L5-S1 
interspace with midline palpation. He has pain that 
is provoked with extension more than fl exion. His 
gait is normal and is not overweight. A straight leg 
test produces back pain but not leg pain.

Radiographic imaging studies are shown in 
Figure 24.1.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a young man suffering 
with low back pain after a work injury. The pain is get-
ting worse with movement and thus can be described 
as “mechanical” pain. The pain is greater in exten-
sion than in fl exion. Radicular pain that is greater in 
extension usually indicates nerve root compression 
that might be correlated to foraminal or central spinal 
stenosis, but back pain that worsens with extension 
is more typical of spondylolysis or spondylolisthe-
sis. The patient complains of leg pain greater on the 
left but his straight leg raising (SLR) test is negative, 
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Figure 24.1.

spondylolisthesis (IS) and spina bifi da occulta,2 but 
no evidence for that pathology was found on this 
patient’s MRI.

The imaging studies correlate well with the patient’s 
complaints of back pain due to the spondylolysis and 
leg pain greater on the left as a result of the foraminal 
stenosis of L5-S1 on the left. Of the several types of 
spondylolysis described, this case is best described as 
isthmic spondylolisthesis, Wiltse subtype A (fatigue 
fracture of the pars with complete bony separation).3 
Signs of high-grade dysplastic spondylolisthesis, such 
as a trapezoid shape of the vertebral body of L5 or 
domed-shaped S1 upper end plate, are not found on 
the current imaging studies and therefore will be fur-
ther classifi ed as a developmental low dysplastic slip 
with lysis, according to Marchetti and Bartolozzi.4

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a symptomatic isthmic spondylolysis 
and spondylolisthesis with foraminal stenosis greater 
on the left.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

IS is a defect of the pars interarticularis in the posterior 
column of the lumbar spine. It can cause back pain due 
to mechanical instability of the spinal segment, degen-
erative disc changes, or direct pressure on the thecal 
sac. Foraminal stenosis caused by the fi brous tissue 
at the defect site or compression by the free laminar 
fragment or the bulging intervertebral disc can cause 
radicular symptoms, including thigh and leg pain and 
nerve root compression signs such as SLR or Lasegue 
sign. Both neurological defi cit and proof of advanc-
ing slip are uncommon in low-grade IS, and thus the 
fi rst line of treatment for most patients with low-grade 
IS will be nonoperative. As per history, this patient 
has failed a comprehensive trial of nonoperative 
treatment.

The treatment goals are

 1. Relief of back pain
 2. Relief of leg pain
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 3. Return to previous occupation and sport 
activities

 4. Prevention of disc degeneration and slip 
progression

The treatment options are

 1. Direct pars defect repair
 2. Decompression of dural sac and/or nerve roots 

alone
 3. Posterolateral fusion with possible instrumen-

tation and reduction
 4. Lumbar interbody fusion, anterior or posterior, 

with or without posterolateral fusion

EVALUATION OF LITERATURE

A Medline search was conducted in order to identify the 
relevant literature regarding the surgical treatment of 
symptomatic adult IS. The terms “adult” and “isthmic” 
were used as key words, and the term “spondylolisthesis” 
was used both as a keyword and as a MeSH (Medical 
Subject Heading) with the  sub-headings of “surgery” 
and “therapy.” A search strategy combining the terms 
above resulted in 215 citations. A similar strategy was 
utilized for searching the archives of specifi c journals, 
including but not limited to Spine, JBJS American, JBJS 
British, European Spine Journal, and the Journal of Neu-
rosurgery: Spine. References were screened to identify 
pertinent articles. Search strings for specifi c treatment 
options were used to identify relevant publications. 
After limiting the scope for English language results 
and eliminating articles overtly irrelevant by title, 
patient population, or surgical technique, 152 abstracts 
and 55 full-text articles were reviewed.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative versus Nonoperative
Only articles regarding operative treatment were 
reviewed for the discussion of this case, as it is clear 
from the case description that nonoperative treatment 
had failed.

Types of Operative Treatment
An extensive body of literature concerning the surgical 
treatment of symptomatic spondylolisthesis in adults 
was reviewed. The vast majority of this literature was 
comprised of uncontrolled cohort studies and other 
studies that were either nonrandomized comparative 
studies or had historical controls.

Direct Pars Repair
Direct pars repair is usually indicated for the ado-
lescent and very young adult population and is not 
widely used for adult patients. No comparative stud-
ies or cohort studies with suffi cient number of patients 
were found to support such a treatment in the nonpe-
diatric population, and therefore, this option is not cur-
rently recommended.5

Decompression without Fusion
Formal laminectomy, foraminotomy, and removal of 
the free laminar fragment (Gill procedure) have all 
been used for the treatment of IS. A report by Gill6 
shows satisfactory results in long-term follow-up after 
Gill procedure despite worse radiographic fi ndings. 
Many methodological shortcomings render the quality 
of these conclusions very low. In the opinion of many 
authors, decompression of the affected spinal segment 
could adversely infl uence the structural stability of 
the spinal segment and thus increase the likelihood of 
increasing slippage and mechanical symptoms related 
to instability, as well as accelerated disc degeneration.7 
Decompression without fusion is not currently recom-
mended for adult spondylolisthesis.

Spinal Fusion
Spinal fusion of the involved segment is the mainstay 
of treatment for symptomatic adult IS. Fusion can be 
achieved through a posterior approach via a transverse 
process fusion (TPF), an anterior approach via inter-
body fusion (anterior lumbar interbody fusion, ALIF), 
or a posterior approach to interbody fusion (posterior 
lumbar interbody fusion, PLIF, or transforaminal lum-
bar interbody fusion, TLIF). In order to promote union 
even further, combinations of two fusion methods 
can be utilized, that is, posterior instrumentation plus 
ALIF or posterior instrumentation plus PLIF. Each of 
the approaches has its advantages and drawbacks.

The posterior approach is most commonly utilized 
by spine surgeons for the treatment of different lumbar 
spine pathologies. As such, no access surgeon is needed. 
The complications related to the surgical exposure are 
minimal; however, stripping of the paravertebral mus-
cles can be a cause of postoperative back pain, though 
it is rarely prolonged. The posterior approach enables 
internal fi xation using pedicle screws but does not 
address the issue of anterior column stability and disc 
degeneration, which, as shown by Barrick et al.,8 can 
result in signifi cant symptoms despite solid fusion.

Posterior fusion can be performed with or with-
out the addition of instrumentation, most commonly 
pedicle screws. While most surgeons will use poste-
rior instrumentation to achieve immediate stabiliza-
tion and enhance fusion, the literature is not defi nitive 
about the infl uence of instrumentation on fusion rate. 
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using the anterior approach. Further, intervertebral 
fusion can be achieved using the largest surface area 
and largest size graft or implant possible. Stripping 
of the paravertebral muscles is avoided and so is the 
resultant pain, but other signifi cant structures are 
placed at risk. Decompression occurs as a result of 
disc height restoration.21 Catastrophic complications 
can occur as a result of a major vascular or other retro-
peritoneal structure injury, but even a minor vascular 
injury can lead to a signifi cant blood loss necessitating 
transfusion. Retrograde ejaculation is a result of a sym-
pathetic injury, usually at L5-S1 level, and should be 
carefully taken into consideration when counseling a 
young male regarding the surgical options. Many will 
use an access surgeon to complete the transperitoneal 
or retroperitoneal approach. Although restoration of 
the disc space height may open the foramen and mini-
mize foraminal stenosis, direct dural sac and nerve root 
decompression cannot be completed using an anterior 
approach alone.

Both PLIF and TLIF will enable stabilization of the 
anterior spinal column and avoid the risks of an anterior 
approach. Near-complete discectomy and interbody 
instrumentation can be performed using a posterior 
approach. Restoration of disc space height and greater 
bone surface for bone fusion are the mechanical advan-
tages of these techniques.22,23 PLIF and TLIF are more 
technically demanding procedures than TPF alone, and 
operation time is longer; in addition, special implants 
are commonly used, thus increasing procedure costs.

Numerous studies have been published address-
ing the question of posterior, anterior, or combined 
approaches for IS. Most of them are retrospective or 
prospective cohort studies, each evaluating a differ-
ent treatment option such as anterior,21,24 posterior,12,25 
PLIF or TLIF,23,26 or combined anterior and posterior 
surgery.27–29 All authors report good clinical, func-
tional, and radiographic outcomes.30 Nonrandomized 
controlled studies comparing TPF with or without 
PLIF have had varied results. Some have found better 
fusion with PLIF and equal clinical outcome,31 others 
found better fusion, better reduction and worse clini-
cal outcome with PLIF,32 and yet others indicated equal 
clinical outcome at 2 years33 or better results for pos-
terior instrumentation with PLIF in higher grades of 
slip with equal results on the lower grades.34 A non-
randomized controlled study comparing TPF with or 
without ALIF found that the ALIF group had better 
clinical results in the short-term only (up to 2 years).35 
A retrospective comparison between PLIF and ALIF 
found no signifi cant clinical difference but less adja-
cent-segment degeneration in the ALIF group.36 One 
randomized controlled study compared posterior lum-
bar instrumentation with TPF versus PLIF.37 The PLIF 
group showed better reduction, but the TPF group had 
better clinical and subjective outcomes. Both groups 

Several randomized controlled studies have tested 
the question of instrumentation for spinal fusion. 
Some studies favor instrumentation for better fusion 
rates, prevention of further slip, and better clinical 
results.9,10 Others have shown no benefi t to fusion rates 
with instrumentation, nor lower reoperation rates or 
improved clinical results.11,12 No difference was found 
in a prospective randomized study by Thomsen et al.13 
with more blood loss and longer operative time in the 
instrumentation group and minor functional improve-
ment in functional results only when combined with 
decompression. Ekman et al.14 did not fi nd a signifi -
cant difference in any of the clinical outcome measures 
used in their randomized controlled study from 2005.14) 
The reasons for the different results may be associated 
with the use of heterogeneous patient groups with 
variable degrees of slip, different outcome measures, 
different methods for assessing nonunion, and the 
use of different questionnaires to assess postoperative 
results. Posterior spine instrumentation has become a 
standard of practice, but its clinical effi cacy is yet to be 
fully determined.

Yet another question is whether posterior decom-
pression has a role in addition to fusion in the treat -
ment of IS. While some surgeons will argue that a 
patient with complaints related to spinal canal or 
foraminal stenosis should have an adequate decom-
pression of these elements in order to alleviate symp-
toms, others will state that the decompression is a 
factor of instability added to an already unstable spine 
segment and that back and leg pain relief is achieved by 
solid fusion without decompression.7,15 Several uncon-
trolled studies have been published and the results 
are mixed, with some showing satisfactory clinical 
outcome without fusion.16 Other comparative nonran-
domized studies found no clinical and radiographic 
differences between fusion alone and fusion with 
decompression.17,18 A prospective randomized study 
by Carragee15 in 1997 found that removal of the free 
lamina and decompression of the nerve root in patients 
undergoing spine fusion for IS were associated with 
higher rates of nonunion and unsatisfactory results. In 
the absence of neurological compromise or severe cen-
tral or foraminal stenosis, current data lead to a strong 
recommendation against decompression when added 
to spine fusion in low-grade IS19 (Table 24.1).

To a similar extent, reduction of IS is debatable. In 
the patient case discussed, however, the degree of slip 
is minimal and near-complete reduction is expected 
with prone patient positioning alone.20 Whether 
such reduction occurs or not, in-situ fusion will be 
 recommended.

The anterior approach to the lumbar spine enables 
direct access to the disc space, and thus, a complete 
discectomy can be performed. Reduction of slip and 
correction of sagittal spinal alignment are best done 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Carragee (1997) Prospective 
 randomized study

•  42 patients with LGIS
•  18 fusion w/ decompression, 24 fusion w/o 

decompression
•  mean f/u 4.5 y
•  Clinical: 6/18 unsatisfactory results vs. 1/24
•  Fusion: 4/18 nonunion vs. 0/24

High

La Rosa et al. (2003) Retrospective 
 controlled study

•  35 patients with IS Grade II–III 
decompression, 18 PLF 17 PI + PLIF.

•  Clinical results: equal
•  Fusion results: PI + PLIF better

Low-moderate

Madan and Boeree 
(2002)

Retrospective 
 controlled study

•  44 patients with IS Grade I–II 
decompression, 21 PLF 23 PI + PLIF

•  Fusion: PLIF better
•  Clinical: PLF better

Low-moderate

Dehoux et al. (2004) Prospective 
 nonrandomized 
 controlled study

•  52 patients with IS Grade I–III 
Decompression, 25 PLF 27 PI + PLIF

•  Fusion: PLIF better
•  Clinical: Grade I equal, 

Grade II–III PLIF better

Moderate-high

Ekman et al. (2007) Prospective study 
with historical 
 controls

•  163 patients with IS Grade I–III 
decompression for sciatica only, 
77 PLF 86 PLIF

•  Clinical: PLF = PLIF
•  Fusion: N/A

Low

Swan et al. (2006) Prospective 
 controlled study

•  93 patients with IS Grade I–II no 
decompression 47 PLF + ALIF 46 PLF only

•  Clinical: better for ALIF + PLF up to 2 y
•  Increased minor complications at ALIF + PLF

Moderate

Kwon et al. (2005) Systematic 
literature review

•  4 RCT 30 case series
•  Decompression: Trend toward worse results.
•  Instrumentation: Better clinical and radiographic 

results.
•  Comparing approaches:
•  Clinical results: ALIF and combined give 

better results than PLF
•  Fusion results: combined better than ALIF 

or PLF

Low-moderate

Jacobs et al. (2006) Systematic 
literature review

•  8 RCT 21 case series
•  Decompression and fusion do not improve out-

come.
•  Cumulative outcome
•  80% good or excellent results PLF and ALIF 

groups
•  80% fusion rate PLF and PLIF groups

Low-moderate

LGIS, low-grade IS; PI, posterior instrumentation; RCT, randomized controlled trial.

Evidentiary Table. TABLE 24 .1

had 100% fusion rates. Shortcomings of this study 
were the small treatment groups of ten patients each 
and a short follow-up time of <2 years.

Two systematic literature reviews were found 
that evaluated this large body of literature. The fi rst 

included 34 studies, the majority of which were 
 retrospective uncontrolled studies. Fusion rates for 
combined procedures were signifi cantly higher than 
anterior or posterior alone, with a nonsignifi cant trend 
toward better fusion for TPF when compared to ALIF. 
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outcome will be compromised, especially  regarding the 
development of nonunion. Decompression is therefore 
not recommended for this case.

Adding PLIF, TLIF, or anterior approach to the 
posterior lumbar fusion did not prove to be effi ca-
cious in improving clinical results when compared to 
posterior lumbar fusion alone in IS and particularly 
in low-grade IS. Those procedures can be performed 
with a reasonable degree of reproducibility and safety, 
but the clinical outcome does not seem to justify the 
added cost of implants and extended operative time 
as well as the additional rare though signifi cant com-
plications.

Many of the studies reviewed had no information 
regarding the type of bone graft used. Among the stud-
ies that specifi ed the graft type, the majority used iliac 
crest bone graft taken through the same or a separate 
incision,11,16,25,35 or spinous process with bone substi-
tute.37 Autologous iliac crest autograft is indeed the 
“gold standard” for posterior spine fusion, but donor 
site morbidity40 and evidence of good results with the 
use of allograft41 with or without the addition of demin-
eralized bone matrix42 make these other options viable. 
These recommendations are also consistent with the 
Scoliosis Research Society Committee on Spondylolis-
thesis published in 2005.43

In summary, the evidence suggests that the selected 
treatment plan for this particular patient would be 
instrumented posterior fusion with no decompression.

DEFINITIVE TREATMENT PLAN

The patient in the scenario presented had failed a com-
prehensive course of nonoperative treatment, and, 
therefore, operative treatment is indicated. Position-
ing of the patient for surgery in a prone or jack-knife 
position can facilitate complete reduction of the mini-
mal slip shown on imaging studies. We use a posterior 
approach to the lower lumbar spine with midline skin 
incision and exposure of the entry points for screw 
insertion and transverse processes bilaterally. Stabili-
zation is effected using bilateral pedicle screws at L5 
and S1 with a rod-based system. Meticulous decorti-
cation of facet joints and transverse process followed 
by implantation of allograft or bone substitute at the 
lateral gutter will complete the fusion.

Early mobilization is initiated in the early postop-
erative period with instructions to avoid extreme range 
of motion and physical exercise. Physical therapy can 
be started after surgery.

Grading the Evidence for this Plan
Evidence reviewed to support our treatment plan var-
ies in quality. Most studies reviewed were prospective 
or retrospective cohort studies, and thus rated low 

However,  posterior spine fusion had inferior clinical 
results to both ALIF and combined treatment groups. 
Differences in the complication rate could not be deter-
mined. Covariate analysis revealed better radiographic 
and clinical results for instrumented fusion over non-
instrumented fusion. Patients who underwent lamine-
ctomy showed a trend toward worse results.38

The second systematic review included 29  studies, 
most of which were retrospective cohort studies and 
case series. Eight randomized controlled studies were 
identifi ed, all evaluating different techniques of pos-
terior lumbar fusion. Decompression and instrumen-
tation did not appear to improve outcome, and no 
conclusion could be drawn regarding the best treatment 
method. Good or excellent outcome was found in more 
than 80% of posterior lumbar fusion and ALIF studies. 
The complication rate was highly variable. Fusion rate 
was 80% for PLF and PLIF and 60% for ALIF.39

The reasons for the different outcomes in the dif-
ferent studies may be a combination of various factors. 
There is no comprehensive and homogeneous method 
to evaluate both clinical and functional outcomes. 
The evaluation of radiographic outcome is even more 
inconsistent, making comparison of results from dif-
ferent studies somewhat challenging. Some authors 
performed decompression that included complete 
laminectomy and foraminotomy in all cases, while 
others used it only in selected cases. Some authors 
used partial decompression, and others did not use 
decompression at all. This heterogeneity alone could 
contribute to the variation in results. The group of 
patients who underwent decompression might ben-
efi t more from aggressive stabilization, that is, adding 
interbody fusion to posterior lumbar fusion, as decom-
pression is believed to contribute to segmental insta-
bility. The grade of spondylolisthesis and the methods 
of measurement were not standardized across the dif-
ferent studies. Signifi cant variations can be found in 
patient selection and inclusion criteria in both clinical 
variables and indication for surgical treatment.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

After reviewing the articles described above, an eviden-
tiary table was constructed (Table 24.1).  Utilizing these 
data, the following treatment plan was developed.

Posterior fusion remains the mainstay of surgi-
cal treatment for symptomatic low-grade IS. No clear 
evidence was found for better results after an instru-
mented procedure, yet the possible immediate stability 
and avoidance of any cast or brace make instrumen-
tation a favorable option. Decompression was found 
to be ineffective in the absence of other compressive 
lesion or neurological defi cit, and some data show that 
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DeWald RL, eds. The Textbook of Spinal Surgery. 2nd ed. 
Philadelphia, PA: Lippincott-Raven, 1997:1212.

 5. Schlenzka D, Remes V, Helenius I, et al. Direct repair for 
treatment of symptomatic spondylolysis and low-grade 
isthmic spondylolisthesis in young patients: no benefi t in 
comparison to segmental fusion after a mean follow-up 
of 14.8 years. Eur Spine J. 2006 Oct;15(10):1437–1447.

 6. Gill GG. Long-term follow-up evaluation of a few 
patients with spondylolisthesis treated by excision of 
the loose lamina with decompression of the nerve roots 
without spinal fusion. Clin Orthop Relat Res. 1984 Jan–
Feb;182:215–219.

 7. Kwon BK, Albert TJ. Adult low-grade acquired spon-
dylolytic spondylolisthesis: evaluation and manage-
ment. Spine. 2005 Mar 15;30(6 suppl):S35–S41.

 8. Barrick WT, Schofferman JA, Reynolds JB, et al. Anterior 
lumbar fusion improves discogenic pain at levels of prior 
posterolateral fusion. Spine. 2000;25:853–857.

 9. Zdeblick TA. A prospective, randomized study of lum-
bar fusion: preliminary results. Spine. 1993;18:983–991.

 10. Bridwell KH, Sedgewick TA, O’Brien MF, et al. The role 
of fusion and instrumentation in the treatment of degen-
erative spondylolisthesis with spinal stenosis. J Spinal 
Disord. 1993;6:461–472.

 11. Moller H, Hedlund R. Instrumented and noninstru-
mented posterolateral fusion in adult spondylolis-
thesis: a prospective randomized study: part 2. Spine. 
2000;25:1716–1721.

 12. Bjarke CF, Stender HE, Laursen M, et al. Long-term func-
tional outcome of pedicle screw instrumentation as a sup-
port for posterolateral spinal fusion: randomized clinical 
study with a 5-year follow-up. Spine. 2002;27:1269–1277.

 13. Thomsen K, Christensen FB, Eiskjaer SP, et al. 1997 
Volvo Award winner in clinical studies. The effect of 
pedicle screw instrumentation on functional outcome 
and fusion rates in posterolateral lumbar spinal fusion: 
a prospective, randomized clinical study. Spine. 1997 Dec 
15;22(24):2813–2822.

 14. Ekman P, Möller H, Hedlund R. The long-term effect of 
posterolateral fusion in adult isthmic spondylolisthe-
sis: a randomized controlled study. Spine J. 2005 Jan–
Feb;5(1):36–44.

 15. Carragee EJ. Single-level posterolateral arthrodesis, with or 
without posterior decompression, for the treatment of isth-
mic spondylolisthesis in adults. A prospective, random-
ized study. J Bone Joint Surg Am. 1997 Aug;79(8):1175–1180.

 16. Butt MF, Dhar SA, Hakeem I, et al. In situ instrumented 
posterolateral fusion without decompression in symp-
tomatic low-grade isthmic spondylolisthesis in adults. 
Int Orthop. 2008 Oct;32(5):663–669.

 17. Garreau de Loubresse C, Bon T, et al. Posterolateral 
Fusion for Radicular Pain in Isthmic Spondylolisthesis. 
Clin Orthop Rel Res. 1996;323:194–201.

 18. Adam FF. Surgical management of isthmic spon-
dylolisthesis with radicular pain. Int Orthop. 2003;27(5):
311–314.

 19. Hu SS, Tribus CB, Diab M, et al. Spondylolisthesis and 
spondylolysis. Instr Course Lect. 2008;57:431–445.

 20. Montgomery DM, Fischgrund JS. Passive reduction of 
spondylolisthesis on the operating room table: a pro-
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or very low quality according to Schünemann et al.
 However, many studies found were randomized, 
controlled studies or upgraded observational studies 
graded moderate or high quality44 (Table 24.1).

In accordance with the method of grading set forth 
by Schünemann et al., the recommendation to perform 
posterior spine fusion and refrain from decompression 
and PLIF in this case are strong. The recommendation 
to perform instrumented fusion is weak considering 
the mixed results and the disadvantages of the high 
cost of implants and prolonged surgery time as com-
pared to the advantages of early stabilization and low 
complication rate.

PREDICTING OUTCOMES

Reported bony fusion rates vary from 60% to 100%15,31–35 
across the studies reviewed with no correlation to the 
type of bone graft or instrumentation used. Predicting 
radiographic outcome is very inconsistent across stud-
ies evaluating posterior spine fusion, and even more 
so with the presence of metal implants in the involved 
segment. Fusion rates have not been shown to corre-
late well with clinical outcome.

Clinical and functional outcomes ranged from 65% 
to 90% good or excellent results, with 70% to 95% of 
improvement in back pain and similar results in alle-
viating leg pain. Despite encouraging clinical results, 
return to preoperative work status occurred in only 
50% to 60% of the patients undergoing posterior spine 
fusion for low-grade IS.15,31–35

SUMMARY

A 34-year-old patient presents with complaints of back 
and leg pain unresponsive to conservative treatment. 
The imaging studies show low-grade IS. The selected 
treatment option is instrumented posterior spine fusion 
without decompression. A signifi cant improvement 
in back and leg pain is expected as well as improved 
back-pain-related quality of life.
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25 Two-Level Degenerative
Slip with Stenosis
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factors that are determined by a detailed pain history 
would help elucidate whether there is a component of 
multifactorial back pain. There are no reported symp-
toms to suggest any urgent neurological issues. He has 
failed reasonable conservative treatment.

There are no sensory or motor defi cits on physical 
examination. However, his absent refl exes may sug-
gest the possibility of diabetic peripheral neuropathy. 
Consequently, further detailed neurologic examina-
tion, electromyography/nerve conduction studies, 
and a medical assessment of his glucose control would 
be advised.

Sagittal and paramedian T2-weighted magnetic 
resonance imaging (MRI) in Figure 25.1 demonstrates 
multilevel degenerative changes throughout the entire 
visible thoracolumbar spine. A degenerative, grade 1 
spondylolisthesis is noted at L3-5 and to a lesser extent 
at L4-5. There is foraminal narrowing at multiple levels 
that is worse in the left L3-4 and right L5-S1 foramina; 
however, there is still space for the nerve roots at these 
and all other visible levels. From the history provided, 
it is undetermined whether he has any indication of an 
L3 pattern of pain on the left or L5 pattern on the right. 
Consequently, these fi ndings may not be clinically sig-
nifi cant. There is also signifi cant disc space collapse 
throughout the lumbar spine with near bone-on-bone 
collapse at L2-3 and L5-S1. Figure 25.2A shows an axial 
image of L2-3 demonstrating some facet arthrosis on 
the right side. The left facet is not visible. Figure 25.2B 
is an axial image of L3-4 demonstrating signifi cant cen-
tral and bilateral lateral recess stenosis. There is a small 
amount of fl uid in the facet joints bilaterally, and both 
facets are more sagittally oriented. Figure 25.2C is an 
axial image of L4-5 demonstrating signifi cant bilateral 
lateral recess stenosis with some fl uid in the facet joints 
and normally orientated facets. Figure 25.2D is an axial 
image of L5-S1 demonstrating early bilateral lateral 
recess stenosis but no signifi cant or obvious compres-
sion of the S1 roots bilaterally.

From a clinical perspective, the stenosis noted at 
L3-4 and L4-5 correlates with the history of claudicant 

EDITORS’ CASE 
PRESENTATION

A 73-year-old diabetic man presents with com-
plaints of  back and leg pain. He reports increased 
ambulation tolerance with leaning on a shopping 
cart. In general, he describes more right leg pain 
than left leg pain. However, he feels his back pain 
is worse than his leg pain. He has had physical 
therapy and two epidural steroid injections but 
has not had substantial relief. He does not have 
any bowel or bladder complaints.

Physical examination reveals that he is over-
weight for his body habitus. Neurological exami-
nation is normal except that he has absent patella 
tendon and Achilles tendon refl exes. He has no 
pain to palpation of  the low back. Besides being 
slow to rise from a chair, his gait is normal.

Radiographic imaging studies are shown in 
Figures 25.1A–D and 25.2A–D.

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes a 73-year old, over-
weight, diabetic male with back and leg pain that is 
relieved by forward fl exion. Relief of symptoms by 
forward fl exion suggests pseudoclaudication, that is, 
neurogenic claudication. However, this patient has 
back dominant pain that is also presumably relieved 
by fl exion and thus suggests that the facets could be a 
major source of his back pain. Further history as to the 
degree of mechanical versus constant nonmechanical 
symptoms would be helpful in determining whether 
this patient has any evidence of constant chronic low 
back pain. In addition, a history of signifi cant back 
pain while in a seated position may suggest a concomi-
tant discogenic source of back pain. These important 
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Figure 25.1.

Figure 25.2.

type symptoms presented in this scenario. If there is a 
clear pattern of L3 or L5 radicular pain on the left and 
right, respectively, then the foraminal stenosis at the 
respective foramina may be clinically signifi cant. The 
facet arthrosis at L3-4 and L4-5 is also likely related to 
the mechanical low back pain that is dominant in this 
individual. Furthermore, the presence of facet fl uid can 
signify greater instability than is demonstrated on the 
recumbent unloaded MRI.1–3 As such, standing plain 
radiographs including fl exion extension views would 
be strongly recommended in this case to rule out any 
further translation of L3-4 and/or L4-5. For these rea-
sons, the senior author routinely uses standing plain 
radiographs in this type of clinical scenario.

The signifi cant multilevel degenerative disc changes 
cannot be ignored in this individual. These fi ndings 
may be incidental as they are commonly seen in asymp-
tomatic individuals and often poorly correlate in symp-
tomatic patients.4–8 Consequently, the pain history is the 
most important tool used to make this important distinc-
tion. Obviously, if his multilevel degenerative disc plays 
a signifi cant role in his back dominant complaint, then 
interventions targeted at his spondylolisthesis alone 
will not adequately address his primary complaint and 
limited surgical expectations need to be considered. The 
authors feel that this is a crucial piece of information for 
surgical decision making as it relates to a specifi c struc-
tural diagnosis. In this scenario, we would perform 
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Martin et al. were reviewed, this search was limited to 
the time frame of 2005 to 2009. This yielded 226 addi-
tional titles, which were reviewed for relevance to the 
current systematic review and further narrowed down 
to 43 abstracts. The inclusion criteria (which were stud-
ies that compared surgery versus nonsurgical treat-
ment, two or more different surgical strategies, spinal 
stenosis with and without spondylolisthesis, and in 
which the outcome of the subgroup of spondylolisthe-
sis patients could be analyzed) were applied to these 
abstracts to yield 25 studies that were then reviewed in 
detail. Of these, seven met the criteria for inclusion and 
were used for the evidentiary table. Combined with 
the aforementioned twelve articles, a total of nineteen 
comparative articles10–28 were utilized (Table 25.1).

DETAILED REVIEW OF PERTINENT 
ARTICLES

The overall quality of evidence for DS is reasonable. 
However, only a few studies with a clearly defi ned DS 
cohort specifi cally denote the presence of two-level 
DS (see second column of Table 25.1). Furthermore, of 
the studies that mention two-level DS, the outcome is 
not differentiated from one-level DS. Consequently, a 
presumption is being made that the evidence available 
for predominantly single-level DS can be extrapolated 
to two-level DS. This presumption is based on expert 
opinion, and the authors feel that based on their own 
clinical experience the presumption is reasonable.

Regarding the quality of the evidence, there were 
6 moderate, 2 low, and 11 very low quality papers that 
met our inclusion criteria. Although there were seven 
randomized studies, all were fl awed for a variety of 
reasons (Table 25.1). The data presented represent 
the best available comparative evidence that pertains 
to the current treatment goals and clinical decisions. 
How best to manage the specifi c patient will be based 
on thoughtful analysis of three factors: patient factors, 
literature evidence, and clinical expertise specifi cally 
related to nonsurgical versus surgical management 
and the best surgical option for this specifi c patient.

Patient Factors
This patient has several issues to consider. Any sig-
nifi cant end-organ disease from his diabetes as well 
as the degree of obesity may play a signifi cant role in 
increased perioperative risk of complications. Within 
the context of overall decision making, an appropri-
ately informed patient and surgeon must obviously 
consider the impact that medical comorbidities may 
have on operative risk and clinical outcomes.29 Assum-
ing that this patient is medically fi t to proceed with 
elective surgical intervention, the presence of multi-
level degenerative changes and dominant back pain 

facet injections at L3-4 and L4-5 to ascertain the degree 
of back pain that is coming from his spondylolisthesis 
levels.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has two levels of degenerative spon-
dylolisthesis with back and leg pain. The clinical sce-
nario suggests neurogenic claudication; however, there 
exists the possibility of multifactorial back pain. For 
the purposes of this case, a presumption going forward 
will be made that the majority of symptoms are indeed 
from the two level degenerate spondylolisthesis and 
the evidentiary review as well as the clinical decision 
making will be performed in this regard only.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Relief of leg symptoms
 2. Relief of the back pain that is most likely from 

the degenerative spondylolisthesis (DS)
The treatment options are

 1. Continue conservative care, including fl exion 
exercises

 2. Decompression alone at L3-4 and L4-5
 3. Decompression and fusion
 4. Indirect decompression with interspinous 

spacer at L3-4 and L4-5

EVALUATION OF THE LITERATURE

To identify relevant publications on two-level DS with 
stenosis, a PubMed search was performed. A signifi -
cant number of articles exist regarding DS and spinal 
stenosis. In a quantitative systematic review performed 
by Martin et al.,9 the authors found that suffi cient com-
parative evidence existed on DS patients that a review 
restricted to comparative data only is possible for this 
population. From 1923 possible studies, the authors 
utilized 13 studies (randomized studies and compara-
tive observational studies) published between 1966 
and June 2005. In our own review of these studies, we 
further excluded one additional study. These 12 stud-
ies were used as part of the current systematic review.

For additional publications, a search of PubMed 
using the search term “degenerative spondylolisthesis” 
was performed. Since the relevant studies identifi ed by 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Feffer et al. (1985) Retrospective cohort 
study.
Number of spinal levels: 
unable to determine.

19 patients with DS; 8 patients—DNF-PL 
and 11-D (laminectomy).
DNF-PL group: Mean follow-up 42 mo 
(12–72). 5 graded (patient reported) results 
as good, 3 fair.
No nonunions based on fl exion-extension 
radiographs.
D group: mean follow-up of 25 mo (12–60). 
5: good, 3: fair, and 3: poor. 4 in this group 
developed instability.

Very low

Lombardi et al. (1985) Retrospective cohort 
study.
Number of spinal levels: 
one-level DS, 1 patient 
with two-level DS (out-
comes not differentiated).

47 patients with grade I–II—DS: Group 
1—wide decompression sacrifi cing the 
articular processes, Group 2—facet preserv-
ing midline decompression, Group 3—facet 
preserving decompression and with fusion 
(DNF-PL). Mean follow-up 32.4 mo (2–7 y).
Patient-graded outcome: Group 1 (n = 
6)—33% good to excellent, one revision 
to fusion; Group 2 (n = 20)—80% good to 
excellent, 2 revisions to fusion; Group 3 
(n = 21)—90% good to excellent, 2 nonunion 
(1 revised, the other patient refused further 
surgery and had a poor result).

Very low

Herkowitz and 
Kurz (1991)

Prospective pseudoran-
domized study
Number of spinal levels: 
one-level DS

50 patients with grade I—DS (n = 25) 
DNF-PL and n = 25, had decompression 
(laminectomy) alone (D).
At 3 y (2.4–4) mean follow-up, fusion 
patients had signifi cantly better relief of 
back and leg pain (VAS).

Moderate

Satomi et al. (1992) Retrospective cohort 
study.
Number of spinal levels: 
one and two (12%) level 
DS (outcomes not differ-
entiated).

41 patients with grade I—DS. Group 
A—Anterior interbody fusion—n = 27, 
Group B (n = 14) posterior decompression 
(mixed techniques—laminotomy or 
laminectomy, n = 4 fusion [3 DNF-PL/1 
with Luque rods]).
Mean follow-up—3 y. Mean improvement 
in JOA scores: group A—5.5, degree of 
improvement—77%; Group B 4.5, degree of 
improvement 55.7%.

Very low

Bridwell et al. (1993) Prospective randomized 
study with unclear ran-
domization process.
Number of spinal levels: 
one to two level disease, 
1 with two level DS.

44 patients with DS randomized to 3 treat-
ment groups: group I—D (n = 9); group 
II—DNF-PL (n = 10); and group III—DIF-PL 
(24 patients, 18 one-level pedicle fi xation 
and 6 two-level fi xation). D = facet preserv-
ing in all cases.
A higher fusion rate in group III vs. group II 
(p = 0.002). Greater spondylolisthesis pro-
gression in groups I and II vs. III (p = 0.001).
More patients without progression of DS 
reported they were helped by the surgery 
than those with progression (p < 0.01).

Moderate

Yone et al. (1996) Retrospective cohort 
study.
Number of spinal levels: 
one to two level disease,

34 stenosis patients, 17 patients with DS. 
10—DIF-PL (mean follow-up 3 y [2–6 y]) 
and 7—d-laminotomy (mean follow-up 3.2 y 
[2–5 y]). Outcome with JAO-back

Very low

Evidentiary Table: A Summary of the Quality of Evidence for DS. TABLE 25 .1

(Continued)
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Paper Author (Year) Description Summary of Results Quality of Evidence

unable to determine one 
vs. two level DS.

scores: DIF—80% good-to-excellent, 
D—29% good-to-excellent (p < 0.05). One 
nonunion occurred.

Fischgrund et al. 
(1997)

Prospective randomized 
study.
Number of spinal levels: 
one level DS

76 patients with grade I—DS (n = 35) 
DIF-PL, n = 33 DNF-PL. 67 patients avail-
able for 2-y follow-up. No difference in 
clinical outcome (back and leg pain VAS, 
activity level; p = 0.45). Arthrodesis 
occurred in 82% of the DIF-PL cases 
vs. 45% of the DNF-PL cases (p = 0.0015).
Fusion did not infl uence patient outcome 
(p = 0.435).

Moderate

France et al. (1999) Prospective study with 
undocumented random-
ization process.
Number of spinal levels: 
one to three level disease, 
unable to separate DS 
group regarding levels.

83 patients with mixed diagnoses. 10 
patients with DS, underwent DIF-PL (n = 5) 
or DNF-PL (n = 5). The DIF group reported 
better outcomes (patient reported) in 4/5 vs. 
2/5 in the DNF group (p > 0.1 due to small 
sample).

Very low

Mochida et al. (1999) Retrospective cohort 
study.
Number of spinal levels: 
one level DS.

102 patients with grade I–II—DS. Group 
1—DIF-PL-ligament (artifi cial ligament 
stabilization)—33, Group 2—DIF-PL-
screws—34, Group 3—DNF-PL—35.
Outcomes: JOA score at 2 y, 82% success 
in ligament group, 91% in screw group, 
and 71% in the noninstrument group. 
Radiographs showed 4 delayed fusion, 2 
nonunion in the ligament group, 2 delayed 
fusions and 1 nonunion in the screw group, 
and 7 delayed fusions and 5 nonunion in 
the noninstrumented group.

Very low

Kimura et al. (2001) Retrospective cohort 
study.
Number of spinal levels: 
one level DS.

60 patients with grade I–II—DS. Group 
A—DNF-PL—29 and group B—DIF-
PL—28. Outcomes: Improvement rate (JOA 
scores) was Group A—72% at a mean 6 y 
follow-up and Group B—82% at a mean of 
3 y  follow-up. Fusion rate was 82.8% Group 
A and 92.8% in Group B. No signifi cant 
 clinical difference in outcome of the non-
fused vs. fused patients.
Higher complication and reoperation rate in 
DIF group.

Very low

Ghogawala et al. 
(2004)

Prospective cohort study.
Number of spinal levels: 
one level DS.

34 patients with grade I—DS (without 
gross instability < mm motion on fl ex-ex). 
D—midline facet preserving—20, DIF-
PL—14. Outcomes: improvement in ODI 
and SF-36 PCS was greater for the fusion 
group (ODI—27.5 vs. 13.6, p = 0.02); PCS—
15.9 vs. 6.5, p = 0.003). 1-y fusion rate was 
93%. At 1 y, no revisions for the DIF vs. 3 
(fusion for instability) D alone group. Both 
forms of surgery independently improved 
outcome compared with baseline status.

Low

Evidentiary Table: A Summary of the Quality of Evidence for DS. (Continued )TABLE 25 .1

(Continued)
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Paper Author (Year) Description Summary of Results Quality of Evidence

Matsudaira et al. 
(2005)

Retrospective cohort 
study.
Number of spinal levels: 
one level DS.

53 patients with grade I—DS. Group 
1—DIF-PL—19, Group 2: D—facet and mid-
line persevering laminotomy—18, Group 
3—Conservatively (refused surgery)—16. 
Outcomes: JOA-scores at 2 y showed extent 
of improvement was signifi cantly greater 
in groups 1 and 2 than in group 3, but no 
signifi cant difference was noted between 
groups 1 and 2. Radiographic—Increase slip 
in group 2 and 3, greater incidence of adja-
cent segment degeneration in group 1.

Very low

Anderson et al. (2006) Randomized controlled 
study (subgroup analysis 
of larger multicentered 
study).
Number of spinal lev-
els: one and two level 
DS (outcomes not 
 differentiated).

75 patients with grade I—DS. Group 1—in-
terspinous process decompression (IPD—X-
Stop)—44 and group 2—nonoperative care. 
Outcomes measured at 2 y (Zurich claudi-
cation questionnaire, patient satisfaction, 
SF-36, additional surgery rate): Signifi cant 
improvement compared to baseline scores 
was seen in all intervals in IPD group, 
whereas essentially no change in baseline 
score was observed in the control patients. 
Overall success was 63.4% in the IPD group 
compared to 12.9 in the control.
Five patients in the X-Stop device treatment 
and four patients in the control groups 
eventually required laminectomy or lamine-
ctomy and fusion.

Moderate

Martin et al. (2007) Retrospective cohort 
study—Administrative 
database (state registry) 
analysis.
Number of spinal levels: 
indeterminate.

24,882 patients undergoing primary lumbar 
surgery between 1990–1993. Spondylolisthe-
sis: Group 1: D—143 and group 2—Fusion.
The 11-y cumulative incidence of reop-
eration was lower with fusion than with 
decompression alone (17.1% vs. 28.0%).
Due to the nature of this study, it was not 
possible to differentiate between types of spon-
dylolisthesis or fusion techniques; however, a 
reasonable presumption can be made that those 
undergoing decompression alone (D) were likely 
DS; thus this study was graded as very low 
evidence as it pertains to the question of this 
chapter.

Very low

Weinstein et al. (2007) Randomized clinical trail 
and prospective observa-
tional cohort study.

601 patients with DS (undifferentiated 
grade)—combined randomized and obser-
vational as-treated cohorts. Group I—sur-
gical—368 and group 2—nonsurgical—233. 
Outcomes (ODI, SF-36 [BP and PF]) at 2 y: a 
signifi cant advantage for surgery was seen 
at all intervals. There was little evidence of 
harm from either treatment.
5% and 21% of the surgical cohort had 
decompression alone and DIF with the 
remaining having a DIF-PL. Subgroup anal-
ysis for difference in surgical treatment was 
not performed.

Moderate

Evidentiary Table: A Summary of the Quality of Evidence for DS. (Continued )TABLE 25 .1

(Continued)
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Evidentiary Table: A Summary of the Quality of Evidence for DS. (Continued )TABLE 25 .1

Paper Author (Year) Description Summary of Results Quality of Evidence

Ha et al. (2008) Retrospective cohort 
study.
Number of spinal levels: 
one level DS.

40 patients with grade I—DS. All had DIF 
and were divided into 4 subgroups: Stable 
slip (S): S-DIF-PL—13 and S-DIF-PLIF—11. 
Unstable slip (U): U-DIF-PL—8 and 
U-DIF-PLIF—8. Outcomes (ODI/VAS) at a 
minimum follow-up of 2 y (mean 4.5 y): The 
unstable, PLIF group demonstrated greater 
clinical improvement compared to the PL 
group. There was no difference in the stable 
groups.
In the stable group, the fusion rates were 
92% in the PL group and 100% in the PLIF 
group. In the unstable group, the fusion 
rates were 88% in the PL group and 100% in 
the PLIF group (p = 1.0).

Very low

Sasai et al. (2008) Retrospective cohort 
study.
Number of spinal levels: 
one level DS, on patient 
had two level DS.

48 patients, 23 with grade I—DS (1 patient 
had grade II). All patients had midline/facet 
preserving bilateral decompression from a 
unilateral approach. Group 1 with DS—23 
and group 2—stenosis only—25. Outcomes 
(ODI, neurogenic claudication outcome 
score) at a minimum 2 y follow-up showed 
no signifi cant differences between the 2 
groups including overall satisfaction. No 
additional surgeries in either group. There 
was a mean of 1.7% increase in slip in the 
DS group (p = 0.03).

Very low

Vaccaro et al. (2008) Randomized controlled 
trial.
Number of spinal levels: 
one level DS.

36 patients with grade I–II DS. All patients 
had DNF. Group 1—OP 1–24 and group 
2—autograft—12. Outcomes (ODI, SF-36) 
at a minimum of 4 y: Comparable clinical 
outcomes, and overall success was noted 
between groups (group 1—16 patients and 
group 2—6 patients). Radiographic suc-
cesses were 69% for group 1 and 50% for 
group 2 (p > 0.05).

Moderate

Yan et al. (2008) Retrospective cohort 
study.
Number of spinal levels: 
one level DS.

176 patients with grade I–II—DS. Group 
1—DIF-PLIF—85 and group 2—DIF-
TLIF—91. Outcomes (VAS, JOA) at mini-
mum 2 y (mean 29 mo): Clinical outcomes 
were not signifi cantly different between 
groups. Both groups achieved 84% excellent 
to good outcomes on JOA scores. There was 
no difference in radiographic parameters. 
There was no difference in complication 
rate.

Low

All studies had radiographic outcome assessment;
DIF-PL, decompression and instrumented fusion—posterolateral; DNF-PL, decompression and noninstrumented fusion—posterolateral; 
ODI, Oswestry Disability Index.
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senior author (RR) has demonstrated similar fi ndings. 
At a minimum of 2 years following microdecompression 
alone, the authors demonstrated preoperative and post-
operative ODI of 48% to 18.7% for patients with no spon-
dylolisthesis when compared to 48% to 24.6% for those 
with stable spondylolisthesis (less than 4 mm of motion on 
supine to standing imaging or standing  fl exion-extension 
radiographs, leg dominant symptoms).

Several noncomparative case series also suggest 
decompression alone can be effectively performed in 
selected patients with DS.32–42 However, these series 
typically involve stenosis patients with and without 
DS, for which the outcome for DS patents is not dif-
ferentiated and hence a positive outcome is typically 
inferred. Inconsistencies among the above studies 
may be due to patient selection and different surgical 
techniques.11,14,15,20,21,26 Specifi cally variable facet anat-
omy, grade and stability of the listhesis, and differences 
in surgical technique, which cannot be distinguished 
from a literature review, may account for these incon-
sistencies. Specifi c to this patient, there would be con-
cerns regarding the right L3-4 facet that appears very 
thin and sagittally oriented (Fig. 25.2B).

Indirect decompression using an interspinous 
spacer device to block terminal extension may help 
both this patient’s stenosis and facet symptoms. Given 
its minimal operative morbidity, this technique may 
be ideally suited to a higher risk patient such as in this 
scenario, though the success of this technique has been 
shown to be only 63% by one study of moderate quality.22 
Furthermore, no comparative studies to other operative 
techniques or studies with DS and back dominant pain 
are available. In addition, a recent small case series has 
reported very poor outcomes in the DS population.43

Instrumented Versus Noninstrumented Fusion
Evidence regarding this question is dependent on what 
is used to determine success: radiographic fusion, reop-
eration rate, or clinical outcomes. Clinical outcomes 
clearly have the most patient impact and should be 
weighed most heavily. The current available compara-
tive evidence does show a signifi cantly greater fusion 
rate with instrumented fusion.14,16,18

Reoperation rates in the current available evidence 
are poorly documented. The clinical outcome data 
are variable. Of the relevant papers, the highest qual-
ity study suggests no difference in clinical outcome at 
the 2-year mark.16 No difference in longer term out-
come was also reported by Kimura et al.19 Studies by 
Bridwell et al., France et al., and Mochida et al., how-
ever, suggest that decompression with instrumented 
fusion has a greater impact on clinical outcome in 
addition to radiographic outcome compared to nonin-
strumented fusion.32–42 These studies, however, report 
outcomes on a very small number of DS subjects14,17 
or are of very low quality.18 To date, this inconsistency 

is, perhaps, the biggest concern as it may predict a 
poorer outcome.29 However, specifi c discussion and 
evidentiary review around this dilemma are beyond 
the scope of this chapter. Although implicit, it must be 
specifi cally noted that the patient must feel that their 
symptoms are impacting their quality of life signifi -
cantly enough to consider surgical intervention and 
the possible associated risk.

Operative or Nonoperative Treatment
The best evidence in this regard is provided by the 
SPORT study of DS comparing operative to  nonoperative 
management.24 Validated  patient-reported outcomes 
data from the as-treated analysis of this multicenter 
study showed superiority of surgical treatment for up to 
2 years. Satisfaction with residual symptoms was 70% 
in the surgical group versus 32% in the nonsurgical 
group. The investigators did, however, note that there 
was “little evidence of harm for either treatment,” and 
as such, an appropriate trial of conservative treatment 
should always precede the choice of surgical inter-
vention (unless intractable symptoms or objective 
neurological fi ndings dictate otherwise). Two smaller 
studies of lower quality evidence have also shown a 
similarly poor response to conservative treatment in 
the symptomatic DS population.21,22 It must be empha-
sized, again, that these are patients with a diagnosis of 
DS who typically are symptomatic enough to consider 
surgical intervention.

Operative Treatment
Decompression Alone Versus Decompression 
and Fusion
When taking all factors into consideration, patient 
outcomes,10–14 increasing degree of listhesis (insta-
bility),10,12,14,21 and reoperation rates,11,20,23 the literature 
would suggest that decompression and fusion are 
more successful compared to decompression alone. 
However, it must be noted that the greatest number of 
patients come from series where a traditional lamine-
ctomy was performed.9–12,30 A traditional laminectomy 
does not preserve the midline structures and may not 
be facet preserving. As such, this technique may have 
a higher likelihood of increased postoperative instabil-
ity in patients with DS. However, several small series 
in which a facet and midline preserving technique was 
used suggest that fusion was still superior.11,14,15,20

There are only two comparative studies that are con-
tradictory to these fi ndings. In a small study,  Matsudaira 
et al.21 demonstrated no difference in outcome between 
midline, facet preserving decompression and fusion in 
patients with DS. In a more recent study, Sasai et al.26 dem-
onstrated that the outcomes of midline, facet- preserving 
decompression in the DS group were similar to those 
with spinal stenosis  without DS. In a recent study,31 the 
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EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the current 
patient should be treated operatively. All evidence, 
including several moderate-quality paper, shows 
signifi cant superiority for those who have failed rea-
sonable nonoperative treatment. The evidence also 
dictates that this patient should have a decompression 
and fusion versus a decompression alone. Data regard-
ing the use of an interspinous spacer in the DS popu-
lation are very limited and are not supported at this 
time. Based on the available evidence, expert opinion, 
and patient-specifi c factors (both clinical and anatomi-
cal), decompression and instrumented fusion are best 
supported. The evidence regarding this specifi c treat-
ment option is supported by a higher fusion rate with 
a neutral effect on clinical outcome at 2 years and pos-
sibly superior effect in the long-term. In this scenario, 
patient and surgeon preference play an important role 
in the decision-making process. The possibility of a 
poor outcome with increased back pain or a nonunion 
and subsequent higher likelihood of reoperation with 
decompression alone or noninstrumented fusion would 
likely be higher given this particular patient with back 
dominant pain. In addition to patient and surgeon 
preference, issues regarding cost and societal prefer-
ence may also infl uence the decision in this case.46

Although decompression alone will alleviate this 
patient’s leg symptoms, a fusion in this scenario is tar-
geted at stabilization and elimination of motion at the 
spondylolisthesis levels and is more likely to address 
this patients’ dominant complaint. Given the challeng-
ing anatomy of the right L3-4 facet and the fact that 
decompression alone is unlikely to signifi cantly infl u-
ence back pain, it is the author’s opinion that this indi-
vidual would not be a good candidate for a midline, 
facet-sparing decompression. It must be noted that the 
senior author routinely performs decompression alone 
for patients with leg dominant symptoms and grade 
1, stable DS. Although not borne out by the evidence 
specifi cally, expert opinion would suggest a fusion is 
more likely to address his back pain (presuming the 
degenerative discs are not the dominant source of his 
pain). Although not the focus of this chapter, the risk 
of adjacent segment disease and the increased risk of at 
least ongoing residual back pain or greater back pain 
down the road must also be part of the informed con-
sent process for this specifi c patient.

DEFINITIVE TREATMENT PLAN

The specifi c options for instrumented fusion are numer-
ous (bilateral posterolateral instrumented fusion, 
posterior interbody fusion with posterior fi xation, 
lateral interbody fi xation with or without posterior 

remains  controversial and many experts argue that the 
outcomes in the patient populations with radiographic 
nonunion will likely decline in time. This also refl ects 
the bias of the senior author. However, albeit plausible, 
there are no moderate- or greater quality comparative 
data to strongly support this premise.

The study by Kornblum et al.44 is often quoted as sup-
port of this premise. In this study, the authors report the 
outcomes of 47 patients who had undergone decompres-
sion with noninstrumented fusion from 2 previous ran-
domized studies.12,16 At a mean of 7 years and 8 months 
follow-up (5–14 years), the authors noted that solid 
fusion was associated with a signifi cantly better clinical 
outcome and lower reoperation rate. As there is signifi -
cant evidence that demonstrates instrumentation results 
in a signifi cantly greater fusion rate, the inference that 
is made from this study is that instrumentation should 
also result in a greater clinical outcome. Although the 
follow-up in this study is commendable, the authors did 
not follow up or contact the instrumented fusion group 
from the available cohort in order to compare outcomes 
in reoperation rate of those in the instrumented group.

A similar fi nding was also noted in a more recent 
case series by Tsutsumimoto et al.45 The authors 
reported on 42 DS patients who had undergone nonin-
strumented fusion with a mean follow-up of 9.5 years 
(minimum of 8 years). Patients with a fusion (non-
union rate was 26%) demonstrated superior clinical 
outcomes (Japanese Orthopaedic Association [JOA] 
scores). Using stepwise regression, the authors noted 
that fusion status and the presence of comorbid disease 
were predictors of the percent recovery as assessed by 
JOA scores.45 Nevertheless, as demonstrated in the 
multicenter SPORT study, fusion with instrumentation 
is by far the preferred treatment (instrumented fusion 
was performed in 74% of the patients) for symptomatic 
DS and refl ects current expert opinion, including that 
of the senior author on this particular question. The 
inconsistency in the current literature is likely refl ec-
tive of the available evidence being underpowered.

Assumptions
The greatest assumption specifi c to this case as it 
relates to the current literature is the presence of back 
dominant complaints. From the evidence reviewed, it 
was not possible to objectively extract data in a mean-
ingful way that was specifi c to the back dominant 
pain patient population. Overall, the evidence sup-
ports that surgical intervention results in signifi cant 
improvement of both leg and back pain. Based on 
clinical expertise and the literature, it is reasonable to 
assume that the majority of patients undergoing sur-
gical intervention for DS have a history of neurogenic 
claudication and likely had both back and leg pain.24 
In addition, the treatment effect of surgical interven-
tion tends to be greater for leg symptoms compared to 
back symptoms.24,29
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 compressed.  Instrumentation would then be placed on 
the ipsilateral side and also compressed. Final intra-
operative live fl uoroscopic images are taken to con-
fi rm the fi nal position of the instrumentation, and the 
wounds are closed. The patient would be mobilized on 
postoperative day 1 and discharged as per our institu-
tions protocol. Routine clinical and radiographic fol-
low-up are performed at 6, 12, 26, 52 weeks as well as 
annually thereafter.

Grading the Evidence for this Plan
In accordance with the method of grading recommen-
dations set forth by Schunemann et al.48 a strong rec-
ommendation based on moderate-quality evidence 
would be given to operative treatment compared to 
nonoperative treatment in this scenario. The specifi c 
proposed treatment (decompression and instrumented 
fusion) would be considered a weak recommendation 
based on overall low (very low to moderate)-quality 
evidence. The grading paradigm utilized is necessary 
because it not only considers the quality of evidence 
but also addresses the benefi ts, harms, and burdens 
of the proposed interventions. As a variety of other 
reasonable treatment options exist, a weak recommen-
dation is given for the specifi c proposed surgical treat-
ment. In addition, it is likely that further research or 
other patient-specifi c factors may have an important 
impact on the decision making in this case and are also 
likely to change the estimated outcomes.

PREDICTING OUTCOMES

Based on the best available comparative literature, this 
patient will most likely have a 70% to 90% chance of a 
good to excellent clinical outcome with greater than a 
70% satisfaction rate with the proposed surgical plan. 
Specifi cally, as reported in the SPORT study, a mean 
improvement of 24% in the Oswestry Disability Index, 
which represents a substantial clinical improvement, 
can be expected.24 Comparatively, there would be a 
very low likelihood of a signifi cant improvement with 
continued nonoperative treatment. Given the preexist-
ing signifi cant degenerative changes throughout this 
patient’s lumbar spine, there is certainly a possibility 
that he may develop signifi cant symptoms from pro-
gressive degeneration adjacent to the proposed fusion 
levels. The available literature would suggest a 10% to 
20% reoperation rate in the short- and long-term.9,24

These results are in keeping with my experience as 
a spine surgeon. As a variety of other reasonable treat-
ment options exist for the general patient population 
with DS, the process and evidence presented in this 
chapter should drive the clinician to be selective with 
the specifi c type of surgical treatment.

Patient preference is an important component of 
evidence-based medicine.49 Preoperative counseling 

 instrumentation, and anterior lumbar interbody with 
or without poster instrumentation performed by open 
or minimal access approaches). It is the fi rst author’s 
personal preference to perform a minimal axis decom-
pression and instrumented fusion through a posterior 
paramedian muscle splitting approach. However, there 
is no comparative evidence comparing MIS versus 
open techniques in the specifi c patient population and 
a review of the available case series is out of the scope 
of this chapter. The majority of the available literature 
would suggest that there are no signifi cant differences 
between the different types of instrumented tech-
niques and as such, patient, surgeon, institutional, and 
societal preferences typically infl uence the decision as 
to the specifi c type of instrumented fusion.25,28,47

Following appropriate preoperative workup 
and anesthesia clearance and informed consent, this 
patient would be taken to the operating room. He 
would be positioned prone on a radiolucent table with 
a Wilson frame. The L3-5 levels would be localized 
using intraoperative image intensifi er or computer-
 assisted surgery (the latter is the preference of the 
senior author). Bilateral 3 cm incisions would be made 
about 4 to 5 cm from the midline. A transforaminal 
lumbar interbody fusion (TLIF) approach would be 
performed via a 22 mm fi xed tubular retractor. This 
would be performed on the more symptomatic right 
side. Beginning at L3-4, complete removal of the facet 
including decompression of the lateral lamina of L4 
with complete removal of the ligamentum fl avum will 
be performed. This will achieve a central, as well as 
foraminal and lateral recess decompression on the right 
side. The disk space would then be entered and the 
disk sequentially distracted until good annular tension 
was achieved. Distraction also provides indirect (bilat-
eral) foraminal decompression. The disc space would 
then be prepared by complete discectomy including 
removal of the cartilaginous endplate from right to 
left. The appropriate size interbody device would be 
fi lled with local decompression bone graft, and the 
remaining bone (with our without graft augmentation) 
would be packed into the disc space. This procedure 
would be repeated at the L4-5 level. Distraction of the 
disc space typically decompresses the contralateral 
side; however, the senior author routinely inspects the 
contralateral side by means of a unilateral, subspinous 
process, epidural approach and will remove the con-
tralateral ligamentum fl avum as required. Prior to 
performing the ipsilateral decompression or interbody 
work, the senior author would typically place instru-
mentation on the contralateral side using a percutane-
ous technique with image guidance. The contralateral 
instrumentation is used to temporarily maintain dis-
traction after intradiscal distraction using endplate 
distraction techniques. This enables adequate working 
space for preparation of the disc. Once the interbody 
cages are placed, the contralateral instrumentation is 
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requires a frank discussion of the treatment options 
and their inherent risks, benefi ts, potential outcomes, 
and associated burdens. The information conveyed 
must contain the best available evidence and expert 
opinion. Importantly, the delivery must consider the 
fact that the patient is not cognizant of the scientifi c 
evidence and is often relying on the surgeon to advo-
cate the choice that will most likely provide them with 
the best outcome and the least risk. As previously 
stated, the presence of signifi cant multilevel degen-
erative changes and back dominant pain in this indi-
vidual would also necessitate discussion around the 
limitations related to treatment of his back pain in both 
the short- and long-term and comprehension of lim-
ited expectations in this regard. If, in this scenario, the 
patient had leg dominant pain and could tolerate his 
back pain, then given all the other issues associated 
with this case, an argument for decompression alone 
would have been recommended.

SUMMARY

We are presented with a diabetic male with back domi-
nant pain as well as leg pain resulting from spinal 
stenosis and DS at L3-4 and L4-5. The most appropri-
ate treatment for this patient’s symptoms would be 
a decompression and instrumented fusion at L3-5. 
A sustained and substantial degree of leg pain relief 
with likely some degree of persistent back pain can be 
expected.
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26 Low Back Pain with
Degenerative Disc

Disease
DA N I E L  K .  R E S N I C K ,  M D,  M S

INTERPRETATION OF CLINICAL 
PRESENTATION

This patient presents with a diagnosis of chronic low 
back pain that has not responded to physical therapy 
and epidural injections. An MRI of the lumbar spine 
was provided. These images reveal mild degenerative 
changes at L4-5 with a central disc bulge and  minimal 

foraminal stenosis. A discogram was performed that 
produced concordant pain at L4-5 and was negative 
at L3-4. The patient’s examination revealed some 
decreased sensation in what may be the L5 distribu-
tion, back tenderness, and reluctance to cooperate with 
strength testing in the lower extremities.

It is diffi cult to reconcile an L5 radicular pattern of 
sensory loss to the imaging fi ndings provided. There 
is no evidence of compression of the L5 nerve root on 
the images provided. There may be minimal foram-
inal stenosis at L4-5, but this would be expected to 
affect the L4 root (with sensory loss along the medial 
border of the foot). While there is some individual 
variation in dermatomal representation, any discor-
dance between imaging fi ndings and examination 
fi ndings raised a red fl ag when considering invasive 
treatments for benign axial back pain. Similarly, reluc-
tance to participate in a full strength examination and 
tenderness to palpation of the low back may be con-
sidered signs of somatization and represent negative 
predictive factors for relief of pain following surgical 
intervention.1,2 The discogram results, while consis-
tent with the hypothesis that the mild degenerative 
changes at L4-5 are responsible for the low back com-
plaints, are not defi nitive both because of the inher-
ent limitations of discography for the diagnosis of low 
back pain3,4 and because of the failure to obtain two 
negative control levels.

Assessment for issues related to secondary gain, 
particularly the presence or absence of workplace 
related issues, would be an essential component to any 
further decision making in this particular patient.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has chronic low back pain likely due to 
degenerative disc disease at L4-5.

EDITORS’ CASE 
PRESENTATION

A 40-year-old man is referred from a physiatrist 
with a complaint of  persistent and unabating low 
back pain after a 6-month course of  nonopera-
tive treatment that has included physical therapy 
and epidural injections. He states that his pain is 
worse with fl exion than extension. He is still work-
ing, though with diffi culty.

On physical examination, he has fl exion to about 
15 to 20 degrees and extension to about 5 to 
10 degrees through the lumbar spine. He has 
decreased sensation in the right anterolateral 
aspect of  the thigh, lateral leg, and dorsum of  the 
foot. He has negative straight leg raise tests bilat-
erally. Strength is equal and full bilaterally, though 
testing is inhibited by some volitional reluctance 
because of  pain. He has tenderness that is gen-
erally localized to the L4-5 level.

The patient has had a recent discogram that 
produced concordant pain at the L4-5 level but 
was negative at the L3-4 level. L5-S1 could not be 
accessed.

Radiographic imaging studies are shown in 
Figures 26.1A–C and 26.2.
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Figure 26.1.

Figure 26.2.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

Treatment goals:

 1. Reducing low back pain
 2. Improving functional outcome

Surgical options:

 1. None
 2. L4-5 fusion

 a. Noninstrumented
 b. Instrumented

 i. Posterolateral
 ii. Interbody
 1. ALIF
 2. TLIF/PLIF
 3. Circumferential

 3. Lumbar disc arthroplasty

EVALUATION OF THE LITERATURE

A computerized search of the medical literature from 
1966 to October 2008 was performed using the PubMed 
search engine with the search terms “low back pain” 
and “randomized controlled trial” and “human.” This 
yielded 48 references. A second search included the 
terms “lumbar fusion” and “randomized controlled 
trial” and “human.” This yielded 227 references. 
A third search included the terms “lumbar arthroplasty” 
and “randomized controlled trial” and “human.” This 
search yielded 60 references. The titles and abstracts 
of each of these references were reviewed. In addi-
tion, the bibliographies of selected references as well 
as previously published guidelines on the surgical 
management of low back pain were used to identify 
supplemental references. After discarding duplicates, 
nonrandomized studies, studies evaluating nuances 
of technique, irrelevant studies (such as trials of tuber-
culosis chemotherapy or induction techniques), and 
small pilot studies or preliminary reports, 33 remain-
ing references were felt to provide important infor-
mation relevant to the clinical question. Of these, fi ve 
provided primary information directly relevant to the 
question “what is the best treatment for a patient with 
low back pain and mild degenerative changes at L4-5.” 
The aspect of this question that we will address with 

Bono_Chap26.indd   237Bono_Chap26.indd   237 9/21/2010   12:46:19 PM9/21/2010   12:46:19 PM



238  CASE 26 ■ Low Back Pain with Degenerative Disc Disease

Operative Versus Nonoperative 
Treatment
When using evidence-based medicine techniques 
to guide patient care, it is important to consider the 
strength of the evidence, the nature of the evidence, and 
whether or not the evidence applies to your patient. 
The strength of the evidence is related to the study 
design and fi ndings of the index studies. The nature of 
the evidence is related to the results of the index stud-
ies and the consistency of those results. The applicabil-
ity of the evidence is related to the degree of similarity 
between your patient and the patients treated in the 
index studies.

regard to this particular patient is whether or not any 
surgical intervention is appropriate. Three references 
were directly related to the question of whether fusion 
is indicated and two references were directly related 
to the question of whether disc arthroplasty is a viable 
alternative to fusion for this patient.

DETAILED REVIEW OF PERTINENT 
ARTICLES AND EVIDENTIARY TABLE

Five papers were relevant to the current clinical sce-
nario. A brief description of each of these papers 
appears in the evidentiary table (Table 26.1), with a 
more in-depth discussion below.

Evidentiary Table: Randomized Studies of Fusion Versus Nonoperative 
Management of Chronic Low Back Pain and Lumbar Disc Arthroplasty Versus 
Fusion.

TABLE 26.1

(Continued)

Paper Author (Year) Description Summary of Results Quality of Evidence

Fritzell et al. (2001) Level 1 “no surgery vs fusion for 
chronic axial back pain” Random-
ized controlled trial (RCT) comparing 
fusion vs standard nonoperative care 
for patients with recalcitrant low back 
pain due to degenerative disease at 
one or two levels. Treatment groups 
were 72 patients per group. Valid 
outcomes measures were used. Surgi-
cal interventions were well described. 
Follow-up was 2 y and was achieved 
in 98% of patients.

Patients treated with fusion 
did better in terms of pain, 
functional outcome, return to 
work, and overall success than 
patients treated with standard 
nonsurgical management.

Strong

Brox et al. (2003) Level 1 instrumented PLF vs struc-
tured physical and cognitive therapy 
for chronic axial back pain RCT 
involving patients with chronic low 
back pain due to degenerative disease 
at one or two levels with 32 patients 
per group. The study compared instru-
mented posterolateral lumbar fusion 
to cognitive therapy with intensive 
physical therapy. Surgical as well as 
nonsurgical interventions were well 
described. Follow-up was 2 y and was 
achieved in 97%.

Lumbar fusion and intensive 
structured physical therapy 
with cognitive therapy both 
resulted in improved out-
comes. Benefi ts of lumbar 
fusion included better back 
and leg pain relief. Benefi ts 
of cognitive therapy included 
improved fear avoidance 
behavior. Benefi t of surgery 
for improved functional out-
come did not reach signifi -
cance.

Strong

Fairbank et al. 
(2005)

Level 4 Structured physical and cogni-
tive therapy vs a variety of surgical 
procedures (fusion and nonfusion) 
for chronic axial back pain RCT com-
paring same protocol as Brox to a 
variety of surgical interventions in 
a large but poorly described patient 
population with back pain for >1 y. 
Signifi cant crossover, lost to follow-up 
rate, poorly described patient selection 
criteria and variety of surgical pro-
cedures preclude the ability to draw 
meaningful conclusions.

Patients randomized to sur-
gery had better outcomes on 
the Oswestry but this differ-
ence was small. Signifi cant 
issues with crossover and 
follow-up limit utility of study.

Weak
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Evidentiary Table: Randomized Studies of Fusion Versus Nonoperative 
Management of Chronic Low Back Pain and Lumbar Disc Arthroplasty Versus 
Fusion. (Continued )

TABLE 26.1

In the present case, the best data regarding the 
question as to whether or not this patient would bene-
fi t from an operation come from the three randomized 
trials that compared operative versus nonoperative 
treatment for patients with low back pain. The fi rst 
study published, by Fritzell et al.,5 was a randomized 
controlled study comparing several different fusion 
techniques to what would probably be standard non-
operative care in most North American practices. 
Patients selected for the study were required to have 
had symptoms for at least 2 years and had to have been 
on disability for at least 1 year prior to randomization. 
Patients were required to have degenerative disease at 
L4-5 and/or L5-S1 levels diagnosed via radiograph, 
CT, or MRI and the randomizing physician had to be 
convinced that the degenerative disc was the pain gen-
erator. Patients with psychiatric diagnoses, confound-
ing hip degeneration, symptoms of nerve compression, 
deformity, spondylolysis, or evidence of other patho-
logical processes were excluded.

Once patients were randomized, they received 
one of three fusion procedures (noninstrumented pos-
terolateral fusion [PLF], instrumented PLF, or a cir-
cumferential interbody fusion) or received standard 
nonoperative treatment consisting of physical therapy, 
injections, and medications. Patients entered into the 
study actually had very long durations of symptoms, 
averaging 8 years of failed nonoperative manage-
ment and 3 years of disability. Results were reported 
based on an intent-to-treat analysis and there was an 
approximate 10% crossover rate and a 98% follow-up 
rate at 2 years.5 At 2 years, patients treated surgically 

had signifi cantly less back and leg pain, signifi cantly 
decreased disability scores, signifi cantly better scores 
on the General Function Scale (GFS), and signifi cantly 
better Million scores than patients treated nonopera-
tively.5 Sixty-three percent of surgical patients consid-
ered themselves “much better” or “better” compared 
to 29% of the nonsurgical group, a statistically signifi -
cant difference.5

The authors of the Fritzell study described their 
results as supporting fusion for chronic low back pain 
in carefully selected patients. These conclusions were 
criticized because the patients who did not receive 
fusion procedures did not receive any treatment that 
they had not already failed. Two other groups per-
formed randomized studies comparing various sur-
gical procedures to a specifi c and highly intensive 
program of physical and cognitive therapy, which had 
previously been shown to be more effective than stan-
dard medical management of low back pain.6,7

Brox et al.6 randomized a smaller group of patients 
to receive either an instrumented PLF or the highly 
intensive regimen described above. Sixty-four patients 
were randomized to the two groups and were followed 
for 1 year. Inclusion criteria were similar to the Fritzell 
study described above in that all patients with psychi-
atric conditions or evidence of neurological compres-
sion syndromes were excluded from the study. An 
important difference is the less stringent requirement 
for duration of symptoms and severity as the Brox 
group required only 1 year of symptoms recalcitrant to 
standard management and no requirement for disabil-
ity. Patients were required to have spondylosis limited 

Paper Author (Year) Description Summary of Results Quality of Evidence

Blumenthal et al. 
(2005)

Level 2 lumbar disc arthroplasty vs 
stand-alone ALIF (downgraded due 
to choice of control group and non-
generalizability due to select patient 
population).

Charite LDA provides results 
comparable or slightly better 
than ALIF in a highly select 
patient population.

Moderate

Zigler et al. (2007) Level 2 lumbar disc arthroplasty vs 
circumferential fusion (downgraded 
due to choice of control group and 
nongeneralizability due to select 
patient population). RCT involving 
236 patients comparing ProDisc LDA 
with circumferential fusion. Patients 
treated with LDA did somewhat bet-
ter. Signifi cant concerns regarding 
defi nitions of success, choice of con-
trol, and generalizability of results.

ProDisc LDA provides results 
that are comparable or per-
haps slightly better than cir-
cumferential fusion in a highly 
select patient population.

Moderate
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opposed to an 11.4 point mean improvement on the 
rehabilitation arm. No assessment of back or leg pain 
was made. The authors concluded that “no clear evi-
dence emerged that primary spinal fusion surgery 
was more benefi cial than intensive rehabilitation using 
principles of cognitive and behavioral therapy.”

The Fairbank study is highly fl awed, and the con-
clusions stated by the authors are misleading. First of all, 
the patients were recruited by therapists, not surgeons. 
Very few surgeons rely on other physicians to choose 
their operative patients for them. Second, the surgical 
procedures employed varied widely and included ante-
rior approaches, posterior approaches, variable use of 
instrumentation, and even the use of “dynamic stabiliza-
tion,” a nonfusion procedure in 15% of surgical patients. 
This wide variety of approaches clearly indicates a very 
heterogeneous patient population and surgical opin-
ion and lacks diagnostic specifi city. Third, the statisti-
cal evaluation was done as an intent-to-treat analysis 
with imputation (investigator assigned values based 
on historical data) of missing data points. Thirty-seven 
patients (21% of cohort) randomized to surgery never 
had surgery as seven crossed over to the rehabilitation 
group and the rest left the study. Twenty-two patients 
randomized to rehabilitation never received the reha-
bilitation program with ten patients switching to the 
surgical cohort, and twelve leaving the study. Follow-
ing the rehabilitation program, an additional 38 patients 
went on to have fusion surgery. Therefore, of the 173 
patients randomized to rehabilitation, 48 (28%) actually 
were treated with surgery and 7% never received any 
therapy. This degree of crossover signifi cantly biases the 
study toward the null hypothesis (that the groups are 
equivalent since the study is de facto comparing groups 
that are receiving a combination of surgery and reha-
bilitation to each other). Furthermore, between 16% and 
32% of patients were lost to follow-up, further decreas-
ing the power of the study to detect differences between 
groups.7 The fact that the surgical group achieved better 
outcomes in this scenario is remarkable and is not con-
sistent with the authors’ conclusions.

There are a number of prospective series with 
long-term follow-up indicating that spinal surgery is 
associated with durable long-term outcomes in various 
patient populations.11,12 With regard to individual surgi-
cal techniques to achieve fusion, there are a large num-
ber of randomized and prospective studies comparing 
different techniques with each other.13–24 The reader is 
encouraged to review this literature when making an 
informed decision regarding which fusion technique 
to use in an individual patient. These studies confi rm 
the hypothesis that the chronic low back pain popu-
lation is heterogeneous, and that different approaches 
are warranted in different patients. These studies are 
not extremely helpful in determining whether or not a 
patient should have a fusion in the fi rst place.

to one or two levels diagnosed by either radiograph, 
CT, or MRI.6

Twenty-seven patients were randomized to the 
rehabilitation program and thirty-seven to surgery. 
There was an approximate 10% crossover rate and 
97% follow-up rate. Patients in both groups did very 
well with signifi cant improvements in all measured 
outcomes. Patients treated with surgery did signifi -
cantly better with regard to leg pain and tended to 
do better in terms of back pain, Oswestry disability 
scores, General Function Score, emotional distress, life 
satisfaction, and overall satisfaction with their treat-
ment. Patients treated with the physical and cogni-
tive rehabilitation programs did signifi cantly better in 
terms of fear avoidance behavior and fi ngertip to fl oor 
distance.6 The authors reported an 18% complication 
rate in the surgical group, comprised of two wound 
infections, two “bleedings,” one dural tear (apparently 
without CSF leak), and one deep venous thrombosis. 
The authors concluded that the benefi ts in the surgical 
group were not substantial enough to recommend sur-
gery given the risk of complications of surgery.6

Several issues regarding conclusions drawn from 
the Brox paper are worth brief consideration. First, 
the rehabilitation program described is not available 
outside of a few European institutions, limiting the 
generalizability of the results of the study. Second, the 
study was very small, meaning that the differences in 
outcomes favoring surgery may well be found to be 
signifi cant in a larger study. To be fair, the magnitude 
of many of the differences favoring surgery was not 
large and the issue of clinically relevant differences 
in some scales is a valid concern.10 Third, the stated 
goal of surgery is to relieve back and leg pain, not to 
improve fi ngertip to fl oor distance. Finally, there were 
no long-term complications, and while wound infec-
tions and the occasional dural tear are inevitable com-
plications of surgery, they are usually insignifi cant in 
the long run.

In 2005, Fairbank et al.7 published the results of 
a larger clinical trial evaluating the effectiveness of 
lumbar fusion for chronic low back pain compared to 
an intensive rehabilitation program similar to the one 
described by Brox. Research therapists were employed 
at multiple centers and recruited 349 patients who were 
randomized into two cohorts. One cohort received an 
intensive outpatient rehabilitation program, and the 
other cohort received some sort of surgical interven-
tion. The main outcomes measures were the Oswestry 
disability index and shuttle walking. An intent-to-treat 
analysis was planned. Overall results favored surgery, 
with a statistically signifi cant yet small improvement 
in the Oswestry disability index and a nonsignifi cant 
improvement in shuttle walking compared to the reha-
bilitation group. Patients in the surgical cohort enjoyed 
a 17.6 point mean improvement in the Oswestry as 
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level stand-alone ALIF in a young healthy patient 
population with minimal degenerative changes. The 
study has been criticized because of the select patient 
 selection criteria. Many surgeons would never have 
offered such patients fusion surgery.30 In addition, the 
choice of the control procedure may not be considered 
ideal. The stability of the ALIF construct is dependent 
upon tensioning of the annulus through distraction 
of a collapsed (spondylotic) disc space. Inadequate 
tensioning of the annulus through placement of too 
small of a cage or placement of a cage into a normal 
disc space is associated with poor results and com-
plications, as pointed out by one of the authors of the 
Charite study.31 The relatively poor results (compared 
to contemporaneous series of similar procedures in 
different patient populations32) seen in both groups are 
likely related to the patient selection criteria and choice 
of control group.

Zigler et al.9 reported the results of another non-
inferiority study involving the ProDisc arthroplasty 
device. These authors randomized 236 patients to 
receive either arthroplasty (n = 161) or circumferential 
fusion (n = 75). Patients were again highly selected and 
with relatively normal spinal anatomy as facet arthro-
sis, stenosis, or lytic spondylolisthesis were exclusion 
criteria. Patients were followed for 2 years and excel-
lent follow-up was achieved in both groups (>97%). At 
2 years, there were no signifi cant differences between 
groups with regard to mean Oswestry disability scores, 
VAS pain scores, or changes in narcotic usage. Using a 
dichotomous rating scheme of success incorporating 
ten aspects of device, radiographic, and clinical factors, 
the authors report a greater percentage of success in the 
arthroplasty group compared to the fusion group (53% 
vs 41%). Six of the ten aspects related to radiographic 
features and the device aspect related to survival of the 
device. Claims of superiority are not warranted, how-
ever, given the study design and the fact that patients 
who enrolled in the study with a desire to receive an 
arthroplasty procedure were not blinded to the pro-
cedure, potentially biasing the functional outcomes 
measures. It also should be noted that the six device 
failures in the investigational group involved migra-
tion, displacement, or malposition of the device, all of 
which required reoperation. The two “device failures” 
in the fusion group were considered device failures 
only because the patient complained of persistent pain 
and not because of any failure of the device. Reopera-
tion rates also refl ect the author’s practice of routine 
device removal following fusion by some participating 
surgeons.

In any case, the Charite and Prodisc studies 
described above do indicate that for certain very highly 
selected patients, disc arthroplasty is not inferior to 
lumbar fusion. The nature of the selection criteria and 
the overall poor results seen may indicate that these 

Several systematic reviews were identifi ed dealing 
with the issue of fusion versus nonoperative manage-
ment of chronic low back pain.25–29 There is some vari-
ation regarding the studies included in each review, 
the methods by which the review was performed, 
and the ultimate conclusions reached by the authors. 
 Gibson and Waddell, writing for the Cochrane 
Review, concluded that no fi rm conclusions could be 
reached based on the available literature. Resnick et 
al., in a review performed prior to the publication of 
the Fairbank study, concluded that the literature did 
support fusion for the management of low back pain 
in carefully selected patients. Mirza et al. concluded 
that the literature was too fl awed to allow any fi rm 
conclusions regarding the North American patient 
population. Ibrahim et al. performed a meta-analy-
sis and found that the overall results of the included 
studies favored surgery but reported that the benefi t 
may be outweighed by complications.25–29 It is impor-
tant to consider the outcomes measures deemed 
important by the authors of the primary studies as 
well as the systematic reviews. Focusing on back 
and leg pain tends to improve the apparent benefi t 
of surgery, whereas focusing on behavioral measures 
(such as fear avoidance) tends to favor therapies that 
are specifi cally geared toward ameliorating those 
 behaviors.

Disc arthroplasty has emerged as a treatment option 
in patients with chronic low back pain. No prospective 
studies comparing outcomes of patients treated with 
arthroplasty versus patients treated nonsurgically 
were identifi ed in the literature search described above 
and the author is aware of no such studies. Two ran-
domized controlled studies of arthroplasty compared 
to fusion for chronic low back pain were identifi ed.8,9 
Blumenthal et al. published the results of a large ran-
domized trial comparing disc arthroplasty with the 
Charite device to anterior interbody fusion performed 
with BAK cages. Three hundred and four patients 
were randomized in a 2:1 arthroplasty/fusion fash-
ion in order to establish the noninferiority of arthro-
plasty compared to fusion. Patient selection criteria 
excluded patients with spondylosis, spondylolisthesis, 
or facet joint arthrosis (among other exclusion criteria) 
and allowed patients with relatively mild symptoms 
(Oswesty ³ 30, VAS ³ 40) to enroll. Success was defi ned 
as a 25% improvement in preoperative Oswestry score 
with no major device-related complication or neuro-
logic injury.8

The authors achieved approximately 90% follow-
up at 2 years and reported roughly equivalent “suc-
cess rates” between the two groups (64% arthro-
plasty vs 57% control). Many patients in both groups 
were still using narcotics at 24-month follow-up 
(64% and 80% respectively). This paper establishes 
that the use of arthroplasty is not inferior to a single 
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 recommendation for nonoperative treatment would 
be made based on poor- to high- quality evidence.

SUMMARY

The literature indicates that there is moderate evidence 
to support the performance of lumbar fusion in select 
patients with low back pain due to degenerative changes 
at one or two levels. Other treatment strategies (such as 
intensive rehabilitation as described above) may also pro-
vide acceptable results and should be considered when 
available. There is strong evidence to support the nonin-
feriority of lumbar disc arthroplasty compared to stand-
alone ALIF or circumferential fusion in a small subset of 
patients considered to be candidates for surgery despite 
minimal radiographic signs of degeneration.
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sagittal sequences. Figure 27.1D and E demonstrates 
contact of the disc herniation with the exiting L5 nerve 
root.  Figure 27.2C is an axial sequence through the 
L5-S1 segment demonstrating the herniation resulting 
in lateral recess and foraminal stenosis. The lamino-
tomy defect is best appreciated in Figure 27.2C.

Previous papers have categorized pain returning 
within 6 months after the index surgery as a failed sur-
gery rather than a recurrence of radiculopathy associ-
ated with a recurrent disc herniation (RDH). According 
to these papers, the strict defi nition of a RDH indicates 
the presence of herniated disc material at the same level, 
ipsi- or contralateral, in a patient who has experienced 
a pain-free interval of at least 6 months since surgery. 
Clinically, the more relevant defi nition may be disc 
herniation at the previously operated site, regardless 
of the time interval since surgery. In the case example, 
the patient here would be classifi ed as suffering from 
a RDH. In fact, some of her reported history seems to 
point to a RDH. Jonsson et al.1 reported that the pres-
ence of pain on coughing, a severely reduced walking 
capacity, and a straight leg raise test <30 degrees were 
indicative of a RDH. Similarly, Rubinstein claims that 
for a consistent overall diagnosis, emphasis should be 
placed on the response to pain with coughing, sneez-
ing, and straining, a feeling of coldness in the legs, and 
urinary incontinence.2

The patient has several confl icting symptoms 
which make a likely diagnosis based on her symptoms 
and physical exam alone more diffi cult. While she has 
pain with coughing and fl exing her lumbar spine, as 
well as experiences pain over the L5-S1 interspace, her 
straight-leg test (SLR) was negative and she has no 
motor or sensory defi cits. An evaluation of the accu-
racy of the tests used for her physical exam and more 
information regarding the prevalence of her specifi c 
symptoms in other cases of recurrent lumbar disc her-
niation are necessary.

Rubinstein and Tulder2 searched the PubMed 
version of MEDLINE from 1997 until present for 

INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical vignette describes a middle-aged woman 
who has experienced lower back pain for the past 
10 months that radiates to her right lower limb. One 
year earlier, she had undergone a discectomy, but the 
pain returned after only 2 months. T2-weighted mag-
netic resonance (MR) sagittal and axial sequences are 
given, which demonstrate a right-sided herniation at 
L5-S1 with lateral recess and foraminal stenosis at that 
level. Figure 27.1C–E shows the disc herniation on the 

Recurrent Disc
Herniation

DAV I D  K AY E  I . ,  B S  A N D  A LO K  D.  S H A R A N ,  M D

EDITORS’ CASE 
PRESENTATION

A 42-year-old woman presents with a complaint 
of  low back pain and right lower extremity pain. 
She has had a previous discectomy 1-year prior, 
after which she had some relief  of  her leg pain 
for 2 months. Insidiously, back more than leg pain 
returned since 2 months after the surgery. Pain 
is worse with coughing, sneezing, and lying fl at. 
She does not have any left leg pain. The patient 
has had conservative treatment including physical 
therapy and epidural injections. She has no bowel 
or bladder complaints. She does have a history of  
depression.

Her physical exam demonstrates that she is 
somewhat overweight. She can fl ex her lumbar 
spine to touch her knees and extend to neutral, 
but both movements are painful. She has pain 
with palpation over the L5-S1 interspace. Sensa-
tion and motor testing are normal, and she has a 
negative straight leg raise test.

Radiographic imaging studies are shown in 
Figures 27.1 and 27.2.
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Figure 27.1.

Figure 27.2.

systematic reviews and relevant primary studies on 
diagnostic procedures for neck and low-back pain. 
They aimed to present the best evidence on the prin-
cipal tools available to the clinician for establishing 
a correct working diagnosis, including the history, 
physical examination, and special studies together 
with diagnostic imaging. They concluded largely 
based on a 1999 review by Vroomen et al.3 that with 
regard to the physical examination, the straight-leg 
raise is the only sign consistently reported to be sen-
sitive for radiculopathy due to disc herniation but is 
limited by its low specifi city. According to their paper, 
the diagnostic accuracy of other neurological signs and 
tests is unclear. However, Wera et al.,4 in a review of 
1,320 patients, found that each of the 14 patients with a 
RDH had documented motor or neurological defi cits, 
including root tension signs.

With regard to spinal palpation, Hestbaek et al.5 
concluded that tests for palpation had acceptable 
results, but motion palpation tests were not reliable. 
Another systematic review found that the reliability 
of most commonly used examination procedures by 
clinicians in patients with low-back pain was poor.6 
The review by Vroomen et al. of 37 studies of subjects 
suspected of sciatica due to disc herniation found pain 
distribution to be the only useful history item. Morgan7 
found that the odds ratio for a recurrence was 1.96 for 
a herniation at the L5/S1 level over L4/5 level. Ulti-
mately, Vroomen concludes that many studies have 
demonstrated that the physical examination serves 
primarily to confi rm suspicions raised during the his-
tory but not to serve as a basis for diagnosis itself.

Based on a review of the diagnostic procedures for 
evaluating a RDH, Vroomen concluded that the level 
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differentiate between the two diagnoses.14–17 In one 
study,18 the sensitivity of MR as verifi ed by reoperation 
was found to be over 90% and this diagnostic tool was 
recommended for making the differential diagnosis of 
RDH.19–21 Enhancement is best seen within 5 minutes 
of contrast administration. It is important to be able to 
properly identify normal post-op appearances as they 
may look like a recurrent or retained disc.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Relief of back pain
 2. Relief of leg pain

The treatment options are

 1. Observation with aggressive medical manage-
ment

 2. Revision microdiscectomy
 3. Revision microdiscectomy with posterolateral 

fusion
 4. Anterior lumbar interbody fusion (ALIF)

EVALUATION OF THE LITERATURE

A Medline search was performed to identify studies 
that have examined the various treatment options for 
a RDH. The keywords “recurrent disc herniation” was 
entered, which yielded 19 results, of which only 2 arti-
cles were relevant to the topic. A search was also con-
ducted using three MeSH (medical subject headings) 
categories: intervertebral disc displacement, reopera-
tion, and recurrence. The fi rst heading was combined 
with the second and third headings individually. This 
yielded 247 and 222 results, respectively. The individ-
ual articles were reviewed, and the references for these 
articles were also reviewed. Many of the studies were 
either case series or retrospective reviews. There were 
no randomized, prospective studies comparing the 
various treatment options for a RDH.

DETAILED REVIEW OF PERTINENT 
ARTICLES

There have been many articles written on treatment 
options for a primary lumbar disc herniation. Most 
recently, an NIH-sponsored, prospective, randomized, 
multicenter trial was conducted examining the role of 
surgery versus nonsurgical options for a lumbar disc 

of the patient’s pain is the only reliable measure, which 
is consistent with a RDH.3 Therefore, combined with 
evidence that recurrence is more common at the L5/S1 
interspace and other positive signs associated with a 
RDH (e.g., pain on coughing), even in the face of a neg-
ative SLR and no other neurological defi cits, further 
workup is warranted. The next step in management is 
obtaining a gadolinium-enhanced magnetic resonance 
imaging (MRI) to attempt to visualize any recurrence 
of disc herniation. If a RDH can easily be visualized, 
modalities of treatment must be discussed.

The epidemiology of RDHs warrants discussion. 
The recurrence of back or sciatic pain after primary 
discectomy can be caused by a true recurrence of disc 
herniation, new disc herniation at a different level, epi-
dural fi brosis, local arachnoiditis, symptomatic arthri-
tis of the small intervertebral joints (facet syndrome), 
secondary spinal stenosis, instability, and spondylitis 
or spondylodiscitis.8 Recurrent lumbar disc herniation, 
a relatively common disease process, has been noted 
to occur in 5% to 15% of cases surgically treated for 
primary lumbar disc herniation.8–11

Most of the literature deals with recurrences of 
radiculopathy returning after 6 months from the index 
surgery. However, little has been written about recur-
rent lumbar disc herniations that occur within 2 months 
following surgery. The rates of such recurrences are 
low. In one series of 152 patients, the rates of rehernia-
tion within the fi rst year were reported to be 0.7% at 
6 months and 5.5% at 12 months after fragment exci-
sion alone.12 Wera et al.4 specifi cally addressed cases of 
RDH within 1 year from the initial discectomy. They 
identifi ed fourteen patients with recurrent lumbar disc 
herniations within 1 year after the index procedure. 
All had radicular pain and weakness prior to and 
complete relief of radiculopathy after the index proce-
dure. All reherniations occurred at the same level as 
the index procedure, but eight occurred in a different 
direction than the original herniation. They concluded 
that patients who undergo reoperation because of early 
recurrent lumbar disc herniation can have clinical out-
comes comparable with those of patients undergoing 
an uncomplicated subtotal lumbar discectomy.

DECLARATION OF SPECIFIC 
DIAGNOSIS

While the patient has some fi ndings that are consistent 
with an RDH, epidural fi brosis may present similarly. 
The need to distinguish one from the other preopera-
tively for surgical considerations and for predicting 
outcomes is crucial. Numerous studies have shown 
that a scar does not benefi t from reoperation and in 
fact may result in worse outcomes.13 Gadolinium-
enhanced MRI is thought to be the best modality to 
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recurrent herniation that is not adequately  responding to 
conservative treatment.

Revision Microdiscectomy and Fusion
The success of a revision microdiscectomy has been 
noted in multiple studies in the literature. Some 
authors have advocated complete removal of the disc 
and fusion across the interspace. Proponents of this 
theory claim that fusion would eliminate any patho-
logic motion in the degenerated disc, thus reducing 
pain and risk of RDH.

In an attempt to determine the best treatment 
option for patients with a RDH, Fu et al.33 performed 
a retrospective analysis of 61 patients in whom either a 
revision microdiscectomy or a posterolateral fusion was 
performed. The authors selected patients in whom a 
RDH was noted on imaging studies and was confi rmed 
during surgery. Cases in which there was a concomitant 
instability or stenosis were excluded so that only cases 
with a documented RDH were noted. Outcomes were 
assessed using the Japanese Orthopedic Association 
(JOA) score. Clinical outcome improved in both groups, 
with 78.3% of patients in the nonfusion group achiev-
ing good to excellent outcomes compared to 83.3% of 
patients in the fusion group. The difference between the 
two groups was not statistically signifi cant.

Anterior Lumbar Interbody Fusion
In 2001, Vishteh and Dickman34 reported on a series 
of six patients in whom they performed an ALIF for 
RDH. All six patients had a RDH at the same level 
as their index procedure. The patients were followed 
for a mean of 14 months. Standardized outcome mea-
sures were not used to assess results of surgery. In this 
study, all six patients had complete resolution of their 
radicular symptoms. By direct visualization as well as 
postoperative imaging studies, the authors confi rmed 
that the herniated fragments were removed via this 
approach.

Choi et al.35 retrospectively examined a cohort 
of 22 patients in whom an ALIF was performed for a 
RDH. Outcomes were measured by surveys that mea-
sured pain (a fi ve point scale for back and leg pain) and 
functional outcomes. Successful outcomes were defi ned 
as an improvement in two levels in pain and functional 
scores. The patients were followed for a minimum of 
2 years with a mean follow-up period of 35 months. 86% 
of the patients achieved successful outcomes in regard 
to their leg pain whereas 77% of patients achieved a 
successful outcome in regard to their back pain. Func-
tional improvement occurred in 82% of their patients, 
and 86.3% of patients stated they would undergo the 
same surgery again. Although these results were not 
compared to patients who underwent alternate pro-
cedures, this paper established that an ALIF can yield 
satisfactory results for a reherniation.

herniation.22 Unfortunately, there has been no detailed 
investigation performed of patients with a RDH. Many 
of the studies that have been conducted are retrospec-
tive case control or observational cohorts.

In deciding the various treatment options for a 
RDH, it is important to remember that many patients 
will benefi t from appropriate nonoperative interven-
tions. If these measures are not successful, surgical 
intervention is considered. The main debate in the 
literature has been in regard to performing a revi-
sion discectomy versus a lumbar fusion (using either 
a posterolateral, TLIF, or ALIF approach). There have 
been no trials that have directly compared the three 
methods of fusion. Only one study in the literature 
has compared fusion versus revision discectomy.33 In 
selecting the appropriate surgical intervention, it is 
important to compare the risks and benefi ts for each 
procedure and counsel the patient regarding future 
risks or benefi ts.

Observation with Aggressive Medical 
Management
Many studies have found that lumbar disc herniations 
show a favorable response to conservative treatment 
even in the presence of a neurological defi cit. These 
studies discussed primary herniation23–25 which are 
more likely to resorb over time;24,25 whether this occurs 
with RDH is not clear. Alternatively, some studies 
have shown that as the number of revision surger-
ies increases, so does the possibility for fi brosis and 
long-term complications.18,25 Erbayraktar et al.18 noted 
that the rate of epidural fi brosis and spinal instability 
increases to >60% in multiple revision patients and the 
outcome signifi cantly worsens. Morgan et al.7 claims 
that a protracted conservative regimen in the presence 
of severe radicular symptoms should be avoided since 
waiting increases morbidity and reduces the chances 
of a successful outcome.

Revision Microdiscectomy
Revision laminotomy and discectomy are the most 
commonly performed surgical treatments for RDH. 
The surgical principles are to start in an area known 
to be intact, fi nd landmarks, begin medially, and then 
work out laterally to locate the pathological entity. The 
literature analysis suggests that revision surgery pro-
vides satisfactory results comparable to those achieved 
after the initial surgery.4,18,26–31

Cinotti et al.20,32 examined patients who had ipsilat-
eral as well as contralateral disc herniations at the same 
level. In both groups, patients who underwent revision 
microdiscectomy had results comparable to patients 
who underwent a primary discectomy. The majority 
of the spine surgeon community considers microdis-
cectomy to be the gold standard of operative treat-
ment for lumbar disc herniation and probably also for 
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the overwhelming evidence that a revision surgery 
 provides results similar to those achieved after an 
index surgery, surgery for our patient is warranted.

Keeping in mind to have the surgery performed 
earlier rather than later, we recommend a revision 
microdiscectomy. The herniation can be approached 
through the same incision. An appropriate plane should 
be developed between the scar tissue and the lamina. 
Proper identifi cation of the nerve root should be per-
formed, and the nerve should be mobilized medially. 
Removal of the herniated disc can be performed with 
a combination of curettes, pituitaries, and kerrisons. 
A partial foraminotomy may be necessary to ensure 
complete decompression of the nerve root.

Grading the Evidence for this Plan
Based on guidelines published by Schunemann et al.38 
the evidence for revision microdiscectomy would be 
considered low. To be considered moderate to high 
would require a prospective randomized controlled 
trial. None of the studies mentioned have examined 
the treatment choices in this fashion. Although the 
quality of the evidence is low, using Schunemann’s 
criteria, this treatment recommendation would be con-
sidered strong with low-quality evidence. The benefi ts 
of a revision microdiscectomy clearly outweigh the 
harms and burdens of nonoperative treatment. Since 
very few articles have mentioned fusion as an alterna-
tive, a recommendation cannot be made on the quality 
of evidence or the strength of the recommendation.

PREDICTING OUTCOMES

There have been studies that have attempted to pre-
dict outcomes of a revision microdiscectomy. Many 
of the studies have compared the results of revision 
to patients undergoing primary microdiscectomy. 
Unfortunately, there has not been a uniform method 
to compare the outcomes of these groups. Papadopou-
los et al.31 used the MODEMs instrument and found no 
major differences between the two groups. The only 
statistically signifi cant difference was demonstrated in 
an increased back pain and leg numbness in the revi-
sion group. Dai et al.30 retrospectively examined JOA 
scores and found that the majority of patients achieved 
good to excellent outcomes scores. Based on these and 
other studies, the evidence indicates that the patient 
in this case scenario has a reasonable chance of an 
improvement in symptoms comparable to her index 
procedure.

In counseling this patient regarding the vari-
ous treatment options, it is important to emphasize 
the expected benefi t of any surgical intervention. In 
the literature, a microdiscectomy has been shown to 
improve leg pain symptoms greater than back pain. 

Comparing Treatments
While there are numerous techniques and methods 
available for surgery, the studies available are hard to 
compare. Suk reported on the retrospective results in 
28 patients treated by standard revision discectomy 
with a 71% success rate.36 The results were measured 
using a visual analog scale and no other standard out-
come measures. Morgan-Hough7 reported on open 
revision discectomies in 42 patients with a 19.1% 
complication rate including two chest-infections after 
general anesthesia, 14% dural tears, and one pseudo-
meningocele. Jonsson and Stromqvist27 reported on 
a 2-year follow-up after redecompressions in 19 reh-
erniations, 16 excellent results without specifi cation 
of the scoring criteria. Cinotti et al.20 used a 100-point 
system to assess the clinical outcome following revi-
sion microdiscectomy, including pain, functional sta-
tus, patient satisfaction, and physical examination. 
They found that the clinical outcome was satisfactory 
in 85% of patients in the study group and 88% of the 
control group. Haglund37 reviewed 55 patients retro-
spectively after second microdiscectomy over a 4-year 
period and reported 86% complete or partial relief of 
all symptoms. In terms of effi cacy, the superiority of 
one procedure over the other cannot be determined 
with an appropriate level of confi dence due to the vari-
ous methods used to compare outcomes.

DEFINITIVE TREATMENT PLAN

Before proceeding with any treatment plans, a gado-
linium-enhanced MRI of her spine must be obtained 
to check for visible signs of herniation. If evidence of 
reherniation is present, a revision surgery is in order. 
Haglund37 noted that those with the most favorable 
outcomes after a revision surgery fell into a bimodal 
distribution of the time between operations (<6 or 
>24 months) suggesting that earlier evaluation and 
repeat microdiscectomy upon return of symptoms may 
prevent development of the long-term effects of nerve 
root injury and also limit the progressive negative psy-
chosocial aspects of chronic pain syndromes.

The patients with early reoperation also had a sig-
nifi cantly better outcome than the patients with a later 
reoperation. The relief of leg pain was signifi cantly 
better when the patients underwent their second reop-
eration earlier, and a clear trend was established for a 
better outcome from earlier repeat surgery in relief of 
back pain, but it did not reach signifi cance.

Erbayraktar et al.18 found that the majority of 
patients whose symptoms had recurred within 1 year 
had a RDH. Furthermore, superior results were 
achieved in this group confi rming that among patients 
with disc herniations, those developing early recur-
rent sciatica seem to offer better results. Coupled with 
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The results of a microdiscectomy for back pain are not 
as  predictable. Recently, the Spine Patient Outcomes 
Research Trial (SPORT) was completed, and it exam-
ined the relief in back pain among patients treated sur-
gically versus nonoperative methods for a lumbar disc 
herniation.39 In this study, patients who underwent 
surgery had greater relief in both their back and leg 
pain than patients who continued with nonoperative 
treatment. It is important to remember that the relief 
in back pain was in patients who had a demonstrated 
nerve root compression from a disc herniation. For this 
patient, it is important to clarify which pain is signifi -
cantly affecting her quality of life and what the pre-
dicted result can be from a revision microdiscectomy.

SUMMARY

In summary, this is a 42-year-old female with a reh-
erniation of the L5-S1 intervertebral disc. She had 
previously undergone a microdiscectomy for similar 
symptoms. The patient reports back pain and right leg 
pain, with the back pain greater than her leg pain. There 
is a strong recommendation for this patient, after she 
has exhausted nonoperative measures, to proceed with 
a revision microdiscectomy. The patient is expected to 
have greater relief in her leg pain than her back pain 
after surgery.
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28 Multilevel Degeneration
with Back and Leg Pain

E E R I C  T RU U M E E S,  M D

INTERPRETATION OF CLINICAL 
PRESENTATION

As is common in clinical practice, this patient forces 
us to face a number of confounding and overlapping 
clinical issues. In particular, we have a patient with 
back pain and distal lower extremity pain in a setting 
of fi bromyalgia. Each element of her history,  physical 

examination, and MRI may have one meaning, no 
meaning, or multiple meanings.

This patient complains of low back pain of indefi -
nite chronicity. Back pain is common in the community 
at large but certainly more likely in patients with fi bro-
myalgia or even those with disrupted gaits due to foot 
pathology. She is tender over the L4-5 and L5-S1 inter-
spaces, but this is a nonspecifi c fi nding. She complains 
of increased pain with fl exion, but, on exam, her pain 
worsens more with extension than fl exion. She is not 
able to actively extend her back.

While worse pain could relate to foraminal steno-
sis, the history cannot confi rm this. No clear discogenic 
or muscular pattern is established with the history and 
exam as provided.

Our patient reports radiating right leg pain. It is 
unclear if the back pain is more debilitating than the leg 
pain. By history, the pain begins at the knee and radi-
ates distally to the lateral aspect of the foot. She does 
not exhibit classical dermatomal features in that sev-
eral dermatomes are involved, but only distally. This 
pattern could refl ect peripheral nerve  dysfunction.

This patient reports multiple foot surgeries with 
no benefi t suggesting her true pain generator was not 
identifi ed. The physical examination offers some local-
izing fi ndings including a sciatic nerve tension sign on 
the right with numbness in the L4-S1 dermatomes. No 
other clear radicular fi ndings are offered: her refl exes 
are normal and there is no weakness.

At the time of presentation, this patient had 
attempted nonoperative management in the form of 
physical therapy and epidural injections. The injections 
provided her short-term relief. It is not clear which ele-
ments of this management were more or less helpful. 
In fi bromyalgia patients, diffuse pain and a failure to 
respond to physical therapy are quite common.1

Advanced spinal imaging is available in the form 
of an MRI. On the MRI, we see slight loss of lumbar 
lordosis with hypotrophic to normal extensor mus-
culature. The psoas and quadratus lumborum appear 
small but with little fatty infi ltration. Certainly, mild 

EDITORS’ CASE 
PRESENTATION

A 57-year-old woman with a history of  fi bromy-
algia presents with a complaint of  low back and 
right foot pain. She had a number of  right foot 
surgeries for presumed intrinsic foot pathology; 
however, her pain has continued. The lower 
extremity pain radiates to the lateral aspect of  her 
foot and is associated with numbness and tingling 
in the same distribution. She does not have any 
thigh pain as her pain begins at the knee and 
radiates distally. Nonoperative treatment has 
included physical therapy and epidural injections, 
which have given her only short-term relief. She 
complains of  increased pain with fl exion but also 
states that she is not able to extend her low back. 
She has no bowel or bladder complaints or sub-
jective weakness.

Physical examination reveals localized ten-
derness upon palpation of  the L4-5 and L5-1 
interspaces. Provocatively, she has pain that is 
worse with extension than fl exion of  her lumbar 
spine. She cannot extend past neutral. She has 
decreased sensation in the right L4, L5, and 
S1 dermatomes. In addition, she has a positive 
straight leg raise on the right side but a negative 
femoral stretch test. Refl exes are normal.

Radiographic imaging studies are shown in 
Figures 28.1A–C and 28.2A–C.
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Figure 28.1.

Figure 28.2.

fatty replacement is seen in the lower lumbar spine. 
Only very mild facet joint degeneration is seen with-
out evidence of joint fl uid signal or redundancy of the 
capsule or the ligamentum fl avum.

While no standing or bending fi lms are available, 
there is no evidence of segmental instability, kyphosis, 
or translation. Disc degeneration is seen at virtually 
every level including disc height loss, desiccation, and 
mild endplate irregularities. On the T2 sagittal views 
available, little in the way of endplate reaction (Modic 
change) is evident, nor are there any high-intensity 
zones or other features that, reputedly, assist in the 
identifi cation of axial “pain generators.”2

Our patient’s sagittal images include left foram-
inal, midline, and right foraminal sections (from left 
to right). Certainly, there is no central stenosis seen on 

either the axial or sagittal images. At the L4-5 level, 
mild foraminal stenosis is seen on the left greater than 
right side. At the lumbosacral junction, foraminal and 
“far-out” stenosis are seen on the right side, with clear 
compression of the L5 nerve. There is no clear com-
pression of the S1 root to account for lateral foot pain. 
In this setting, plain fi lm assessment looking for a tran-
sitional vertebra or an assessment of a postfi xed lum-
bar plexus could resolve the discrepancy. Any of these 
changes can be seen in asymptomatic patients.3

Occasionally, response to treatment offers addi-
tional, diagnostic information. Epidural steroid injec-
tions appear to have had an impact on this patient’s 
pain, which may favor a radicular origin.4 We are given 
little information as to whether the pain relief included 
the back, the leg, or both and how long it lasted. In 
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focal, decreased spinal range of motion is common in 
 fi bromyalgia as well.11,12

The imaging fi ndings presented here are not 
uncommon in patients in their 6th decade. As with 
mechanical low back pain, the severity of radiographic 
degenerative changes does not predict pain levels in 
fi bromyalgia. In a group of 53 chronic low back pain 
(CLBP) patients followed for 18 years, 25% went on to 
develop fi bromyalgia and most of those had degenera-
tive changes on imaging. Female gender was the great-
est predictor of developing fi bromyalgia.13

There is little agreement as to the degree of 
foraminal narrowing required to constitute clinically 
signifi cant stenosis between centers and individual 
practitioners.14

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has axial back pain in the context of lum-
bar degeneration and fi bromyalgia and distal right 
lower extremity pain in the context of foraminal nar-
rowing and multiple foot surgeries.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

This patient has no evidence of spinal instability or 
impending neurological disaster. The goals, therefore, 
are to further elaborate the diagnosis, improve func-
tion, and decrease pain. Both the patient’s multilevel 
degeneration and fi bromyalgia predict for poor surgi-
cal results in terms of axial pain. Operative intervention 
could be considered for the lower extremity symptoms 
but only after further investigation and careful delib-
eration with the patient.15 The relative patency of the 
central canal and lateral recess limits the benefi t of a 
CT myelogram. There is little evidence that discogra-
phy would benefi t this patient.16,17

If the patient clearly reported improvement, how-
ever short-lived, with the epidurals, an EMG could 
be obtained to further assess nerve irritability and to 
exclude peripheral nerve issues causative of or stem-
ming from the multiple foot surgeries. Given this 
patient’s history of multiple foot operations, the possi-
bility of a double crush phenomenon or even ongoing, 
primary peripheral compression cannot be excluded. 
The lateral plantar nerve, affected in tarsal tunnel syn-
drome, gets twigs from L4, L5, S1.18 Which is more 
likely, given the distal nature of her complaints, spinal 
irritation of three nerves, or peripheral entrapment of 
one nerve that has feeders from multiple lumbar radic-
ular levels?

this case, the compression is foraminal and may be 
beyond the refl ection of the dura around the DRG.5 
This refl ects the difference between a transforaminal 
ESI and a selective nerve root block (SNRB). The SNRB 
has to be extraforaminal so that it does not contact the 
epidural space and medication does not fl ow into the 
canal, where additional roots could be affected.4

The literature gives us little guidance in interpret-
ing this patient’s response to spinal injection therapy. 
Using OVID Medline, 3,780 references included 
dorsal root ganglion and another 581 for  epidural 
steroid injections. Combining these sets yielded 
39 references, most of which were review articles. In 
one meta-analysis of the hundreds of LESI studies, 
12 met review criteria and only 4 were found to be 
methodologically sound.6 Signifi cant variability is 
seen in dispersion of the injectate with greater fl ow 
in the posterior canal than the anterior and far less 
fl ow into the foraminal regions unless a transforam-
inal route is selected.7,8

We are not told how long the physical therapy was 
carried out and if it included traction or other occa-
sionally diagnostically helpful modalities.9 It would 
appear, based on the limited range of motion, that this 
patient has not maintained a home therapy program. 
She remains weak and stiff.

Unlike trauma, tumor, or infection, back pain con-
ditions in the context of degenerative change require 
a close assessment of what the patient doesn’t have. 
We should exclude the “red fl ags” that demand either 
further workup or treatment. While our patient has 
symptoms that could refl ect radiculopathy, there is no 
high-grade neural compression or evidence of cauda 
equina symptoms. There is no weakness or bowel or 
bladder change. There are no symptoms or signs con-
sistent with upper motor neuron involvement. From a 
neurological perspective, therefore, there is no indica-
tion for urgent intervention.

We are not offered a timeline for symptoms, but 
these symptoms appear to be longstanding. This 
implies a nonmalignant etiology. With these “red fl ags” 
excluded, we are free to look for one or several “pain 
generators” and offer opinions as to which treatments 
might be effective.

This search for “pain generators” requires corre-
lation of the patient’s symptoms to available imaging 
and physical exam fi ndings. The greater the concor-
dance of these elements, the more effective the treat-
ment offered. Unfortunately, while this patient has a 
number of “fi ndings,” there is more overlap in poten-
tial causes for each of her fi ndings than the fi ndings 
overlapping in pointing to a single diagnosis.10

Many of this patient’s fi ndings are common in 
both fi bromyalgia and spondylotic low back pain. 
For example, while pain with extension may cor-
relate with symptom severity in foraminal stenosis, 
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fi bromyalgia.21 Looking at this another way, a German 
study found that low back pain was the single most 
common complaint in fi bromyalgia.22 In another study 
of CLBP and WMP (widespread musculoskeletal pain) 
patients, 76% were women and most were, like this 
patient, middle aged.23 In a 7-year prospective study 
of 538 fi bromyalgia patients, subjects had about one 
health care visit per month.24 When compared to con-
trols, the fi bromyalgia patients had high rates of back 
and neck surgery.

Given the frequency with which these problems 
are seen together, the dearth of literature assistance in 
selecting treatment is startling. This is not a problem, 
common to clinical practice guidelines, in which poor 
quality or limited evidence can too easily be construed 
as “no evidence.” Rather, this case represents a situa-
tion in which there really is no evidence.

The active practice of EBM as it relates to this 
patient is stymied in all of the standard fi ve steps:

 1. Defi ning question or problem. The exact delin-
eation of the “pain generator” is never easy in 
spine surgery. But, in this patient, the process 
is made more complex by a history of lower 
extremity problems on the symptomatic side, 
the presence of fi bromyalgia, and the absence 
of true concordance between history, imag-
ing, and examination fi ndings. One series 
described the diffi culty ascribing back and leg 
symptoms to either spondylosis or widespread 
musculoskeletal pain syndromes.23 The authors 
recommended early testing for fear-avoidance 
behavior, depression, anxiety, balance, and 
endurance.

 2. Searching for evidence. While there is ample, 
though often low quality, literature discussing 
outcomes of surgery for spinal stenosis, consid-
erably less attention has been paid to foraminal 
stenosis. Similarly, I was unable to identify 
outcome studies that specifi cally addressed a 
subgroup of stenosis patients with fi bromy-
algia. Even examining the larger side of the 
equation fi rst, there are few and low-quality 
papers describing outcomes of spinal surgery 
in fi bromyalgia patients.

 3. Critically appraising literature. Given the com-
plete absence of quality literature mapping to 
this patient’s pathologies, critical appraisal of 
the literature requires extrapolation of the data 
that we do have. That is, selecting papers that 
offer more oblique guidance as to management 
of this patient’s condition.

 4. Applying results. In our patient, applying the 
results of a critical appraisal of the literature 
leaves us in the position of counseling conser-
vative, nonoperative management. 

“Failed” peripheral nerve decompression should 
be considered because 7% of posterior tibial nerves 
branch before they reach the tarsal tunnel, proxi-
mal migration of symptoms is common, and specifi c 
diagnosis in peripheral entrapment syndromes is as 
clouded by fi bromyalgia as are spinal pathologies.19,20 
At this point, we do not know results of specifi c foot 
exam. Does she get symptoms with foot eversion or 
inversion, compression of tarsal tunnel, or with a 
Tinel’s along posterior tibial nerve?

EVALUATION OF THE LITERATURE

To identify relevant publications on the effectiveness of 
surgery in patients with lumbar spondylosis and fi bro-
myalgia, Medline and OVID searches were performed. 
Search strategies included the use of MeSH (medical 
subject headings) and key words. Key words included 
“foraminal stenosis,” “fi bromyalgia,” “degenerative 
disc disease,” “low back pain,” and “spinal fusion” or 
“laminectomy.” After I completed the search, it was 
repeated by the medical librarian at my institution with 
similar results. We do not have an Embase subscrip-
tion, but an outsourced request using even broader 
search terms failed to identify additional articles.

A focused search of “lumbar spondylosis” with 
subheadings of classifi cation, complications, radiog-
raphy, rehabilitation, surgery, and therapy was per-
formed. The results for “spinal stenosis” were then 
combined with fi bromyalgia or chronic widespread 
musculoskeletal pain. Journals were hand searched, 
and references were reviewed to identify pertinent 
articles. This search strategy, date limited to 1950–2009 
revealed no potential publications. Medline “in pro-
cess” and nonindexed citations were searched as was 
EBM reviews-Cochrane database.

Given the limited results when search terms were 
combined (zero), the terms were examined two at a 
time. The level one studies discussed this patient’s 
diagnoses only obliquely. No relevant surgical stud-
ies were recovered. I therefore analyzed the few level 
II and level III studies assessing foraminal stenosis, 
focal lumbar, and radicular symptoms in fi bromyalgia 
patients. There were 312 English language abstracts 
that were reviewed and 47 full-text articles were read.

DETAILED REVIEW OF PERTINENT 
ARTICLES

On the surface, this patient appears to present with a 
complex and individual set of complaints. None of her 
individual problems are rare, however. In one epide-
miologic study, 59 million people were found to have 
low back pain over a 3-month period; 10% of them had 
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failed to improve after surgery elsewhere tend to have 
less favorable results after spinal surgery.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

When assessing outcomes, one “systematic review” 
found that many of the papers failed to give clear 
details about subgroups, like fi bromyalgia.27 There was 
little evidence of effectiveness of one program over 
another. While the data remain general, pharmacother-
apy remains the foundation of much care in fi bromy-
algia and chronic radiculopathy patients.28 Reasonable 
recommendations for early return to activity and exer-
cise can also be made in most LBP groups.29,30 In par-
ticular, fi bromyalgia patients have been shown to have 
weaker core muscles (Table 28.1).31

A number of papers warn against elective surgery 
in fi bromyalgia patients. If surgery is offered, there is 
little literature guidance as to whether a decompres-
sion alone or decompression and fusion should be 
offered. If a fusion is performed, a posterolateral, ante-
rior, or anterior-posterior procedure must be selected. 
In one 5-year RCT, a small group of 44 patients was 
divided into three groups: decompression, decompres-
sion and PL fusion, or TLIF. While almost all patients 
were improved at 5 years, the authors concluded that 
“no signifi cant additional benefi t” arose from the more 
complex surgery.26

In  principle, “fi rst, do no harm.” Surgery can 
only be legitimately recommended if it can be 
shown to improve on the natural history of the 
disease state being explored. In this case, we 
have no such evidence.

 5. Auditing outcome. We do not have outcomes 
information for this patient. If the patient failed 
a given treatment, which aspect of her condi-
tion failed to improve (or both)? Exclusion of 
fi bromyalgia and other chronic pain disorders 
is central to the evaluation of Failed back syn-
drome.25

 6. But, additional testing may be useful to further 
delineate her pain generators and the relative 
impact of each. For example, a selective nerve 
root injection may allow us to identify that 
portion of her pain that is actually coming from 
her foraminal stenosis. Good, but temporary 
relief of her leg pain may predict for better 
results of surgical decompression, but even 
here, the data are lacking.

Optimally, EBM integrates the best available evidence 
with clinical expertise and patient preference. In this 
patient scenario, a couple of issues come to mind: (a) 
In my experience, even if I can improve a fi bromyalgia 
patient’s leg pain with surgical decompression, their 
postoperative satisfaction often remains lower because 
of ongoing back pain issues. (b) The more radiographi-
cally impressive the neurocompression, the higher 
degree of postoperative relief. (c) Patients who have 

Paper Author (Year) Description Summary of Results Quality of Evidence

Van der Westhuizen et al. (2003)41 Patients with fi bromy-
algia undergoing spine 
surgery

80% still had pain postoperatively, 
10% believed surgery had alleviated 
their problems

Very low

Ostelo et al. (2005)42 Patients with chronic 
widespread pain 
undergoing primary 
spine surgery

Fibromyalgia and similar diseases 
had a “markedly detrimental” effect 
on fi nal outcomes

Very low

Velanovich (2003)43 Quality of Life analy-
sis of chronic pain 
syndrome patients 
undergoing surgery

In the control group, patient satisfac-
tion was 93%; in the chronic pain 
group, satisfaction was only 25%

Very low

Hallet et al. (2007)26 Comparison of three 
surgical cohorts 
treated for foraminal 
stenosis

A small group of 44 patients was 
divided into decompression alone, 
decompression and fusion, and 
transforaminal lumbar interbody 
fusion groups. More complex sur-
gery did not confer signifi cant ben-
efi ts in outcomes

Low

Evidentiary Table: A Summary of the Quality of Evidence for Nonoperative 
Management of Back and Leg Pain in Patients with Fibromyalgia.

TABLE 28 .1
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PREDICTING OUTCOMES

If surgery were to be undertaken in this patient, 
reported outcomes vary widely. Often, improvements 
in back pain and leg pain are considered separately. 
Despite years of study, the benefi ts of spinal surgery 
for mechanical low back pain remain controversial.

In case series, excellent outcomes have occasion-
ally been described for multilevel spondylosis. When 
effective, fusion or disc replacement is most useful in 
patients with single level disease and in the absence of 
confounding variables.32 Some authors have reported 
that fusion procedures yield more pain relief in patients 
with spondylolisthesis than in those with degeneration 
alone.33,34

In isolated series, the diagnosis of fi bromyalgia 
did not impact the surgical result.35 More typically 
fi bromyalgia patients report extended postoperative 
recoveries. Postoperative pain management is usually 
diffi cult, and fi nal results are suboptimal.36 Preopera-
tive identifi cation of these patients remains diffi cult. 
One study of 62 patients sought to predict postopera-
tive pain syndromes using preoperative assessment 
of diffuse noxious inhibitory control (DNIC). Patients 
with higher inhibitory control values had lower risk of 
postoperative pain syndromes. Fibromyalgia patients 
tend to have very poor DNIC.37 Other clinical factors 
to assess include fear avoidance behavior (such as 
this patients inability to extend her spine), defi cits of 
endogenous pain inhibition, and high levels of psycho-
logical distress.38–40

A few papers specifi cally examine the impact of 
fi bromyalgia on surgical outcomes. None of these are 
carefully controlled, level one papers. Aside from being 
listed as a “comorbidity,” the impact of fi bromyalgia is 
not specifi cally recorded in the SPORT study. Between 
January 1999 and December 2000, 82 previous spinal 
surgery patients diagnosed with fi bromyalgia. Post-
operatively, 10% believed that surgery had alleviated 
their neck or back symptoms; 62% were unhappy with 
the results of surgery. Before surgery, 82% had chronic 
pain, and after surgery, 80% still had pain. There was 
no signifi cant difference in preoperative and postop-
erative evaluations of quality of life, and the impact of 
spinal surgery on function was negative. The authors 
concluded that spinal surgery neither ameliorates the 
symptoms nor improves the poor quality of life of 
fi bromyalgia patients.41

In a study of 105 patients undergoing fi rst time 
disc surgery, fi bromyalgia and other diseases affect-
ing perceived recovery had a signifi cant detrimental 
impact on fi nal outcomes.42

What evidence we have suggests that fi bromyal-
gia dominates outcomes relative to any other diseases 
a patient may have. For example, one study found that 

DEFINITIVE TREATMENT PLAN

Given the absence of level I or II data for this complex 
patient, in accordance with Schuneman et al.’s grad-
ing system, best available evidence has a limited role 
in treatment recommendations. Unfortunately, there is 
little evidence to support any specifi c course of action. 
A strong recommendation can be made to avoid sur-
gery in this patient, at this time.

Until better evidence and a more conclusive diag-
nosis are reached, sound, conservative treatment prin-
ciples should be followed (e.g., fi rst, do no harm). 
Rather than outlining surgical steps, therefore, I would 
outline additional workup that could allow this patient 
better pain control and improved function.

While patient preference not to have surgery must 
always be respected, especially when confronting elec-
tive spinal problems, a preference for surgery should 
always be tempered by the surgeon’s sense that he 
can, indeed, help the patient. In this setting, a patient 
“demanding” surgery should be offered additional 
opinions.

A number of factors diminish surgical results 
including depression, worker’s compensation, prior 
surgeries, and fi bromyalgia. It is not clear why fi bro-
myalgia increases pain. However, surgery has been 
shown to have three effects:

 1. It may cause so-called secondary fi bromyalgia.
 2. In standing cases, it may increase fi bromyalgia 

symptoms.
 3. It decreases the portion of a patient’s pain that 

is actually arising from the target of the surgi-
cal intervention. In that only a smaller part of 
their pain is being addressed, outcomes are 
bound to suffer.

While some surgeries are necessary on an urgent or 
emergent basis to save life and limb, many spinal oper-
ations for degenerative indications are elective. They 
can be justifi ed only if they can be shown to improve 
on the natural history of the condition in question and, 
further, if the benefi ts outweigh the risks of the inter-
vention. When outcomes are challenged by comorbidi-
ties, surgery should be undertaken rarely and only after 
careful and extensive deliberation with the patient and 
other caregivers.

If surgery were performed, the decompression of 
the lumbar roots between L4 and S1 on the right side 
would be undertaken. For some surgeons, this approach 
would include decompression and fusion, often with 
interbody support, partly to increase foraminal height. 
There is little literature evidence for this approach. 
A weak recommendation could be made, in the absence 
of segmental instability, to avoid fusion in this patient. 
Surgery would not likely address her back pain.
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pression. In the absence of red fl ags, we give a strong 
recommendation for nonsurgical care.

In any patient with multilevel disc degeneration, 
no surgery reliably relieves back pain. This is especially 
true in fi bromyalgia patients, in whom the risk for 
worsening pain is high. Operative intervention for her 
leg pain is a closer call. However, with multiple prior 
foot surgeries and diffuse nonclassically dermatomal 
symptoms, decompressive surgery also risks failure to 
provide signifi cant relief. At this time, surgery cannot 
be recommended. In the absence of solid evidence sup-
porting surgical intervention, a conservative approach 
is strongly recommended.47
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EDITORS’ CASE 
PRESENTATION

A 53-year-old woman presents after she had 
undergone uncomplicated cervical spine decom-
pression for symptoms that appear to have been 
related to cervical myelopathy. While her upper 
extremity pain, numbness, and tingling have 
improved substantially since the surgery, she has 
had persistent imbalance and frequent falls. In 
addition, she complains of  pain in her thoracic 
region that radiates from her back to the umbili-
cus. She has had previous lumbar spine surgery 
many years ago, from which she still has some 
mild low back and leg pain. She has not had any 
physical therapy since her cervical surgery but 
reports little neck pain and a functional range of  
motion.

Physical examination demonstrates a wide-based 
gait. She is slightly forward stooped with ambula-
tion. Refl exes in the upper and lower extremities 
are diffusely brisk (3+), but bilaterally equal. She 
has a positive Hoffman test on the right. There 
are four beats of  clonus in the right foot, while 
there is no clonus in the left foot. Toes are down-
going bilaterally. She has tenderness to palpation 
at the thoracolumbar junction. Strength is normal 
in the upper and lower extremities. Sensation is 
decreased in the right lower extremity in a non-
dermatomal pattern.

Cervical spine fi lms demonstrate adequate 
decompression and fusion with no signs of  
pseudoarthrosis. Flexion-extension fi lms demon-
strate no movement through the fusion. A cervical 
MRI shows adequate canal and foraminal decom-
pression.

Radiographic images are shown in Figure 29.1A–F.

29 Thoracic Stenosis
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INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario portrays a middle-aged woman 
presenting with imbalance, a wide-based gait, falls, 
radicular pain within the thoracic dermatomes, right 
foot clonus, and nonspecifi c right lower extremity 
pain. There is a recent history of cervical decompres-
sion for myelopathy and remote lumbar spine surgery 
with residual back and leg pain.

These symptoms can be attributed to cervical 
and/or thoracic myelopathy; with prior surgery, con-
sideration of residual cervical stenosis or irreversible 
pathology should be given. Residual stenosis was 
ruled out with a cervical MRI. The clinician at this 
point should be concerned that the symptoms of iso-
lated lower extremity weakness, decreased sensation 
in the thoracic dermatomes, thoracic back pain radi-
ating around the fl ank to the abdomen, and nonder-
matomal unilateral lower extremity sensory loss are 
more specifi c to thoracic pathology. This individual’s 
forward stoop with ambulation could be indicatory of 
Scheuermann kyphosis, which has been reported in 
conjunction with congenital thoracic stenosis. Scheuer-
mann kyphosis, however, is usually a disease of ado-
lescent males and typically does not develop in middle 
age. In the presence of congenital thoracic stenosis, the 
onset of symptoms can be abrupt even with the slight-
est of insults, including small disc herniations that can 
produce signifi cant neurologic defi cits.1 Clinical signs 
of thoracic stenosis include paraparesis, hyperactive 
lower extremity refl exes, thoracic sensory level, cross-
abductor signs, Babinski sign, clonus, gait dysfunction, 
loss of proprioception, and point tenderness in the tho-
racic region.

The patient’s minimal neck pain and decreased 
range of motion are most consistent with residual 
discomfort from her previous cervical fusion and not 
typical of thoracic stenosis. The clinical relevance of 

C A S E
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the presence of Hoffman sign is debatable in this case. 
Glaser et al.2 found this an unreliable test in the diag-
nosis of cervical cord compression. However, since 
the patient had a documented cervical myelopathy, 
the unilateral Hoffman sign most likely represents 
a residual upper tract sign. The majority of cervical 
myelopathic refl exes do not resolve despite success-
ful cervical decompression. Decreased sensation in the 
patient’s right leg does not follow a dermatomal pat-
tern and therefore makes a radicular process unlikely. 
Thoracic lesions typical sensory fi ndings are bilateral 
in the lower extremities, and unilateral symptoms are 
more suggestive of a lumbar nerve root injury or rarely 
an intracranial process. Unilateral lower extremity sen-
sory loss can be seen due to a lateral disc herniation 
or thoracic stenosis. Some patients with tandem spinal 
cord injuries (cervical and thoracic) can have extension 
of symptoms as a result of their previous injury. The 
clonus in the patient’s foot is likely a long tract sign 
attributable to her thoracic stenosis or residual from 
cervical stenosis.

Etiologies that should be included in the  differential 
diagnosis for a patient with thoracic myelopathy 
include thoracic stenosis, multiple sclerosis (MS), con-
genital abnormalities that demonstrate upper motor 
neuron signs in the lower extremities, spinal cord 
tumors, and cervical and lumbar stenosis or disc her-
niations. MS is less likely in this case given the focal 
sensory and motor abnormalities without ocular com-
plaints, seizures, or other neurological disturbances. 
To assist in excluding a diagnosis of MS, an MRI of 
the brain would be useful to evaluate for intracranial 
white matter lesions. A congenital etiology such as 
congenital spinal stenosis may be a component given 
the patient’s extensive spine surgery history and her 
related symptoms.

The patient’s MRI, Figure 29.1A–F, is consistent 
with the radiographic appearance of thoracic stenosis. 
The sagittal T2 MRI images (Fig. 29.1A–C) show a disk 
protrusion ventral to the spinal cord at the T11-12 disk 
space, which abuts the thecal sac and causes narrow-
ing of the canal. In addition, further canal  stenosis is 

Figure 29.1.
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When limited to the English language, 103 articles 
were located published between 1950 and 2008, in 
which all abstracts were reviewed and relevant man-
uscripts were obtained and read. In addition, litera-
ture was further supplemented with references from 
the initial query as well as from the authors’ personal 
knowledge. Because thoracic myelopathy is rare, level 
one studies were not anticipated.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Only three articles met inclusion exclusion criteria and 
all three were low-quality evidence. Nonoperative 
options typically include physical therapy with core 
strengthening exercises. Chang et al.,3 however, demon-
strated that patients with symptom duration >2 years 
had worse outcomes after surgery, suggesting that pro-
longed nonoperative care could have a negative impact 
on outcome. Therefore, patients with symptomatic tho-
racic myelopathy from thoracic spinal stenosis should 
consider undergoing early surgical decompression.

Palumbo et al.,4 in 2001, reported a retrospective 
series of 12 patients who underwent operative decom-
pression of the thoracic spine, with an average follow-up 
just over 5 years. Of these 12 patients, 8 underwent a 
posterior decompression and 4 underwent anterior 
decompression. There were no combined procedures. 
In patients with preoperative motor defi cit as mea-
sured by the Eismont system, improvement occurred 
in 80%. Of the 11 patients with gait disturbance as mea-
sured by the Japanese Orthopaedic Association (JOA) 
scoring system, 65% improved. Sixty-six percent of 
patients had improvement in pain. Interestingly in fi ve 
patients who had early improvement there was subse-
quent deterioration secondary to recurrent stenosis or 
progressive deformity. Therefore, careful assessment of 
the degree of spinal instability or potential instability, 
especially in the setting of deformity, should be done 
and if necessary a concomitant fusion done.

Chang et al.3 reported on 28 patients with tho-
racic stenosis and a mean follow-up of 30.6 months. 
Twenty-four patients underwent a posterior decom-
pression with laminectomy and bilateral medial fac-
etectomy. The remaining four patients underwent an 
anterior decompression through a thoracotomy due 
to a prominent ventral spur and/or ossifi cation of the 
posterior longitudinal ligament (OPLL). One patient 
underwent a costotransversectomy for a preexisting 
compression fracture and one for OPLL. A combined 
anterior, or transpedicular, approach and posterior 
decompression was performed in one patient with a 
disc herniation and concurrent thickened yellow liga-
ment. This series reported neurological improvement 
in 16 patients with an average improvement in Nurick 

evident, on the sagittal MRI, as posterior canal 
 narrowing due to thickening and buckling of the liga-
mentum fl avum. In addition, the axial MRI imaging 
demonstrates signifi cant tricompartmental stenosis at 
the T11-12 disk space in Figure 29.1E as compared to 
the disk spaces above and below, Figure 29.1D and F. 
This patient’s thoracic stenosis therefore is due to

 1. A ventral disc protrusion
 2. Thickening of the ligamentum fl avum 

 posteriorly
 3. Facet joint hypertrophy and lateral recess 

stenosis
 4. A developmentally stenotic canal due to short 

pedicles

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has a thoracic myelopathy due to spine 
stenosis at T11-T12.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND THE 
SURGICAL OPTIONS?

Treatment goals

 1. Decompression of neural elements
 2. Prevention of further deterioration
 3. Thoracic back pain relief

Treatment options

 1. Nonoperative management
 2. Posterior decompression with thoracic lamine-

ctomy and partial medial facetectomy
 3. Posterolateral thoracic decompression
 4. Anterior thoracic decompression
 5. Instrumented fusion following anterior and/or 

posterior approach decompression

EVALUATION OF THE LITERATURE 
REVIEW

The authors posed to answer the question, “What is the 
optimal treatment for thoracic myelopathy?” In order 
to obtain relevant literature, a MEDLINE search was 
performed. Search strategies included use of MeSH 
(medical subject headings) and keywords. Keywords 
included “thoracic vertebrae” and “spinal stenosis.” 
Each search was performed separately and coinciding 
results were extracted by combining the two searches. 
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patients with a primarily posterior component to their 
stenosis and no abnormal kyphotic deformity. Kalfas 
also recommended a posterolateral or anterior thoracic 
approach for patients with a ventral component of epi-
dural encroachment in their stenosis.1

The above referenced studies are all retrospective 
case series (class III) of decompression for thoracic spi-
nal cord stenosis. There is no high-quality evidence for 
determining the most appropriate surgical management 
of thoracic stenosis. There are no studies on nonopera-
tive management or natural history. Thus, at this time, 
careful evaluation of patient symptoms, signs, and imag-
ing must be integrated with sound clinical judgment in 
selecting the appropriate surgical management.

Resolving Literature Inconsistencies
The systematic review concerning optimal treatment 
for thoracic stenosis was consistent. Each series dem-
onstrated a postoperative improvement in patients 
who underwent surgical decompression. Palumbo et al. 
reported the possibility of further neurologic deteriora-
tion over time and their series included 5-year follow-
up. The existence of concurrent proximal spinal stenosis 
resulted in poorer clinical outcomes, thus leading the 
authors to recommend an examination for cervical steno-
sis prior to operative treatment of thoracic stenosis.4

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

In this particular case, the patient has symptomatic 
thoracic myelopathy confi rmed by imaging. Utilizing 
the best available evidence (Table 29.1), a laminectomy 
with partial medial facetectomy would be most appro-
priate. However, an anterior approach and decom-
pression with a T11-12 discectomy to relieve cord 
impingement are also supported by the literature.1,3–5 
The literature suggests short-term improvement in 
myelopathy, thoracic back pain, and possibly gait; 
however, the duration of this improvement is unclear.

grade from 3.3 to 1.8. The authors noted a statistically 
 signifi cant improvement when symptoms were pres-
ent for <2 years; there was suffi cient decompression 
and no additional proximal stenosis. The authors con-
cluded that thoracic myelopathy could be reversed with 
appropriate decompression and timing of  procedure.

Matsumoto et al.5 in 2008 reported a retrospective 
multicenter study of outcomes for patients with tho-
racic ossifi cation of the OPLL who underwent surgi-
cal decompression. The study included 154 patients 
at 34 institutions who underwent either anterior and/
or posterior decompression with approximately 1/3 
undergoing concurrent instrumented fusion. Mean 
follow-up was 3 years. The authors reported a mean 
improvement of JOA score of 36.8% at fi nal follow-up. 
They also reported neurologic function, as measured 
by a modifi ed Frankel classifi cation, improved by 
one grade in 69.5%, unchanged in 24.7%, and dete-
riorated by at least one grade in nine patients (5.8%). 
Matsumoto et al. reported no statistically signifi cant 
difference in outcome among patients treated by dif-
ferent surgical methods; however, they noted ossi-
fi cation at the upper thoracic spine and use of spinal 
instrumentation to be signifi cantly related to favorable 
surgical outcomes.

In this case presentation, imaging illustrates a focal 
stenosis at the T11-12 level. Decompression would 
appear to be indicated without fusion. In Chang’s 
study, the average posterior decompression group had 
2.2 levels of stenosis with 3.6 levels decompressed, 
whereas the anterior decompression group had 1.8 
stenotic segments with 1.2 decompressed segments.3 
In Palumbo’s trial, an average 1.8 levels were decom-
pressed, similar to Chang’s.3,4 Here, they cited that 
levels included were determined by radiologic evi-
dence of compression correlating with patients’ signs 
and symptoms. Kalfas performed a review of the lit-
erature on thoracic stenosis and detailed the use of a 
laminectomy procedure for which he concluded that a 
posterior approach was the most appropriate surgical 
approach for concentric narrowing of the canal or for 

Paper Authors (Year) Description Summary of Results Quality of Evidence

Matsumoto et al. 
(2008)

Retrospective, 
 multi-institutional 
154 patients

Posterior decompression and fusion for OPLL at the 
upper thoracic spine is relatively safe and effective

Low

Palumbo et al. (2001) Retrospective 
12 patients

Thoracic decompression can give early satisfactory 
outcomes in thoracic stenosis

Low

Chang et al. (2001) Series 28 patients Myelopathy from thoracic stenosis can be reversible 
with appropriate decompression

Low

Evidentiary Table of Studies About Surgical Treatment of Thoracic Myelopathy.TABLE 29.1
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2.3/4 as measured by the JOA grading system at 2 to 
9 years. Eight of 12 patients experienced improvement 
in pain, with the other 4 remaining unchanged. Thus, 
it appears that the decompression procedure did not 
aggravate any condition. Five-year follow-up showed 
pain to be characterized as moderate in 5 patients, mild 
in 4, and none in three patients, thus questioning the 
overall outcome as a procedure for pain symptoms. 
Four patients had urinary/bowel incontinence preop-
eratively of which 2 resolved completely, one resolved 
for 10 months but eventually recurred, and one with 
no recovery.

Chang et al.3 also reported a high incidence 
of improvement: 79% experienced motor function 
improvement, while 57% had sensory improvement 
and 22% had pain improvement. In 4 cases, functional 
grade worsened from posterior decompression. The 
only signifi cant positive prognostic factors reported in 
this series were the absence of proximal stenosis, suffi -
cient decompression, and duration of initial symptoms 
<2 years.

Predicting this patient’s outcome from the experi-
ences of the above authors, she will likely have short-
term improvement after surgery provided a suffi cient 
decompression is achieved. However, prior to surgery, 
an evaluation of her cervical and thoracic spine should 
be performed to rule out more proximal stenosis. It 
is also important to review duration of the patient’s 
symptoms when discussing postoperative expecta-
tions.

Preoperative evaluation for the patient with tho-
racic stenosis should include a full discussion of 
surgical risks and benefi ts. Surgical risks include per-
sistence or worsening of pain, further deterioration 
of neurological function, bowel/bladder dysfunction, 
cerebrospinal fl uid leak, hematoma formation, wound 
dehiscence, infection, progressive spinal deformity, 
DVT, need for reoperation, and other such risks associ-
ated with spinal surgery. Further risks include insta-
bility of the thoracolumbar junction, although Kalfas 
notes such subsequent iatrogenic spinal instability is a 
rare complication.

In addition, it is important to inform the patients 
that their neurologic condition as well as pain symp-
toms may not improve. For example, the current 
patient should be informed that her neck pain and 
range of motion will not improve with surgery. Also, 
her low back pain and right leg pain may or may not 
improve and in fact may worsen. She should also 
be informed that failure to intervene could result 
in progressive myelopathy, worsening of gait with 
increased hyperrefl exia, and possible loss of conti-
nence to bowel and bladder function if her stenosis 
progresses or if she experiences an event such as a 
trauma that precipitously exacerbates her thoracic 
stenosis.

DEFINITIVE TREATMENT PLAN

The described patient has circumferential compression 
of the spinal cord due to loss of disc height, degenerative 
posterior element disease, and ligamentous hypertro-
phy. Although an anterior or posterior decompression 
would be appropriate, an isolated posterior decom-
pression may have the lowest overall surgical morbid-
ity and the greatest chance for success. The posterior 
laminectomy and lateral recess decompression should 
remove the posterior and lateral osseous and ligamen-
tous elements. This decompression should resolve the 
canal stenosis and thus provide an indirect decompres-
sion of the anterior disc and osteophyte complex. In 
cases where there is signifi cant anterior compression 
or ventral mass effect, this indirect decompression 
will not suffi ce and an anterior decompression may be 
required. The additional issue of performing an arthro-
desis should be considered if there is a deformity over 
the area of decompression or instability is created due 
to signifi cant removal of the facet complex.

With an uncommon condition, literature is going 
to be of low quality. Results of this systematic review 
confi rm this, but the results are consistent through-
out the studies.6 Despite the limited strength of the 
literature, the patient’s progressive decline in neu-
rologic function, myelopathic features, and imaging 
evidence of spinal cord compression favor operative 
treatment.

PREDICTING OUTCOMES

A systematic review of the literature suggests that 
immediately postoperatively the patient will expe-
rience at least short-term relief of her myelopathic 
features and radiculopathy. Gait dysfunction improve-
ment is infl uenced by numerous components including 
recovery of proximal leg strength and recovery of light 
touch and proprioception.1,3–5 Therefore, gait recovery 
is unpredictable but may be facilitated by a rehabilita-
tion program. The long-term outcomes are uncertain 
as she is at risk for progressive or recurrent stenosis, 
thoracolumbar instability subsequent to surgery, or 
progression of any preexisting deformity.

In Palumbo et al.’s series, 10 of 12 patients had 
motor defi cits prior to intervention. Postoperatively 
8 illustrated clear motor improvement as classifi ed by 
the Eismont grading scale, whereas 2 had no change.4 
Of the remaining 2 without defi cit, one experienced 
deterioration secondary to an operative complication, 
whereas the other remained stable. Ambulatory status 
or gait improved in 7 of the 11 patients with altered 
ambulation, 2 remained unchanged, and 2 worsened. 
On average, ambulatory function improved 1.3/4 to 

Bono_Chap29.indd   264Bono_Chap29.indd   264 9/21/2010   12:42:09 PM9/21/2010   12:42:09 PM



CASE 29 ■ Thoracic Stenosis  265 

REFERENCES

 1. Kalfas IH. Laminectomy for thoracic spinal stenosis. 
Neurosurg Focus. 2000;9(4):e2 16833245.

 2. Glaser JA, Cure JK, Bailey KL, et al. Cervical spinal 
cord compression and the Hoffman sign. Iowa Orthop J. 
2001;21:49–52.

 3. Chang UK, Choe WJ, Chung CK, et al. Surgical treat-
ment for thoracic spinal stenosis. Spinal Cord. (2001);39:
362–369.

 4. Palumbo AM, Hilibrand AS, Hart RA, et al. Surgical treat-
ment of thoracic spinal stenosis: a 2- to 9-year follow-up. 
Spine. 2001;26(5):558–566.

 5. Matsumoto M, Chiba K, Toyama Y, et al. Surgical results 
and related factors for ossifi cation of posterior longitudi-
nal ligament of the thoracic spine: a multi-institutional 
retrospective study. Spine (Phila Pa 1976). 2008;33(9): 
1034–1041.

 6. Schünemann HJ, Jaeschke R, Cook DJ. An offi cial ATS 
statement: grading the quality of evidence and strength 
of recommendations in ATS guidelines and recommen-
dations. Am J Respir Crit Care Med. 2006;174:605–614.

SUMMARY

In summary, a 53-year-old woman with a prior cervical 
decompression for myelopathy and low back surgery 
with residual pain is now presenting with a wide-
based gait, falls, thoracic radicular pain, right foot clo-
nus, and nonspecifi c right lower extremity pain. She 
has radiographic evidence of thoracic spinal stenosis 
from T10 to T12 with an associated T11-12 disc hernia-
tion. Imaging of her cervical spine shows no residual 
cervical spinal cord compression. A detailed systematic 
review illustrates sparse, low-quality literature on this 
topic. Based on this evidence and clinical experience, 
the most reasonable treatment plan would include a 
posterior decompression utilizing laminectomy with 
partial medial facetectomy. An alternative algorithm 
would be an anterior decompression to include a 
T11-12 discectomy. Short-term improvement could be 
expected in her radiating back pain and myelopathic 
features including her gait, with long-term benefi cial 
results less certain.
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30 Adult Scoliosis I
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INTERPRETATION OF CLINICAL 
PRESENTATION

The clinical scenario describes an elderly woman with 
chronic low back pain, deformity with malalignment, 
and signifi cant limitations in her ability to perform 
her daily functions. She denies any history of experi-
encing trauma. This combination of symptoms makes 
the diagnosis of adult scoliosis (AS) likely.1 The prev-
alence of AS has been estimated to be between 2% 
and 32%2–5 and has been shown to increase with age, 

with rates exceeding 60% in populations older than 
65 years.6 AS is broadly defi ned as any curvature of 
the spine that either presents or requires treatment 
during adulthood. AS curves are divided into two 
general types based on when the curve develops. 
Adult idiopathic scoliosis develops before skeletal 
maturity, and de novo, or degenerative, scoliosis 
develops later in life long after skeletal maturity. De 
novo scoliosis, although most commonly of degen-
erative etiology, can also result from osteoporosis, 
prior trauma, and postsurgical changes. It is impor-
tant to note that these two categories are principally 
descriptive and have not been shown to be helpful in 
guiding treatment, as the principles regarding their 
treatment are similar.

It is not surprising that this patient presents with 
a chief complaint of low back pain. It is estimated that 
90% of AS patients present with pain as their chief 
complaint,7,8 and among those who go on to require 
surgical intervention, back pain is responsible for 
approximately 85% of presenting complaints.9–11 In 
addition, this patient’s advanced age makes her more 
likely to experience low back pain associated with her 
scoliosis, as the incidence of symptomatic scoliosis also 
increases with age.6 It is also likely that her curvature is 
substantial, given the association that has been estab-
lished between the presence of back pain and scoliosis 
curves >45 degrees.12

The presence of signifi cant functional limitations 
and depression is also consistent with her diagnosis. 
Based on information obtained using the Medical Out-
comes Study 36-Item Short Form (SF-36), AS patients 
were found to have worse psychosocial well-being in 
7 of the 8 categories when compared to the general 
population.13,14 Her symptoms have signifi cantly pro-
gressed over the past 5 years. Prior to this we are not 
given any information. It is not clear whether this rep-
resents a case of AS of idiopathic or de novo degen-
erative etiology, although it is more likely the former 
given the characteristics of her curvature which will be 
discussed later.7,8,15

EDITORS’ CASE 
PRESENTATION

A 68-year-old woman has a complaint of  
 progressive deformity of  the back and low back 
pain that she fi rst noticed 5 years ago. She feels 
that her pain and symptoms have been getting 
worse recently. She has no complaints of  numb-
ness, tingling, or weakness in the upper or lower 
extremities. She does feel, however, that her abil-
ity to perform her daily functions is substantially 
limited. She has a concomitant history of  depres-
sion, ischemic heart disease, arrhythmias, and 
smoking. She has had a long course of  nonoper-
ative treatment that has included pain medication 
and therapy.

Physical examination reveals a thin, but not frail, 
elderly woman. Her gait is slow, but symmetric. 
Inspection of  her back shows a severe coronal 
imbalance with a shift of  her center of  gravity to 
the left. Side inspection shows a sagittal imbal-
ance with forward shift of  her center of  gravity. 
Upon manipulation, her curve has moderate fl ex-
ibility. She is neurologically intact.

Radiographic imaging studies are shown in 
Figures 30.1 to 30.5.
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Figure 30.1.

Figure 30.2.

Figure 30.3.

Figure 30.4.

A thorough neurological examination is  important 
in all cases of AS. Although the lack of a neurologic 
defi cit is not uncommon, particularly in younger 
patients with AS, neurogenic claudication and radicu-
lar pain can occur secondary to concurrent stenosis, 
especially in the presence of a secondary degenerative 
changes that may develop.16 Neurogenic symptoms in 
AS become progressively more common in patients 
beyond the age of 50 years and especially in AS curves 
of a degenerative etiology.16

There are several other components to her his-
tory that are pertinent. If surgery is considered, her 
medical comorbidities put her at higher risk of poor 
functional outcomes and increased surgical compli-
cation rates, including depression,17 ischemic heart 
disease,18,19 and certain arrhythmias.18,19 Another aspect 
of her history that is concerning is her advanced age. 

Elderly patients are more likely to have multiple 
medical  comorbidities, poor nutritional status, and 
reduced activity demands.20 Her elderly status places 
her at increased risk of morbidity or even mortality 
with surgical intervention.21 Finally, her smoking sta-
tus also places her at an increased risk of being osteo-
porotic, as well as for developing a pseudarthrosis if 
she undergoes a fusion.22

Figure 30.1A is a full-length (36-in) posterior-an-
terior (PA) image presumably taken in the standing 
position. From the PA view, we use the Cobb method 
to determine the magnitude of the curve and its supe-
rior and inferior extent. In this patient, a right-sided 
thoracolumbar curve is seen extending from T10-L3 
measuring 82 degrees. There is also a small compensa-
tory thoracic curve measuring 33 degrees. The charac-
teristics of her curve most likely refl ect an idiopathic 
curvature with secondary degenerative changes. These 
plain fi lms can also give us an idea of the risk of fur-
ther curve progression. Some of the established radio-
graphic parameters associated with progression of an 
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important factors that are contributing to her pain and 
functional limitations.13,29 The thoracic kyphosis mea-
sures 45 degrees in this patient. This number is impor-
tant to keep in mind, for although this falls within the 
normal range, there is evidence that a sagittal Cobb 
angle difference between lumbar lordosis and thoracic 
kyphosis of >20 degrees (higher lumbar lordosis) is 
advisable to achieve optimal sagittal balance.30

Preoperative bending fi lms are useful, particularly 
when surgical treatment is considered, in order to deter-
mine curve fl exibility. Figure 30.4A shows a right bend-
ing demonstrating the T10-L3 curvature measured at 75 
degrees, while on left bending this curve decreases to 45 
degrees. Collectively, they reveal that the curvature is 
moderately fl exible. Rigid curves are more common in 
adults, and they tend to make any coronal and/or sagit-
tal balance less well tolerated.27,31,32 Figure 30.5 demon-
strates a traction view with correction of the curvature to 
32 degrees. This increased fl exibility seen with traction 
views is expected, as curves >50 degrees show greater 
fl exibility with traction views, while those <50 degrees 
show greater fl exibility with side bending because 
of different responses to axial/transverse loading 
patterns.33,34 In AS patients, traction radiographs have 
also been shown to be highly predictive of postopera-
tive reduction of stiff (<35% reduction of curve) thoracic 
and thoracolumbar curves that are treated by segmen-
tal instrumentation, with the postoperative result esti-
mated within a margin of error of ±7 degrees.35

The computed tomography (CT) scan images avail-
able include a median sagittal cut of the lumbar spine 
(Fig. 30.2A) as well as a coronal cut of the lumbar spine 
through the vertebral bodies (Fig. 30.2B). These images 
reveal several common characteristics of ADS curves. 
The degenerative changes are more pronounced in 
the lower lumbar segments, in particular at the lum-
bosacral junction. In addition, rotatory subluxation 
and obliquity as seen in this patient are commonly 
found at the L4-5 segment, although the former is more 
frequently seen at the L3-4 segment.36 The lateral and 
anterior listhesis translation seen at the L4-5 segment is 
also an indication of relative instability at this segment 
and the need to include the fusion distal to this level. In 
addition, coupled with the obliquity and the degenera-
tion present at the lumbosacral junction, fusion to the 
pelvis should also be performed. Lastly, it is important 
to note that CT scans are useful for evaluating pedicle 
morphology should pedicle screws be used.

In cases of ADS, MRI scans are helpful for evalu-
ating sites of neural compression as well as assessing 
potentially painful degenerative changes in the disc. 
Representative fat-suppressed T2-weighted images 
in the coronal (A) and sagittal (B) planes are shown 
in  Figure 30.3. Although this patient has no symp-
toms that can be attributed to stenosis or nerve root 
 impingement, the intervertebral disc at the L2-3 and 

AS curve that are present in this patient include severe 
rotation of the apical vertebrae, large curves (thoracic 
curves ³50–60 degrees, lumbar >40 degrees), and lat-
eral vertebral translation of 6 mm or more.23–25 This 
view also allows us to assess the coronal balance. Mea-
suring from the central sacral vertical line (CSVL) the 
distance to the C7 body measures 6 cm. Coronal imbal-
ance >4 cm has been shown to be a risk factor for curve 
progression and to be associated with deterioration in 
pain and function scores for AS patients who have not 
undergone surgery.26

Figure 30.1B is a full-length lateral image. A prin-
ciple utility of the lateral view is for the assessment of 
sagittal balance. Sagittal balance is the most reliable 
predictor of clinical symptoms in AS patients.26 Obtain-
ing sagittal balance is the critical goal in spinal recon-
structive surgery.26 Sagittal balance is measured from 
a plumb line from the mid-C7 vertebral body to the 
posterosuperior S1 vertebral body on the lateral x-ray. 
In this patient the sagittal balance is positive and mea-
sures 6 cm. Sagittal imbalance more than 5 cm has been 
shown to be associated with increased energy require-
ments for ambulation, pain and fatigue, and dimin-
ished overall health.27 The lateral view also enables us 
to evaluate the degree of thoracic kyphosis, lumbar 
lordosis, and signs of degeneration, including spondy-
losis, disc space collapse, and spondylolisthesis. In this 
patient the lumbar lordosis measures only 9 degrees. 
Schwab et al. have found the loss of lumbar lordosis 
to be strongly correlated with preoperative symptoms 
and clinical improvement following surgical interven-
tion in AS.1,6,13,15,28 This loss of lumbar lordosis and her 
positive sagittal imbalance are likely the two most 

Figure 30.5.
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to  identify pertinent articles. The search strategy 
revealed 382 potential publications after limiting from 
1990 to 2008. The same search strategy was applied to 
EMBASE and revealed 208 results. MEDLINE “in pro-
cess” and nonindexed citations were searched as was 
EBM reviews-Cochrane database. There were 121 Eng-
lish language abstracts that were reviewed and 35 full-
text articles were read.

DETAILED REVIEW OF PERTINENT 
ARTICLES

Operative Versus Nonoperative 
Treatment
Presently, there is no consensus on the indications for 
the operative treatment of AS, particularly in patients 
over 65. Several studies have examined the surgical 
treatment of AS using ”Harrington generation” instru-
mentation,32,37–41 but more limited data are available on 
newer segmental techniques. To date, there have been 
no randomized prospective studies and no reports 
published directly comparing the outcomes of opera-
tive and nonoperative treatment for AS patients spe-
cifi cally older than 65 years of age. Nevertheless, these 
studies in addition to numerous case series represent 
the best available evidence. As such, for the purpose 
of this chapter, the decisions concerning how to man-
age this patient will be based on the three components 
of evidence-based medicine: patient factors, best avail-
able evidence, and clinical expertise.

This patient has several medical comorbidities that 
need to be considered when choosing treatment. Enti-
ties such as ischemic heart disease and arrhythmias 
need to be thoroughly evaluated, in order to determine 
her operative risk. In addition, her age places her at 
a higher risk of experiencing a surgical complication, 
should such treatment be chosen. There are several 
nonoperative treatment options for this patient, includ-
ing physical therapy, medical management, and spinal 
orthoses. A recent systematic review of the literature, 
however, revealed the evidence for using conservative 
care to be minimal, with only level IV evidence existing 
for physical therapy, chiropractic care, and bracing and 
level III evidence for injections.42 Although the use of 
spinal orthoses has been shown to improve back pain 
in some patients,24 they are unable to prevent the pro-
gression of adult scoliotic curves and have high rates 
of skin breakdown, muscle atrophy, and decondition-
ing in this population.23 This patient has failed medical 
treatment and physical therapy thus far, and further 
attempts at conservative management are unlikely to 
be helpful in alleviating her symptoms. We would not 
recommend conservative treatment at this point if her 
preoperative evaluation demonstrates her to be a rea-
sonable surgical candidate.

L4-5 levels reveal a loss of disc height with disc bulg-
ing and loss of signal intensity, although these fi ndings 
are not necessarily related to her symptoms. Addi-
tional studies, including discography and facet blocks, 
may be useful in evaluating the contribution of these 
radiographic fi ndings to her symptoms of LBP, but are 
controversial.

DECLARATION OF SPECIFIC 
DIAGNOSIS

This patient has AS of the thoracolumbar spine, likely 
of idiopathic etiology.

BRAINSTORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Improving low back pain
 2. Restoring sagittal and coronal balance
 3. Stabilizing the curve and alignment
 4. Preservation of neural elements
 5. Early mobilization
 6. Rehabilitation and healing

The treatment options are

 1. Observation
 2. Repeating conservative modalities
 3. Percutaneous/minimally invasive 

instrumentation
 4. Posterior, anterior, or combined spinal fusion
 5. Extending fusion to the pelvis

EVALUATION OF THE LITERATURE

To identify relevant publications on AS of the thora-
columbar spine, a MEDLINE search was performed. 
Search strategies included the use of MeSH (medical 
subject headings) and keywords. Keywords included 
“adult,” “scoliosis,” and “surgical procedures, opera-
tive” within three words of “scoliosis,” and “fusion,” 
“pelvis,” and “outcomes” within three words of “sco-
liosis.” A focused search of “adult scoliosis” with 
subheadings of degenerative, idiopathic, mortality, 
classifi cation, complications, radiography, rehabilita-
tion, surgery, and therapy was performed. The results 
for “scoliosis” were then combined with thoracolum-
bar or lumbar scoliosis to identify patients within 
larger heterogeneous studies on spinal deformity. Jour-
nals were hand searched and references were reviewed 
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patient’s  surrogate. From retrospective case series, 
 nonoperative treatment has a more unpredictable out-
come with respect to effi cacy and radiographic deterio-
ration. For this particular patient, operative treatment 
is selected because of proven benefi t, risk of pro-
gression, moderate risk, and fewer treatment-related 
burdens, such as brace wear and closer radiographic 
follow-up due to the greater potential for deformity 
progression. The results of the studies in Table 30.1, 
which utilized modern spinal instrumentation, dem-
onstrate that surgical treatment results in acceptable 
disease-specifi c outcome scores and health-related 
quality of life (HrQoL) outcome scores. Furthermore, 
surgical complications and radiographic failure are 
controlled in properly selected individuals.50

Literature Inconsistencies
The literature is inconsistent regarding certain aspects 
of this case. Two areas are particularly concerning 
and will be discussed in depth in later sections of this 
chapter. From an indications standpoint, the operative 
treatment of AS individuals older than 65 years is par-
ticularly defi cient, as will be discussed in the outcomes 
section. From a technical standpoint, the literature is 
similarly inconsistent regarding the proximal and dis-
tal fusion levels, which will be discussed in the treat-
ment sections.

EVIDENTIARY TABLE AND SELECTION 
OF TREATMENT METHOD

The best available evidence dictates that the patient 
presented in the clinical scenario should be treated 
operatively. In order to evaluate the most appropri-
ate surgical treatment, only articles pertaining to adult 
patients with thoracolumbar scoliosis treated with 
modern spinal instrumentation were critically exam-
ined. These results are summarized in Table 30.1.

Open or Percutaneous (Minimally 
Invasive Surgery) Correction and 
Stabilization
Minimally invasive surgery (MIS) techniques are 
appealing because they have the potential to reduce 
the extensive soft-tissue trauma and large blood losses 
that are frequently associated with AS surgery. Schwab 
et al.51 performed an anterior release and thoracoplasty 
using endoscopic techniques, followed by posterior spi-
nal fusion, successfully in nine patients. More recently, 
Anand et al.52 conducted a prospective evaluation of 
12 patients undergoing surgery for lumbar degenera-
tive scoliosis and reported good results using various 
combinations of MIS techniques supplemented with 
percutaneous posterior pedicle screw instrumentation. 
Presently, there is not enough evidence to support this 

Most scoliosis classifi cation attempts have focused 
on adolescent idiopathic scoliosis and have not been 
found to be helpful at guiding treatment or predict-
ing outcomes in AS patients.43–46 In this population, we 
have been limited by unclear relationships between 
many traditional radiographic parameters and clinical 
outcomes.15 There have been several attempts to clas-
sify AS specifi cally. The Aebi classifi cation is a simplis-
tic approach based on etiology.47 The SRS classifi cation, 
although richly descriptive, is diffi cult to apply and does 
not take into account clinical parameters.48 Although not 
as descriptive as the SRS classifi cation, the most clini-
cally relevant system available may be that developed 
by Schwab et al.49 Using data collected in a multicenter 
prospective study,49 the authors developed a classifi ca-
tion for AS based on the apical level of scoliotic defor-
mity, the degree of lumbar lordosis, and the maximal 
intervertebral subluxation as seen on frontal and sagittal 
plane standing radiographs.15 A fourth modifi er, sagittal 
balance, was later added and applied to treatment and 
outcomes.28 All of the factors used in the classifi cation 
have individually been shown to be correlated with self-
reported pain and disability prior to treatment.13,15,26 In 
this patient, the apical level of the deformity (L1) would 
place her in category IV (thoracolumbar major curve; 
apex T11-L1). In the initial series, this category had the 
highest surgical rate.49 Her lumbar lordosis measures 9 
degrees, which would place her in the moderate (B) cat-
egory, while her maximal subluxation is >7 mm, which 
would make her a ++. Lastly, her positive sagittal bal-
ance further increases her classifi cation grade accord-
ing to the later modifi cation. The lumbar lordosis and 
subluxation modifi ers offer a stratifi cation of patients 
into clinical groups.49 Higher grades are tied to increas-
ing disability and pain by the SRS-22 and ODI outcomes 
tools.49 This classifi cation system has been shown to have 
value in predicting the requirement for surgical treat-
ment, with higher surgical rates seen with higher curva-
ture types.28 It also has predictive value for the surgical 
approach and procedure used.28 Lastly, higher grade 
curves appear to benefi t the most from surgical inter-
vention.28 Long-term follow-up data for the application 
of this classifi cation system have yet to be published. 
In addition, future analysis that is prospectively being 
obtained by the Spinal Deformity Study Group on pel-
vic parameters, sagittal alignment, and the lumbosacral 
junction will undoubtedly help us to predict which AS 
patients benefi t the most from surgical intervention.

In order to offer clinical recommendations, it is 
suggested that the clinician considers the quality of 
the evidence in addition to the perceived benefi ts, 
harms, and burdens of the interventions. On an indi-
vidual level, patient preference will infl uence the vari-
ables considered above. However, without specifi c 
knowledge of the weight of various outcomes or risks 
from his or her  perspective, the clinician must be the 
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Paper Author (Year) Description Summary of Results Quality of Evidence

Bradford et al. (1999) A retrospective study With a minimum 2-y follow-up, 17 patients who 
underwent extension of a previous idiopathic 
scoliosis fusion to the sacrum via a combined 
approach had improvement in the Oswestry 
Disability Index from an average preoperative 
score of 40 to an average postoperative 
score of 28.

Level III

Kim et al. (2008) A retrospective study 
Outcomes compared 
between groups

Forty-eight adult patients with lumbar scoliosis 
(average age at surgery 49.6 y, average follow-up 
3.7 y) who underwent posterior segmental 
spinal instrumentation and fusion (PSSIF) were 
analyzed. Twenty-three patients underwent an 
anterior apical release of the lumbar curve via a 
thoracoabdominal approach followed by PSSIF 
(group I). The remaining 25 patients underwent 
a PSSIF of the lumbar curve followed by anterior 
column support at the lumbosacral region 
through an anterior paramedian retroperitoneal 
or posterior transforaminal approach (group II). 
At the ultimate follow-up, there were no 
signifi cant differences in major Cobb angle, C7 
plumbline to the center sacral vertical line 
(p= 0.17), C7 plumbline to the posterior superior 
endplate of S1 (p = 0.44), and sagittal Cobb 
angles at the proximal junction (p = 0.57), T10-L2 
(p = 0.24) and T12-S1 (p = 0.51). There were 4 
pseudarthroses in Group I and one in group II 
(p = 0.02) (anterior combined posterior 
paramedian retroperitoneal or posterior 
transforaminal approach). Postoperative total 
normalized SRS outcome scores at ultimate 
follow-up were signifi cantly higher in Group II 
(69% vs. 79%, p = 0.01)

Level III

Anand et al. (2008) Prospective 
evaluation 
No control group

Twelve patients underwent circumferential 
fusion. The age range of these patients was 
50–85 y (mean of 72.8 y). All patients underwent 
direct lateral transpsoas approach for discectomy 
and fusion with polyetheretherketone cage and 
rh-BMP2. All fusions to the sacrum included 
L5-S1 fusion with the Trans1 Axial Lumbar 
Interbody Fusion technique. Mean number 
of segments operated on was 3.64 (range: 
2–8 segments). Mean blood loss for anterior 
procedures (transpsoas discectomy/fusion and 
in some cases L5-S1 interbody fusion) was 163.89 
mL (SD 105.41) and for posterior percutaneous 
pedicle screw fi xation (and in some cases L5-S1 
interbody fusion) was 93.33 mL (SD 101.43). 
Mean surgical time for anterior procedures was 
4.01 h (SD 1.88) and for posterior procedures was 
3.99 h (SD 1.19). Mean Cobb angle preoperatively 
was 18.93 degrees (SD 10.48) and postoperatively 
was 6.19 degrees (SD 7.20). Mean preoperative 
VAS score was 7.1; mean preoperative TIS score 
was 56.0. At mean follow-up of 75.5 d, mean 
VAS was 4.8; TIS was 28.0. A combination of 3 
MIS techniques allows for correction of lumbar 
degenerative scoliosis.

Level III

Evidentiary Table.TABLE 30.1

(Continued)
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Evidentiary Table. (Continued )TABLE 30 .1

Paper Author (Year) Description Summary of Results Quality of Evidence

Kuhns et al. (2007) A retrospective long-
term follow-up study

31 patients with an average age of 45 y (range, 
20–62 y) were fused from the thoracic spine to 
L5 and were evaluated at a mean follow-up of 
9.4 y (range, 5–20.1 y). 2 out of 31 patients had 
preoperative advanced degeneration of the 
L5-S1 disc (Weiner grade 2–3). Three additional 
patients had an early revision to the sacrum 
secondary to sagittal imbalance not thought to 
be related to SAD. 26 out of 31 patients were 
assessed as “healthy discs” preoperative (Weiner 
grade 0–1) and were evaluated for subsequent 
advanced degeneration (SAD). By latest follow-up, 
L5-S1 SAD developed in 18 of these 26 patients 
(69%). Risk factors for the development of SAD 
included long fusions extending into the upper 
thoracic spine down to L5 (p = 0.02) and having a 
circumferential lumbar fusion (p = 0.02). Although 
preoperative sagittal balance was not signifi cantly 
different between the “healthy” and SAD group, 
sagittal balance at follow-up was C7 plumb >5 cm 
in 67% of SAD patients and only 13% of “healthy” 
disc patients (p = 0.009).

Level III

Kim et al. (2007) A retrospective 
comparison study

A clinical and radiographic assessment in addition 
to revision prevalence of 125 adult lumbar 
deformity patients who underwent long segmental 
posterior spinal instrumented fusion from the 
distal thoracic/upper lumbar spine (T9-L2) to 
L5 or S1 with a minimum 2-y follow-up were 
compared as infl uenced by T9-10 (group 1, 
n = 37), T11-12 (group 2, n = 49), and L1-2 (group 
3, n = 39) proximal fusion levels. Three groups 
demonstrated nonsignifi cant differences in the 
prevalence of proximal junctional kyphosis (group 
1 51% vs. group 2 55% vs. group 3 36%, p = 0.20) 
and revision (group 1 24% vs. group 2 24% vs. 
group 3 26%, p = 0.99) at the ultimate follow-up. 
Subsequent proximal junctional angle and sagittal 
vertical axis changes between the ultimate 
follow-up and preoperative (p = 0.10 and 0.46 
respectively) were not signifi cantly different.

Level III

Schwab et al. (2006) Multicenter, 
prospective, 
consecutive clinical 
series

To establish and validate classifi cation of scoliosis 
in the adult, higher intervertebral sublaxation 
were delected a total of 947 adults with spinal 
deformity had radiographic analysis: frontal 
Cobb angle, deformity apex, lumbar lordosis, and 
intervertebral subluxation. Mean maximal coronal 
Cobb was 46 degrees and lumbar lordosis 46 
degrees. Mean maximal intervertebral subluxation 
(frontal plane) was 4.2 mm (sagittal plane, 1.2 mm). 
In thoracolumbar/lumbar deformities, the loss of 
lordosis/higher subluxation was associated with 
lower Scoliosis Research Society pain/function and 
higher Oswestry Disability Index scores. Across 
the study group, lower apex combined with lower 
lordosis led to higher disability. Higher surgical 
rates with decreasing lumbar lordosis and higher 
intervertebral subluxation were detected.

Level III
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technique for this patient and we would perform open 
correction and stabilization.

Anterior Versus Posterior Fusion
Anterior approaches for the treatment of scoliosis are 
particularly helpful in younger patients with thora-
columbar or lumbar curves without neurologic symp-
toms. When combined with posterior surgery, anterior 
surgery can improve the amount of correction, reduce 
the number of segments included, and allow for greater 
improvement in lumbar lordosis.39,53,54 Other potential 
advantages include lower infection rates and higher 
fusion rates.39,53,54 However, anterior surgery in older 
patients is generally limited to certain clinical sce-
narios, including revisions of failed posterior fusions, 
rigid curves that require anterior release, signifi cant 
thoracolumbar or thoracolumbar kyphosis, and long 
fusions that extend to the sacrum.39,53,54 In addition, 
anterior procedures also are associated with signifi -
cant risks in an older population including respiratory 
compromise and prolonged surgical times.53,54 Isolated 
anterior approaches are also unable to extend to the 
L5 level or sacrum and do not allow for adequate 
release when signifi cant degenerative changes or disc 
space collapse is present. Several studies have evalu-
ated the ability of anterior or posterior approaches for 
the treatment of AS; however, there have been none 
directly comparing the two approaches and the major-
ity have been retrospective series. Hamzaoglu et al.55 
retrospectively studied 15 AS patients with severe 
scoliosis that were treated with posterior-only release 
and pedicle screw instrumentation with intraopera-
tive halo-femoral traction and found that they were 
able to achieve and maintain good balance and cor-
rection without anterior releases. In their retrospective 
series, Deviren et al.56 followed 15 adults treated with 
anterior release and fusion, concluding that ASF was 
a good option for adults with fl exible, moderate tho-
racolumbar/lumbar curves. However, they cautioned 
that fl exibility signifi cantly decreased with increased 
age and curve magnitude and careful patient selection 
was critical.56 Although no direct comparison is avail-
able, a posterior approach would enable our surgical 
goals to be accomplished and would minimize respira-
tory complications, particularly in a long-time smoker. 
In this clinical scenario, the evidence favors the use of a 
posterior approach and fusion and anterior augmen-
tation only at the lower lumbar segments as will be 
discussed below in the section “Fusion to the Pelvis.”

Anterior Release
Anterior release has been used in the past for rigid 
curves. Several studies have evaluated the addition of 
anterior apical release and fusion for AS, citing possi-
ble improvements in correction, fusion rates, and lum-
bar lordosis.39,53,54 However, the need for this is thought 

to have been lessened with modern instrumentation 
techniques. In their retrospective series, Kim et al.57 
compared 25 patients who underwent posterior seg-
mental spinal instrumentation and anterior augmen-
tation at the lumbosacral junction with 23 patients 
who underwent an anterior apical release of the lum-
bar curve via a thoracolumbar approach followed by 
PSSIF. They found that posterior segmental spinal 
instrumentation and fusion without anterior release of 
lumbar curves demonstrated better total SRS outcome 
scores and no differences in radiographic parameters 
without differences in clinical complications.57 Given 
the available evidence, anterior apical release is not 
required for this patient.

Proximal Extent of Fusion
The ideal level of the proximal fusion in  thoracolumbar/
lumbar curves is unclear given the existing evidence. 
Based strictly on the characteristics of her curve in the 
coronal plane, her thoracic curve is minor, is not struc-
tural, and therefore does not need to be included in 
the fusion. Given this, Kim et al.58 published the only 
comparative analysis of postoperative sagittal plane 
change and revision prevalence according to the three 
different proximal fusion levels at the thoracolum-
bar junction (T9-10 vs. T11-12 vs. L1-2). They found 
that the three different proximal fusion levels did not 
demonstrate signifi cant radiographic and clinical out-
comes or revision prevalence after surgery.58 Although 
not supported by the available literature, based on our 
experience, we would recommend proximal exten-
sion of the fusion to the upper thoracic spine in this 
patient for several reasons. Her curve is a thoracolum-
bar curve likely of idiopathic etiology and not a degen-
erative lumbar curve. In addition, taking the sagittal 
plane characteristics into account, her stable vertebral 
level and the apex of her kyphosis are located at T7 
and it would allow for better correction of her sagit-
tal imbalance to extend her fusion to the proximal tho-
racic spine. Lastly, her anticipated poor bone quality 
would make us more inclined to seek more proximal 
fi xation points.

Fusion to the Pelvis
This patient’s curvature extends to the L3 level. The 
topic of whether to fuse to L5 or include the sacrum 
and/or the remaining pelvis remains somewhat con-
troversial. The literature is still unclear as to whether 
or not fusion to the sacrum results in higher compli-
cation rates and lower patient satisfaction compared 
to stopping at L5.59–64 In a matched cohort analysis of 
95 patients, Edwards et al.65 found that long fusions 
to the sacrum required more procedures and had a 
higher frequency of complications than similar fusions 
to L5, although subjacent disc degeneration was com-
mon in this group. Kuhns et al.66 retrospectively looked 
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at 31 AS patients who underwent long fusions to 
L5 with 5- to 15-year follow-up and found advanced 
L5-S1 degenerative changes in 69% of patients, 
although not all of these patients experienced clinical 
symptoms as a result. There are several factors that are 
frequently used as indications for extending the fusion 
past the distal extent of the curve to include the pelvis, 
including the following: the presence of a rigid unbal-
anced lumbosacral curve, signifi cant pelvic obliquity, 
severe symptomatic degenerative changes at the lum-
bosacral junction, spondylolisthesis at the L5-S1 level, 
spinal stenosis, or the requirement for decompres-
sion below a lumbar fusion. In our clinical scenario, 
there is evidence of degenerative changes in her lower 
lumbar spine below her curvature. Although further 
diagnostic testing is indicated, these likely contribute 
to her LBP symptoms. In addition, given her sagittal 
and coronal imbalance, extension of the fusion to the 
pelvis will allow for better correction. Lastly, because 
of her osteoporosis, we anticipate that fusion to the 
pelvis would likely be appropriate. Prior to surgical 
intervention, however, further diagnostic testing, such 
as discography and DEXA, may be helpful for more 
detailed surgical planning.

If one is considering extending the fusion distal to 
L5, biomechanical studies performed in animals have 
shown that iliac screws provide a signifi cant reduction 
in S1 screw strain and the lowest rates of catastrophic 
failure at the lumbosacral junction.67 In addition, bicor-
tical sacral fi xation and larger diameter screws can also 
be used in order to enhance fi xation depending on intra-
operative insertional torque. In our clinical scenario, 
because of the length of the posterior fusion required 
and her probable osteoporotic bone, extension to the 
ileum is indicated to maximize sagittal balance correc-
tion and minimize the risk of late sacral fractures.62,63

Pseudarthrosis rates can reach 40% to 60% when 
long posterior fusions are extended to the sacrum.62,63 
Anterior column support in the form of anterior grafts, 
additional points of sacral fi xation, and extension to 
the ileum have all been shown to reduce the stress 
on the sacral pedicle screws and increase the rate of 
fusion. Anterior column augmentation most likely 
increases the fusion rate secondary to increased fusion 
surface area under compressive forces.67 Interbody 
reconstruction also provides the potential to increase 
lumbar lordosis that has been lost, thereby improving 
sagittal balance and indirectly decompressing stenosis 
by restoring intervertebral height. Newer techniques 
have been described to provide anterior column sup-
port through posterior or extreme lateral approaches68; 
however, there is evidence that separate anterior 
approaches allow for a better discectomy, thus facili-
tating fusion.69 In our patient, anterior column sup-
port should be carried out. Although the literature is 
unclear, a separate anterior approach is our preference 

because of the theoretical advantage of allowing for a 
more complete discectomy and maximizing the sur-
face area for a fusion.

Osteoporosis Infl uence
Osteoporosis is a common comorbidity in AS patients. 
This patient has several risk factors (Caucasian, female, 
smoking, elderly), and further preoperative testing is 
indicated. This is an important consideration because 
of its potential to weaken the strength of pedicle screw 
fi xation.70–72 Several options do exist to enhance spinal 
instrumentation in this population, such as additional 
sublaminar wires,72 or augmenting the weakened tra-
becular bone with polymethylmethacrylate cement73 or 
calcium phosphate.74 The clinical data supporting such 
techniques are limited and we do not anticipate the 
need for such techniques in this patient. Cross-links 
have also been shown to increase the stiffness of long 
fusions while adding minimal morbidity and time to 
the procedure; however, their utility in long pedicle 
screw constructs has been shown to be minimal.75

Graft Options
Obtaining a solid fusion is essential for achieving 
and maintaining stabilization in AS. This can be par-
ticularly challenging in an adult population as pseu-
darthrosis rates can be as high as 24%.30 In addition, 
this patient has several additional risk factors for this 
including a sagittal balance >5 cm, smoking, and an 
age >55 years.30 In addition to technical factors such as 
optimizing spine mechanics and providing adequate 
surface area for fusion, choosing the appropriate graft 
is also important. Although the details of bone graft-
ing are beyond the scope of this chapter, autografting 
with iliac crest remains the gold standard and would 
be used in this patient.16 Newer techniques, such as the 
use of bone morphogenic proteins, have anecdotal evi-
dence to support their use in long posterior fusions76 
but are not approved for such use, and the complica-
tions77,78 of using such products as well as their long-
term effects are not presently well-defi ned.

DEFINITIVE TREATMENT PLAN

The patient in this clinical scenario should be managed 
operatively because of the severity of her symptoms 
and her failed attempts at conservative management. 
We would supplement our posterior fusion to the 
sacrum with anterior structural interbody grafting at 
L5-S1 and also at the L4-5 segment. Our preference 
would be to perform this through a separate anterior 
approach (midline retroperitoneal) prior to perform-
ing the posterior fusion in order to maximize lumbar 
lordosis, although evidence to support this sequence 
is lacking. We perform the posterior portion fi rst only 
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of AS, particularly in an elderly population. There is 
some evidence that successful fusion for AS has been 
shown to reliably result in pain improvement, good 
functional outcome, and high patient satisfaction.81,82 
However, this patient’s age makes her outcome some-
what less predictable. In addition, this patient has sev-
eral patient specifi c factors that have been shown to 
have a negative impact on perioperative outcomes in 
AS patients, including a history of depression,17 isch-
emic heart disease,18,19 and certain arrhythmias,18,19 and 
the patient should be counseled regarding this preop-
eratively. Despite this, there are several radiographic 
parameters in this patient that if successfully addressed 
would favor a successful self-assessed outcome. Pain 
scores following treatment have been shown to be 
strongly correlated with the loss of lumbar lordo-
sis and lumbar vertebral obliquity, while functional 
scores are strongly correlated with global imbalance, 
apical level of a scoliotic deformity, and intervertebral 
subluxation.13,15,26 Hu et al.80 retrospectively evaluated 
the outcomes of patients over 40 years of age who 
underwent major spinal reconstructive surgery and 
found over 81% patient satisfaction rates with signifi -
cant improvements in many areas of functional status. 
Dickson et al.37 compared the self-reported pain and 
functional outcomes of 81 adult patients undergoing 
operative treatment for idiopathic scoliosis with that 
of 30 patients who declined operative management. 
After an average of 5-year follow-up, they found that 
the surgically treated patients reported a signifi cantly 
greater decrease in pain and fatigue and a greater 
increase in self-image and function when compared 
to the nonsurgically treated group. Albert et al.23 also 
evaluated the outcomes of a prospective series of adult 
deformity patients using self-reported assessments of 
health and functional status and showed statistically 
signifi cant improvements in functional outcome, pain, 
and body image in adults following spinal recon-
structive surgery. Recently, Kluba et al.83 compared 
the outcomes of surgical and conservative treatment 
for degenerative lumbar scoliosis in 55 patients older 
than 42 years. They observed that the surgical treat-
ment of decompensated degenerative lumbar scoliosis 
improved function and quality of life as determined by 
self-assessment outcome measures. Furthermore, they 
found a signifi cant improvement in walking distance 
and a diminished use of analgesics in the operatively 
treated group.

These results are in keeping with our experience. 
We studied a series of elderly AS patients to look at 
radiographic measurements and self-reported out-
come measures of patients older than 65 years of age 
undergoing either operative or nonoperative treat-
ment for scoliosis with a minimum 2-year follow-up. 
Overall, the results showed that the patients treated 
operatively reported signifi cantly less pain, had a 

in cases of signifi cant segmental instability. Obtaining 
anterior column support at these levels using newer 
techniques (TLIF, PLIF, DLIF) is an alternative option.

The patient is then positioned supine on a radio-
lucent Jackson frame (Orthopaedic Systems, Union 
City, California). We would then perform an open mid-
line posterior approach to expose all levels that will be 
included in the fusion. It is important to preserve the 
supraspinous ligament, intraspinous ligament, and the 
ligamentum fl avum at the proximal adjacent level, in 
order to minimize the risk of developing degenerative 
changes and subsequent junctional kyphosis. In this case 
there is no neurologic defi cit and therefore no require-
ment for operative decompression. We also do not antici-
pate a need for an osteotomy to achieve global balance. 
Given her moderate sagittal imbalance and fl exibility, 
standard techniques should be suffi cient to achieve these 
goals. Following exposure, a segmentally instrumented 
posterior spinal fusion extending from the upper thoracic 
spine to the pelvis would be performed using pedicle 
and iliac screws. In this patient, we would use sacroiliac 
fi xation given her likely poor bone quality and the length 
of the fusion that she will require. The fusion to the pelvis 
would be performed with bilateral sacral pedicle screws 
augmented with iliac screws. In our hands these pro-
cedures can be performed in a single stage. Cross-links 
could then be used to supplement the fi xation. Iliac crest 
would be harvested from the patient and combined with 
local bone and cancellous allograft to promote fusion. 
The role of postoperative bracing is unclear as its use 
was not specifi ed in the literature cited in our table and 
evidence to support this is of poor quality.79

Grading the Evidence for this Plan
The best available evidence to support the technical 
aspects of our treatment selection would be considered 
low quality as it is derived from retrospective cohort or 
prospective case series. In accordance with the method 
of grading recommendations set forth by Schunemann 
et al.,80 our proposed treatment would be considered a 
weak recommendation. The grading paradigm utilized 
is necessary because it not only considers the quality 
of evidence but also addresses the benefi ts, harms, and 
burdens of the proposed interventions. Furthermore, 
the benefi ts of posterior fusion outweigh the harms 
and burdens of such an intervention. The weak recom-
mendation means that the majority of patients and cli-
nicians would choose the intervention, but some would 
not be based on various patient and clinical factors.

PREDICTING OUTCOMES

Our main goals for the treatment of this patient are pain 
relief, improved function, and patient satisfaction. Very 
few data have been reported on the treatment outcomes 
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Surgical Patient. Vol I. New York, NY: Scientifi c  American, 
1991.
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better health-related quality of life, self-image, and 
mental health, and were more satisfi ed with their 
treatment than patients treated nonoperatively. After 
a 2-year follow-up, the operative group had signifi cant 
improvements in their outcome scores (ODI, SF-12, 
and SRS 22), while in the nonoperative group, no 
signifi cant differences in outcome scores were noted. 
Compared with nonoperative treatment at a 2-year 
follow-up, operative treatment in this series resulted 
in signifi cantly less pain (pain p = 0.001), better health-
related quality of life, self-image, mental health, and 
greater satisfaction as measured with SRS 22 as well as 
EQ5D instruments. Based on the available data regard-
ing validated patient-derived outcome measures, we 
anticipate that our patient’s overall outcome will be 
improved following surgical management than she 
would if she underwent conservative management.

Patient preference is an important component of 
evidence-based medicine. Preoperative counseling 
requires a frank discussion of the treatment options and 
their inherent risks, benefi ts, potential outcomes, and 
associated burdens. The information conveyed must 
contain the best available evidence and expert opin-
ion. Importantly, the delivery must consider the fact 
that operative intervention for AS carries signifi cant 
risk. Less invasive surgical techniques and attempts 
and determining optimal fusion levels are important 
considerations that require further investigation.

SUMMARY

We are presented with a 68-year-old woman who has 
progressive symptoms related to her thoracolumbar AS. 
The most appropriate treatment for this patient’s spinal 
deformity, considering the severity of the deformity 
as well as the lack of response to conservative treat-
ment, would consist of operative correction and pos-
terior fusion extending from the upper thoracic spine 
to the pelvis. She will likely experience an improve-
ment in several radiographic parameters with some 
degree of persistent physical impairment. Her func-
tional outcome will likely be improved with surgical 
intervention although her medical comorbidities may 
compromise her result.

REFERENCES

 1. Schwab FJ, Smith V, Biserni M, et al. Adult scoliosis: a 
quantitative radiographic and clinical analysis. Spine. 
2002;27:387–392.

 2. Biot B, Pendrix D. Frequence de la scoliosi lombaire a 
l’age adulte. Ann Med Phys. 1982;25:251–254.

 3. Carter OD, Haynes SG. Prevalence rates for scolio-
sis in US adult: results from the fi rst National Health 

Bono_Chap30.indd   276Bono_Chap30.indd   276 9/20/2010   12:41:30 PM9/20/2010   12:41:30 PM



CASE 30 ■ Adult Scoliosis I  277 

 43. King HA, Moe JH, Bradford DS, et al. The selection of 
fusion levels in thoracic idiopathic scoliosis. J Bone Joint 
Surg Am. 1983;65:1302–1313.

 44. Lenke LG, Betz RR, Harms J, et al. Adolescent  idiopathic 
scoliosis: a new classifi cation to determine extent of 
spinal arthrodesis. J Bone Joint Surg Am. 2001;83-A:
1169–1181.

 45. Mummaneni PV, Haid RW, Sasso RC. Principles of 
 spinal deformity: Part I. Evaluation of thoracolum-
bar  deformity and nonoperative treatment strategies. 
 Contemp  Neurosurg. 2002;24:1–9.

 46. Wiggins GC, Shaffrey CL, Abel MF, et al. Pediatric spinal 
deformities. Neurosurg Focus. 2003;14:e3:2003.

 47. Aebi M. The adult scoliosis. Eur Spine J. 2005;14:925–948.
 48. Lowe T, Berven SH, Schwab FJ, et al. The SRS classifi ca-

tion for adult spinal deformity: Building on the King/
Moe and Lenke classifi cation systems. Spine. 2006;31: 
S119–S125.

 49. Schwab F, Farcy JP, Bridwell K, et al. A clinical impact 
classifi cation of scoliosis in the adult. Spine. 2006;31:
2109–2114.

 50. Baron EM, Albert TJ. Medical complications of surgical 
treatment of adult spinal deformity and how to avoid 
them. Spine. 2006;31:S106–S118.

 51. Schwab FJ, Smith V, Farcy JP. Endoscopic thoracoplasty 
and anterior spinal release in scoliotic deformity. Bull 
Hosp Jt Dis. 2000;59:27–32.

 52. Anand N, Baron EM, Thaiyananthan G, et al. Minimally 
invasive multilevel percutaneous correction and fusion 
for adult lumbar degenerative scoliosis: a technique and 
feasibility study. J Spinal Disord Tech. 2008;21:459–467.

 53. Dick J, Boachie-Adjei O, Wilson M. One-stage versus 
two-stage anterior and posterior spinal reconstruction 
in adults: comparison of outcomes including nutritional 
status, complication rates, hospital costs, and other fac-
tors. Spine. 1992;17:S310–S316.

 54. Bradford DS, Tay BK, Hu SS. Adult scoliosis: surgical 
indications, operative management, complications, and 
outcomes. Spine. 1999;24:2617–2629.

 55. Hamzaoglu A, Ozturk C, Aydogan M, et al. Posterior 
only pedicle screw instrumentation with intraoperative 
halo-femoral traction in the surgical treatment of severe 
scoliosis (>100°). Spine. 2008;33:979–983.

 56. Deviren V, Patel VV, Metz LN, et al. Anterior arthrod-
esis with instrumentation for thoracolumbar scolio-
sis: comparison of effi cacy in adults and adolescents. 
2008;33:1219–1223.

 57. Kim YB, Lenke LG, Kim YJ, et al. Surgical treatment of 
adult scoliosis: is anterior apical release and fusion nec-
essary for the lumbar curve? Spine. 2008;33:1123–1132.

 58. Kim YK, Bridwell KH, Lenke LG, et al. Is the T9, T11, 
or L1 the more reliable proximal level after adult lum-
bar or lubosacral intrumented fusion to L5-S1? Spine. 
2007;32:2653–2661.

 59. Boachie-Adjei O, Dendrinos GK, Ogilvie JW, et al. 
Management of adult spinal deformity with combined 
anterior- posterior arthrodesis and Luque-Galveston 
instrumentation. J  Spinal Disord. 1991;4:131–141.

 60. Eck KR, Bridwell KH, Ungacta FF, et al. Complications 
and results of long adult deformity fusions down to L4, 
L5, and the sacrum. Spine. 2001;26:E182–E192.

 24. Gupta MC. Degenerative scoliosis: options for surgical 
management. Orthop Clin North Am. 2003;34:269–279.

 25. Pritchett JW, Bortel DT. Degenerative lumbar scoliosis. 
Spine. 1993;18:700–703.

 26. Glassman S, Berven S, Bridwell K, et al. Correlation of 
radiographic parameters and clinical symptoms in adult 
scoliosis. Spine. 2005;30:682–688.

 27. Jackson RP, Simmons EH, Stripinis D. Coronal and sagit-
tal plane spinal deformities correlating with back pain 
and pulmonary function in adult idiopathic scoliosis. 
Spine. 1989;14:1391–1397.

 28. Schwab F, Lafage V, Farcy JP, et al. Surgical rates and 
operative outcome analysis in thoracolumbar and lum-
bar major adult scoliosis. Spine. 2007;32:2723–2730.

 29. Jackson RP, Simmons EH, Strippins D. Incidence and 
severity of back pain in adult idiopathic scoliosis. Spine. 
1983;8:749–756.

 30. Kim YJ, Bridwell KH, Lenke LG, et al. An analysis of 
sagittal spinal alignement following long adult lumbar 
instrumentation and fusion to L5-S1: Can we predict 
ideal lumbar lordosis? Spine. 2006;31:2342–2352.

 31. Luk KD, Cheung KM, Lu DS, et al. Assessment of 
scoliosis correction in relation to felxibilty using the 
fulcrum bending correction index. Spine. 1998;23:2303–
2307.

 32. Swank S, Lonstein JE, Moe JH, et al. Surgical treatment of 
adult scoliosis: a review of two-hundred and twenty-two 
cases. J Bone Joint Surg Am. 1981;63:268–287.

 33. White AA, Panjabi MM. Practical Biomechanics of Scolio-
sis and Kyphosis. 2nd ed. Philadelphia, PA: J.B. Lippincott 
Co., 1990.

 34. Polly D, Sturm P. Traction versus supine side bending: 
Which technique best determines curve fl exibility. Spine. 
1998;23:804–808.

 35. Delecrin J, Brossard D, Takahashi S, et al. Correction of 
stiff thoracic idiopathic adult scoliosis. Prediction from 
the traction radiograph. Rev Chir Orthop Reparatrice Appar 
Mot. 2007;93:783–788.

 36. Bridwell KH. Selection of instrumentation and fusion lev-
els for scoliosis: where to start and where to stop. Invited 
submission from the Joint Section Meeting on Disorders 
of the Spine and Peripheral Nerves. J Neurosurg Spine. 
2004;1:1–8.

 37. Dickson JH, Mirkovic S, Noble PC, et al. Results of oper-
ative treatment of idiopathic scoliosis in adults. J Bone 
Joint Surg Am. 1995;77:513–523.

 38. Ponder RC, Dickson JH, Harrington PR, et al. Results 
of Harrington instrumentation and fusion in the adult 
idiopathic scoliosis patient. J Bone Joint Surg Am. 1975;57:
797–801.

 39. Byrd AJ, Scoles PV, Winter RB, et al. Adult idiopathic 
scoliosis treated by anterior and posterior spinal fusion. 
J Bone Joint Surg Am. 1987;69:843–850.

 40. Nuber GW, Schafer MF. Surgical management of adult 
scoliosis. CORR. 1986;208:228–237.

 41. Sponseller PD, Cohen MS, Nachemson AL, et al. Results 
of surgical treatment of adults with idiopathic scoliosis. 
J Bone Joint Surg Am. 1987;69:667–675.

 42. Everett CR, Patel RK. A systematic literature review 
of nonsurgical treatment in adult scoliosis. Spine. 
2007;32:S130–S134.

Bono_Chap30.indd   277Bono_Chap30.indd   277 9/20/2010   12:41:30 PM9/20/2010   12:41:30 PM



278  CASE 30 ■ Adult Scoliosis I

 74. Rohmiller MT, Schwalm D, Glattes RC, et al. Evaluation 
of calcium sulfate paste for augmentation of lumbar pedi-
cle screw pullout strength. Spine J. 2006;2:E277–E284.

 75. Dick JC, Zdeblick TA, Bartel BD, et al. Mechanical evalu-
ation of cross-link designs in rigid pedicle screw systems. 
Spine. 1997;22:370–375.

 76. Luhmann SJ, Bridwell KH, Cheng I, et al. Use of bone 
morphogenic protein-2 for adult spinal deformity. Spine. 
2005;30:S110–S117.

 77. Pradham BB, Bae HW, Dawson EG, et al. Graft resorp-
tion with the use of bone morphogenetic protein: Lessons 
from anterior lumbar interbody fusion using femoral 
ring allografts and recombinant human bone morphoge-
netic protein-2. Spine. 2006;31:E277–E284.

 78. McKay B, Sandhu HS. Use of recombinant human bone 
morphogenic protein-2 in spinal fusion applications. 
Spine. 2002;27:S66–S85.

 79. Weiss HR, Dallmayer R. Brace treatment of spinal clau-
dication in an adult with lumbar scoliosis—a case report. 
Stud Health Technol Inform. 2006;123:586–589.

 80. Schunemann HJ, Jaeschke R, Cook DJ, et al. ATS Docu-
ments Development and Implementation Committee. An 
offi cial ATS statement: grading the quality of evidence 
and strength of recommendations in ATS guidelines and 
recommendations in ATS guidelines and recommenda-
tions. Am J Respir Crit Care Med. 2006;174:605–614.

 81. Ali RM, Boachie-Adjei O, Rawlins BA. Functional and 
radiographic outcomes after surgery for adult scolio-
sis using third-generation instrumnetation techniques. 
Spine. 2003;28:1163–1169.

 82. Simmons ED, Kowalski JM, Simmons EH. The results 
of surgical treatment for adult scoliosis. Spine. 1993;18:
718–724.

 83. Kluba T, Dikmenli G, Dietz K, et al. Comparison of surgi-
cal and conservative treatment for degenerative lumbar 
scoliosis. Arch Orthop Trauma Surg. 2009;129:1–5.

 61. Emani A, Deviren V, Berven S, et al. Outcome and com-
plications of long fusions to the sacrum in adult spine 
deformity: Luque-Galveston, combined iliac and sacral 
screws, and sacral fi xation. Spine. 2002;27:776–786.

 62. Grubb SA, Lipscomb HJ, Suh PB. Results of surgical 
treatment of painful adult scoliosis. Spine. 1994;19:
1619–1627.

 63. Horton WC, Holt RT, Muldowny DS. Controversy: fusion 
of L5-S1 on adult scoliosis. Spine. 1996;21:2520–2522.

 64. Kostuik JP, Musha Y. Extension to the sacrum of previ-
ous adolescent scoliosis fusions in adult life. Clin Orthop. 
1999;364:53–60.

 65. Edwards CC, Bridwell KH, Patel A, et al. Long adult 
deformity fusions to L5 and the sacrum a matched cohort 
analysis. Spine. 2004;29:1996–2005.

 66. Kuhns CA, Bridwell KH, Lenke LG, et al. Thoracolum-
bar deformity arthodesis stopping at L5: Fate of the 
L5-S1 disc, minimum 5-year follow-up. Spine. 2007;32:
2771–2776.

 67. Lebwohl N, Cunningham BW, Dmitriev A, et al. Biome-
chanical compression of lumbosacral fi xation techniques 
in a calf spine model. Spine. 2002;27:2312–2320.

 68. Ozgur BM, Aryan HE, Pimenta L, et al. Extreme lateral 
interbody fusion (XLIF): A novel surgical technique for 
anterior lumbar interbody fusion. Spine J. 2006;6:435–443.

 69. Shen FH, Samartzis D, Khanna AJ, et al. Minimally inva-
sive techniques for lumbar fusions. Orthop Clin North 
Am. 2007;38:373–386; abstract vi.

 70. Cook SD, Salkeld SL, Stanley T, et al. Biomechanical 
study of pedicle screw fi xation in severely osteoporotic 
bone. Spine J. 2004;4:402–408.

 71. Halvorson TL, Kelley LA, Thomas KA, et al. Effects of 
bone mineral density on pedicle screw fi xation. Spine. 
1994;19:2415–2420.

 72. Hilibrand AS, Moore DC, Graziano GP. The role of pedic-
ulolaminar fi xation in compromised pedicle bone. Spine. 
1996;21:445–451.

 73. Sarzier JS, Evans AJ, Cahill DW. Increased pedicle screw 
pullout strength with vertebroplasty augmentation in 
osteoporotic spines. J Neurosurg. 2002;96:309–312.

Bono_Chap30.indd   278Bono_Chap30.indd   278 9/20/2010   12:41:30 PM9/20/2010   12:41:30 PM



C A S E

279

EDITORS’ CASE 
PRESENTATION

A 55-year-old woman has a complaint of  thora-
columbar low back pain that is aggravated with 
activity and relieved with rest. She has no lower 
extremity complaints and no report of  weakness, 
numbness, or tingling. Her pain has been present 
for at least 10 years, recently becoming progres-
sively worse. She also feels that her deformity 
has become increasingly more pronounced. She 
has had a long course of  nonoperative treatment 
that has included pain medication and therapy. 
She is now requiring narcotic agents for pain con-
trol. She is otherwise healthy and has no other 
comorbidities.

Examination demonstrates that she has normal 
gait. She has about a 1-cm coronal imbalance to 
the left. Her sagittal balance appears to be nor-
mal upon inspection. She has a thoracolumbar 
fl ank hump, with smaller rib and lumbar humps. 
She has minimal tenderness to palpation of  the 
thoracolumbar junction but has moderate tender-
ness to palpation of  the lower lumbar spine. She 
is neurologically intact.

Plain radiographic and magnetic resonance images 
are shown in Figure 31.1A–D, 31.2 and 31.3A–C.

31 Adult Scoliosis II
S T E V E N  D.  G L A S S M A N  A N D  L E A H  Y.  C A R R E O N

INTERPRETATION OF CLINICAL 
PRESENTATION

This case example is a fairly common presentation of 
a 55-year-old female with adult scoliosis who reports 
progressive symptoms and change in body shape over 
a 5- to 10-year period.1–6 Prior x-rays are not avail-
able; however, her report of increasing deformity sug-
gests some form of curve progression or increased 
rotational deformity. This may occur as a result of 

lumbar  degeneration leading to loss of long-standing 
curve stability,7–9 or occur simply due to a decrease in 
mechanical support secondary to deterioration in core 
muscle strength. While degeneration within or subad-
jacent to the inferior aspect of a thoracolumbar curve 
may be associated with stenosis,10 her lack of neuro-
genic symptoms makes this etiology unlikely.

Although severe back pain alone may be suffi cient 
to require surgical treatment,3,8,11,12 patients with thora-
columbar deformity often tolerate moderate or inter-
mittent back pain symptoms.13 For that reason, it is 
important to verify that the nonsurgical treatment has 
been appropriate and suffi cient. In particular, aquatic 
therapy and core strengthening may play an impor-
tant role. Curve progression may also occur as a result 
of osteoporotic changes, and bone quality should be 
assessed in relation to both diagnostic evaluation and 
as a parameter in treatment planning.14,15

Beyond the complaint of severe back pain, patients 
often elect surgery based on the presence of radicu-
lopathy (not noted in this patient) and based upon 
change in body shape. Despite the fact that cosmetic 
issues are not as frequently discussed with regard to 
adult versus pediatric deformity, patient-based evalu-
ations clearly emphasize the importance of this treat-
ment driver.16,17

Review of the plain radiographs reveals a 
64-degree left thoracolumbar curve from T6 to L2. The 
curve is moderately fl exible, bending out to 40 degrees 
on lateral side bending fi lms. There is signifi cant lum-
bar degeneration and a rigid 35-degree compensatory 
deformity from L2 to L5, but no spondylolisthesis. 
MRI demonstrates severe degeneration at L3-4 and 
L4-5 but age-appropriate disc dehydration at L5-S1. 
No signifi cant disc herniation or stenosis is detected. 
This is consistent with the absence of neurogenic com-
plaints. If the patient reported either radiculopathy 
or neurogenic claudication, then further evaluation 
by CT myelography would be appropriate to look 
for weight-bearing accentuated foraminal or central 
stenosis.

C A S E
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Figure 31.1 ■

DECLARATION OF SPECIFIC 
DIAGNOSIS

64-degree adult thoracolumbar scoliosis without neu-
rogenic symptoms or loss of global sagittal balance.

BRAIN STORMING: WHAT ARE THE 
TREATMENT GOALS AND SURGICAL 
OPTIONS?

The treatment goals are

 1. Control the incapacitating back pain that 
has been unresponsive to conservative 
 treatment

 2. Restore stability of this long-standing adult 
scoliotic curve, by modifi cation of the therapy 
regimen if possible or by surgical stabilization 
if necessary

 3. Maintain normal sagittal and coronal balance
 4. Preserve lumbar motion segments to as great a 

degree as possible
 5. Improve clinical function and decrease disabil-

ity as measured by standardized health status 
measures including SRS-22, ODI, and SF-36

The treatment options are

 1. Aquatic therapy and core strengthening if not 
previously utilized

 2. Surgical correction via posterior-only approach 
with preservation of the L5-S1 level

Figure 31.2 ■

Another critical aspect of the radiographic 
 evaluation is the relatively normal sagittal and coro-
nal balance noted on standing AP and lateral 36 in 
radiographs. While coronal balance is only moderately 
associated with clinical symptoms, the positive sagit-
tal balance is the radiographic parameter most highly 
correlated with adverse health status measures.18–20 
The fact that this patient has a reasonably well-main-
tained sagittal balance will have a signifi cant impact 
upon clinical evaluation and any subsequent surgical 
treatment.
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 3. Surgical correction of the deformity via an 
anterior and posterior approach with preserva-
tion of the L5-S1 segment

 4. Correction of the deformity and extension of 
the fusion to the pelvis with interbody support 
via an anterior or posterior approach at L4-5 
and L5-S1

EVALUATION OF THE LITERATURE

A computer-aided search that included MEDLINE, 
EMBASE, HealthSTAR, Cumulative Index to Nurs-
ing & Allied Health Literature, Cochrane Database 
of Systematic Reviews, ACP Journal Club, Database 
of Abstracts of Reviews of Effects, and Cochrane 
Central Register of Controlled Trials from the begin-
ning of the databases up to September 2008 was 
done using the search strategy outlined in Table 31.1. 
Two  hundred sixteen articles were identifi ed. No 
randomized clinical trials on adult scoliosis were 
 identifi ed. An  evidentiary table of all pertinent 
articles is presented in Table 31.2.

Scoliosis that presents in adulthood may be idio-
pathic, degenerative, or idiopathic with superimposed 
degenerative changes in the spine. The reported inci-
dence of scoliosis in adults range from 2% to 68%3,8,21–25; 
this incidence increases with age.6,8,15,22 Robin and 
Perennou both reported development of scoliosis in 
previously straight spines, termed “de novo” scoliosis15 
in an estimated 10% of adults with scoliosis.6,24 These 
de novo curves were usually small and accompanied 
by degenerative changes associated with the aging 
spine. A study by Schwab reported a 68% incidence 
of scoliosis (defi ned as a Cobb angle >10 degrees) in 

a group of volunteers aged 60 or older; the majority 
were asymptomatic.25

In the aging spine, disc degeneration with disc 
collapse and facet joint arthrosis leads to loss of struc-
tural integrity of the motion segment. This, in turn, may 
produce increasing deformity, back pain, and radicul-
opathy. This is especially pronounced in patients with 
asymmetric disc collapse, leading to rotatory sublux-
ation and/or lateral listhesis.7,9

Symptoms
Our patient presents with progressive low back pain 
for the past 10 years along with increasing deformity. 
Low back pain is common among scoliotic adults.2,5,26 
The back pain associated with adult scoliosis is charac-
terized as progressive, increasing in a relatively insidi-
ous manner,11,12,24,27,28 as in this patient. Other symptoms 
more common in patients with adult scoliosis com-
pared to other degenerative lumbar conditions is the 
presence of inguinal and anterior thigh pain.11

Imaging Studies
Standing 36 in posteroanterior and lateral radiographs 
are necessary to assess segmental, regional, and global 
alignment and to determine the degree of spinal cur-
vature, the patient’s sagittal balance, the presence of 
rotatory subluxation or lateral listhesis, the presence of 
spondylolisthesis, and the status of the L5-S1 disc.

Measurement of the Cobb angle and documen-
tation of end vertebra are necessary to document 
progression, decompensation, or adding on. Several 
studies have shown a correlation between patients’ 
symptoms and the severity of the curvature,8,11,29–32 
although other studies have not found this to be 
true.17,33 Patients with thoracolumbar and lumbar 

Figure 31.3 ■
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curves have less favorable clinical outcome scores than 
thoracic curves. The presence of vertebral rotation11,19 
and rotary subluxation,11,33 which may be indicative 
of instability, has been shown to correlate with the 
severity of the back pain. Our patient has both rota-
tion in the lumbar curve as well as lateral listhesis of 
L2 over L3. Although scoliosis is generally perceived 
as a deformity in the coronal plane, a positive sagittal 
balance18 and the loss of lumbar lordosis19 have been 
found to correlate with the patient’s function and dis-
ability. In a study by Pritchett of patients with degen-
erative scoliosis, 55% had additional degenerative 
spondylolisthesis.34

Treatment
Treatment algorithms for patients with adult scoliosis 
are poorly defi ned and complex since patients can pres-
ent with any number of symptoms, signs, and imaging 
fi ndings. Back pain, postural changes, radiculopathy, 
neurogenic claudication, and curve progression are 
all potential factors that have to be addressed during 
treatment.

Nonoperative Treatment
Surgeons are generally conservative in the treatment of 
adult deformity because of less predictable outcomes 
and higher complication rates associated with surgery. 
However, there are very few well-designed studies eval-
uating nonoperative treatment options for adult scolio-
sis.35 Thus, there is no consensus on the most effi cacious 
conservative clinical treatment for adult scoliosis.36–38 
Conservative management for these patients consists 
of a regimen similar to that prescribed for patients with 
common mechanical back pain.13,35,37 In a study by Glass-
man comparing two matched cohorts who had surgical 
and nonsurgical treatments, patients with signifi cant 
preoperative risk factors and poorer health tended to 
be treated nonsurgically. Patients with high body mass 
index also tended to be treated nonsurgically, which 
may be due to a perceived increased risk with surgery 
as well as masking of the deformity in heavier patients.

Operative Treatment
The goal of surgery in adult scoliosis is not necessarily 
curve correction but achieving a stable, well-balanced, 
and pain-free spine.10 This must be balanced against the 
extent of surgery necessary to achieve these goals.39,40 
Most studies report a 60% to 95% reduction in the 
severity of pain and a 30% to 50% correction of defor-
mity. The presence of osteopenia, disc degeneration, 
spinal stiffness, rotational deformity, and lateral listhe-
sis, as well as sagittal and coronal imbalance must be 
considered.1,41–43 The surgical risks and complications 
are also substantial.44–47

The pseudoarthosis rate in primary fusions for 
adult scoliosis using current segmental fi xation ranges 

1 controlled trial {Including Limited 
Related Terms}

5196

2 clinical trial {Including Limited Related 
Terms}

3965

3 1 or 2 9092

4 adult.ti,ab. 419178

5 scoliosis.ti,ab. 11738

6 4 and 3 and 5 0

7 4 and 5 512

8 adolescent.ti,ab. 62137

9 pediatric.ti,ab. 128765

10 congenital.ti,ab. 148731

11 juvenile.ti,ab. 42871

12 neuromuscular.ti,ab. 36470

13 blood loss.ti,ab. 24930

14 analgesia.ti,ab. 47698

15 adolescents.ti,ab. 93680

16 screen$.ti,ab. 349408

17 brac$.ti,ab. 56529

18 neurofi bromatosis.ti,ab. 8691

19 infantile.ti,ab. 21412

20 syndrome.ti,ab. 544364

21 dystrophy.ti,ab. 28147

22 familial.ti,ab. 72275

23 child$.ti,ab. 891874

24 11 or 21 or 17 or 22 or 18 or 23 or 16 or 13 
or 9 or 12 or 14 or 15 or 20 or 8 or 10 or 19

2178201

25 7 not 24 252

26 limit 25 to English language 231

27 limit 26 to English 231

28 limit 27 to humans 215

29 remove duplicates from 28 166

TABLE 31.1 Search Strategy.
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to the surgery.56 However, fusion of the lumbosacral 
junction is indicated when there is signifi cant L5-S1 
disc degeneration, L5 spondylolysis or spondylolis-
thesis, signifi cant lumbosacral obliquity, previous 
L5-S1 decompression, or current lumbosacral stenosis 
requiring decompression.56–58 In the absence of these 
indications, for patients with a healthy disc at L5-S1, 
there is no consensus on the appropriate distal fusion 
level. In comparing patients fused to L5 or S1, patients 
fused to the sacrum had better correction of sagittal 
balance, required more surgical procedures, and had 
a greater incidence of complications, including non-
union. On the other hand, patients fused to L5 devel-
oped disc degeneration at L5-S1 with a trend toward 
a forward shift in sagittal balance. The SRS-24 out-
come scores were similar for both patients. The ulti-
mate infl uence of these factors on long-term outcomes 
remains to be seen.

Nonsurgical Versus Surgical Treatment
No defi nite treatment algorithms exist for determin-
ing the proper treatment regimen for patients with 
adult scoliosis. However, since the patient has had 
a long course of nonoperative treatment and con-
tinues to worsen, surgery becomes a more viable 

from 0% to 27%.48–50 The risk of pseudoarthosis is greater 
in patients with sagittal plane imbalance49,51,52 and is 
most common at the lumbosacral of  thoracolumbar 
junction. After a repair of the pseudoarthrosis 90% go 
on to eventual fusion.48 Other complications include 
residual pain, neurologic defi cit, infection, and implant 
failure.3

Lumbosacral Fusion
Surgeons treating adult spinal deformity have to 
decide whether to stop a long fusion at L5 or the 
sacrum.3,42,53–55 Fusion to the L5 is a less complex pro-
cedure, preserves motion at the lumbosacral junc-
tion with less risk for pseudarthrosis. In a study by 
Edwards,54 61% of patients fused to L5 developed 
advanced L5-S1 disc degeneration. Risk factors for 
the development of L5-S1 disc degeneration were pre-
operative positive sagittal balance, younger age, and 
the presence of even mild radiographic degeneration 
before surgery. These patients had a signifi cant loss of 
sagittal alignment and an increased need for revision 
surgery.54

Fusion of the lumbosacral junction increases risk 
of pseudoarthrosis and the need for an anterior fusion 
and adds to the length, complexity, and morbidity 

Paper Author (Year) Study Design, Description Summary of Results Quality of Evidence

Everett et al. (2007) Systematic review of 
 surgical vs. nonsurgical 
treatment

Nonsurgical treatments may be helpful for 
patients with adult scoliosis, but evidence is 
lacking.

Moderate

Glassman et al. 
(2007)

Case-control matched 
by propensity scoring of 
patients with adult scolio-
sis treated surgically and 
nonsurgically

Nonsurgical patients had greater preoperative 
medical risk factors. Surgical patients had larger 
curves, more frequent leg pain, a higher level of 
daily back pain, and more frequent moderate-
to-severe back pain.

Moderate

Pateder et al. (2006) Cohort comparing patients 
undergoing posterior-only 
vs. anterior-posterior 
 surgery

In patients with curves between 40 and 70 
degrees, no signifi cant differences in curve cor-
rection, sagittal and coronal balance correction, 
and major complication rates between posterior-
only and combined anterior-posterior groups.

Low

Bridwell et al. (2003) Review Authors delineate defi nite indications for fusion 
to the sacrum and acknowledge that circum-
stances in which fusion to L5 or the sacrum is 
not clear cut.

Very low

Edwards et al. (2003) Cohort of patients fused to 
L5 followed up to a mini-
mum of 2 y

Fusion to L5 produces a good functional result 
in a high percentage of patients. Degeneration of 
the L5-S1 disc is associated with loss of sagittal 
balance and an increased incidence of reopera-
tion. Risk factors for degeneration of the L5-S1 
disc include preoperative sagittal imbalance and 
the presence of preoperative disc degeneration.

Low

TABLE 31.2 Evidentiary Table.
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afford adequate curve correction in this case.60 Curve 
correction via a posterior-only approach is dependent 
upon adequate bony and soft tissue release, which in 
this case will probably include multiple level Smith-
Petersen osteotomies and transforaminal interbody 
fusions at L3-4 and L4-5. With a greater magnitude 
of deformity and in particular with greater sagittal 
 imbalance, more extensive osteotomies such as pedicle 
subtraction osteotomy or vertebral column resection 
may be necessary.61 Although probably not relevant to 
this particular deformity, it is critical to remember that 
the success of a posterior-only procedure is contingent 
upon a release that is equivalent to what would be 
achieved if an anterior approach were utilized.

The decision regarding distal fusion level depends 
fi rstly upon the extent of degeneration in the distal 
lumbar segments.56,58 This patient has a reasonable 
well-maintained L5-S1 motion segment, providing the 
option to avoid fusion to the pelvis.53,54,56,58 However, 
this patient has neither substantial degeneration nor 
neurogenic complaints. Another important consider-
ation is the magnitude of correction and in particular 
the need to correct sagittal imbalance. When pedicle 
subtraction osteotomies are performed or signifi cant 
sagittal balance correction is undertaken, then exten-
sion to the pelvis with iliac fi xation becomes critical 
to maintaining that correction.3,42,53–55 In this case, the 
relatively acceptable sagittal balance obviates the need 
for extension to the pelvis on that basis. The role of 
interbody fusion would be either to obtain adequate 
release for correction or to assure bony healing. In this 
instance, without the need to protect a fusion carried 
to the pelvis, interbody fusion would only be neces-
sary if the patient had other substantial risk factors for 
nonunion such as cigarette smoking.

With regard to specifi c surgical planning, the 
primary goals are to obtain adequate correction, to 
maintain coronal and sagittal balance, and to protect 
neurologic function. While the trend is to utilize an all-
pedicle screw construct, there is limited evidence that 
the added correction obtained versus a hook construct 
translates into improved clinical outcome. There is 
some evidence that the use of a pedicle screw construct 
results in a lower incidence of pseudoarthrosis.48,49,62 
Given this, our preferred surgical technique is to 
obtain segmental fi xation with pedicle screws through 
the lumbar spine and then to proceed with more proxi-
mal pedicle screw fi xation to the extent that well-fi xed 
screws can be obtained without risk to neural or vascu-
lar structures. In the event that adequate pedicle screw 
fi xation is diffi cult to obtain, I see limited disadvantage 
to the use of proximal hook fi xation in a hybrid con-
struct. The exception to this would be in the patient 
with proximal kyphosis where the relative advantage 
of pedicle screw fi xation might justify a more aggres-
sive surgical approach.62,63

option. Prior to opting for surgery, verifi cation that 
 nonsurgical treatment has been appropriate and suf-
fi cient should be undertaken. Delaying surgery, by 
seeking out other nonsurgical options such as aqua 
therapy and core strengthening exercises, will give 
the patient and her medical doctors time to optimize 
her medical status.

Posterior-Only or Anteroposterior 
Fusion
The patient has a relatively fl exible curve as well as 
a good sagittal and coronal balance. A posterior-only 
approach with multiple level Smith-Petersen osteoto-
mies may be adequate.

Distal Extent of the Fusion
In the absence of signifi cant L5-S1 disc degeneration, 
L5 spondylolysis or spondylolisthesis, signifi cant lum-
bosacral obliquity, previous L5-S1 decompression, 
or current lumbosacral stenosis and the presence of 
a good sagittal balance in this patient, fusion to the 
sacrum will not be necessary. L3 is the stable vertebra; 
however, there is signifi cant tilt to L3, and degenera-
tion at the L3-4 and L4-5 motion segments. Fusion has 
to be carried down to L5.

Outcomes
Since the patient has good sagittal balance and has 
no risk for pseudoarthrosis, the patient is expected to 
have substantial improvement in clinical outcomes.16–19 
Long-term outcome depends on the status of the L5-S1 
motion segment.52,56,58

DEFINITIVE TREATMENT PLAN

Assuming that the patient has, in fact, received an ade-
quate and appropriate trial of therapy, this 64-degree 
adult thoracolumbar scoliosis would be appropriately 
treated by surgical correction and stabilization.1,16,19,39–41 
Although fi ndings of neural compression or positive 
sagittal balance may represent a more defi nitive target 
for surgical treatment in adult scoliosis patients,3,18,29 
studies demonstrate a marked improvement in back 
pain with curve correction and stabilization in severely 
symptomatic patients.3,16,39,43 Recent studies also dem-
onstrate a greater improvement in standardized health 
status measures including SRS-22, ODI, and SF-12 
with surgical treatment as compared to continued 
nonoperative treatment.16,20,59 Primary surgical goals 
for this patient are stabilization and safe correction of 
the deformity with maintenance of acceptable coronal 
and sagittal balance.

Based on the relative fl exibility of the primary curve 
as well as the acceptable baseline sagittal and coronal 
balance, a posterior-only approach will most likely 

Bono_Chap31.indd   284Bono_Chap31.indd   284 9/21/2010   12:44:08 PM9/21/2010   12:44:08 PM



CASE 31 ■ Adult Scoliosis II  285 

however, important to have adequate fi xation particu-
larly at the proximal and distal anchors.

With regard to bone grafting options, adult scolio-
sis cases represent a very substantial challenge. There is 
preliminary evidence that bone morphogenetic protein 
may be a useful adjunct in these cases, but the amount 
of BMP necessary has not been well delineated and the 
use of large quantities of BMP may be cost prohibitive.67 
A reasonable consideration at this juncture is the use 
of multimodality grafting including local bone, iliac 
crest, bone bank bone, bone morphogenetic protein, 
and demineralized bone matrix in some combination. 
A reasonable strategy is to use the highest quality graft 
material at the distal segments and the thoracolumbar 
junction that seem to be at greatest risk for nonunion.

PREDICTING OUTCOMES

Predicting outcomes for adult scoliosis patients is dif-
fi cult because of the complexity of the problem and 
the array of complaints that bring patients to surgical 
treatment.4,16,19,20,38–40 Recent studies indicate reasonable 
overall patient-based outcomes for patients undergoing 
adult deformity correction; however, assessment and 
management of patient expectations are critical. In this 
patient, in particular, the presence of reasonable coronal 
and sagittal balance as well as moderate deformity as a 
baseline means that dramatic changes in alignment are 
unlikely to be appreciated postoperatively. The patient 
does have substantial and unremitting back pain and 
an expectation for signifi cant improvement in that back 
pain is realistic. An expectation for complete resolu-
tion of the patient’s back pain is unrealistic. Beyond the 
treatment of her back pain, surgery is likely to prevent 
further progression of her deformity. While this seems 
to be one of the patient’s stated concerns preoperatively, 
avoidance of future problems is something the patient 
seems less able or willing to appreciate postoperatively.

An important concern is the fate of the L5-S1 disc. 
Subsequent deterioration and need for extension to 
the pelvis are legitimate concerns that need to be dis-
cussed preoperatively. This risk is balanced against the 
benefi t of a smaller operation and better motion in the 
short-term.3,42,53–55

SUMMARY

In summary, our patient is a 55-year-old with pro-
gressive adult deformity and a primary complaint of 
back pain. She has failed conservative treatment but 
has no evidence for neurologic compromise or signifi -
cant global balance defi cits. Her distal lumbar motion 
segments show only age-appropriate degenerative 
changes.

Selection of fusion levels is critical. While most of 
the discussion usually revolves around selection of 
the distal fusion level, proximal fusion level may be 
equally as important.39–41 In this case, the appropriate 
distal fusion level is L5, which falls within a stable 
zone and saves the L5-S1 motion segment. The use of 
transforaminal interbody lumbar fusion (TLIF) at L3-4 
and L4-5 will improve lumbar  lordosis and the likeli-
hood of a successful fusion.49,60 At times, a compromise 
is necessary such that a distal fusion level slightly out-
side the stable zone is chosen in order to leave addi-
tional lumbar motion segments. In this instance, the 
patient’s reasonable coronal and sagittal balance obvi-
ates that decision-making confl ict. The appropriate 
proximal fusion level is T3. This decision is made pri-
marily based upon sagittal rather than coronal plane 
constraints. It is important to extend the fusion to the 
proximal aspect of the thoracic kyphosis if at all pos-
sible. Progressive kyphosis at the top of the instrumen-
tation construct is a frequent mode of failure in these 
adult scoliosis patients, particularly in the setting of 
associated osteoporosis.64

The extent of curve correction, while important, 
should be balanced with the increased risks associ-
ated with forced correction. The use of osteotomies 
increases the magnitude of the surgical procedure but 
also improves the safety of correction maneuvers. In 
this instance, multiple Smith-Petersen osteotomies 
should be suffi cient because of the moderate fl exibility 
and absence of signifi cant sagittal plane imbalance.52,61 
It is critical to remember that more aggressive releases 
and progressive osteotomies are a much safer and 
more effective reduction techniques as compared to 
increased forced application through the instrumenta-
tion construct. In this case, much of the correction will 
be achieved following Smith-Petersen osteotomies, 
with subsequent cantilever maneuvers and in situ 
bending affording additional reduction. In consider-
ing the extent to which curve reduction is pursued, it 
is important to remember the poor correlation between 
curve correction and postoperative health status 
 measures.17,19,20,60

Fixation techniques, including screw only, hook 
only, and hybrid constructs, have been utilized with 
limited evidence that the specifi c construct alters ulti-
mate outcome.65,66 As opposed to adolescent spine 
deformity, the instrumentation construct for adult sco-
liosis is relevant both in deformity correction and as an 
adjunct to fusion. The initial surgical strategy would 
be to obtain pedicle screw fi xation in the lumbar seg-
ments and to extend the screw fi xation proximally to 
the extent that screw placement was achieved safely 
and easily. If pedicle anatomy or curve rotation made 
upper thoracic screw fi xation diffi cult, conversion to 
hook fi xation would be a completely reasonable option. 
Also, screw fi xation at every level is not necessary. It is, 

Bono_Chap31.indd   285Bono_Chap31.indd   285 9/21/2010   12:44:08 PM9/21/2010   12:44:08 PM



286  CASE 31 ■ Adult Scoliosis II

17. Glassman SD, Berven S, Bridwell K, et al. Correlation of 
radiographic parameters and clinical symptoms in adult 
scoliosis. Spine. 2005;30(6):682–688.

18. Glassman SD, Bridwell K, Dimar JR, et al. The impact of 
positive sagittal balance in adult spinal deformity. Spine. 
2005;30:2024–2029.

19. Schwab F, el el-Fegoun AB, Gamez L, et al. A lumbar 
classifi cation of scoliosis in the adult patient: preliminary 
approach. Spine. 2005;30:1670–1673.

20. Schwab FJ, Smith VA, Biserni M, et al. Adult scoliosis: 
a quantitative radiographic and clinical analysis. Spine. 
2002;27(4):387–392.

21. Biot B, Pendrix D. Frequence de la scoliose lombaire an 
l’age adult. Ann Med Phys. 1982;25:251–254.

22. Carter OD, Haynes SG. Prevalence rates for scolio-
sis in US adults: results from the fi rst National Health 
and Nutrition Examination Survey. Int J Epidemiol. 
1987;16:537–544.

23. Francis RS. Scoliosis screening of 3,000 college-aged 
women. The Utah Study–phase 2. Phys Ther. 1988;68:
1513–1516.

24. Robin GC, Span Y, Steinberg R, et al. Scoliosis in the 
elderly: a follow-up study. Spine. 1982;7:355–359.

25. Schwab F, Dubey A, Gamez L, et al. Adult scoliosis: Prev-
alence, SF-36, and nutritional parameters in an elderly 
volunteer population. Spine. 2005;30(9):1082–1085.

26. Nilsonne U, Lundgren KD. Long-term prognosis in idio-
pathic scoliosis. Acta Orthop Scand. 1968;39:456–465.

27. Ascani E, Bartolozzi P, Logroscino CA, et al. Natural his-
tory of untreated idiopathic scoliosis after skeletal matu-
rity. Spine. 1986;11:784–789.

28. Trammel TR, Schroeder RD, Reed DB. Rotatory olisthesis 
in idiopathic scoliosis. Spine. 1988;13:1378–1382.
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tal plane spinal deformities correlating with back pain 
and pulmonary function in adult idiopathic scoliosis. 
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function of patients with untreated scoliosis: a 50 year 
natural history study. JAMA. 2003;289:559–567.

31. Weinstein SL, Ponseti IV. Curve progression in idiopathic 
scoliosis. J Bone Joint Surg. 1983;65:447–455.
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tally mature patient. In: Dickson JH, ed. Spinal Deformities. 
Vol 1. Philadelphia, PA: Hanley and Belfus, 1987:195–212.

33. Schwab F, Farcy JP, Bridwell K, et al. A clinical impact 
classifi cation of scoliosis in the adult. Spine. 2006;31:
2109–2114.
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bar scoliosis. Spine. 1993;18:700–703.
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nonsurgical treatment in adult scoliosis. Spine. 2007;32(19 
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This case presents some of the easiest and some 
of the most complicated elements of adult deformity 
surgery decision making. From a technical stand-
point, this curve is not diffi cult to treat because it is 
relatively fl exible and does not require surgical stabi-
lization extending to the pelvis. Further, the patient’s 
coronal and sagittal balance is good avoiding the need 
for extensive osteotomies. On the other hand, this 
patient has a primary complaint of back pain and thus 
runs the risk that her moderate improvement in back 
pain postoperatively may not satisfy her preoperative 
expectations. Only extensive counseling and a clear 
understanding between the patient and the physician 
can guide appropriate decision making in this regard.
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A
ACDF. See Anterior cervical diskectomy and 

fusion
Adjacent segment disease (ASD), 43–44
Adult scoliosis I

clinical presentation
computed tomography (CT) scan images, 

267, 268
lateral image, 267, 268
MRI scans, 267, 268–269
neurological examination, 267
posterior-anterior (PA) image, 267, 267–268
preoperative bending fi lms, 267, 268
traction view, 268, 268

diagnosis, 269
evidence-based treatment

anterior release, 273
anterior vs. posterior fusion, 273
evidentiary table, 271t–272t
goals and options, 269
graft options, 274
MEDLINE search, 269
minimally invasive surgery (MIS), 270, 273
osteoporosis, 274
outcomes, 275–276
pelvic fusion, 273–274
proximal fusion, 273
treatment plan, 274–275

operative vs. nonoperative
clinical expertise, 270
inconsistencies, 270
patient factors, 269
SRS classifi cation system, 270

Adult scoliosis II
clinical presentation, 279

imaging studies, 281–282
lumbar degeneration, 279
plain radiographs, 279–280, 280
severe back pain, 279

evidence-based treatment
aging spine, 281
algorithms, 282
anteroposterior fusion, 284
distal extent, fusion, 284
evidentiary table, 283t
goals and options, 280–281
incidence, 281
lumbosacral fusion, 283
nonoperative, 282
nonsurgical vs. surgical treatment, 

283–284
operative, 282–283
outcomes, 284, 285
posterior-only procedure, 284
search strategy, 281, 282t

symptoms, 279, 281
treatment plan

bone grafting options, 285
curve correction and stabilization, 285
distal fusion level, 284
fi xation techniques, 285
fusion level selection, 285
posterior-only procedure, 284
specifi c surgical planning, 284

American Spinal Injury Association (ASIA) 
 grading system, 114–115

Anterior cervical diskectomy and fusion 
(ACDF)

C6 radiculopathy, 25, 27
C8 radiculopathy, 36
cervical spondylotic myelopathy (CSM)

complications, 61, 62
vs. corpectomy, 60, 60t

cervical spondylotic radiculopathy
vs. ACD alone, 45
allograft vs. autograft, 48
corpectomy and strut graft, 48
evidentiary table, 45t–46t
motion preservation, 44
neck pain and radicular symptoms, 43

Anterior spinal column reconstruction
polymethylmethacrylate bone cement 

(PMMA), 74
structural allografts, 73–74
titanium mesh cages, 74

Atlantoaxial instability (AAI)
computerized tomography (CT) scan 

images, 81, 81
operative management, 83
plain radiographs, 81

Atlantoaxial subluxation (AAS)
CT images, 81, 81
operative management, 83
outcomes, 86
physical examination, 80
posterior polyaxial screw-rod fi xation, 85, 85t

Atlantodental interval (ADI), 78

B
Balloon occlusion, vertebral artery, 148
Brachial neuritis, 32

C
C4 fracture

clinical presentation, 126
CT evaluation, 126, 127
MRI, 127–128

diagnosis, 128
evidence-based treatment

anterior/posterior surgery, 130–131
early stability, 130
evidentiary table, 129, 130t
goals and options, 128
nonoperative treatment, 130
outcomes, 131–132
PubMed search, 128
treatment plan, 131

treatment options
anterior/posterior surgery, 129
early instability, 128–129
late pain and outcomes, 129
PubMed search, 128

C6 radiculopathy
clinical presentation, 23

CT scans, 24, 24
history and physical examination, 23
Hoffmann sign andinverted radial refl ex, 23
MRI scans, 24, 24
radiographic imaging studies, 22–23
symptoms, 23

diagnosis, 24
evidence-based treatment

anterior cervical discectomy and fusion, 27
evidentiary table, 27t–28t
goals and surgical options, 24–25
outcomes, 29
plated ACDFs, 28
posterior longitudinal ligament removal, 28
PubMed search, 25
single-level ACDF, 28
treatment plan, 27–29

suggested treatment
anterior cervical discectomy, 26
anterior cervical discectomy and fusion, 25

anterior cervical discectomy without 
fusion, 25

posterior cervical laminoforaminotomy, 26–27
total disc arthroplasty, 26

C8 radiculopathy
clinical presentation

brachial neuritis, 32
clinical presentation, 31
EMG fi ndings, 31
history, 31
MRI scan images, 32–33, 32–33
natural history, 33–34

diagnosis, 33
evidence-based treatment

evidentiary table, 36t–37t
MedLine database, 33
outcomes, 37–38
PubMed database, 33
treatment plan, 36–37

suggested treatment
anterior cervical discectomy and fusion, 36
anterior cervical foraminotomy, 35–36
evidence-based treatment, 36t–37t
nonoperative, 34
nonoperative vs. operative, 34
operative, 34–35
posterior cervical foraminotomy, 35

thoracic outlet syndrome (TOS), 31–32
Cervical disc arthroplasty

cervical stenosis
kyphosis, 59–60
multiple subluxations, 5

radiculopathy
cervical disc disease, 27
two-level degeneration, 48–49

Cervical epidural abscess
clinical presentation, 92

CT image, 93, 93
differential diagnosis, 89
laboratory evaluation, 92
MRI, 92–93, 93

diagnosis, 93
evidence-based treatment

anterior vs. posterior decompression 
and fusion, 95

antibiotics, 94
evidentiary table, 96t
goals and options, 94
Medline search, 94
outcomes, 97
supplemental posterior instrumentation, 

95–96
surgery timing, 95
titanium cages vs. strut autograft, 95
treatment plan, 96–97

treatment options, 94–95
Cervical myelopathy. See Multilevel cervical 

stenosis, straight spine; Multiple cervical 
subluxation

Cervical spine, metastatic tumor
clinical presentation

arteriographic images, 147, 149
clinical presentation, 147
CT scans, 147, 148
physical examination, 147
plain radiographs, 147, 148
T1-and T2-weighted MRIs, 147, 148

diagnosis, 149
evidence-based treatment

anterior and posterior surgery, 152–153
evidentiary table, 152, 153t
goals and options, 149
gross total resection, 152
outcomes, 154

I N D E X
Note: Page numbers in italics refers to fi gures and page numbers with ‘t’ refers to tables.
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Cervical spine, metastatic tumor (Continued)
posterior instrumentation, 153
treatment plan, 153–154

treatment options
balloon occlusion, vertebral artery, 152
embolization, 152
oncologic considerations, 150–151
reconstructive considerations, 151–152
surgery and radiation vs. radiation alone, 

149–150, 152
Cervical spondylotic myelopathy (CSM)

clinical presentation, 53
magnetic resonance images, 54–55, 54–55
physical examination, 53
symptoms and signs, 53

diagnosis, 55
evidence-based treatment

anterior decompressive procedure, 58–59
corpectomy, 60–61
disc arthroplasty, 59–60
evidentiary table, 56t–57t
goals and options, 55
iliac bone fusion, 60–61
MEDLINE search, 55–56
outcomes, 61–62
patient preferences, 58
posterior decompression, 59
treatment plan, 61
two-level diskectomy and instrumented 

fusion, 60
ventral and dorsal surgical approaches, 58

operative vs. non-operative, 56–58
Cervical spondylotic radiculopathy. See also 

Anterior cervical diskectomy and fusion 
(ACDF)

clinical presentation, 40
magnetic resonance imaging (MRI) study, 

40–42, 41
physical examination, 40
Spurling sign, 40
symptoms, 40

diagnosis, 42
evidence-based treatment

anterior cervical diskectomy alone, 45
anterior cervical diskectomy and fusion, 45–47
cervical total disc arthroplasty, 48–49
corpectomy and strut graft, 48
goals and options, 42
laminectomy/laminoplasty, 49
Medline search, 42
outcomes, 50
posterior laminoforaminotomy, 49
treatment plan, 49–50

treatment options
adjacent segment disease (ASD), 43–44
cervical spondylosis, 44
motion preservation, 44–45
neck pain and radicular symptoms, 43
nonoperative vs. operative, 42–43

Cervical stenosis
kyphosis (see cervical spondylotic 

myelopathy (CSM) )
multiple subluxations (see Multiple cervical 

subluxation)
straight spine (see Multilevel cervical stenosis, 

straight spine)
Corpectomy

vs. ACDF, 60, 60t
cervical epidural abscess, 97
cervical spondylotic myelopathy (CSM), 60–61
cervical spondylotic radiculopathy, 48
multilevel cervical stenosis, straight spine, 16
multiple cervical subluxation, 7
two-level ACDF, 48

D
Degenerative cervical spine

cervical disc disease
C6 radiculopathy (see C6 radiculopathy)
C8 radiculopathy (see C8 radiculopathy)
two-level degeneration (see Cervical 

 spondylotic radiculopathy)

stenosis
kyphosis (see cervical spondylotic 

 myelopathy (CSM) )
multiple subluxations (see Multiple cervical 

subluxation)
straight spine (see Multilevel cervical stenosis, 

straight spine)
Degenerative lumbar spine

isthmic spondylolisthesis (see Isthmic 
 spondylolisthesis)

low back pain (see Low back pain, degenerative 
disease)

L5-S1 herniation (see L5-S1 herniation)
lumbar degenerative spondylolisthesis (see 

Lumbar degenerative spondylolisthesis)
recurrent disc herniation (RDH) (see Recurrent 

disc herniation (RDH) )
single-level lumbar degenerative spondylolis-

thesis (see Single-level lumbar degenerative 
spondylolisthesis)

two-level degenerative slip with stenosis 
(see Two-level degenerative slip, stenosis)

Discitis and osteomyelitis
clinical presentation, 66

CT scan, 68
laboratory data, 67–68
magnetic resonance images, 67, 68
physical examination, 66–67
plain radiographic fi ndings, 68
signs and symptoms, 66

diagnosis, 68
evidence-based treatment

anterior L5-S1 debridement and fusion, 71
evidentiary table, 75t–76t
goals, 68
Medline search, 69
outcomes, 77–78
posterior fusion and spinal instrumentation, 

72–73
Pubmed search, 69
treatment plan, 75, 77

treatment options
anterior debridement and bone grafting, 71
anterior spinal column reconstruction, 73–74
anterior surgical procedure, 69
combined anterior and posterior, 69
laminectomy, 71
minimally invasive posterior approaches, 72
morphogenic protein, 74–75
nonoperative, 70
posterior approaches, 71–72
posterior spinal instrumentation, 72–73
posterior surgical procedure, 69
surgical intervention, indications, 70–71

Double crush syndrome, 31

F
Fibromyalgia, back and leg pain

clinical presentation
epidural steroid injections, 254–255
MRI, 252–253, 253
physical examination, 252

diagnosis, 254
evidence-based treatment

bodily pain and vitality, 258
controlled cohort analysis, 258
evidentiary table, 256t
Medline and OVID searches, 255
postoperative pain management, 257
preoperative and postoperative 

evaluation, 257
radiculopathy, 258
treatment plan, 257

treatment options, 255–256
Flexion-distraction injury (FDI)

clinical presentation, 140
CT scan images, 140–141, 141
MRI, 141, 141, 142
neurological defi cits, 140
sensitivity and specifi city, 140

diagnosis, 141
evidence-based treatment

evidentiary table, 144
formal fusion, 144
goals and options, 141–142
Medline search, 142
minimally invasive/percutaneous 

 stabilization, 144
outcomes, 145
short-segment/multilevel fi xation, 144
treatment plan, 144–145

treatment options
inconsistencies, 144
neurologic status, 143–144
operative/nonoperative, 142
patient factors, 142–143

G
Greenough low back outcome score (LBOS), 

159, 160

H
Hoffman sign, 261
Hybrid decompression fi xation, 7

I
Infl ammatory and infectious disorders

cervical epidural abscess (see Cervical epidural 
abscess)

discitis and osteomyelitis (see Discitis and 
osteomyelitis)

rheumatoid arthritis (see Rheumatoid arthritis, 
cervical spine)

Isthmic spondylolisthesis
clinical presentation, 216
diagnosis, 217
evidence-based treatment

evidentiary table, 220t
goals, 217–218
iliac crest bone graft, 221
Medline search, 218
options, 212
outcomes, 222
posterior fusion, 221
treatment plan, 221–222

magnetic resonance images (MRI), 216–217, 217
treatment options

decompression without fusion, 218
direct pars repair, 218
operative vs. nonoperative, 218
spinal fusion, 218–221

J
Japanese Orthopedic Association (JOA) scoring 

system
Cervical spondylotic myelopathy (CSM), 53

K
Kyphoplasty

spinal metastasis, 137
Kyphotic deformity, 122

L
L2 burst fracture. See Thoracolumbar burst 

fracture
L1 fracture, paraplegia

clinical presentation
ASIA grading system, 114–115
bulbocavernosus refl ex, 114
closed head injury, 114
computed tomography scans, 115, 115
neurological examination, 114
pulmonary contusions, 114

diagnosis, 115
evidence-based treatment

evidentiary table, 117t–121t, 123
goals and options, 115–116
outcomes, 123–124
posterior surgical approach, 123
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PubMed search, 116
treatment plan, 123

treatment options
central canal decompression, 117, 122
complications and surgical morbidity, 

122–123
functional status and pain, 122
kyphotic deformity, 122
operative/nonoperative, 116–117
surgery timing, 117
surgical approach, 117, 122

L3 mechanical radiculopathy. See Prostate cancer, 
L3 fracture

L4, metastatic renal tumor
clinical presentation

patient history, 133
physical examination, 133, 134–135, 135

diagnosis, 135
Embase, Medline and Cochrane Review 

 databases, 136
evidence-based treatment

en bloc resection and radiotherapy, 137
evidentiary table, 137t
goals and options, 135
kyphoplasty, 137
outcomes, 138
treatment plan, 137–138

treatment options
decompressive surgery and radiotherapy, 136
kyphoplasty, 136
neurological status, 136
radiotherapy, 136–137

L4-5 stenosis. See Single-level lumbar 
 degenerative spondylolisthesis

Laminectomy and fusion, 5
Laminoplasty, 5–6
Load Sharing Classifi cation (LSC) score, 158, 159
Low back pain, degenerative disease

clinical presentation, 236
L5 radicular pattern, 236
MRI, 236, 237

diagnosis, 236
evidence-based treatment

evidentiary table, 238t–239t
goals and options, 237
PubMed search, 237–238
treatment plan, 242

operative vs. nonoperative treatment
disc arthroplasty, 241–242
fusion procedures, 239–240
fusion vs. nonoperative management, 241
index studies, 238
lumbar fusion vs. rehabilitation program, 240

L5-S1 herniation. See also Slipped L5-S1 and 
herniation

clinical presentation, 208
back pain, 208
magnetic resonance imaging (MRI) studies, 

209, 209
physical examination, 208
straight leg raising test, 208–209

diagnosis, 209
evidence-based treatment

crossover effects, 212
discectomy, 212–213
evidentiary table, 212t
goals, 209
options, 203–204
outcomes, 219
PubMed and Medline databases, 210
treatment plan, 213

treatment options, 211–212
Lumbar degenerative spondylolisthesis. See 

also Single-level lumbar degenerative 
 spondylolisthesis

L4-5
clinical presentation, 181
decompression plus fusion, 179–180
diagnosis, 183
evidentiary table, 185t
goals and options, 183
instrumented vs. noninstrumented fusion, 186
interbody fusion, 187

L4-5 level fusion, 186–187
magnetic resonance imaging (MRI), 181–183, 

182, 183
Medline search, 183–184
motion-sparing technology, 187
neurogenic claudication, 181
outcomes, 188
physical exam, 181
treatment options, 184
treatment plan, 187–188

spinal claudication
anterior interbody fusion, 194
bone grafting options, 194
clinical presentation, 190
decompression alone vs. fusion, 193
diagnosis, 191
evidentiary table, 193t
goals and options, 191–192
instrumented vs. noninstrumented fusion, 

194
interbody fusion, 194
interspinous spacer, 193–194
magnetic resonance image, 190–191, 191
outcomes, 195
reduction technique, 194
search strategy, 192, 192t
symptoms, 190
treatment options, 192–193
treatment plan, 194–195

Lumbar intraspinal synovial cysts (LISCs)
operative treatment, 176
spinal fusion, 176
symptoms, 175

M
Mechanical radiculopathy. See Prostate cancer, L3 

fracture
Metastatic renal cell carcinoma

cervical fracture (See Cervical spine, metastatic 
tumor)

L4, failed kyphoplasty (see L4, metastatic renal 
tumor)

Minimally invasive surgery (MIS)
adult scoliosis I, 270, 273
discitis and osteomyelitis, 72
fl exion-distraction injury (FDI), 144
prostate cancer, L3 fracture, 103–104
single-level lumbar degenerative 

 spondylolisthesis, 176, 177
Multilevel cervical stenosis, straight spine

clinical presentation, 11
Babinski sign, 13
Hoffmann refl ex, 12–13
inverted radial refl ex, 12–13
magnetic resonance images (MRI), 12, 13
neurologic symptoms, 11–12
patient history, 11–12
physical examination, 11
scissor gait, 13

diagnosis, 13
etiologies, 11
evidence-based treatment

corpectomy vs. laminoplasty, 16
decompression length, 19
evidentiary table, 17–18
goals and options, 13–14
laminoplasty vs. laminectomy, 16, 18
laminoplasty vs. skip laminectomy, 18–19
outcomes, 20–21
Pubmed search, 14
sagittal alignment, 19
treatment plan, 19–20

operative or nonoperative treatment
compression location, 15
inconsistencies, 16
preoperative neck pain, 15–16
prior anterior surgery history, 15
spinal sagittal alignment, 15
three-level pathology, 15

Multilevel discectomy, 7
Multiple cervical subluxation

clinical presentation

canal stenosis and cord compression, 2–3, 3
left sided foraminal stenosis, 3
MRI fi ndings, 2–3, 3
patient history, 2

diagnosis, 3
evidence-based treatment

anterior/posterior decompression 
and fusion, 6–7

corpectomy, 7
evidentiary table, 7
goals and options, 3
hybrid decompression fi xation, 7
multilevel discectomy, 7
outcomes, 8
Ovid Web, 3–4
treatment plan, 7–8

treatment options
anterior decompression and fusion, 4–5
cervical disc arthroplasty, 5
combined anterior and posterior approach, 6
laminectomy and fusion, 5
laminoplasty, 5–6
neurologic status, 4
operative/nonoperative, 4
patient factors, 4

N
Non-Hodgkin lymphoma

thoracic epidural tumor (see Thoracic epidural 
tumor)

O
Osteomyelitis. See Discitis and osteomyelitis
Oswestry Disability Index scores, 155, 159

P
Parsonage-Turner syndrome, 32
Plymethylmethacrylate (PMMA) bone cement, 74
Posterior atlantodental interval (PADI), 78
Posterior instrumentation

advantages, 72
cervical epidural abscess, 95–96
experimental and clinical evidence, 72
titanium alloys, 72–73

Prostate cancer, L3 fracture
clinical presentation

diagnosis, 102
18-FDG-PET, 102
low back pain, 100
MRI, 101–102, 102
right leg pain, 100

diagnosis, 102
evidence-based treatment

anterior and posterior approach, 104
evidentiary table, 104
goals and options, 102
outcomes, 105
search strategies, 103
treatment plan, 105

treatment options
brace treatment, 103
minimally invasive procedures, 103–104
open surgery, 104
radiation therapy, 103

Pseudarthrosis, 274
Pyogenic vertebral osteomyelitis, 92

R
Radiculopathy

C6 radiculopathy (see C6 radiculopathy)
C8 radiculopathy (see C8 radiculopathy)
two-level degeneration (see Cervical spondy-

lotic radiculopathy)
Recurrent disc herniation (RDH)

clinical presentation, 244
diagnostic procedures, 245–246
epidemiology, 246
recurrences, index procedure, 246
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Recurrent disc herniation (RDH) (Continued)
evidence-based treatment

goals and options, 246
Medline search, 246
outcomes, 248–249

symptoms and physical exam, 244
treatment options

aggressive medical management, 247
anterior lumbar interbody fusion, 247
revision microdiscectomy, 247

treatment plan, 248
T2-weighted MR sagittal and axial sequences, 

245, 245
Renal cell carcinoma. See Metastatic renal cell 

carcinoma
Revision microdiscectomy, 247
Rheumatoid arthritis, cervical spine

clinical presentation, 80
computerized tomography (CT) scan images, 

81, 81–82
physical examination, 80
plain radiographs, 80–81, 81
symptoms, 80
T2 midline MRI images, 82, 82

diagnosis, 82
evidence-based treatment

evidentiary table, 85t
goals and options, 82
Medline search, 82
outcomes, 86
PubMed search, 79
treatment plan, 85–86

treatment options
inconsistencies, 84
operative/nonoperative, 83
segmental screw-rod fi xation, 84
sublaminar techniques, 83–84
transarticular screws, 84

Roland Morris Disability (RMD), 159

S
Scoliosis. See Adult scoliosis I; Adult scoliosis II
Single-level lumbar degenerative 

 spondylolisthesis
L4-5 stenosis

clinical presentation, 166
conservative treatment, 168
decompression without fusion, 168–169
diagnosis, 167–168
evidentiary table, 170t
goals and options, 168
L4-5 decompression with posterolateral 

fusion without instrumentation, 169
L4-5 decompression with posterolateral 

instrumented fusion, 169
Medline and PubMed searches, 168
MRI, 167, 167
outcomes, 171
posterior-lumbar interbody fusion 

(PLIF), 169
transforaminal-lumbar interbody fusion 

(TLIF), 169
treatment plan, 170–171

stenosis II
clinical presentation, 173
diagnosis, 175
evidentiary table, 177, 178t
goals, 175
lumbar intraspinal synovial cysts 

(LISCs), 175
Medline search method, 175
minimally invasive techniques, 176, 177
MRI images, 174, 174
outcomes, 179
percutaneous cyst aspiration and rupture, 

175, 177
symptoms, 173–174
treatment options, 175–177
treatment plan, 177–179

Slipped L5-S1 and herniation
clinical presentation, 198
diagnoses, 201
evidence-based treatment, 201

evidentiary table, 203, 204t
goals and options, 201
open decompression alone/with fusion, 205
open decompression and fusion/internal 

fi xation, 205
outcomes, 205–206
PubMed and electronic searches, 201
treatment plan, 205

treatment options
decompression and fusion/internal fi xation, 

203
indirect decompression, interspinous distrac-

tion device, 202
nonoperative vs. operative, 201
open decompression alone/fusion, 202–203
simple discectomy, 202

Spondylolisthesis. See Isthmic spondylolisthesis; 
Lumbar degenerative spondylolisthesis; 
Single-level lumbar degenerative spon-
dylolisthesis

Subaxial subluxation (SAS), 81, 83
Sublaminar techniques, 80–81

T
Thoracic epidural tumor

clinical presentation, 107
motor symptoms, 108
MRI, 108–109, 108–109
neurologic symptoms, 107
PET CT, 109
physical examination, 107

diagnosis, 109
evidence-based treatment

anterior vs. posterior surgery, 110
direct posterior vs. posterolateral 

 transpedicular decompression, 110–111
evidentiary table, 110, 111t
goals and options, 107
instrumented arthrodesis, 111
outcomes, 112
PubMed search, 109
treatment plan, 111–112

surgery with radiation vs. radiation alone, 109–110
Thoracic myelopathy. See Thoracic stenosis, 

T11-T12 level
Thoracic outlet syndrome (TOS), 30–31
Thoracic stenosis, T11-T12 level

clinical presentation, 260
Hoffman sign, 261
MEDLINE search, 262
MRI, 261, 261–262

diagnosis, 262
etiologies, 261
evidence-based treatment

ambulatory function, 264
anterior approach, 263
evidentiary table, 263t
gait recovery, 264
goals and options, 262
laminectomy and partial medial facetectomy, 

262, 263
motor defi cits, 264
neurologic condition, 264
outcomes, 264
surgical risks and benefi ts, 264
treatment plan, 264

symptoms, 260
treatment options

anterior thoracic decompression, 263
inconsistencies, 263
instrumented fusion, anterior/ posterior 

decompression, 263
nonoperative management, 262
posterior decompression with partial medial 

facetectomy, 262–263

posterior decompression with thoracic 
laminectomy, 262–263

posterolateral thoracic decompression, 263
Thoracolumbar burst fracture

clinical presentation, 156
CT, 156–157, 157
history and physical examination, 156
MRI, 157, 157

diagnosis, 157
evidence-based treatment

brace treatment, 161
electronic databases, 158
evidentiary table, 158t, 160t
goals and options, 157–158
kyphotic deformity, 161
outcomes, 161–162
treatment plan, 161

treatment options
nonoperative treatment, 159–160
operative vs. nonoperative treatment, 

158–159
Thoracolumbar deformity

adult scoliosis I (see Adult scoliosis I)
adult scoliosis II (see Adult scoliosis II)
multilevel degeneration, back and leg pain 

(see Fibromyalgia, back and leg pain)
thoracic stenosis (see Thoracic stenosis, T11-T12 

level)
Thoracolumbosacral orthosis (TLSO), 159
Transarticular screws, 81
Tumors and fractures

C4 fracture (see C4 fracture)
cervical spine (see Cervical spine, metastatic 

tumor)
L1 fracture with paraplegia (see L1 fracture, 

paraplegia)
prostate cancer, L3 fracture (see Prostate cancer, 

L3 fracture)
renal cell carcinoma (see Metastatic renal cell 

carcinoma)
thoracic epidural tumor (see Thoracic epidural 

tumor)
thoracolumbar burst fracture (see 

 Thoracolumbar burst fracture)
thoracolumbar fl exion-distraction injury 

(see Flexion-distraction injury (FDI) )
Two-level ACDF. See also Anterior cervical 

 diskectomy and fusion (ACDF)
corpectomy and strut graft, 48
fi xed angled screws, 49

Two-level degenerative slip, stenosis
clinical presentation, 224

multilevel degenerative disc, 225–226
T2-weighted MRI, 224–225, 225

diagnosis, 226
evidence-based treatment

decompression and instrumented fusion, 
L3-5, 232

evidentiary table, 227t–230t
goals and options, 226
outcomes, 233–234
PubMed search, 226
treatment plan, 232–233

treatment options
decompression alone vs. decompression and 

fusion, 231
instrumented vs. noninstrumented fusion, 

231–232
operative/nonoperative, 231
patient factors, 226, 231

Two-level diskectomy and instrumented fusion, 
59–61

V
Visual Analogue Scale (VAS), 159

W
Weber’s classic study, 211
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