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Since its first description in 1838, ossification of the
posterior longitudinal ligament (OPLL) has been a fas-
cinating disease for orthopedic surgeons and neurosur-
geons. It was recognized early on as posing high risks to
the surgeon attempting to alleviate the relentless progres-
sion of mechanical spinal cord compression, and the high
rate of various treatment complications has been well
described in the literature. Such was the hazard of sur-
gical intervention that new procedures, such as cervical
laminoplasty, were devised in an attempt to make surgi-
cal decompression more acceptable. Furthermore, the ra-
diographic and clinical natural history OPLL has proven
to be difficult to predict, further complicating manage-
ment decisions.
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In this month’s issue of Neurosurgical Focus, we
have collected a series of manuscripts to update the medi-
cal literature on the current state of the art for physicians
faced with treating OPLL. Over the past 2 decades we
have seen significant advances in our understanding of
the natural history, epidemiology, and pathogenesis of
OPLL, which is summarized nicely in several review ar-
ticles. However, the mainstay of treatment remains sur-
gical decompression, and we have attempted to provide
a balanced review on this highly controversial topic as
well as the techniques for managing the complications of
CSF leakage, dysphagia, deltoid palsy, and neurological
worsening.

Ultimately, when we as neurosurgeons are called
upon to treat these challenging cases, careful prepara-
tion is necessary to avoid disastrous outcomes. Recog-
nizing the disease as distinct from other causes of com-
pressive myelopathy is a key and often overlooked first
step. Choosing and then executing an appropriate surgi-
cal approach is a critical and often personal choice, as
evidenced by the numerous expert opinions on this topic.
We hope that this series of papers will be helpful in your
endeavors when managing this fascinating disease. (DOI:
10.3171/2011.3.FOCUS.Intro)
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Ossification of the posterior longitudinal ligament (OPLL) is most commonly found in men, the elderly, and
Asian patients. There are many diseases associated with OPLL, such as diffuse idiopathic skeletal hyperostosis, an-
kylosing spondylitis, and other spondyloarthropathies. Several factors have been reported to be associated with OPLL
formation and progression, including genetic, hormonal, environmental, and lifestyle factors. However, the patho-
genesis of OPLL is still unclear. Most symptomatic patients with OPLL present with neurological deficits such as my-
elopathy, radiculopathy, and/or bowel and bladder symptoms. There are some reports of asymptomatic OPLL. Both
static and dynamic factors are related to the development of myelopathy. Plain radiography, CT, and MR imaging
are used to evaluate OPLL extension and the area of spinal cord compression. Management of OPLL continues to be
controversial. Each surgical technique has some advantages and disadvantages, and the choice of operation should be
made case by case, depending on the patient’s condition, level of pathology, type of OPLL, and the surgeon’s experi-
ence. In this paper, the authors attempt to review the incidence, pathology, pathogenesis, natural history, clinical pre-
sentation, classification, radiological evaluation, and management of OPLL. (DOI: 10.3171/2010.11 FOCUS10276)

KEy Worps ¢  ossification

is a condition of abnormal calcification of the

posterior longitudinal ligament. The most com-
mon location is at the cervical spine region. The spinal
cord can be compressed by this lesion, which can cause
neurological deficits. The treatment of choice for patients
with symptomatic OPLL is surgery to relieve spinal cord
compression. However, there are many unresolved con-
troversies concerning OPLL: the exact pathogenesis and
natural history of OPLL are still unclear, there is no stan-
dard treatment for patients with asymptomatic OPLL, and
there is disagreement about the best surgical approach for
OPLL surgery. In this study, we review the current lit-
erature including the incidence, pathology, pathogenesis,
natural history, clinical presentation, classification, radio-
logical evaluation, and management of OPLL.

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: ACDF = anterior cervical disc-
ectomy and fusion; BMD = bone mineral density; BMP = bone
morphogenetic protein; CSM = cervical spondylotic myelopathy;
DISH = diffuse idiopathic skeletal hyperostosis; JOA = Japanese
Orthopedic Association; OALL = ossification of the anterior longi-
tudinal ligament; OLF = ossification of ligamentum flavum; OPLL
= ossification of the posterior longitudinal ligament; TGF = trans-
forming growth factor.
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Methods

The PubMed databases were searched for publica-
tions from January 2000 through August 2010 using the
MeSH terms “OPLL” and “ossification of posterior lon-
gitudinal ligament.” The search was limited to articles in
the English language. Related reference sections of recent
articles were reviewed and pertinent articles identified.
Full-texts manuscripts of all articles were obtained and
reviewed. Radiographic images from the senior author’s
institution are also included.

Results
Incidence

The incidence of OPLL was reported by Tsuyama
et al.””® The incidence is 2.4% in Asian populations and
0.16% in non-Asian populations, with the highest rates in
Japan. OPLL is twice as common in men as in women,
and symptomatic OPLL usually presents in the 5th to 6th
decade of life. Most studies of OPLL are reported from
Asian countries, but anecdotal reports of OPLL cases in
European countries also exist in the literature. Maiuri et
al.”? reported on 8 Italian patients with cervical spine ste-
nosis due to OPLL.



OPLL has been reported to be associated with other
musculoskeletal diseases such as DISH (or Forestier dis-
ease),!6-26:27:30.51.60.698L109 apkylosing spondylitis, and other
spondyloarthropathies.’*!® Resnick et al.! found OPLL
in 50% of patients with DISH. In 2009, Kawabori et al.’
reported a rare case of DISH with continuous-type OPLL
at C2—4 that presented with cervical myelopathy from
C-1 posterior tubercle impingement. Multilevel fusion of
the subaxial cervical spine from OPLL caused hypermo-
bility at C1-2 and may lead to ligamentous damage and
subsequent C-1 posterior tubercle impingement. In Japa-
nese cases reported by Tsuyama,'?® 2% also had ankylos-
ing spondylitis. Tyrrell et al.”?® reported a case of OPLL
in a patient with Down syndrome. A high incidence of
OPLL (20%) has been reported by Matsunaga et al.> in
patients with schizophrenia. The authors also reported
OPLL in dizygotic twins with schizophrenia.

Pathology

OPLL is believed to form through endochondral os-
sification. McAfee et al.8! described the histopathology of
OPLL, which is composed largely of lamellar bone with
mature Haversian canals. Ultrastructural study of the lig-
amentum flavum in patients with OPLL revealed atrophic
elastic bundles with a 2-layer structure, disappearance of
microfibrils, irregular alignment of collagen fibrils, and
many extracellular plasma membrane-invested particles
that resemble matrix vesicles.”®

Pathogenesis

The pathogenesis of OPLL remains poorly under-
stood. There is some evidence that ligament cells from
patients with OPLL have osteoblast-like characteristics.
Ishida and Kawai* studied cell lines from nonossified
sites in patients with OPLL and found that they have high
alkaline phosphatase activity, response to calcitonin, and
calcitriol. Parathyroid hormone and dinoprostone can
also stimulate an increase in cyclic adenosine monophos-
phate in these cell lines. There are many proposed ge-
netic, hormonal, environmental, and lifestyle factors that
relate to pathogenesis and progression of OPLL, but most
of these theories are still controversial.

An immunohistochemical study of extracellular ma-
trix components in the twy (tiptoe walking Yoshimura)
mouse, an animal model for the study of OPLL, shows
that degeneration and subsequent herniation of the nu-
cleus pulposus is the potent regional factor that initiates
OPLL formation. At 14 weeks, the discs herniated into
the thickened posterior longitudinal ligament, then car-
tilaginous tissue appeared in the posterior longitudinal
ligament as if to repair the intervertebral disc degenera-
tion.*

Hypertrophy of the posterior longitudinal ligament is
believed to be an early stage of OPLL. Histological and
biochemical study of hypertrophy of the posterior longi-
tudinal ligament shows hyalinoid degeneration, prolif-
eration of chondrocytes and fibroblast-like spindle cells,
infiltration of vessels and small ossification, and staining
by BMP, TGF-f, and proliferating cell nuclear antigen,
which are all similar to OPLL.!'2
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Genetic Factors. Patients with OPLL are most com-
monly found in Asian populations, so genetic factors are
considered to be a factor in OPLL development. Tanabe
et al."? reported a case of OPLL in the thoracic spine; this
patient had a brother with the same disease, also in the tho-
racic spine. Genetic factors are believed to contribute to
OPLL development. Many collagen genes have been stud-
ied, including human collagen 02 gene (COLI1A2). Koga
et al.%' showed that this gene, located on chromosome 6p
close to the human leukocyte antigen region, is strongly
associated with OPLL. Retaining exon 7 together with re-
moval of exon 6 observed in intron 6(-4A) in the COLI1IA2
gene could play a protective role in the ectopic ossification
process.”” Maeda et al.”' reported a sex-specific association
of the COLIIA2 haplotype with OPLL in male patients.
However, a recent study by Horikoshi et al.*® could not re-
produce the association between this gene and OPLL.

A single nucleotide polymorphism in intron 32(-29)
in the collagen 6A1 gene (COL6AI) on chromosome
21@22.3 is associated with OPLL."?%125 Kong et al.** stud-
ied the Han Chinese population and also found a signifi-
cant association of COL6A1 with OPLL. They demon-
strated that 3 single nucleotide polymorphisms, including
promoter (-572T), intron 32(-29), and intron 33(+20), are
significantly associated with OPLL and OLF.

Okawa et al.'”"19? jdentified a mutation of the NPPS
gene as the cause of tiptoe walking condition in the twy
mouse. Nucleotide pyrophosphatase is a membrane-bound
glycoprotein believed to produce inorganic pyrophosphate,
a major inhibitor of calcification and mineralization. Some
evidence suggests that NPPS gene mutation is associated
with OPLL development.®®' In a later study by Tahara et
al.' the authors showed that NPPS and leptin receptor
genes do not promote an increased susceptibility to OPLL,
but are associated with the extent of heterotopic ossifica-
tion. Horikoshi et al.*® also could not demonstrate the as-
sociation between the NPPS gene and OPLL.

Human retinoic X receptor p,>* TGF3,*® BMP4,2 FF
variant of vitamin D receptor gene,*® promyelotic leuke-
mia zinc finger gene, and Runt-related transcription fac-
tor 2 (RUNX2)4-5788 are linked to OPLL with anecdotal
evidence. Angiopoietin-1, a downstream of RUNX2, may
play an important role in ectopic calcification.”’

Hormonal Factors. Bone morphogenetic protein, a
substance with the ability to induce ectopic bone and car-
tilage formation, is believed to play an important role in
the pathogenesis of OPLL. Bone morphogenetic protein
receptors increased in ossified ligament tissue in patients
with OPLL."*' Bone morphogenetic protein-2 stimulates
differentiation of ligament cells in patients with OPLL
and induces ossification by increasing alkaline phospha-
tase activity and stimulating DNA and procollagen Type
I carboxyl-terminal peptide synthesis.®* The TC and CC
genotypes in exon 3(-726) T/C in the BMP-2 gene of male
Han Chinese patients have a genetic susceptibility to
OPLL in the cervical spine.’*® Wang et al.'”® demonstrated
an association between the Ser37Ala (T/G) polymorphism
and the occurrence of OPLL. They also showed signifi-
cant linkage between the Ser87Ser (A/G) polymorphism
and the extent of cervical ossification.
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Transforming growth factor-f3 has been studied in the
literature. The T869—C polymorphism of the TGF-SI
gene is a genetic determinant of a predisposition to OPLL.*
In a later study, Kawaguchi et al.”> demonstrated that the
TGF-f1 polymorphism is not associated with OPLL devel-
opment, but rather a factor related to the extent of ossifica-
tion. Patients with the C allele frequently have OPLL in the
cervical, thoracic, and/or lumbar spine.

In a study of serum biomarkers for OPLL, Eun et al.?
showed that 8 biomarkers were upregulated in the sera of
OPLL patients: 1) PRO2675, 2) human serum albumin in
a complex with myristic acid and triiodobenzoic acid, 3)
an unknown protein, 4) chain B of the crystal structure of
deoxy-human hemoglobin 36, 5) proapolipoprotein, 6) al-
bumin protein, 7) retinol binding protein, and 8) chain A
of human serum albumin mutant R218h complexed with
thyroxine, whereas o,-microglobulin/bikunin precur-
sor was downregulated. Matsui et al.”> demonstrated in-
creased serum procollagen Type I carboxyl-terminal pep-
tide and intact osteocalcin in patients with OPLL. These
markers also increased in concert with the progression of
OPLL without statistical significance. Cerebrospinal fluid
analysis in patients with OPLL and CSM showed high
levels of interleukin-8.42

Non—-insulin-dependent diabetes mellitus has been
suggested as a risk factor of OPLL.%® Li et al.*” showed
increased expression of insulin receptors, proliferation of
rat spinal ligament cells, and induction of osteogenic dif-
ferentiation through the PI3-K/Akt pathway induced by
insulin. Insulin-like growth factor-I induces histological
change and elevation of alkaline phosphatase activity in
OPLL cell lines much more than in non-OPLL cells.?

OPLL is a disease that results in increased bone for-
mation in ligament tissue, and there is some evidence
showing correlation between OPLL and increased overall
BMD. In several studies, patients with OPLL had higher
BMD than the non-OPLL controls,**7>3¢ but BMD may
decrease in patients with advancing OPLL.?" Aita et al.?
studied histomorphometry of the iliac bone in patients
with OPLL and found no significant differences between
OPLL and control groups. They speculated that stage of
OPLL and disuse atrophy may be the responsible factors.

High serum levels of menatetrenone in male pa-
tients'** and activin in male and female patients'#! have
been investigated and correlated with OPLL formation.
Tumor necrosis factor a—stimulated gene-6 suppresses
osteoblastic differentiation induced by BMP-2 and osteo-
genic differentiation medium.'?* The author of this study
suggested that this is a plausible target for therapeutic in-
tervention in OPLL.

Environmental Factors. Mechanical stress in liga-
ments of the spine has been investigated as a cause of
OPLL development and progression.?> Prostacyclin syn-
thase levels in ligament cells from OPLL patients have
been shown to be elevated after applying mechanical
stress and induced osteogenic differentiation via the PGL,/
cyclic adenosine monophosphate pathway.”” Mechanical
stress also induces mRNA expression of alkaline phos-
phatase, osteopontin, BMP-2, BMP-4, BMP receptors,'?!
and mRNA expression of Cbfal, Type I collagen, osteo-
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calcin, integrin 1, and endothelin-1. The P2Y1 puri-
noceptor subtypes, intensively expressed in OPLL cells,
responded to mechanical stress—induced extracellular
adenosine triphosphate, which stimulated OPLL progres-
sion.!10

Frequent consumption of pickles, nondaily consum-
ers of rice,!” family history of myocardial infarction,
high body mass index at age 40, long working hours, and
working night shifts® were associated with increased
risk of OPLL. On the other hand, frequent consumption
of chicken and soy products'® and good sleeping habits
(6—8 hours/night) in the prime of life may decrease the
risk of OPLL."!

Natural History

Symptomatic OPLL is usually detected in elderly pa-
tients. There have been several studies that investigated
the natural history of OPLL. Chiba et al.!° described com-
puter-assisted measurement of the size of OPLL. They re-
ported excellent inter- and intraobserver reliability of this
method with 98% accuracy for detecting OPLL progres-
sion. Thereafter, they applied this method to 131 patients
with cervical OPLL who underwent posterior decom-
pression at 13 institutions. The rate of OPLL progression
was 56.5% at 2 years and was more common in younger
patients with continuous- and mixed-type OPLL.!? Mu-
rakami et al.®* reported a case of cervical OPLL in a
67-year-old man with more than 26 years follow-up. They
found that the rate of OPLL progression varied during
this period. The rate of progression was 2.2, 8.8, and 2.0
mm/year from 1-4, 4-8, and 8-10 years after the first
visit, respectively. After 10 years, there was no evidence
of OPLL progression.

Hori et al 3% investigated the progression of OPLL in
both longitudinal axis and thickness in 55 patients with at
least a 5-year follow-up period. They found that progres-
sion was marked in younger patients with continuous- or
mixed-type OPLL, consistent with the results of Chiba et
al.'? According to progression on the longitudinal axis, the
patients with continuous- or mixed-type OPLL were clas-
sified according to age. The patients 40—49 years of age
showed peak progression at greater than 1 year, whereas
the patients older than 50 showed peak progression dur-
ing the first year of follow-up. The authors suggested that
OPLL might show a rapid progression in the 4th decade
of life and that the progression gradually decreases in the
5th or 6th decade. For progression in thickness, the other
factor that influences the progression is C-3 involvement;
the progression of OPLL was frequently observed at lev-
els C2—4.

Long-term follow-up of 450 patients with OPLL was
reported by Matsunaga et al.”” in 2004. All patients were
followed-up for at least 10 years, with a mean follow-up
period of 17.6 years. Only 17% of patients without my-
elopathy at the first visit developed myelopathy during
the follow-up period. The myelopathy-free rate in these
patients was 71% after 30 years according to Kaplan-Mei-
er analysis. The researchers suggested that prophylactic
surgery in patients without symptoms of myelopathy is
unnecessary. This same group of authors™ studied predic-
tors for development of myelopathy in 156 patients with
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OPLL from 16 spine institutes with an average follow-
up period of 10.3 years. They found that both static and
dynamic factors were related to the development of my-
elopathy. All 39 patients with more than 60% spinal ca-
nal stenosis on plain radiography developed myelopathy.
Range of motion was significantly greater in patients with
myelopathy. Of 15 patients with trauma-induced myelop-
athy, 13 had mixed-type and 2 had segmental-type OPLL.

Clinical Presentation

Clinical presentation of OPLL depends on the size
of the OPLL, spinal canal diameter, and range of motion
of the spine. Some patients have no symptoms, but others
present with neurological deficits such as radiculopathy,
myelopathy, and in severe cases, bowel and bladder symp-
toms. The onset of symptoms is usually gradual, but there
are also some reports of patients with trauma-induced
sudden onset myelopathy.

Classification

The Investigation Committee on OPLL of the Japa-
nese Ministry of Public Health and Welfare described the
OPLL classification that is most widely used in the litera-
ture.'? Based on lateral plain radiography, cervical OPLL
can be classified into 4 types (Fig. 1): continuous, seg-
mental, mixed, or circumscribed type. Continuous type
is classified as a long lesion extending over several verte-
bral bodies. Segmental type is classified as one or several
separate lesions behind the vertebral bodies. Mixed type
is classified as a combination of continuous and segmen-
tal types. Circumscribed type is classified as the lesion
mainly located posterior to a disc space.

Radiological Evaluation

Plain radiography is the simplest method for detect-
ing OPLL but it has some limitations. Chang et al.’ re-
ported low inter- and intraobserver reliability of lateral
radiography as a tool for OPLL classification, particularly
for continuous-type OPLL. The inter- and intraobserver
kappa values were only 0.51 and 0.67, respectively. They
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emphasized the importance of 2D or 3D reconstructed
images to overcome this problem.

Computed tomography and/or myelography are use-
ful tools for detecting and accurately locating OPLL. The
exact dimensions and extent of cervical canal stenosis are
precisely depicted on CT. Figure 2 shows CT scans of pa-
tients with OPLL. A mushroom or hill shape on an axial
CT scan typifies OPLL, and a sharp radiolucent line be-
tween the posterior vertebral body and ossified ligament
is a also characteristic feature.!®

Anterior decompression of OPLL in patients with
associated dural ossification is more harmful compared
with those without dural ossification because the inci-
dence of new neurological deficits and CSF leakage is
higher. A CT scan can be useful for detection of dural
ossification. Mizuno et al.’¢ retrospectively reviewed the
relationship between dural ossification and preoperative
imaging. They found that bone window CT scans were
the most useful method for detecting dural ossification,
whereas MR imaging was ineffective in recognizing du-
ral ossification. Of the 4 cervical OPLL types, the non-
segmental type was most likely to be associated with du-
ral ossification. Hida et al.*! classified bone window CT
images to detect dural defect into 2 types: double- and
single-layer sign. Single-layer sign was defined as a large
focal mass of uniformly hyperdense OPLL. Double-layer
sign was defined as anterior and posterior rims of hyper-
dense ossification separated by a central hypodense mass
(the hypertrophied but nonossified posterior longitudinal
ligament). Dural defects during surgery were detected in
10 of 12 patients with double-layer sign compared with
only 1 of 9 patients with single-layer sign. Epstein'® ap-
plied this classification to her patients and demonstrated
a dural defect in 1 of 12 patients with single-layer sign
and an irregular C angular configuration compared with
1 of 4 patients with double-layer sign. She concluded that
double-layer sign is more pathognomonic than single-lay-
er sign for dural penetration. Smooth-layer sign indicated
a clean dural plane with a low incidence of dural defect.

Min et al.# studied 197 patients with cervical OPLL

Fic. 1. lllustrations of the 4 types of OPLL: continuous (A), segmental (B), mixed (C), and circumscribed (D).
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Fic. 2. Computed tomography scans showing OPLL in different locations. A and B: Sagittal reconstructed images show
large OPLL at C2-5 (arrow). C-E: Axialimages of the cervical spine show a large OPLL occupying more than 50% of the spinal
canal (arrows).  F: Sagittal reconstructed image of the thoracic spine shows a mixed-type OPLL. The spinal canal is narrowest
at T2-3 (arrow).  G: Axial CT image shows large a OPLL occupying more than 80% of the spinal canal (arrow).

who underwent anterior decompression and fusion. There
were signs of dural penetration in 30.5% of patients.
These signs were more common in nonsegmental OPLL.
Dural defects were detected in 20 (52.6%) of 38 patients
with double-layer sign compared with 3 (13.6%) of 22
patients with single-layer sign. They also demonstrated a
positive correlation between thickness of the central hy-
podense mass and the possibility of a dural defect. Signs
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of dural ossification are even more common in thoracic
OPLL. Min et al.® reported an 80% dural ossification rate
in patients with thoracic OPLL. Dural defects were de-
tected in 6 of 10 patients with double-layer sign and 3 of
6 patients with single-layer sign. Although most signs of
dural ossification were detected in nonsegmental OPLL
in the cervical spine, they were detected in both segmen-
tal and nonsegmental OPLL in the thoracic spine. The
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TABLE 1: Correlation between CT images and dural defect in spinal OPLL

Dural Defects

Authors & Year Level of Spinal OPLL
Hida et al., 1997 cervical
Epstein, 2001 cervical
Min et al., 2007 cervical
Min et al., 2007 thoracic

10/12 w/ double-layer sign; 1/9 w/ single-layer sign

1/4 w/ double-layer sign; 1/12 w/ single-layer sign w/ irregular C shape
20/38 w/ double-layer sign; 3/22 w/ single-layer sign

6/10 w/ double-layer sign; 3/6 w/ single-layer sign

studies that correlated CT images and dural defect are
summarized in Table 1.

Magnetic resonance imaging is inadequate for diag-
nosing small ossified lesions in the spinal canal,”® but is
a sufficiently sensitive tool for detecting soft tissue ab-
normalities. A characteristic OPLL, signal hypointensity
on both T1- and T2-weighted MR imaging, is shown in
Fig. 3. In a study by Koyanagi et al.,% associated disc
protrusion was found at maximum compression level in
60% of patients with cervical OPLL. Its presence is more
common in segmental OPLL, with an incidence of 81%.
The authors concluded that MR imaging is helpful for
determining the actual level of spinal cord compression
and for suggesting the optimal method of surgical treat-
ment. Signal hyperintensity T2-weighted changes of the
spinal cord are correlated with more severe neurological
deficit.% Yagi et al.'>demonstrated a positive correlation
between postoperative expansion of the high signal in-
tensity area of the spinal cord and poor neurological out-
comes of patients with cervical OPLL. A risk factor for
the expansion of the high signal intensity area was spinal
instability.

The cross-sectional shape of the spinal cord at the lev-
el of maximum compression was classified as boomerang,
teardrop, or trianglar by Matsuyama et al.”® These investi-
gators found that the recovery rate of patients with the tri-
angular shape was worst, whereas the teardrop shape was
best, and the boomerang shape was intermediate. After
surgical intervention, triangular shape spinal cords showed
the least expansion, which correlated with poor outcome.

Concurrent OPLL at multiple locations has been de-
scribed. In a study of 68 patients with cervical OPLL by
Park et al.,'% thoracic tandem ossification was found in
23 cases (33.8%); 21 had thoracic OLF, 5 had thoracic
OPLL, and 3 had both combined. The authors suggested
performing simultaneous thoracic spine studies in pa-
tients undergoing cervical OPLL surgery.

Management

The mainstay treatment of OPLL is surgical decom-
pression. Although there is a lot of research about OPLL
formation and progression, such as genetic studies, growth
factors, cytokines, and environmental factors, effective
medical treatment for OPLL is still lacking. Most are only
symptomatic treatments such as pain medication, topical
agents, antiinflammatory drugs, antidepressants, anticon-
vulsants, nonsteroidal antiinflammatory drugs, and opi-
oids.

Surgical Management of Cervical OPLL. The most
common location of OPLL is at the cervical spine. There
are several reports of surgical management of cervi-
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cal OPLL with options including the posterior approach
(laminectomy, laminectomy with fusion, laminoplasty,
and open-door and double-door laminoplasty), the ante-

Fie. 3. Magnetic resonance imaging showing OPLL and signal hy-
pointensity. A: Sagittal T2-weighted image of cervical spine shows
signal hypointensity of OPLL most prominent at C3—4 (arrow). B-E:
Sagittal (B and C) and axial (D and E) T1- (B and D) and T2-weighted
(C and E) imaging of the thoracic spine showing characteristic signal
hypointensity of OPLL with severe spinal cord compression at T2-3
(arrows).
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TABLE 2: Summary of advantages and disadvantages of surgical procedures for cervical OPLL*

Surgical Procedure Advantages

Disadvantages

laminectomy
complication

laminectomy w/ fusion

relatively simple, low complication rate, decreased risk
of kyphotic deformity & spinal instability

relatively simple, low complication rate compared w/ ant  risk of OPLL progression, limited effectiveness in cases w/

simple, less operative time & blood loss, low immediate  risk of OPLL progression; risk of kyphotic deformity, spinal

instability, & neurological deterioration due to scar tissue
formation; ineffectiveness in cases w/ severe kyphotic
deformity & large OPLL

risk of OPLL progression, ineffectiveness in cases w/ severe
kyphotic deformity & large OPLL

severe kyphotic deformity & large OPLL

laminoplasty
approach, decreased risk of kyphotic deformity, spi-
nal instability & neurological deterioration due to scar
tissue formation compared w/ laminectomy alone

ant approach direct ant decompression of OPLL

combined ant & pst approach direct ant decompression of OPLL

high complication rate (particularly neurological deteriora-
tion, graft complication, & CSF leakage), limitation in
cases w/ long segment OPLL or OPLL involving C-2

more op time & blood loss

*

ant = anterior; pst = posterior.

rior approach (ACDF, anterior cervical corpectomy with
fusion, open-window corpectomy, oblique corpectomy,
skip corpectomy, and anterior decompression via a trans-
vertebral approach), and the combined anterior and poste-
rior approach. The advantages and disadvantages of each
approach are summarized in Table 2.

Posterior Approach. Laminectomy is the simplest
procedure used to decompress the spinal cord from the
posterior approach. Progression of kyphotic deformity
after cervical laminectomy for OPLL has been reported,
but its presence did not affect neurological outcomes of
the patients.'>® OPLL progression after laminectomy
also rarely caused neurological deterioration. In the re-
port from Kato et al.,>® OPLL progression was noted in
70% of patients, but it was clearly the cause of neuro-
logical deterioration in only 1 of them. A rare case®® of
incarcerated spinal cord herniation with neurological de-
terioration after laminectomy in a patient with combined
OPLL and OLF of the cervical spine has also been re-
ported in the literature.

Anderson et al.* found that laminectomy with fusion
decreases the risk of postoperative kyphotic deformity
and spinal instability compared with laminectomy alone,
but functional improvement is similar to laminectomy or
laminoplasty. This paper contains a description of several
posterior cervical fusion techniques and the lateral mass
and pedicle screws that are used by many spine surgeons.
One drawback of these techniques is neurovascular in-
jury. Hasegawa et al.” reported higher operative duration
and intraoperative blood loss in patients treated using
pedicular screw fixation compared with those treated by
laminoplasty. They concluded that there is no indication
for cervical pedicular screw fixation in patients with typi-
cal OPLL and CSM because of the potential risk of ver-
tebral artery or nerve injury. Recently, Epstein'® reported
good outcomes with spinous process wiring techniques.
Fusion rate was 100% and complications were low, in-
cluding 2 transient root injuries, 2 wound infections, 1
wound breakdown, no spinal cord injuries, and no deaths.
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Nerve root palsy at C-5 after cervical laminectomy and
posterior fixation is correlated with increased cervical
lordosis™ and the main pathogenic mechanism appears
to be the tethering effect.

Laminoplasty has been used for decades for posterior
decompression of the spinal canal in patients with cervical
OPLL. The benefits of this technique compared with lami-
nectomy are reduced risk of postoperative kyphotic defor-
mity and neurological deficit from scar tissue formation.
There are 2 techniques of laminoplasty: open-door and
double-door (Fig. 4). However, both have some limitations,
including restricted access to the hinged side in open-door
laminoplasty, a potential for closing of the door,"” axial
neck pain, loss of range of motion of the cervical spine, risk
of OPLL progression, and limited effectiveness in cases
with severe kyphotic deformity and large OPLL.

There have been some modifications of the open-
door technique to prevent closing of the door, including
spacer insertion at the bone gap at the open side (bone
graft from spinous process or hydroxyapatite spacer),''® ti-
tanium miniplate fixation, and the TiMesh LP (Medtronic
Sofamor Danek) miniplate system.'> Adequate longitu-
dinal and transverse decompression of the spinal canal
should be achieved because unexpectedly rapid progres-
sion of OPLL has been reported.'?? Seichi et al.'!! used in-
traoperative ultrasonography to evaluate adequacy of spi-
nal cord decompression after double-door laminoplasty.
They found that OPLL maximal thickness > 7.2 mm was
a cutoff value for insufficient decompression, but neuro-
logical outcomes at 2 years after surgery did not correlate
with adequacy of decompression.

Hirabayashi et al.® compared the expansion ratio of
the spinal canal and the increased inclination angle of the
lamina between open-door and double-door laminoplasty.
Open-door laminoplasty produced a significantly larger
expansion ratio at C-6 than double-door laminoplasty. The
increase of inclination angle of the lamina was significant-
ly larger in double-door than in open-door laminoplasty.
They proposed the surgical indications for open-door lami-

7



K. Saetia et al.

Fic. 4. lllustrations of open-door (left) and double-door (right) laminoplasty.

noplasty as CSM combined with hemilateral radiculopa-
thy, large prominence of OPLL, and patients with a tiny
spinous process who cannot undergo double-door lami-
noplasty. The indications for double-door laminoplasty
include usual CSM, small and slight prominence of OPLL,
CSM combined with bilateral radiculopathy, and cervical
canal stenosis combined with instability necessitating pos-
terior spinal instrumentation surgery.

Long-term results of open-door laminoplasty are sum-
marized in Table 3. In studies with a long-term follow-up
period (more than 5 years), the recovery rates varied from
479% to 63.1%.1121444596 Agrawal et al.! demonstrated the
benefit of expansive laminoplasty even in patients with se-
vere cervical myelopathy (Nurick Grade 3-5). All patients
with a duration of symptoms less than 3 years, and 50% of
patients with durations ranging from 3 to 6 years, improved
after surgery.

Factors influencing surgical outcomes following lam-
inoplasty included duration of myelopathy,'2'%¢ severity
of myelopathy,**#9¢ age 4449 preoperative kyphosis,'
occupying ratio > 60%,* and hill-shaped ossification.*
There are controversial results of some factors such as
progression of OPLL and postoperative changes in cervi-
cal alignment.

The course of neurological changes following lami-
noplasty has been investigated.''*> Neurological function
significantly improved after surgery, was maintained for
5 years, and then slightly declined after 5 years. Ogawa
et al.” found that the degree of deterioration positively
correlated with cervical range of motion, which is high in
patients with segmental-type OPLL.

Postoperative cervical range of motion decreased af-

TABLE 3: Long-term results of open-door laminoplasty for OPLL*

ter laminoplasty by approximately 32%**# and did not
correlate with postoperative axial neck pain. The loss of
range of motion is time-dependent and plateaus by 18
months after surgery.*

Anterior Approach. As mentioned above, Koyanagi et
al.* reported a high incidence of associated disc herniation
in patients with cervical OPLL, and disc herniation was
found at maximum compression level in 60% of patients.
Anterior cervical discectomy with fusion is the procedure
of choice for these patients. The recovery rate with this
procedure ranges from 51% to 63.2%.4%140 Tan et al.!'® re-
ported on ACDF with an endoscopic approach in 5 patients
with cervical OPLL. The patients’ JOA scores and visual
analog scale scores improved significantly. This technique
has advantages in terms of cosmetic results, intraoperative
visualization, and recovery course, but its application is
limited to the C4-5 and C5-6 levels. At the higher levels,
installation of the working channel can be blocked by the
mandible. At the C6-7 level, there is a risk of damaging a
thyroid vessel, as reported in 1 patient in this paper.!'8 Mul-
tilevel OPLL is also a contraindication for this procedure.

Neurological improvement rates in anterior ap-
proaches to cervical OPLL are summarized in Table 4.
Improvement rates varied from 51% to 71.7%. There are
many varieties of techniques, bone grafts, and instrumen-
tations for anterior approach surgery. Mizuno and Nak-
agawa® used 3 graft materials for this approach including
iliac crest, vertebral body, and interbody fusion cages and
found that vertebral body grafts were the most fragile.
Rajshekhar and Kumar'®’ performed corpectomies in
poor-grade patients (Nurick Grade 4 and 5), and neuro-

No.of  Minimum Mean Neurological Recovery Rate

Authors & Year Patients  FU (yrs) (%) at Last FU Notes
Fujimura et al., 1998 55 5 493 duration of myelopathy was a factor indicating poor results
Iwasaki et al., 2002 64 10 60.0 progression of OPLL required additional op in 1 patient
Ogawa et al., 2004 72 5 63.1 progression of OPLL caused myelopathy in 2 patients
Chiba et al., 2006 80 10 479 OPLL patients w/ preoperative kyphosis had lower recovery rates
Iwasaki et al., 2007 66 5 58.0 outcome was significantly poorer in patients w/ occupying ratio >60%
* FU = follow-up.
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TABLE 4: Summary of outcomes for anterior approach surgery in cervical OPLL

No. of
Study Patients  Mean Improvement Rate Notes

Mizuno & Nakagawa, 2001 107  not described 89% excellent or good outcome

Onari et al., 2001 30  not described study in patients who underwent ant interbody fusion w/o decompression; 24 pa-
tients improved in functional score

Goel & Pareikh, 2005 4 not described study in patients who underwent oblique corpectomy; all patients showed clinical
improvement

Rajshekhar & Kumar, 2005 12 not described study in poor-grade patients (Nurick Grades 4 & 5); 76% improvement in Nurick
grade

Nakase et al., 2006 12 674% none available

Chacko & Daniel, 2007 3 notdescribed study in patients w/ combined OALL & OPLL who underwent oblique corpectomy;
all patients showed clinical improvement

Iwasaki et al., 200746 271 51% study in patients w/ OPLL who underwent ant decompression & fusion

Chenetal., 2009 19 63.2% study in patients w/ severe OPLL w/ preop CT scans showed narrowing rate
50-78%

Kim et al., 2009 17 T.7% ant fusion w/ autologous bone grafts from vertebral bodies & bioabsorptive screws
(Williams-Isu method)

Ozer et al., 2009 15 mean JOA score improved study in patients who underwent open-window corpectomy

from 9.0 to 12.7
Dalbayrak et al., 2010 29  mean JOA score improved study in patients w/ CSM or OPLL who underwent skip corpectomy

from 13.44 to 16.16

logical improvement was achieved in 76% of patients.
They concluded that early decompressive surgery should
be offered to poor-grade patients.

Onari et al.!'* described long-term (mean 14.7 years)
follow-up results of anterior interbody fusion without de-
compression in patients with cervical OPLL. Twenty-four
of the 30 patients improved after surgery. These investi-
gators found that this procedure was more effective for
the patients with segmental or nodular type OPLL than
for those with continuous or mixed type. These data indi-
cate that a dynamic factor is an important factor contrib-
uting to myelopathy in patients with cervical OPLL.

The open window corpectomy technique has been
described in the literature. This technique creates a more
stable construct with 3-point fixation and offers better
load sharing among implants and healthy vertebrae. Ozer
et al.'% reported satisfactory clinical and radiological
outcomes in patients with cervical OPLL after using this
technique.

Oblique corpectomy preserves the ventral half of
the vertebral body, so fusion and stabilization are not re-
quired. Anecdotal reports of using the oblique corpec-
tomy technique for cervical OPLL exist in the literature,
including Goel and Pareikh,?* who reported 4 cases suc-
cessfully treated with this technique. Wide exposure for
resection of OPLL was achieved and stability of the spine
was also preserved. Chacko and Daniel® applied this tech-
nique in 3 patients with combined OALL and OPLL. All
patients showed clinical improvement. Asymptomatic
OALL provided an intrinsic stability to the spine and was
preserved in all patients. Intraoperative ultrasonography
provided real-time imaging during surgery. Moses et al.®
evaluated the accuracy of intraoperative ultrasonography
in patients who underwent oblique corpectomy. They
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concluded that it is helpful in identifying the vertebral
artery and determining the trajectory of approach, but
there are limitations in OPLL cases due to artifacts from
residual ossification.

The skip corpectomy technique (C-4 and C-6 cor-
pectomy with preservation of C-5 vertebral body) was re-
ported by Dalbayrak et al.'* in 29 patients with multilevel
CSM and cervical OPLL. The mean JOA score improved
from 13.44 to 16.16 after surgery. There was only 1 case
with complications from instrumentation (C-7 screw pull-
out). The preservation of the C-5 vertebral body improved
screw purchase and strengthened the construct.

A wide transvertebral approach and a ceramic inser-
tion for patients with cervical degenerative disease were
reported by Kim et al.’ The advantage of this technique
is preservation of the intervertebral disc, so movement
of the spine is retained. The successful outcomes were
achieved in patients with segmental-type OPLL. Because
of the narrow visual field, this approach should not be
used in patients with segmental instability, continuous or
combined OPLL, and kyphosis.

Park et al.'% described a prevascular extraoral retro-
pharyngeal approach to the upper cervical spine, includ-
ing a case of C2—4 OPLL. They reported that this ap-
proach is relatively safe. In a series of 15 patients, there
was only 1 permanent and 2 transient dysphagia cases.
There were no complications related to the marginal
branch of the facial nerve or submandibular gland.

Surgical Treatment of Thoracic OPLL. The surgical
results of thoracic OPLL are poorer than those of cervi-
cal OPLL. There are several factors that limit the effec-
tiveness of thoracic OPLL decompression:®*'*? 1) natural
kyphosis of the thoracic spine restricts the backward shift
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of the spinal cord after posterior decompression; 2) the
thoracic segment of the spinal cord is relatively avascular
compared with the cervical segment, therefore it is more
vulnerable to ischemic injury during surgical manipula-
tion; and 3) the ribcage restricts the surgical approaches
to this area of the spine.

Surgical options for treatment of thoracic OPLL
include posterior decompressive laminectomy or lami-
noplasty, posterior decompression and fusion, anterior
decompression through an anterior approach, circum-
spinal decompression through a posterior approach, and
2-stage posterior and anterior decompression.!> Posterior
decompressive laminectomy is indirect and the simplest
method for thoracic OPLL decompression, but postopera-
tive paraparesis is the main drawback of this technique.
Thoracic laminectomy causes disruption of the posterior
tension band of the spine, which may lead to instability
and neurological deterioration. Two cases have been re-
ported of patients with thoracic OPLL who underwent
laminectomy and suffered postoperative neurological de-
terioration.!*>138 Both patients underwent reoperation with
posterior instrumented fusion and neurological functions
gradually improved. The authors recommended simulta-
neous posterior instrumented fusion after laminectomy
for thoracic OPLL. Nakanishi et al.> demonstrated a case
of extensive cervicothoracic OPLL in which the patient
underwent thoracic laminectomy with electrophysiologi-
cal monitoring of the spinal cord evoked potential. The
amplitude of evoked potential decreased after laminec-
tomy, but recovered after posterior instrumented fusion.
This finding emphasizes the importance of a dynamic
factor and progression of kyphosis as the causes of neu-
rological deterioration after laminectomy. In the study
of factors related to outcomes of thoracic OPLL surgery,
Matsumoto et al.” also recommended instrumented fu-
sion after posterior decompression. Beak-type OPLL has
higher risk of neurological deterioration after posterior
approach surgery than flat-type OPLL.* Beak-type and
flat-type OPLL are shown in Fig. 5.

Komagata et al.®* studied the effectiveness of open-
door laminoplasty in 13 patients with myelopathy from
cervicothoracic OPLL with an average follow-up period
of 75 months. According to the Hirabayashi method, the
mean recovery rate was 54.5% without restenosis of the
opened lamina and marked progression of kyphosis, but
there were 2 cases of transient motor paralysis of both
legs after the operation. A multiinstitutional study by
Matsumoto et al.”* showed that laminoplasty can be used
safely to treat thoracic OPLL at the nonkyphotic upper
thoracic spine (T1-4).

Posterior decompression with fusion generally has
lower complication rates and neurological deterioration
compared with both posterior decompression alone and
OPLL extirpation. Yamazaki et al.'*® treated patients with
thoracic OPLL by 1 of 3 approaches: posterior decom-
pression alone (18 patients), posterior decompression and
fusion (17 patients), and OPLL extirpation (16 patients).
Three patients who underwent posterior decompression
alone and 3 patients who underwent OPLL extirpation
developed postoperative paralysis. Seven patients in the
posterior decompression only group developed late neu-
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Fic. 5. lllustrations of flat-type (left) and beak-type (right) thoracic
OPLL.

rological deterioration. There were 8 patients with CSF
leakage and 2 patients with hydrothorax in the OPLL ex-
tirpation group. There were no cases of postoperative pa-
ralysis or late neurological deterioration in patients who
underwent posterior decompression and fusion. Recovery
of neurological function after posterior decompression
and fusion is another challenge because the natural curve
of the thoracic spine is kyphosis and posterior decom-
pression may be ineffective. Yamazaki et al.'*” performed
posterior decompression with in situ instrumented fusion
in 24 patients with thoracic OPLL. The mean follow-up
period was 4 years and 5 months, the mean recovery rate
was 58.1%, and the median time to point of maximal re-
covery was 9 months. Only 1 patient developed transient
paralysis. Despite persistent impingement of the spinal
cord by OPLL, considerable neurological improvement is
expected with this technique and takes about 9 months
before reaching maximal recovery.
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Posterior decompression with kyphosis correction
has been studied. The recovery rate varied from 56% to
68%.7>'¥* Zhang et al.'® performed posterior decompres-
sion with 5°~15° kyphosis correction with instrumented
fusion in 11 patients. Postoperative MR imaging showed
backward shift of the spinal cord and complete decom-
pression in all cases without aggravated myelopathy.
Matsuyama et al.” used intraoperative ultrasonography to
evaluate backward shift of the spinal cord and intraopera-
tive compound muscle action potential to determine cor-
relation with the final outcomes. There was no significant
difference in recovery rate between adequate and inad-
equate decompression detected by ultrasonography, but
patients with decreased compound muscle action poten-
tial had significantly poorer recovery rates.

Tokuhashi et al.'?* tried to determine the critical os-
sification-kyphosis angle that affects surgical outcome in
patients who underwent posterior decompression of tho-
racic OPLL. At the decompression site, 23° is the critical
cut-off point. All patients with an ossification-kyphosis
angle > 23° had no echo-free space detected by intraop-
erative ultrasonography, whereas all patients with < 23°
had echo-free space.

The anterior approach to OPLL resection has the
benefit of direct OPLL removal, but it is technically de-
manding and the surgical results are poor, particularly in
patients who already had severe spinal cord compression
before surgery. In 2008, Min et al.® reported high rates of
complications of anterior approach decompression in 19
patients with thoracic OPLL. Two patients (10.5%) devel-
oped neurological deterioration and 6 patients (31.6%) de-
veloped CSF leakage. They also demonstrated that poor
outcomes of this approach were associated with poor pre-
operative JOA scores and immediate postoperative neu-
rological deterioration.

The largest benefit of circumspinal decompression
through the posterior approach is immediate anterior and
posterior decompression and/or stabilization with only 1
operation. Yang et al.'* reported satisfactory outcomes in
a case with T10-11 OPLL surgically treated using this
technique. Takahata et al.!'> reported on 30 patients who
underwent this type of surgery with a mean follow-up pe-
riod of 8 years. The JOA score improved in 24 patients
(80%). Surgical complications included 40% with a dural
tear, 10% with a deep infection, and 33% with postopera-
tive neurological deterioration. Patients who underwent
decompression of 5 or more vertebral levels had poorer
outcomes.

Anatomical factors inhibiting posterior shift of the
spinal cord after posterior decompression were described
by Tsuzuki et al.”’ Longitudinal factors are anterior
pulling effects of spinal cord segments above and be-
low OPLL and restraining effects of dorsal dura. These
factors can be eliminated by extensive cervicothoracic
laminoplastic decompression with or without posterior
longitudinal durotomy. Axial factors are anterior adhe-
sion of dura to OPLL, dural ossification, and an anterior
tethering effect of thoracic roots and dentate ligaments.
These factors can be eliminated by root release with total
laminofacetectomy and anterolateral dural release with or
without OPLL resection. These investigators used staged
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posterior approach surgery to address these problems.
The advantage of this staged operation is its safety, by
preparing the severely compressed spinal cord by a first-
stage operation before undergoing extensive manipula-
tion by a second-stage surgery. The first stage consisted
of extensive cervicothoracic laminoplastic decompres-
sion with or without posterior longitudinal durotomy to
eliminate the longitudinal factors. If the decompression
was inadequate, the axial factors were eliminated by the
above mentioned techniques. In their series of 17 patients
with a mean follow-up period of 42 months, neurological
improvements were comparable to those from a success-
ful anterior approach decompression. Only 1 case of late
neurological deterioration was encountered, caused by an
arachnoid cyst compressing the dorsal spinal cord.

A case report of circumspinal decompression was pre-
sented by Hioki et al.*> Their case involved a woman with
OPLL extending from C-3 to T-2 and OLF at T-2. She pre-
sented with paraparesis and numbness in both legs. After
C3-T1 laminoplasty and T2-3 laminectomy, her neurolog-
ical symptoms improved immediately. However, symptoms
recurred after sitting or standing. A second operation was
performed by anterior decompression, which improved her
symptoms. Spinal instability or progression of kyphosis
might have been the cause of neurological deterioration af-
ter the first surgery. Kawahara et al.>® reported on a series
of 11 patients who underwent circumspinal decompres-
sion with dekyphosis stabilization. The mean JOA score
improved from 4.0 to 9.1 after the operation. There were 3
patients with CSF leakage and 1 patient with postoperative
neurological deterioration due to spinal cord compression
by the swelling of paravertebral muscle.

Surgical outcomes of patients with thoracic myelopa-
thy were correlated with preoperative duration of symp-
toms and degree of myelopathy. Patients with shorter du-
ration of symptoms and milder myelopathy experienced
better surgical outcomes.’ To date, there are no definitive
guidelines for surgical treatment of thoracic OPLL. The
choice of operation should be selected on a case-by-case
basis, depending on the patient’s condition, level of pa-
thology, type of OPLL, and experience of the surgeon.
Advantages and disadvantages of surgical procedures for
thoracic OPLL are summarized in Table 5.

Surgical Management of Lumbar OPLL. There are
some reports of surgical treatment of lumbar OPLL, but
the definitive procedure has not been established. Most
of the cases were approached posteriorly. Symptomatic
lumbar OPLL is usually located at the upper lumbar spine
because the posterior longitudinal ligament is broader at
the upper level. Patients may present with cauda equina
syndrome. Tamura et al.!'” reported on a patient with lum-
bar OPLL who underwent an operation using the anterior
approach and another patient who underwent a combined
anterior-posterior approach. The authors recommended
combined surgery in patients with OPLLs occupying
large parts of the spinal canal.

Conclusions

OPLL is a common cause of myelopathy in Asian
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TABLE 5: Summary of advantages and disadvantages of surgical procedures for thoracic OPLL

Surgical Procedure Advantages

Disadvantages

pst decompression simple, less op time & blood loss
pst decompression w/ fusion

ant decompression through ant  direct removal of OPLL

approach
circumspinal decompression immediate ant & pst decompression & stabilization w/
through pst approach only 1 op

2-stage pst & ant decompression complete ant & pst decompression

high risk for postop paralysis & late neurological deterio-
ration

less op time & blood loss compared w/ ant or combined persistent ant impingement of spinal cord by OPLL
approach, low risk of postop paralysis

high risk for postop paralysis & CSF leakage, technically
demanding, more op time & blood loss

technically demanding, more op time & blood loss

technically demanding, more op time & blood loss

populations. While the pathogenesis of this disease is
still unclear, genetic, hormonal, environmental, and life-
style factors are believed to cause OPLL formation and
progression. Occurrence of myelopathy in patients with
OPLL is related to both static and dynamic factors. Ra-
diological evaluation of OPLL includes plain radiography,
CT, and MR imaging. Preoperative images should be me-
ticulously evaluated to detect the maximal area of spinal
cord compression and dural calcification, which is rather
accurately demonstrated by a double-layer sign on CT
scans. Surgical management of OPLL remains controver-
sial; each approach has its own limitations, advantages,
and disadvantages. The choice of operation should be
made on a case by case basis, depending on the patient’s
condition, level of pathology, and type of OPLL, as well
as the experience of the surgeon. Most published papers
in the literature are case series and retrospective studies,
but more prospective studies and improvement of genetic
studies will be key to more thoroughly understanding the
pathogenesis, OPLL progression, myelopathy progres-
sion, and optimal treatment of patients with OPLL.
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Object. Ossification of the posterior longitudinal ligament (OPLL) can result in significant myelopathy. Surgical
treatment for OPLL has been extensively documented in the literature, but less data exist on conservative manage-

ment of this condition.

Methods. The authors conducted a systematic review to identify all reported cases of OPLL that were conserva-

tively managed without surgery.

Results. The review yielded 11 published studies reporting on a total of 480 patients (range per study 1-359

patients) over a mean follow-up period of 14.6 years (range 0.4-26 years). Of these 480 patients, 348 (72.5%)
were without myelopathy on initial presentation, whereas 76 patients (15.8%) had signs of myelopathy; in 56 cases
(15.8%), the presence of myelopathy was not specified. The mean aggregate Japanese Orthopaedic Association score
on presentation for 111 patients was 15.3. Data available for 330 patients who initially presented without myelopathy
showed progression to myelopathy in 55 (16.7%), whereas the other 275 (83.3%) remained progression free. In the
76 patients presenting with myelopathy, 37 (48.7%) showed clinical progression, whereas 39 (51.5%) remained clini-
cally unchanged or improved.

Conclusions. Patients who present without myelopathy have a high chance of remaining progression free. Those
who already have signs of myelopathy at presentation may benefit from surgery due to a higher rate of progression
over continued follow-up. (DOI: 10.3171/2011.1. FOCUS10273)
ossification

Key Worps ¢ posterior longitudinal ligament ¢ myelopathy -«

conservative management

is an ectopic ossification that can cause a sig-
nificant amount of chronic pressure on the spinal

cord, resulting in myelopathy. It generally occurs in pa-
tients over 40 years of age and is considered a rare entity
if it appears earlier than the third decade of life.3? The
frequency of OPLL has varied between 0.8% and 3.2%."7
Managing OPLL can involve either surgical or con-
servative treatments. Patients with severe progressive
myelopathy due to OPLL have generally been considered
definitive candidates for surgical treatment.?> Current in-
dications for surgical management of patients with OPLL
include severe progressive myelopathy and MR imag-
ing evidence of increasing cord edema.® Several factors

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: JOA = Japanese Orthopaedic
Association; OPLL = ossification of the posterior longitudinal liga-
ment.
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found to correlate with progression of OPLL-induced
myelopathy can also be used as indications for surgi-
cal management. These include a C1-7 range of motion
greater than 35°, segmental-type OPLL, and the presence
of high signal intensity changes in the spinal cord on T2-
weighted MR images.* Surgical therapy for OPLL in-
cludes either direct removal of the ossified mass via an
anterior approach or decompression via a posterior ap-
proach.?> Patients who have a segmental type of OPLL
will benefit more from an anterior approach.!!®33 Those
with extensive OPLL affecting more than 3 levels of the
spine will benefit more from a posterior approach and
laminoplasty.®

When patients present without myelopathy or with
only mild myelopathic signs and symptoms, the ques-
tion arises as to optimal subsequent management. Cur-
rent suggested indications for conservative management
of patients with OPLL include minimal neurological

1



symptoms or significant medical risk factors for surgery.
Patients with irreversible neurological deficits, evidenced
by findings of myelomalacia on MR imaging and atro-
phy on clinical examination, should also be considered
for nonsurgical management.® Conservative treatment
can involve regular clinical follow-up, application of a
neck brace for cervical immobilization, decreased activ-
ity levels, or physical therapy.?># Inpatient management
can consist of bed rest and a period of cervical traction as
well."! Such conservative treatment has been reported to
be an effective therapeutic option, especially for patients
with mild myelopathy from cervical spondylosis.?!3%40
Management of patients who have OPLL without my-
elopathy still remains controversial, however, considering
the propensity for these patients to develop subsequent
enlargement of OPLL or possible severe neurological
deficits following minor trauma.>10.20:32.34.35

In this paper we provide a literature review on the
conservative management of OPLL. Although the litera-
ture is rich regarding various surgical treatments, there
are fewer studies reporting data regarding outcome of
conservatively managing these patients. To our knowl-
edge, this is the first attempt to aggregate all known ar-
ticles regarding the conservative management of OPLL.

Methods

English literature was identified using the MEDLINE
database. Several combinations of “ossification posterior
ligament,” “OPLL,” “conservative,” “natural history,”
“observation,” and “nonsurgical” were searched from
January 1975 to October 2010. In addition, “OPLL” and
“surgery” were used to search for surgical series that may
have included conservatively managed patients as well.
References were also searched for relevant literature.
This process was conducted by 3 independent authors.

Inclusion criteria were: 1) that a study included OPLL

TABLE 1: Studies included for this review*

M. H. Pham et al.

patients who were conservatively managed without surgi-
cal intervention upon initial diagnosis, and 2) that there was
clinical follow-up regarding the progression of myelopathy.
Exclusion criteria were: 1) any study reporting a group of
conservatively managed patients who were included in
a later study that met our primary inclusion criteria, and
2) any study in which OPLL patients were being conser-
vatively managed due to an acute injury. Data were then
extracted for number of patients conservatively managed,
mean duration of follow-up in the study, clinical presenta-
tion, type of conservative management reported, clinical
change on follow-up, and radiological change on follow-up.
Three authors independently reviewed all studies that pro-
vided any details in these categories, and any discrepancies
were resolved by consensus after re-review of primary data
before inclusion for analysis. We considered any nonopera-
tive treatment and/or observational follow-up as conserva-
tive management in this review.

The authors of several papers used the JOA score
to evaluate the severity of myelopathy (highest score, 17
points).* The JOA score quantifies cervical myelopathy
by evaluating upper-extremity function (4 points), lower-
extremity function (4 points), sensation (6 points), and
bladder function (3 points).

Results
Published Studies

Eleven studies detailing the conservative manage-
ment of OPLL met the criteria for discussion in this re-
view (Table 1). Of the 11 included articles, 7 were primar-
ily clinical studies, 3 were primarily radiological stud-
ies, and 1 was a case report. There were a total of 480
patients (range per study 1-359), with a mean per-patient
follow-up of 14.6 years (range 0.4-26 years). Matsunaga
et al.” had the largest study, with 359 patients, account-
ing for 74.8% of this aggregate population. In addition to

No. of Pts FU
Authors & Year Study Type  w/OPLLT  (yrs)f Reported Conservative Management

Harsh et al., 1987 clinical 1 1.25 clinical FU

Maiuru et al., 2000 clinical 1 3.0  bed rest, neck immobilization

Matsumoto et al., 2000 radiological 1 3.0  cervical brace with mandibular support (8+ hrs for 1st 3 mos, then
wean), restriction of daily activities; inpatient traction

Matsunaga et al., 2004 clinical 359 176  clinical FU

McAfee et al., 1987 clinical 1 04  clinical FU

Mochizuki et al., 2009  clinical 21 45  clinical FU

Morio et al., 1999 radiological 23 3.0 clinical FU

Murakami et al., 2010  case report 1 26.0  skull traction x 3 wks

Takatsu et al., 1999 radiological 56 7.8 clinical FU

Trojan et al., 1992 clinical 4 1.9  observation, short duration of dexamethasone treatment, skull trac-
tion, bed rest, neck brace, or rehabilitation

Yuetal., 1988 clinical 2 11 neckcollar

* FU = follow-up; Pts = patients.
1t Whose cases were conservatively managed.

T For studies involving more than 1 patient, the mean value is given.
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TABLE 2: Studies initially considered for review and subsequently excluded

Authors & Year Study Type  No. of Pts w/ OPLL*

Reason for Exclusion

Jayakumar et al., 1996  clinical 17
Koyanagi et al., 2004 radiological 22
Matsunaga et al., 1994  clinical 207
Matsunaga et al., 1996  radiological 101
Matsunaga et al., 2001  clinical 126
Matsunaga et al., 2002  clinical 167

incomplete FU

incomplete FU

same patients already included in another study

incomplete FU; same patients already included in another study
incomplete FU; same patients already included in another study
same patients already included in another study

* Whose cases were conservatively managed.

regular clinical follow-up, reported types of conservative
management included cervical brace or immobilization
(4 studies), cervical traction (3 studies), a reduction in
daily activities including bed rest (3 studies), and physical
therapy (1 study).

Six other studies that were initially considered for in-
clusion in this review were subsequently excluded. Those
studies can be found in Table 2. Reasons for exclusion
were: incompletely documented clinical follow-up or ab-
sence of documented clinical follow-up (4 studies) and
presence of overlapping patients in studies already in-
cluded in this review (4 studies).

Presentation

Of all 480 conservatively managed patients across
these 11 studies, 348 patients (72.5%) presented without
any signs of myelopathy (Table 3). This is in compari-
son with 76 patients (15.8%) who presented with signs of
myelopathy (Table 4). Status specifically regarding my-
elopathy could not be determined in 56 patients (11.7%).
Reasons for nonsurgical intervention in the 76 patients
presenting with myelopathy were: refusal of surgery (39
patients), myelopathy determined to be mild (28 patients),
patient not medically stable for surgery (1 patient), and
undetermined (8 patients).

Four studies reported initial JOA scores in their con-
servatively managed patient population (Table 5). In a
series of 11 patients, all of whom had mild myelopathy,
Matsumoto et al.>* reported a mean JOA score at initial
presentation of 14.3 + 1.6. Mochizuki et al.»> and Takatsu

TABLE 3: Patients who presented without myelopathy and their
clinical progression*

Findings at FU
No. of Pts w/o
Authors & Year Myelopathy ~ No Change  Myelopathy
Matsunaga et al., 2004 323 268 55
Mochizuki et al., 2009 6 6 0
Morio et al., 1999 18 NR NR
Trojan et al., 1992 1 1 0

* QOverall, 348 patients with conservatively managed OPLL were de-
scribed as initially presenting without myelopathy. No change was re-
ported in 275 (83%) of the 330 cases for which follow-up data were
reported and progression to myelopathy in 55 (16.7%). Abbreviation:
NR = not reported.
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et al.*® reported mean initial JOA scores for a mixed non-
myelopathic/myelopathic population with 15.6 + 0.9 and
15.1 £2.7, respectively. Morio et al.* specified a mean JOA
score in their myelopathic population as 12.9; altogether,
however, their total population of 23 patients, including
those without signs of myelopathy, had a mean initial score
of 16.1. Based on these 4 studies, the mean aggregate JOA
score on presentation of 111 OPLL patients who were sub-
sequently managed conservatively was 15.3.

Clinical Progression

Of 330 patients with clinical follow-up data who ini-
tially presented without myelopathy, 275 patients (83.3%)
remained progression free while 55 patients (16.7%) de-
veloped signs of myelopathy. In 76 patients who already
had signs of myelopathy on presentation, 39 patients
(51.3%) either remained unchanged or improved, whereas
37 patients (48.7%) showed clinical aggravation or wors-
ening of their myelopathy on follow-up.

Follow-up JOA scores were available in only 3 of the
11 studies (Table 5). In a study of 56 conservatively man-
aged OPLL patients, Takatsu et al.** showed a final mean
JOA score of 14.8 + 3.1 after a mean follow-up period of
7.8 years. This was slightly decreased from a mean JOA
score of 15.1 + 2.7 on initial presentation, but they report-
ed this to be a nonsignificant change. For their 11 mildly
myelopathic patients treated conservatively, Matsumoto et
al.?* reported a final mean JOA score of 13.8 + 1.7 during
a mean follow-up period of 3 years. This was decreased
from 14.3 + 1.6 on initial presentation. Mochizuki et al.,
however, demonstrated an improvement in their popula-
tion of 21 patients. In their group of 6 nonmyelopathic and
15 mildly myelopathic patients, a mean JOA score of 16.4
+ 1.0 was achieved after a mean follow-up period of 4.5
years—an improvement from an initial mean JOA score
of 15.6 +09.

Discussion

Ossification of the posterior longitudinal ligament is
an important cause of spinal cord disease. Chronic com-
pression of the spinal cord is believed to be the mecha-
nism for myelopathy and may contribute to significant
neurological disability.?® Although the majority of cases
(92%) affect the cervical spine, OPLL can also appear at
the thoracic (4%) and lumbar (4%) spinal levels.?

Good results from the surgical treatment of patients
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TABLE 4: Patients who presented with myelopathy and their clinical progression*

Findings on FU
Authors & Year No. of Pts w/ Myelopathy at Presentation No Change Improvement Worsening

Harsh et al., 1987 1 1

Maiuru et al., 2000 1 1

Matsumoto et al., 2000 1 5t 6
Matsunaga et al., 2004 36 13t 23
McAfee et al., 1987 1 1

Mochizuki et al., 2009 15 6 8 1
Morio et al., 1999 5 0 0 5
Murakami et al., 2010 1 1
Trojan et al., 1992 3 2 1 0
Yuetal., 1988 2 1 0 1

* Qverall, 76 patients with conservatively managed OPLL initially presented with myelopathy. Improvement or no change was

reported in 39 (51.3%) and worsening in 37 (48.7%).
T No change or improvement (not categorized separately).

with OPLL have been reported throughout the litera-
ture 323274247 In several high-volume series of over 100
cases,*!3% rates of neurological improvement have been
reported as ranging between 86.5% and 89.4%. Major
concerns with respect to an anterior approach revolve
around inadequate decompression, dural loss or lacera-
tion, CSF leak, or neurological injury of the compressed
spinal cord.>”*!? Vertebral instability with pseudarthro-
sis has also been reported with anterior approaches, with
rates ranging from 4%—6% for 1-level fusions to as high
as 17% for 3-level fusions.>”3! Posterior approaches may
run into continued progression of OPLL. Other compli-
cations resulting from posterior approaches include post-
surgical kyphosis and C-5 palsies. Symptomatic neuro-
logical deterioration, however, occurs only rarely and has
been cited as occurring in less than 1% of cases.!o4

It has been suggested that conservative treatment be
pursued for patients with a JOA score of at least 14 points.
This suggestion was based on a study by Mochizuki et
al.,» who reported a mean JOA score improvement from
15.6 £ 09 to 164 £ 1.0 over a mean follow-up period of
4.5 years. When Matsumoto et al.>* managed their 11
myelopathic patients conservatively, however, they saw
a decline in mean JOA score from 14.3 + 1.6 to 13.8 +
1.7 over a mean follow-up period of 3 years. Our review
showed that nonmyelopathic patients had a 16.7% chance
of showing myelopathic progression over an aggregate
mean follow-up period of 14.6 years. If a patient already
had myelopathy on initial presentation, the chance of fur-
ther progression increased to 48.7% with conservative
management.

Over a mean follow-up period of 17.6 years, Matsu-
naga et al.?” showed that only 55 (17%) of the 323 patients
who presented without myelopathy symptoms or signs
had developed myelopathy by final follow-up. The cumu-
lative myelopathy-free survival rate in patients presenting
without myelopathy was 71% after 30 years. This sug-
gests that prophylactic surgery in the absence of signs and
symptoms may not be necessary in light of this benign
course. In contrast, 23 (64%) of the 36 patients who had

4

presented with myelopathy but declined surgery, experi-
enced progression. The majority of this progression oc-
curred in patients who had at least moderate myelopathy
at initial presentation (Nurick Grades 3,4, and 5).*' On the
other hands, patients who initially had mild myelopathy
(Nurick Grades 1 and 2) had the same functional outcome
whether they were managed conservatively or surgically.

A long-term observational study** of OPLL demon-
strated progression of ossification longitudinally in 60%
of patients and transversely in 52%. This radiographic
progression, however, did not necessarily correlate with
the appearance of myelopathy in in patients who had
previously shown no signs of spinal cord disease. Like-
wise, Matsunaga et al.?* demonstrated similar findings
in their observational study of 207 patients followed up
for a mean period of 10.25 years. Although 32% of the
65 patients who had an increase in ossification thickness
showed aggravation of myelopathy, there were cases in
which patients had no worsening of myelopathy in the
face of marked ossification, as well as those in which pa-
tients experienced worsening myelopathy in the presence
of only slight ossification. They determined that the onset
and aggravation of myelopathy could not be attributable
to the development of ossification alone and pointed to

TABLE 5: Studies reporting mean JOA scores in conservatively
managed patients*

Mean JOA Score
No. of Pts at Initial Mean JOA
Authors & Year w/ OPLLt Presentation Score at FU
Matsumoto et al., 2000 1 143+16 13.8+1.7
Mochizuki et al., 2009 21 15.6£0.9 16.4+1.0
Morio et al., 1999 23 16.1 NR
Takatsu et al., 1999 56 15127 14.8 £ 3.1

* Based on the available data, the overall mean JOA scores were 15.3
at initial presentation (4 studies) and 15.05 at follow-up (3 studies).
T Including asymptomatic patients and those with myelopathy.
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incidence of cardiovascular disease and dynamic range of
motion factors as well. An increase in the extent of OPLL
in addition to these other factors may be needed to induce
myelopathy. In our review of these 11 studies, only Mu-
rakami et al.*® commented on radiographic progression;
in their case report, they noted an increase in ossifica-
tion that coincided with the appearance of myelopathy 26
years after their patient’s initial presentation.

There are significant caveats for this review. Data
gathered were partly based on retrospective series that
included conservatively managed cases as part of a larger
report of surgical treatments. Patients who were chosen for
conservative management typically had presentations that
were more benign than their surgically managed counter-
parts.® This may represent a selection bias that may under-
estimate the severity in progression of OPLL’s true natural
history should higher grades of OPLL be managed without
surgery. In addition, the clinical and radiological progres-
sion of OPLL is not linear. Studies have shown that pa-
tients with moderate to severe myelopathy will experience
faster progression than those with only mild myelopathy.?’
Therefore, the simple presence of myelopathy on initial ex-
amination without a descriptor of its severity is not enough
to predict outcome. Because many studies did not report a
particular grade or score of presenting myelopathy and be-
cause several studies aggregated their conservatively man-
aged patients, it may be difficult to predict a true slope of
progression. Last, because the study of Matsunaga et al.?’
study from one Japanese center constituted the majority of
this review’s patient population, the conclusions reached
here may not be completely applicable to all patients with
OPLL.

To the best of our knowledge, this is the first attempt
to review the clinical course of all OPLL patients report-
ed on in the literature who were conservatively managed
without surgery. It is hoped that our findings will provide
continued guidance as to deciding the appropriate treat-
ment in patients with this condition.

Conclusions

The indications for conservatively managing patients
with OPLL remain vaguely defined. Patients who present
without myelopathy have a high chance of remaining pro-
gression free. Those who present already with symptoms
or signs of myelopathy may benefit from surgery due to a
higher rate of progression over continued follow-up.
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Surgical management of cervical ossification of the posterior
longitudinal ligament: natural history and the role of surgical
decompression and stabilization

PaTrICK A. SUGRUE, M..D., JAMAL MCCLENDON JR., M.D., RYAN J. HALPIN, M.D.,
Joun C. Liu, M.D., TyLER R. Koski, M.D., AND ARUNA GANjU, M. D.

Department of Neurological Surgery, Northwestern University Feinberg School of Medicine, Chicago,
Hlinois

Object. Ossification of the posterior longitudinal ligament (OPLL) is a complex multifactorial disease process
combining both metabolic and biomechanical factors. The role for surgical intervention and choice of anterior or pos-
terior approach is controversial. The object of this study was to review the literature and present a single-institution
experience with surgical intervention for OPLL.

Methods. The authors performed a retrospective review of their institutional experience with surgical interven-
tion for cervical OPLL. They also reviewed the English-language literature regarding the epidemiology, pathophysi-
ology, natural history, and surgical intervention for OPLL.

Results. Review of the literature suggests an improved benefit for anterior decompression and stabilization or
posterior decompression and stabilization compared with posterior decompression via laminectomy or laminoplasty.
Both anterior and posterior approaches are safe and effective means of decompression of cervical stenosis in the set-
ting of OPLL.

Conclusions. Anterior cervical decompression and reconstruction is a safe and appropriate treatment for cervi-
cal spondylitic myelopathy in the setting of OPLL. For patients with maintained cervical lordosis, posterior cervical
decompression and stabilization is advocated. The use of laminectomy or laminoplasty is indicated in patients with
preserved cervical lordosis and less than 60% of the spinal canal occupied by calcified ligament in a “hill-shaped”
contour. (DOI: 10.3171/2010.12. FOCUS10283)

KEy Worps ¢  cervical stenosis

ossification of the posterior longitudinal ligament ¢

(OPLL) is a pathological process whereby the PLL

becomes progressively calcified, often leading to
symptomatic spinal canal or foraminal stenosis.''?3! It is
a complex disease process, and patients often present to
the spine surgeon in an advanced stage requiring surgical
intervention. There is a great deal of evidence that OPLL
is a multifactorial process resulting not only from inherent
biological factors but also from environmental and biome-
chanical factors.!'?033 Each of these competing factors
plays arole in the natural history of the disease process and
ultimately in the role of surgical intervention. With that in
mind, there are various potential surgical options available
to the spine surgeon, each with its own risks, benefits, and
accompanying pitfalls. In this manuscript, we discuss the

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: BMP = bone morphogenetic
protein; DISH = diffuse idiopathic skeletal hyperostosis; JOA =
Japanese Orthopaedic Association; OPLL = ossification of the PLL;
PLL = posterior longitudinal ligament.
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cervical spondylitic myelopathy
laminoplasty ¢  corpectomy

various types of OPLL in the cervical spine and the advan-
tages and disadvantages of different surgical strategies as
supported by our institutional experience.

The prevalence of OPLL has been shown to be high-
er in East Asian countries, most significantly in Japan
(19%-4.3%), Korea (3.6%), and Taiwan (2.8%)."" The
prevalence of OPLL in the North American Caucasian
population has been reported as only 0.12% historically,"
but more recently, Epstein’ has reported that as many as
25% of patients who present with cervical myelopathy
have some evidence of OPLL. While there is evidence of
a genetic predisposition for OPLL there are also underly-
ing associated metabolic comorbidities. Both adult-onset
and non—insulin-dependent diabetes mellitus have been
shown to be independent risk factors for OPLL and are
believed to be related to an increase in insulin produc-
tion and its upregulating effect on osteoprogenitor cells
leading to OPLL.!1-2027 Ossification of the PLL can also
be seen in as many as 50% of cases of diffuse idiopathic
skeletal hyperostosis (DISH).>”



Four types of OPLL have classically been de-
scribed:'%?> 1) segmental—confined to the area posterior
to the vertebral bodies without crossing the disc spaces;
2) continuous—extending from vertebral body to verte-
bral body including the disc space and spanning multiple
levels; 3) mixed: combined aspects of both segmental and
continuous types that maintains some skipped areas; and
4) other: limited to area behind the disc space with some
extension to the posterior vertebral body endplate or focal
punctate areas of hypertrophy/calcification of the poste-
rior longitudinal ligament.

Although OPLL is the result of multiple processes,
there have been numerous studies addressing the genetic
and metabolic basis of this disease. While the details of
those studies are beyond the scope of this manuscript,
there are a few details that bear mentioning. The role of
repeated mechanical stress to the cervical spine has been
proposed as an agent in the formation of OPLL. Stud-
ies looking at the importance of dynamic repeated stress
have demonstrated an increase in BMP-2, BMP-4, prosta-
glandin I2 synthase, and osteoblast specific transcription
factors in patients with OPLL compared with those with-
out OPLL.!"'2 The increase in these cytokines suggests,
as the authors point out, that the mechanical stress in-
duces a biochemical response that leads ultimately to os-
teogenic induction in the ligament cells leading to OPLL.
The importance of this finding with respect to surgical in-
tervention is important to point out in terms of the role of
surgical stabilization as opposed to decompression alone.

Matsunagra et al.* studied the natural history of un-
treated OPLL and found that 17% of patients who were
found to have OPLL without signs of myelopathy went on
to progress to the development of myelopathy. Likewise,
64% of patients with signs of myelopathy at the time of pre-
sentation who did not undergo surgery experienced neuro-
logical deterioration. This clinical study helps to highlight
the fact that the development and progression of OPLL is
a dynamic process. Epstein® describes OPLL as part of a
continuum that begins with increased vascular fibrosis of
the PLL and progresses to focal calcification, proliferation
of periosteal cartilage, and ultimately ossification. Early
ossification is often seen in patients in the Sth decade of
life in the area posterior to the disc space alone, making
it difficult to distinguish from degenerative spondylosis.
The rate of ossification is variable among different patient
groups but Harsh et al.® found an annual growth rate of
0.67 mm in the anterior-posterior direction and 4.1 mm
in the cranial-caudal direction. In another study, Matsu-
naga et al.?! confirmed these findings, demonstrating that
nearly 20% of patients with untreated OPLL experienced
an increase of 2 mm or more in PLL thickness and 86%
experienced an increase in the cranial-caudal extent of the
disease. Murakami et al.?® likewise report a case of a pa-
tient who progressed from asymptomatic segmental OPLL
to a mixed-type OPLL as his neurological condition dete-
riorated, developing myelopathy over the course of 4 years.
The progressive nature of OPLL suggests that most patient
will ultimately require some sort of surgical intervention.

Surgical Management

Nonoperative management of OPLL is reserved for
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patients who have few neurological symptoms or for those
whose overall medical health precludes them from surgi-
cal treatment. Pharmacological pain management with
the guidance of multidisciplinary pain specialists is rec-
ommended. Nonsteroidal antiinflammatory medications
and steroid injections are the mainstays of nonoperative
therapy. Unfortunately, despite the inflammatory nature
of the disease, there have been few pharmacological ad-
vances in the specific antiinflammatory agents designed
for OPLL, as compared with other inflammatory disease
such as rheumatoid arthritis or ankylosing spondylitis.

Nearly 70% of cases of OPLL involve the cervical
spine.> Most patients with cervical OPLL come to the at-
tention of spine surgeons because of clinical findings of
myelopathy, radiculopathy, or both and thus require surgi-
cal intervention. The questions that often face the surgeon
involve the appropriate surgical approach: anterior versus
posterior and decompression alone versus decompression
and stabilization. The location of the OPLL, in conjunction
with the patient’s clinical symptoms, guides the surgeon in
formulating a surgical plan. There are different treatment
options available for OPLL of the cervical spine, compared
with OPLL of the thoracic or lumbar spine. In the cervical
spine, the anterior spinal column is much more accessible
and often carries less morbidity than the thoracotomy that
would be required for anterior access to the thoracic spine.
Many patients with OPLL harbor other medical comorbid-
ities or are of advanced age such that thoracotomy is not an
ideal choice. On the other hand, older patients undergoing
multilevel cervical corpectomy have been shown to have
an increased rate of significant dysphagia postoperatively.
Posterior decompression via laminectomy or laminoplasty
is an option at any level of the spine. The need for stabiliza-
tion is often greater in the cervical spine than in the tho-
racic spine, the latter being supported by the thoracic cage.
However, kyphosis of the thoracic spine may increase the
need for instrumented stabilization to minimize the risk
of a progressive kyphotic deformity in the setting of a dis-
rupted posterior tension band. There are many factors that
influence the surgical plan for OPLL, and in this manu-
script we analyze our single-institution experience with
surgically treated cervical OPLL.

Methods

After obtaining institutional review board approval,
we retrospectively analyzed our own patient experience
with cervical OPLL. Individual surgeon case logs and
billing records were reviewed for the previous 10 years
(2000-2010). We retrospectively identified 18 patients
(Table 1) who underwent surgery for symptomatic cer-
vical myelopathy secondary to radiographically con-
firmed OPLL. The different types of OPLL as classified
by Hirabayashi et al.l° were evenly distributed among our
patients: continuous in 6, segmental in 6, and mixed in
6. Twelve patients underwent laminectomy and instru-
mented stabilization (Figs. 1 and 2), 3 patients underwent
2-level corpectomy, 2 patients underwent 1-level corpec-
tomy (Figs. 3 and 4), and 1 patient underwent 1-level cor-
pectomy with adjacent-level anterior cervical discectomy
and fusion. Medical record chart review was performed
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TABLE 1: Summary of demographic and clinical characteristics
in 18 patients*

Case Age (yrs), Type of
No. Sex OPLLt Procedure
1 62, F continuous  C5-6 corpectomy, C4-7 ASF
2 60, M continuous  C5-6 corpectomy, C4-7 ASF
3 51,F continuous  C-4 corpectomy, C5-6 ACD, C3-6

ASF

4 79, M continuous  C-5 corpectomy, C4—6 ASF

5 59, F continuous  C3-7 laminectomy, C3-T2 PSF

6 86, M continuous  C4-7 laminectomy, C3-T2 PSF

7 58, M mixed C3-6 laminectomy, C3-6 PSF

8 84, M mixed C3-5 laminectomy, C3-5 PSF

9 74, M mixed C3-7 laminectomy, C3-T2 PSF
10 59, M mixed C4-T7 laminectomy, C4-T2 PSF

1 5, F mixed
12 42, M mixed

C3-6 laminectomy, C3—6 PSF
C4-6 laminectomy, C3-T2 PSF

13 31, F segmental  C-6 corpectomy, C5-7 ASF

14 64, F segmental  C3-7 laminectomy, C3-7 PSF
15 68, F segmental  C3-6 laminectomy, C3-7 PSF
16 56, M segmental  C3-5 laminectomy, C3-T2 PSF
17 42, F segmental  C5-6 corpectomy, C4—7 ASF
18 54, M segmental  C3-7 laminectomy, C3-7 PSF

* There was no CSF leak or postoperative neurological deficit. Abbre-
viations: ACD = anterior cervical discectomy; ASF = anterior spinal fu-
sion; PSF = posterior spinal fusion.

T As classified by Hirabayashi et al.

to obtain both preoperative and postoperative neurologi-
cal examination status as well as presenting complaints.
The type of procedure was recorded as well as findings
of pre- and postoperative neurological examinations and
follow-up imaging. Any intraoperative or postoperative
complications documented in the medical record were
also recorded. The average follow-up time was calcu-
lated. Any change in neurological examination findings
documented in the medical record was recorded.

Results

Follow-up data were available in 16 cases. One pa-

Fic. 2. Case 5. Postoperative images. Anterior-posterior (left) and
lateral (right) radiographs obtained after C3-7 laminectomy and C3-T2
instrumented posterior spinal fusion.

tient suffered a massive pulmonary embolus 1 month af-
ter surgery and died as a result. In another case, there
was no record of the patient’s ever returning to clinic af-
ter discharge and the patient was thus classified as lost
to follow-up. Of the 16 patients for whom follow-up data
were available, 31% demonstrated a significant improve-
ment in strength on objective physical examination; 69%
remained neurologically stable; and 12.5% experienced
some transient weakness in 1 or more muscle groups dur-
ing the immediate postoperative period. The average du-
ration of follow-up was 9 months (range 1-36 months).
There was no radiographic evidence of instrumentation
loosening or failure in the short term for any patients 3
months after surgery. There was no evidence of CSF leak.

Discussion

When evaluating patients with OPLL, preoperative
planning is essential. Careful assessment of the imaging
studies includes determining the extent of ossification
and the direction of the surgical approach (anterior vs
posterior). Diagnostic imaging in OPLL is usually multi-
modality. Typically, when patients present for neurosurgi-
cal evaluation, an MR imaging study has already been
performed for evaluation of neck pain or arm pain. The

Fic. 1. Case 5. Preoperative images. This 59-year-old woman was found to have cervical spondylitic myelopathy and
OPLL. A: Sagittal CT reconstruction demonstrating continuous OPLL at the C4-6 levels. B and C: Axial CT images reveal-
ing severe spinal canal stenosis due to OPLL at multiple levels. There is also evidence of DISH on the sagittal and axial images.
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Fic. 3. Case 4. Preoperative images. This 79-year-old man with gait difficulties was found to have cervical spondylitic my-
elopathy secondary to continuous OPLL as seen on sagittal T2-weighted MR imaging (A), sagittal CT reconstruction (B), and

axial CT (C).

appearance of OPLL on MR imaging differs depending
on the extent of progression of the ossification process.
For example, early OPLL is often confined to the area
behind the disc space with some extension to the adja-
cent vertebral bodies or end plates; in such a case, OPLL
appears very similar to spondylosis or disc herniation.
Hypertrophied and calcified ligament appears hypoin-
tense on unenhanced MR images, but following the ad-
ministration of gadolinium, ossified PLL enhances. Disc
herniations do not enhance. In fact, particularly advanced
cases of OPLL will display evidence of fat deposition and
signs of bone marrow production. Advanced continuous
OPLL may demonstrate the development of a Haversian
canal system within the calcified ligament.> Wang et al.3*
studied T2 signal intensity ratios between intramedullary
areas posterior to compressive ossified PLL. compared
with the intramedullary signal behind the C7-T1 disc
space where there was no compression in patients with
myelopathy prior to laminoplasty. They concluded that
patients with low signal-intensity ratios had better surgi-
cal outcomes than those with high signal-intensity ratios
and evidence of pyramidal signs.’* Given the likely pro-

Fic. 4. Case 4. Postoperative images. Anterior-posterior (left) and
lateral (right) radiographs obtained after C-5 corpectomy and C4-6
anterior spinal fusion.

4

gression of untreated OPLL we advocate for early surgi-
cal intervention.

Computed tomography can help to confirm OPLL first
suspected on MR imaging; CT can often help to better de-
fine the extent of disease seen on MR imaging and identify
any foraminal component or the degree of stenosis. Like-
wise, OPLL in its early stages may be missed on CT sagit-
tal reconstructions and these images should be correlated
with axial imaging. Ossification of the ligamentum flavum
can also be associated with OPLL and can be seen best on
CT. The longitudinal extent and circumferential location
of both anterior and posterior ossification and subsequent
canal or foraminal stenosis aid in formulating the appropri-
ate surgical plan. CT myelography often helps to define the
extent of spinal cord compression and the urgency of surgi-
cal intervention. Dynamic flexion-extension imaging can
also play a role when the surgeon is considering stabiliza-
tion. It is important to point out the importance of utilizing
CT reconstructions in assessing OPLL to best understand
the 3D anatomy of the disease. Chang et al.?> have dem-
onstrated the increased intra- and interobserver reliability
of CT reconstructions compared with plain radiographs or
even axial CT alone.

Patient age and medical comorbidities also influence
the decision to use an anterior or posterior approach and
whether to perform stabilization. Epstein® reports that in
comparison to stand-alone posterior procedures, anterior
procedures produce better short- and long-term improve-
ment in neurological outcomes. The work of Kawano et al.!®
provides support for this notion, demonstrating improved
outcomes in the short-term and long-term for patients un-
dergoing anterior corpectomy compared with those un-
dergoing posterior procedures. Anterior decompression of
the spine seems to be the definitive surgical approach for
a compressive lesion ventral to the spinal cord. However,
OPLL can often present as segmental or continuous type
of lesion spanning multiple levels. Good results have been
reported for 1- and 2-level cervical corpectomies; however,
corpectomies of 3 levels or more are fraught with compli-
cations including graft fracture, graft pistoning, graft dis-
lodgement, instrumentation failure, and pseudarthrosis.*
Dalbayrak et al.* have introduced the idea of the “skip”
corpectomy, whereby the C-5 vertebral body is left intact
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and C-4 and C-6 corpectomies are performed for cervical
spondylitic myelopathy and OPLL. They conclude that the
C-5 body adds additional stability to the anterior cervical
construct and the procedure still provides adequate decom-
pression. The biomechanical complications are compound-
ed by high rates of postoperative dysphagia in patients who
have undergone multilevel cervical corpectomy.

Anterior corpectomy has been shown to have sig-
nificant benefits for these patients, but many surgeons are
concerned about the risk of durotomy and postoperative
CSF leak due to the adherent ossified PLL and the poten-
tial for continued neurological deterioration due to insuf-
ficient decompression.>%23283 In the series reported by
Chen et al.,? only 4 patients suffered a CSF leak, and there
was no evidence of neurological decline in patients who
underwent anterior corpectomy. The authors conclude that
these outcomes are the result of a lack of traumatic ma-
nipulation of the spinal cord and protection of the epidural
vascular plexus. They used specially designed microdis-
sectors to separate the ossified PLL from the dura and they
also used the popular “floating” technique when there was
evidence of dural ossification. Hida et al.’ studied the CT
characteristics of patients with OPLL and demonstrated
some key findings that help determine the amount of du-
ral ossification and thus the potential risk of durotomy and
CSF leak at the time of surgery. They studied 21 patients
with radiographic evidence of OPLL and correlated their
findings with intraoperative evidence of dural defect. They
describe double- and single-layer OPLL. Twelve patients
were found to have a double layer of ossification on CT at
the level of the thickest ossified PLL and 10 patients were
found to have a single calcified layer. Of the 12 patients
with double-layer OPLL, 10 of them were found to have
dural defects, whereas 9 of the 10 patients with single-layer
OPLL had intact dura.® Utilizing these findings on preop-
erative CT can help determine which areas of the ossified
PLL should be left in place at surgery. In our experience,
calcified ligament can be removed safely. When remov-
ing the calcified ligament, one must be careful to dissect
in the appropriate plane. That plane can often be found by
sliding a blunt nerve hook under the lateral aspect of the
ligament. Utilizing the appropriate plane minimizes the
risk of neurological injury, CSF leak, and injury to the en-
gorged epidural venous system. In the event that the liga-
ment is adherent to the dura, certain “bone islands” can be
left in place. If the area of adherent calcified ligament is
totally disconnected circumferentially, then it is unlikely
to impose any compression on the spinal cord. Repair of
an anterior durotomy can be challenging, particularly in
the setting of calcified dura. If a CSF leak occurs it should
be repaired immediately. If CSF drains from the thecal
sac, the engorged epidural venous plexus will likely bleed
significantly, making the procedure even more technically
challenging.

Although in our experience anterior decompression
and reconstruction can be done effectively and safely for
2-level disease, 3-level corpectomies are often not well
tolerated due to postoperative dysphagia as well as the
biomechanical challenges of such a large construct. With
that in mind, we find that the most important factor in
choosing an anterior or posterior approach is cervical

Neurosurg Focus / Volume 30 / March 2011

lordosis. In particular, patients who lack cervical lordosis
may benefit from an anterior approach when possible. In
cases in which posterior decompression is required, how-
ever, we typically perform a stabilization procedure in our
institution due to concern about progression of OPLL as a
result of dynamic instability or progression of sagittal de-
formity. Posterior decompression alone has been shown
to accelerate progression of OPLL ventrally. Takatsu et
al.? demonstrated an increase in the rate of deteriora-
tion of patients who underwent posterior decompression
alone—laminectomy or laminoplasty—compared with
those who did not undergo any surgical intervention for
OPLL. Likewise, when the decompression extends to the
cervical-thoracic junction, stabilization should extend
across the cervical-thoracic junction to T-2 to minimize
the risk of a junctional kyphosis.

In the US, most cases of OPLL are treated using a
posterior approach, as it can be a less technically than
an anterior corpectomy. However, the need for posteri-
or stabilization is controversial. Laminoplasty has been
used to achieve posterior decompression while preserv-
ing motion, but patients with a straight or kyphotic cervi-
cal spine are at risk for progression of cervical kyphosis,
and laminoplasty is contraindicated in this population.
Patients with reversal of cervical lordosis who undergo
laminoplasty have been shown to experience progression
of kyphotic deformity as well as progression of ligamen-
tous ossification postoperatively.>!317.22

Laminectomy without stabilization or laminoplasty
can be an effective surgical option in specific circum-
stances. Iwasaki et al.*!> have studied long-term out-
comes in patients who underwent cervical laminoplasty
for OPLL and concluded that the most significant pre-
dictors for poor neurological outcome following lamino-
plasty are “hill-shaped” ossification, lower preoperative
JOA score, postoperative change in cervical alignment,
and older age at time or surgery. Likewise, they report
worse neurological outcomes for patients with an occupy-
ing ratio of 60% or greater.

Matz et al.>* performed a detailed analysis of the lit-
erature and concluded that there is Class III evidence to
support the use of laminoplasty in cervical spondylitic
myelopathy or OPLL. They report 55%—60% JOA score
improvement compared with nonoperative therapy. Fur-
thermore, while the most common complication of lami-
noplasty is the development of a C-5 nerve palsy due to
cord shift and nerve root stretch, there is preserved range
of motion and Class III evidence of equivalence in func-
tional improvement between laminoplasty, anterior cer-
vical decompression and fusion, and laminectomy with
arthrodesis.?* For our patient population, laminoplasty
or laminectomy alone are rarely used due to the concern
about progression of OPLL or development of cervical
kyphosis. Many patients with OPLL also have DISH. The
combination of OPLL and DISH may provide some ante-
rior stability to the construct and thus reduce the risk of
developing progressive kyphosis in the setting of lamino-
plasty or laminectomy. However, we have not had that ex-
perience at our institution, and thus all patients with mul-
tilevel cervical decompression in the setting of a straight
or kyphotic cervical spine also undergo stabilization.



The technique we employ for posterior cervical de-
compression typically involves an en bloc laminectomy.
Using a high-speed drill, bilateral troughs are created
at the junction of the lamina and lateral mass or lami-
na-facet line, thus releasing the lamina from the lateral
mass. Once the troughs are drilled, a nerve hook is used
to define the epidural space. Disconnection of the osteo-
ligamentous structures is performed by using Kerrison
punches to systematically complete the disassociation of
lamina from the facets. Similarly, disconnection of the
osteoligamentous structures must also be performed at
the cephalad and caudal ends to remove the lamina en
bloc. This process of removing the ligamentum flavum
must be done carefully to avoid any tearing of the dura.
Both the ligamentum and the dura may be calcified or
adherent to one another. The lamina can later be used as
autograft for fusion. Throughout the procedure, the mean
arterial blood pressure is maintained above 80 mm Hg to
provide appropriate spinal cord perfusion. Instrumenta-
tion is typically placed prior to decompression using a
modified Magerl technique'® for placement of lateral mass
fixation and the free-hand technique described by Lenke'
is used for thoracic pedicle screw placement when neces-
sary. Complete arthrodesis of the facet complex is essen-
tial to optimize fusion. The use of osteobiologic agents
is a controversial topic and is left to the discretion of the
surgeon. While osteobiologics can enhance fusion rates
in the posterior cervical spine, their use in the anterior
cervical spine is not recommended due to the intense
inflammatory response generated and the concern for
compromising the patient’s airway. The fusion rate in our
case series is high and likely on a par with other institu-
tions’ series in large part due to the inflammatory nature
of OPLL and high propensity for calcification and fusion.

Overall, the decision to use an anterior or posterior
approach is a complicated one involving many factors. In
our series, 67% of the patients underwent posterior decom-
pression and fusion. Posterior stabilization is often a less
technically demanding procedure that can be done safely
and effectively. Chen et al.? retrospectively studied radio-
graphic and clinical outcomes in 75 patients with severe
OPLL as defined by 3 or more levels of OPLL with at least
a 40% compromise of the cervical canal. The patients
underwent anterior corpectomy and reconstruction, lami-
nectomy and posterior instrumented stabilization, or lami-
noplasty. In this study they demonstrated a few important
points. First, patients who underwent anterior corpectomy
or laminectomy and instrumentation maintained a signifi-
cantly greater cervical lordosis compared with those who
underwent laminoplasty. Also, Chen et al.> demonstrated
that neurological improvement measured by the JOA scale
was significantly greater in patients who underwent anteri-
or corpectomy than in those who underwent laminoplasty.
For example, the mean JOA improvement percentage (+
SD) for those in the 3 groups was as follows: anterior cor-
pectomy 63.2 = 15.2, laminectomy and stabilization 43.5
+ 12.7, and laminoplasty 25.1 + 8.5. None of the patients
in the anterior corpectomy group or the laminectomy and
fusion group experienced neurological deterioration post-
operatively, but 4 of 25 patients who underwent lamino-
plasty suffered neurological deterioration and progressive
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kyphotic deformity. The fact that some of the patients in
the laminoplasty group experienced worsening neurologi-
cal deficits helps support the idea that there is indeed an
impact from a repeated mechanical stress and potential in-
stability that may contribute to development of OPLL. The
patients in this study who underwent instrumented stabili-
zation did not suffer the same neurological decline. Wheth-
er the deterioration was from progressive kyphosis or from
OPLL progression is not completely clear, but may be due
to both processes leading to continued or worsening steno-
sis/compression. Although the literature suggests improved
outcomes for anterior decompression and reconstruction,
both groups of patients in our series who underwent ante-
rior or posterior procedures did well neurologically. The
decision to use an anterior or posterior approach was based
on the number of levels involved, cervical lordosis, medical
comorbidities, and patient age.

Conclusions

Ossification of the PLL is a complex multifactorial
disease process that requires an understanding of the eti-
ology of the disease as well as the role for surgical in-
tervention. Most patients who present with symptomatic
OPLL will eventually require surgery. The natural histo-
ry of OPLL is that of progressive neurological decline re-
sulting from enlargement of the ossified ligament and re-
sulting stenosis. Clinical myelopathy is further worsened
by a dynamic process whereby mechanical stress is trans-
ferred into reactive inflammation. The role of surgery is
to decompress and stabilize the spine. For patients who
demonstrate appropriate lordosis, laminoplasty or lami-
nectomy may be a viable option. However, studies suggest
that despite preservation of cervical lordosis, patients with
myelopathy secondary to OPLL require stabilization. The
decision to use an anterior or posterior approach is left to
the discretion of the surgeon. Both anterior and posterior
approaches have been shown to be safe and effective in
our experience. Due to the ability to create lordosis in the
cervical spine, outcomes from anterior decompression
and reconstruction have been shown in the literature to be
superior to the posterior decompression and stabilization.
We have demonstrated successful decompression and fu-
sion from both an anterior and a posterior approach. The
choice of which approach to use is based on a number of
factors that influence patient outcomes.
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Ossification of the posterior longitudinal ligament in
non-Asians: demographic, clinical, and radiographic findings
in 43 patients

MicHAEL Y. WANG, M.D., AND MicHAEL THAMBUSWAMY, M.D.

Department of Neurological Surgery, University of Miami Miller School of Medicine, Miami, Florida

Object. Ossification of the posterior longitudinal ligament (OPLL) is a disorder afflicting as many as 2% of East
Asians. However, reports of OPLL in non-Asians have been sporadic in the medical literature. This study describes
clinical and radiographic findings with OPLL in non-Asians at a tertiary care center treating a diverse multiethnic
population.

Methods. Over a 6-year period, 43 patients not of East Asian descent presented to an urban tertiary medical
center with OPLL. Patient data, including ethnicity, spinal cord function, Nurick grade, radiographic findings, OPLL
subtype, and degree of cervical stenosis, were recorded.

Results. The average patient age was 59 years (range 32-92 years) with 18 women and 25 men. There were
22 Caucasian patients, 17 Hispanic patients, and 4 Black patients. With respect to the radiographic findings, OPLL
morphology was continuous in 19, segmental in 17, mixed in 6, and other in 1. Average canal diameter was 7.6 mm
(range 4.2-9.0 mm) at the most stenotic points. The mean Nurick grade was 2.95 at presentation, but 7 of the patients
had OPLL identified incidentally and with early or minimal symptoms and signs of myelopathy.

Conclusions. Ossification of the posterior longitudinal ligament in non-Asians demonstrates similar demograph-
ic and radiographic characteristics as in East Asians. The representation of different ethnic groups mirrors the demo-
graphics of the medical center population in general, showing no specific predilection for particular ethnic groups.
Surgical decompression in appropriately selected patients results in similar rates of improvement when compared
with the Japanese literature. (DOI: 10.3171/2010.12. FOCUS10277)
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is characterized by growth of the posterior longi-
tudinal ligament followed by ossification and the
growth of this ectopic bone formation. While relatively
uncommon, this disease results in progressive degenera-
tion and increasing spinal stenosis. The final result of dis-
ease progression is severe cervical spinal cord dysfunc-
tion with its attendant neurological sequelae.
Ossification of the posterior longitudinal ligament
was first reported in 1838 in Europe,'* but the disorder
received recognition in the 1960s by Japanese spine sur-
geons. As disease reports proliferated, it became apparent
that this disease was significantly different from cervi-
cal spondylotic myelopathy, a disease more common in
non-Asians. It is now generally believed that OPLL has
a prevalence of 1.9%—4.3% in the Japanese population.'®
As such, it became associated with a higher frequency
of occurrence in Asian populations, and it is now rec-
ognized that OPLL represents a significant public health
problem in Japan.

OSSIFICATION of the posterior longitudinal ligament

Abbreviation used in this paper: OPLL = ossification of the pos-
terior longitudinal ligament.
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Whereas the exact causes of OPLL remain elusive,
specific genetic and environmental factors have been
associated with this disease. Mutations in the gene for
nucleotide pyrophosphatase have been associated with
an OPLL variant in rodents (tiptoe walking mouse), as
well as with a higher frequency in patients with OPLL.?°
Environmental factors such as exposure to high con-
centrations of fluoride have also been implicated in the
pathogenesis of OPLL, but genetic links to the disease
are concordant with what appears to be a propensity for
afflicting specific ethnic groups.

In the last half-century the bulk of scientific and clin-
ical reports on OPLL have originated from Japan. This
increased attention to OPLL in East Asia was suspected
as a potential contributor to higher reported incidences
in East Asian populations. In 1980, Izawa'? reported on a
radiographic survey of patients in Japan, Korea, Hawaii,
Minnesota, and Germany. Using plain radiographs to
make the diagnosis, thousands of patients were studied.
While the incidence of degenerative disease was similar
between groups, OPLL among asymptomatic Japanese
adults was found to be 2.0%, compared with 0.95% in
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Koreans and 0.17%—0.20% in Caucasians. Corroborative
evidence emerged from a US study of 1000 plain cervical
radiographs by Firooznia et al.;* in that report, OPLL was
identified in 0.7% of New Yorkers in general.

While most North American spine surgeons have ob-
served sporadic cases of OPLL in non-Asians, there have
been few reports of OPLL in non-Asian populations, and
these have generally been limited to small case series or
pooled populations from multiple centers.!7:8:10:15.1922 This
report from a tertiary academic medical center serving
a diverse ethnic population was directed at elucidating
the presentation, clinical findings, and radiographic char-
acteristics in non-Asian North American patients with
OPLL.

Methods
Study Population

Over a 6-year period, 43 patients with OPLL who
were not of East Asian descent presented to an urban
tertiary medical center in Southern California. The cen-
ter services a diverse population composed of approxi-
mately 50% Hispanic, 15% Black, 15% Caucasian, and
10% Asian patients.?* Patients presented through either
the outpatient clinic or the emergency department. Patient
data, including ethnicity, spinal cord function, Nurick
grade,” radiographic findings, OPLL subtype, and degree
of cervical stenosis were recorded. Ethnicity was deter-
mined by patient self-report.

Imaging Protocol

All patients underwent cervical imaging, including
flexion-extension radiographs, CT scanning, and MR im-
aging, which was the standard protocol evaluation pro-
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cess for these patients. The degree of stenosis was de-
termined by measuring the sagittal canal diameter at the
most stenotic cervical level on high-resolution axial MR
images. Measurements in millimeters were determined at
the midline.

Diagnosis of OPLL

The diagnosis of OPLL was made if 3 conditions were
met: 1) clinical symptoms consistent with cervical spinal
cord compression were responsible for presentation to the
clinician; 2) MR imaging evidence of cervical stenosis as
defined by a minimal midsagittal canal measurement of
9 mm or less; and 3) CT demonstrated that the stenosis
was due primarily to a calcified mass consistent with the
morphology of OPLL. Ossification of the posterior longi-
tudinal ligament morphology was classified according to
the scheme by Hirabayashi et al.? (Fig. 1).

Results
Patient Demographics

Patient demographic data are shown in Table 1. The
average patient age was 59 years, with a range of 32 to 92
years. There was a slight male predominance with 18 wom-
en and 25 men. Thirty-six patients presented with signs and
symptoms of myelopathy, and the mean Nurick grade was
295 at presentation (Figs. 2 and 3). However, 7 patients had
OPLL identified in its early stages with minimal symptoms
and no reflex changes. These patients typically had upper
extremity numbness or presenting symptoms of radiculop-
athy due to cervical nerve root compression. With respect
to ethnicity there were 22 Caucasian patients, 17 Hispanic
patients, and 4 Black patients. The mean follow-up was 13

Fic. 1. lllustration of the 4 types of OPLL morphology as described by Hirabayashi et al?
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TABLE 1: Patient demographics

Variable Value

mean age in yrs (range) 59 (32-92)
no. of women/men 18:25
ethnicity

Caucasian 22

Hispanic 17

Black 4
OPLL morphology

continuous 19

segmental 17

mixed 6

other 1
mean sagittal canal diameter in mm (range) 7.6 (4.2-9.0)
mean Nurick score at presentation 2.95

= 4.7 months for those undergoing operative intervention.
For the 8 patients who did not undergo operative interven-
tion (at our institution), mean follow-up was 3.2 months.
Four of these patients had only 1 clinic visit.

Characteristics of OPLL

Ossification of the posterior longitudinal ligament
morphology was determined based on axial CT and sag-
ittal reconstruction images. The morphology of OPLL
was continuous in 19 patients, segmental in 17, mixed in
6, and other in 1. The average canal diameter was 7.6 mm
(range 4.2-9.0 mm) at the most stenotic points. The ossifi-
cation spanned a mean of 2.2 spinal segments (range 1-6
segments). There was no association between the OPLL
morphology and patient ethnicity. Two cases had an as-
sociated thoracic involvement with OPLL.

Surgical Intervention

With respect to surgical treatment, 35 patients under-
went decompression. An anterior approach for corpecto-
my, fusion, and plating was performed in 7 patients, lami-
nectomy with instrumented fusion in 15, laminoplasty in

'_al‘

Fic. 2. Images obtained in a 43-year-old woman of Mexican Pima
Indian descent with severe cervical stenosis presenting with signs and
symptoms of myelopathy. Sagittal MR imaging (left) demonstrates
mixed type OPLL, with confirmation of ossified masses on an axial CT
scan (right).
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Fic. 3. Images obtained in a 49-year-old Black woman initially misdi-
agnosed with cervical spondylotic myelopathy. Sagittal (left) and axial
(right) MR imaging shows morphological characteristics suggestive of
continuous type OPLL from C-5 to C-7.

9, nonoperative management in 24, and combined anterior-
posterior surgery in 4. Expectant nonoperative manage-
ment was applied in 8 patients. These patients had minimal
symptoms and did not desire operative treatment given the
risks of surgery. Of the 35 patients treated operatively, 29
showed an improvement in their Nurick grades, resulting
in a mean improvement of 1.3 points for the entire surgical
cohort.

There was no significant difference in neurological
improvement between the anterior, posterior, and anteri-
or-posterior surgical cohorts; the mean improvement in
Nurick grade for these groups was 1.2, 1.4, and 0.8 points,
respectively. However, 2 patients experienced neurological
worsening. Both of these patients had severe preoperative
stenosis and were not ambulating independently prior to
intervention, and both patients underwent anterior decom-
pressive surgery (Fig. 4). Surgical complications included
dural tears in 5 patients who underwent anterior surgery,
with 3 requiring additional surgical intervention; C-5 nerve
root palsy in 4 patients (75% from posterior surgery); per-
sistent dysphagia in 3 patients (100% from anterior or com-
bined anterior/posterior surgery); and wound infection or
breakdown in 2 patients (100% from posterior surgery).

Discussion

In this report we describe our experience with a se-
ries of 43 non-Asian patients with OPLL. In our series the
clinical and radiographic presentation of OPLL was simi-
lar to previous series from East Asia. We found a varied
distribution of OPLL morphologies, with a predominance
of continuous and segmental forms, similar to that report-
ed in series with Japanese patients. This study builds on
several previous reports of OPLL in non-Asians. In Tro-
jan et al.’s review? of 73 cases of OPLL in non-Asians,
several similarities were found with reports from the
Japanese literature. These findings included: 1) male pre-
dominance, 2) peak age of symptoms in the 6th decade of
life, 3) varied clinical presentations, 4) predominance for
the cervical spine, and 5) association with other enthesop-
athies such as diffuse idiopathic skeletal hyperostosis. In
the series of Jayakumar et al.,'* 47 symptomatic Asian In-
dian patients of Caucasoid origin were studied. Sixty-five
percent of these patients were found to have continuous-
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Fic. 4. Images obtained in a 63-year-old Caucasian man who pre-
sented confined to a wheelchair with severe tetraparesis. Sagittal MR
imaging (A) and axial CT (B) demonstrated severe stenosis to less than
4 mm at the widest (sagittal diameter) point. The patient underwent a
combined anterior-posterior surgery for decompression and stabiliza-
tion (C). An intraoperative dural tear resulted in an anterior neck pseu-
domeningocele noted on CT (D), which required subsequent surgery
involving patching and the application of a fibrin sealant.

type OPLL, and the disease predominantly affected the
upper cervical spine. Epstein>* has reported the largest
series of patients with OPLL in the US, but the reports
have provided little information on patient ethnicity.

Surgical Interventions

Our selection of surgical approach was based upon
the guidelines of Hirabayashi et al.,” favoring posterior
indirect decompressive approaches (laminectomy with
instrumented fusion and laminoplasty) for longer segment
and continuous-type OPLL, and anterior approaches for
younger patients with more focal lesions. Furthermore,
anterior corpectomies were favored when more that 60%
of the spinal canal was compromised, given the higher
rates of improvement compared with indirect through
posterior approaches.!''S Thus, there were preoperative
differences between the patients who underwent different
surgical treatments, with a bias toward worsened clinical
status for anterior surgery.

Both of the cases with neurological worsening also
occurred with anterior or combined anterior/posterior
surgery. This may have been due to this selection bias as
these patients had more severe radiographic spinal cord
compression and worse neurological status at presenta-
tion. However, all cases of dural penetration were also as-
sociated with anterior surgery, and these events may have
been correlated with direct iatrogenic mechanical injury
to the spinal cord. Other surgical complications were as
expected from previous patient series, with higher rates of
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dysphagia following anterior surgery and C-5 nerve root
palsy from posterior decompression.

Complications

The higher incidence of complications in patients
with OPLL compared with cervical spondylotic my-
elopathy has been well described. Dural tears, unusual
associated with anterior surgery for cervical spondylosis,
are common in patients with OPLL given the adherence
and/or penetration of the dura mater by the osseous over-
growth. In many instances of advanced disease it may be
impossible to separate the dura from the offending lesion.
In our more recent practice we have adopted the “floating
corpectomy” technique advocated by Japanese authors.?
This approach leaves a thin shell of OPLL adherent to the
dura, but frees it from the vertebral body, allowing it to
migrate en bloc into the ventral corpectomy defect. This
maneuver can save time and blood loss by avoiding much
of the microdissection when stripping the OPLL away,
and offers the additional advantage of keeping the drill-
ing at the lateral margins of the spinal canal, where the
ventral epidural space is commonly patent.

Higher rates of neurological worsening can be due to
numerous factors, including: 1) iatrogenic spinal cord or
anterior spinal artery injury due to the absence of dura; 2)
the profound compromise of the spinal canal space, ren-
dering drilling and bone removal more treacherous; and
3) a compromised spinal cord more susceptible to spinal
cord injury from ischemia and hypotension. We pay par-
ticular attention to the vulnerability of the spinal cord in
patients with OPLL, ensuring fiberoptic intubation, main-
tenance of a mean systolic pressure greater than 85 mm
Hg, and using motor evoked potential monitoring.

Postoperative dysphagia and dysphonia are also more
common in this population given the presence of anterior
vertebral osteophytes and diffuse idiopathic skeletal hy-
perostosis. In addition, the need for anterior exposures at
C-2 and C-3 are more likely to jeopardize normal swal-
lowing function. In our practice we minimize this risk
by careful, sharp, anterior neck dissection so that retrac-
tor pressure and stretching of soft tissues are minimized.
Prolonged surgeries are also managed with periodic re-
tractor loosening.

Nerve root palsies at C-5 are also more common
given the severity of spinal cord compression. This risk is
managed by careful electromyographic monitoring of the
biceps muscle during surgery. Any aberrant electromyo-
graphic activity may be indicative of C-5 nerve root irrita-
tion from stretching. This is managed with the addition of
a C4-5 foraminotomy if a posterior decompression is used.

Classification by Ethnicity

This report is the largest series of OPLL cases from
a single institution focused on ethnicity. The case series is
derived from the diverse Southern California population,
which has a high representation of Caucasians, Asians,
Blacks, and White and Black Hispanics. In our series we
were unable to identify a predominance of OPLL in any
particular non-Asian group. However, classification of pa-
tients by ethnicity remains problematic and artificial. While
it remains undisputed that there are distinct phenotypic
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characteristics within populations that can be attributed to
the concept of race or ethnicity, the number and types of
subcategories can be quite varied and disputed. The typical
Linnaean variety of classification relies on a partitioning of
individual patients into distinct ethnic groups. Other meth-
ods of classification, such as a cladistic or clinal approach,
may eventually prove more useful for ethnic designations,
avoiding the need for discrete and separate groups.”” In ad-
dition, this methodology more closely models the genetic
variations found within human populations and likely pro-
vides more reliable predictive information. In this study we
classified patients according to self-report, which is prob-
lematic as the patient’s self-assigned identity may bear no
relation to physical traits or genetic constitution.

Another major drawback of this study is that our pa-
tient cohort was not population-based. Whereas our pa-
tients were drawn from a cohort of approximately 2.5 mil-
lion patients, complete capture of all patients with OPLL
in the area, as well as the lack of a clinical or radiographic
screening program, leave us without a “denominator” for
determining disease incidence or prevalence.

Conclusions

This report describes our experience treating cervi-
cal OPLL in a diverse US population. While the clinical
presentation, radiographic characteristics, and treatment
were similar to that of East Asian patients, it is important
for neurosurgeons working with less diverse populations
to recognize that OPLL occurs with some frequency in
non-Asian ethnic groups. Preoperative CT scanning can
be useful when OPLL is suspected to assist in surgical
planning and reduce the risk of complications.

Disclosure

Dr. Wang serves as a consultant for DePuy Spine, Biomet
Spine, Aesculap Spine, and Globus Spine. He also holds a patent
with DePuy Spine.

Author contributions to the study and manuscript preparation
include the following. Conception and design: Wang. Acquisition of
data: Wang. Analysis and interpretation of data: Wang. Drafting the
article: both authors. Critically revising the article: Thambuswamy.
Reviewed final version of the manuscript and approved it for sub-
mission: both authors.

References

1. Bakay L, Cares HL, Smith RJ: Ossification in the region of
the posterior longitudinal ligament as a cause of cervical my-
elopathy. J Neurol Neurosurg Psychiatry 33:263-268, 1970

2. Epstein N: Anterior approaches to cervical spondylosis and
ossification of the posterior longitudinal ligament: review of
operative technique and assessment of 65 multilevel circum-
ferential procedures. Surg Neurol 55:313-324, 2001

3. Epstein N: Diagnosis and surgical management of cervical
ossification of the posterior longitudinal ligament. Spine J
2:436-449, 2002

4. Epstein N: Ossification of the cervical posterior longitudinal
ligament: a review. Neurosurg Focus 13(2):ECP1, 2002

5. Firooznia H, Benjamin VM, Pinto RS, Golimbu C, Rafii M,
Leitman BS, et al: Calcification and ossification of posterior
longitudinal ligament of spine: its role in secondary narrowing
of spinal canal and cord compression. N 'Y State J Med 82:
1193-1198, 1982

6. Hamanishi C, Tan A, Yamane T, Tomihara M, Fukuda K,
Tanaka S: Ossification of the posterior longitudinal ligament.
Autosomal recessive trait. Spine 20:205-207, 1995

Neurosurg Focus / Volume 30 / March 2011

7. Hanna M, Watt I: Posterior longitudinal ligament calcification
of the cervical spine. Br J Radiol 52:901-905, 1979
8. Harsh GR IV, Sypert GW, Weinstein PR, Ross DA, Wilson CB:
Cervical spinal stenosis secondary to ossification of the poste-
rior longitudinal ligament. J Neurosurg 67:349-357, 1987
9. Hirabayashi K, Miyakawa J, Satomi K, Maruyama T, Wakano
K: Operative results and postoperative progression of ossifi-
cation among patients with ossification of cervical posterior
longitudinal ligament. Spine 6:354-364, 1981
10. Hyman RA, Merten CW, Liebeskind AL, Naidich JB, Stein HL:
Computed tomography in ossification of the posterior longitu-
dinal spinal ligament. Neuroradiology 13:227-228, 1977
11. Iwasaki M, Okuda S, Miyauchi A, Sakaura H, Mukai Y, Yo-
nenobu K, et al: Surgical strategy for cervical myelopathy due
to ossification of the posterior longitudinal ligament: Part 2:
Advantages of anterior decompression and fusion over lami-
noplasty. Spine 32:654-660, 2007
12. Izawa K: [Comparative roentgenographical study on the in-
cidence of ossification of the posterior longitudinal ligament
and other degenerative changes of the cervical spine among
Japanese, Koreans, Americans and Germans (author’s transl).]
Nippon Seikeigeka Gakkai Zasshi 54:461-474, 1980 (Jpn)
13. Jayakumar PN, Kolluri VR, Vasudev MK, Srikanth SG: Os-
sification of the posterior longitudinal ligament of the cervical
spine in Asian Indians—a multiracial comparison. Clin Neu-
rol Neurosurg 98:142-148, 1996
14. Key CA: On paraplegia depending on disease of the ligaments
of the spine, in Barlow GH, Babington JP (eds): Guy’s Hospi-
tal Reports (Series 1). London: Samuel Highley, Vol 3, 1838,
pp 17-34
15. Klara PM, McDonnell DE: Ossification of the posterior longi-
tudinal ligament in Caucasians: diagnosis and surgical inter-
vention. Neurosurgery 19:212-217, 1986
16. Liu T, Xu W, Cheng T, Yang HL: Anterior versus posterior sur-
gery for multilevel cervical myelopathy, which one is better?
A systematic review. Eur Spine J [epub ahead of print], 2010
17. Long JC, Li J, Healy ME: Human DNA sequences: more vari-
ation and less race. Am J Phys Anthropol 139:23-34,2009
18. Matsunaga S, Sakou T: Epidemiology of ossification of the
posterior longitudinal ligament, in Yonenobu K, Sakou T, Ono
K (eds): Ossification of the Posterior Longitudinal Liga-
ment. Tokyo: Springer, 1997, pp 11-17
19. McAfee PC, Regan JJ, Bohlman HH: Cervical cord compres-
sion from ossification of the posterior longitudinal ligament
as a cause of cervical myelopathy. J Bone Joint Surg Br 69:
569-575, 1987
20. Nakamura I, Ikegawa S, Okawa A, Okuda S, Koshizuka Y,
Kawaguchi H, et al: Association of the human NPPS gene
with ossification of the posterior longitudinal ligament of the
spine (OPLL). Hum Genet 104:492-497, 1999
21. Nurick S: The pathogenesis of the spinal cord disorder associ-
ated with cervical spondylosis. Brain 95:87-100, 1972
22. Rozario R, Levine H, Stein BM: Cervical lesion of the central
nervous system, a clinical ossification of the posterior longitu-
dinal ligament. Surg Neurol 10:17-20, 1978
23. Trojan DA, Pouchot J, Pokrupa R, Ford RM, Adamsbaum C,
Hill RO, et al: Diagnosis and treatment of ossification of the
posterior longitudinal ligament of the spine: report of eight
cases and literature review. Am J Med 92:296-306, 1992
24. Wang MY, Mimran R, Mohit A, Lavine SD, Giannotta S: Ca-
rotid stenosis in a multiethnic population. J Stroke Cerebro-
vasc Dis 9:64-69, 2000
25. Yamaura I, Kurosa Y, Matuoka T, Shindo S: Anterior float-
ing method for cervical myelopathy caused by ossification of
the posterior longitudinal ligament. Clin Orthop Relat Res
359:27-34, 1999

Manuscript submitted November 15, 2010.

Accepted December 20, 2010.

Address correspondence to: Michael Y. Wang, M.D., University
of Miami Miller School of Medicine, 1095 NW 14th Terrace, D4-6,
Lois Pope LIFE Center, Miami, Florida 33136. email: Mwang2@
med.miami.edu.



Neurosurg Focus 30 (3):ES5, 2011

Ossification of the posterior longitudinal ligament in the
cervical spine: an 11-year comprehensive national
epidemiology study
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Object. This study aimed to calculate the incidence and prevalence of ossification of the posterior longitudinal
ligament (OPLL) in the cervical spine with its comorbid disability.

Methods. Using an 11-year nationwide database in Taiwan (National Health Insurance Research Database), this
retrospective study cohort analyzed the incidences of cervical OPLL causing hospitalization. All patients admitted for
the diagnosis of OPLL, regardless of surgery, were identified. Age- and sex-specific incidences, Poisson regression,
and multivariate logistic regression analysis were conducted.

Results. Between 1997 and 2007 covering 241,800,725.8 person-years, 1651 patients were admitted for OPLL.
The overall incidence of OPLL-related admission was 6.1 per 1 million person-years. Specifically, male sex and older
age were associated with higher OPLL incidences (both p < 0.001). Among the 1651 OPLL patients, 542 (32.8%)
received conservative management, 612 (37.1%) had anterior only surgery, 353 (21.4%) had posterior only surgery,
and 144 (8.7%) had anterior and posterior surgery. Eighty-five patients were moderately to severely disabled (5.2%
cumulative incidence rate). The incidences of disability varied by age, in a decreasing trend, except for the 60- to
69-year-old age group (p = 0.05). Patients who received posterior-only surgery were more likely to have disability.

Conclusions. In a large cohort of the Chinese population, the incidence of cervical OPLL-related admission
is 6.1 per 1 million person-years, and the prevalence rate is 7.7 per 100,000 person-years. Higher incidences are
observed in elderly and male patients, which implies the disease’s degenerative nature. After adjustments for de-
mographics, the incidences and trends of OPLL-related comorbid disability are associated with age and surgical

approaches. (DOI: 10.3171/2010.12.FOCUS10268)

KeEy WorDs  »
spinal cord injury °

is an uncommon disease that may cause cervical

radiculopathy and myelopathy of varying sever-
ity. It is reported mostly in literature from Japan, where
prevalence rates are extraordinarily high compared with
other ethnic groups.*% The prevalence reportedly rang-
es from 1.9% to 4.3% among individuals older than 30
years in investigations conducted in Japan.®!2!4!15 Some
epidemiological studies reported slightly lower or similar
prevalence to that of the Japanese population among East
Asians and definitely lower in the Caucasian population,
suggesting genetic involvement.*'® However, reported
data are often institution-based, which implies some

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: NHIRD = National Health
Insurance Research Database; NHRI = National Health Research
Institutes; OPLL = ossification of the posterior longitudinal liga-
ment; SCI = spinal cord injury.
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ossification of posterior longitudinal ligament
national health insurance

incidence

bias. A population-based epidemiological investigation
has not been published in English-language literature. If
the disease is genetically relevant, neighboring countries
in East Asia with a close geographic and anthropological
relationship to Japan could share similar epidemiological
features.

The NHIRD, provided by the NHRI of Taiwan, is
a national database containing 26 million administered
insurants accumulated between January 1997 and De-
cember 2007. The extremely high coverage, more than
99% of the population, yields a unique system that fi-
nances health care for the entire population and offers
unrestricted access to any health care provider of the pa-
tient’s choice. Therefore, the statistics gathered represent
a sound epidemiological investigation of incidences of
diseases and utilization of medical interventions because
of universal coverage.



This study used the nationwide data to estimate, from
a large population, the incidence of cervical OPLL and
its comorbid disability. Age- and sex-specific incidenc-
es were also analyzed. To date, this is the largest cohort
study to investigate such an issue, and it can provide a
better depiction of the disease course.

Methods
Database

The NHIRD included all claims data from Taiwan’s
National Health Insurance program. This study was ex-
empted from full review by the institutional review board
because the NHIRD consisted of deidentified secondary
data released to the public for research purposes.

Study Sample

In the entire 11 years between January 1, 1997, and
December 31, 2007, all inpatient data from NHIRD were
collected for analysis. The total enrollees consisted of
26,750,807 people, and the total observation span includ-
ed 241,800,725.8 person-years.

Identification of OPLL

Diagnosis of every admission was recorded in the
NHIRD using the International Classification of Disease,
9th Version (ICD-9). All hospitalizations discharged with
the diagnostic code of OPLL of the cervical region (723.7)
were identified. Accompanying surgical procedures coded
with cervical laminectomy, laminoplasty, discectomy, cor-
pectomy, and fusion (03.09, 03.09, 80.51, 80.99, and 81.02,
respectively) were considered as receiving the surgery for
OPLL during the specific admission. The surgical proce-
dures were subsequently classified into anterior approach
only, posterior approach only, or combined anterior and
posterior procedures (front-and-back surgeries).

The incidences of hospitalization for cervical OPLL
were identified as patients who underwent follow-up for
more than 1 year and newly hospitalized with the afore-
mentioned discharge code between January 1, 1998, and
December 31, 2007. The incidence rates in the study were
calculated by the incidence density.

Disability

The registry of patients with catastrophic illnesses
(HV1997-2007) of the NHIRD was used to identify pa-

TABLE 1: Age- and sex-specific incidence of cervical OPLL
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tients with cervical myelopathy or SCI causing moder-
ate and severe disabilities. All newly diagnosed cervical
myelopathy or SCI comorbid with OPLL were identified.
By assumption, patients with severe neurological deficits
such as paraplegia, tetraplegia, and incontinence were all
included.

Statistical Analysis

All data were calculated using SPSS software for
descriptive statistics and contingency tables (SPSS, Inc.).
Poisson regression and multivariate logistic regression
were used. A probability value of 0.05 was considered
statistically significant.

Results
Incidence and Prevalence

During the study period, 1651 patients admitted for
cervical OPLL were identified (1204 men [72.9%] and
447 women [27.1%]). There were 485 patients (29.4%)
between 50 and 59 years old, 379 (23.0%) between 60
and 69 years old, 365 (22.1%) 70 years old or older, 359
(21.7%) between 40 and 49 years old, 52 (3.1%) between
30 and 39 years old, and only 11 (0.7%) younger than 30
years old. The overall incidence of cervical OPLL was
6.1 per 1 million person-years. There was an age-related
increase in incidence at 0.2, 1.1, 8.7, 18.2, 22.9, and 22.8
for ages 20-29, 30-39, 40—49, 50-59, 60—69, and = 70
years old, respectively. Higher incidences were also found
in men than in women in every age group. The incidences
of men and women were 0.3 versus 0.1, 1.6 versus 0.6,
11.3 versus 6.1, 25.2 versus 11.3,35.2 versus 11.1, and 36.6
versus 7.9 for ages 20-29, 30-39, 40—49, 50-59, 60-69,
and = 70 years old, respectively (Table 1).

After adjustments for age and sex, the fitted Poisson
regression model showed that men had more than a 2-fold
higher risk of OPLL than women (incidence rate ratio 2.65
[95% C12.38-2.96], p < 0.001). The incidence of OPLL in-
creased by a rate of 80% for every 10-year increase in age
(=179 [95% CI 1.74-1.85], p < 0.001) (Fig. 1).

The overall prevalence rate was 7.7 per 100,000 per-
son-years. There was an age-related increase in prevalence
in each age group at 0.1, 0.6, 5.1, 15.5, 20.5, and 22.8 per
100,000 person-years for ages 20-29, 30-39, 40—49, 50—
59, 60—69, and = 70 years old, respectively. Moreover, in
each specific age group, men had a higher rate of preva-
lence than women, at 0.3 versus 0, 0.8 versus 0.4, 6.6 versus

No. of Patients w/ OPLL (%)

Incidence Rate (per 10° person-years)

Age Group (yrs) Female Male All Female Male All
20-29 3(0.7) 8(0.7) 11(0.7) 01 0.3 0.2
30-39 15 (3.4) 37(3.1) 52 (3.1) 0.6 1.6 11
40-49 124 (27.7) 235 (19.5) 359 (21.7) 6.1 1.3 8.7
50-59 150 (33.6) 335 (27.8) 485 (29.4) 1.3 25.2 18.2
60-69 94 (21.0) 285(23.7) 379 (23.0) 11 35.2 229

=70 61 (13.6) 304 (25.2) 365 (22.1) 79 36.6 228
all 447 (100.0) 1204 (100.0) 1651 (100.0) 3.3 9.0 6.1

Neurosurg Focus / Volume 30 / March 2011



Incidence of cervical OPLL

s
(=1
1

—&— Female 35.2 O
O Male Eel

w
(=1

252 -

Incidence rates (per million person-year)
3 =
L

o
I

20-29 30-39 40-49 50-59 60-69 >=70
Age at first admission

Fie. 1. Age- and sex-specific incidences of cervical OPLL-related
admission.

3.6, 21.6 versus 9.4, 28.0 versus 13.5, and 37.7 versus 8.2
per 100,000 person-years, respectively (Fig. 2; Table 2).

Incidence of Neurological Deficits

Eighty-five patients (5.2% of all OPLL cases) were
moderately or severely disabled due to related cervical
myelopathy or SCI (Table 3). The incidences of disability
varied by age, in a decreasing trend, except for the 60-
to 69-year-old group (p = 0.05, chi-square test for trend;
Fig. 3). Although male patients with OPLL appeared to
have higher risk of developing SCl-related disability, this
trend did not reach statistical significance (p = 0.18, test
for proportion).

Surgical Treatment

A total of 542 patients (32.8%) in the cohort were
conservatively treated, while 1109 (67.2%) underwent
surgical treatment. Of those who received surgery, 612
(55.2%) underwent an anterior-only approach, 353 (31.8%)
underwent a posterior-only approach, and 144 (13.0%)
underwent a combined anterior and posterior approach.
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Fie. 2. Age- and sex-specific prevalences of cervical OPLL-related
admission.
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TABLE 2: Age- and group-specific prevalence of OPLL

Prevalence Rates (per 105 person-years)

Age Group Female Male All
20-29 0.0 0.3 0.1
30-39 0.4 0.8 0.6
40-49 3.6 6.6 5.1
50-59 9.4 21.6 15.5
60-69 13.5 28.0 20.5

=70 8.2 377 22.8
all 43 1.2 7.7

Incidence of Neurological Deficits by Surgical Approach

The incidence of disability varied with surgical ap-
proach. The majority of patients who had OPLL (67.2%)
underwent surgery during their admission, and more than
half (55.2%) underwent an anterior-only approach, whereas
almost one-third (31.8%) had a posterior-only approach. A
minority (13.0%) had the combined anterior and posterior
approach. After adjustments for demographic features and
comorbidities such as diabetes, hypertension, and cerebro-
and cardiovascular diseases, patients with cervical OPLL
who underwent posterior-only surgery were more likely to
have related disability (adjusted OR 2.19, p = 0.01; Table
4). There were no other significant differences among the
groups.

Discussion

The present report is, to date, the largest series of
cervical OPLL in a span of a decade to investigate the
incidence, prevalence, hospitalization, and surgical treat-
ment of OPLL. All previously reported prevalence rates,
varying from 0.1% to 4.6% in different ethnic groups
including Caucasian and Japanese, have been calcu-
lated from institutional databases. Furthermore, most
are radiographic prevalence rates, which should not be
considered representative of endemic reality. Data from
patients, whether symptomatic, who underwent imaging
studies of the cervical spine for various reasons at certain
institutions, inherently had selection bias. Therefore, data
in the literature are overestimated when considering the
epidemiological status of cervical OPLL. Comparisons
of prevalence rates among these hospital-based studies
are thus pointless since they have different inclusion cri-

TABLE 3: Disabilities in patients as stratified by age and sex

No. of OPLL Patients w/ Disability/ Total (%)

Age Group (yrs) Female Male All
30-39 1115 (6.7) 3/37 (8.1) 4152 (7.7)
40-49 5/124 (4.0) 19/235 (8.1) 24/359 (6.7)
50-59 5/150 (3.3) 17/335 (5.1) 22/485 (4.5)
60-69 5/94 (5.3) 16/285 (5.6) 21/379 (5.5)

=70 1/61 (1.6) 13/304 (4.3) 14/365 (3.8)
all (=20) 17/447 (3.8) 68/1204 (5.6) 85/1651 (5.1)
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teria of the sample populations. The selection bias from
institution-based data becomes more prominent consid-
ering the rarity of the disease. In the current study, the
incidence of cervical OPLL-related admissions, calcu-
lated from the nationwide retrospective cohort, is 6.1 per
1 million person-years. The differences in each age and
sex category also provide a better understanding of the
endemic nature and natural history of the disease.

Very few epidemiological investigations on OPLL
come from authors outside Japan. Even in endemic re-
gions of Japan, where there are reports, there is a paucity
of cross-sectional epidemiological studies for the actual
prevalence rate. Some literature report higher incidences
of OPLL in middle-aged patients.>'® In 1984, Tsuyama!'®
reported the highest incidence among patients 50-59

J.C.Wuetal.

years old in Japan. In Korea, Kim et al.’ reported the
highest prevalence rate of 1.36% in the age group of 50—
59 years old from 11,774 patients who underwent radio-
graphic examinations of the cervical spine. Aside from
East Asian countries, Harsh et al.? reported on 20 patients
from North America with a mean age of 47.5 years old.
For the first time, data from the present study clearly dem-
onstrate that older age correlates with higher incidence
and prevalence rates of cervical OPLL (Fig. 1). This fact
also implies the degenerative nature of the disease.

Ossification of the posterior longitudinal ligament
has been reported to be more common in male patients.
In the literature, the male/female ratio ranges from 1.1
to 3.0 in different reports, including those from outside
Japan 5118 On the other hand, there are reports that state
the opposite. For example, Hiramatsu and Nobechi® re-
ported that women were affected 3 times more than men.
The discrepancy can again be attributed to the use of an
institutional database rather than population-based data.
The data in the current study also demonstrate clearly,
for the first time, the sex-specific incidences and preva-
lence of cervical OPLL. Overall, men are almost 3 times
more commonly affected than women, and the gap be-
tween sexes increases with age. In the male population,
incidence and prevalence rates escalate drastically as age
increases. Despite a similar increase in women, the actual
numbers are smaller, and the increase does not change
until they are older than 70 years (Fig. 2).

Cervical OPLL can cause severe adverse effects on
spinal cord function. There is no practical treatment other
than surgery. However, a large portion of patients with
cervical OPLL remain asymptomatic for prolonged peri-
ods.” Therefore, numerous reports address the best timing
of surgery, as well as the choices of surgical approach-
es.2101317 I the current cohort, 67.2% of patients received
surgical treatment, of whom more than half (55.2%) were

TABLE 4: Demographic factors, co-morbidities, cumulative incidence rates, and adjusted odds ratios of OPLL patient

with disability, stratified by surgical approach*

Approach
Conservative
Treatment Anterior-Only Posterior-Only Anterior + Posterior
Parameter (542 patients) (612 patients) (353 patients) (144 patients)

demographic factor

female sex 136 (25.1) 199 (32.5) 80 (22.7) 32 (22.2)

mean age (+ SD) 60.8 +£13.7 574 +11.6 575+ 111 58.2+ 111
comorbidity

diabetes 64 (11.8) 80 (13.1) 46 (13.0) 23 (16.0)

hypertension 107 (19.7) 115 (18.8) 62 (17.6) 26 (18.1)

cerebrovascular disease 31(5.7) 16 (2.6) 4(11) 5(3.5)

heart diseases 39(7.2) 28 (4.6) 17 (4.8) 6(4.2)
disability (moderate to severe SCI)

no. of patients w/ disability 21 24 29 1"

cumulative incidence rate of disability (%) 3.9 3.9 8.2 7.6
adjusted OR (95% CI) reference 0.99 (0.54-1.81) 219 (117-3.77)t 1.93 (0.90-4.14)

* Unless indicated otherwise, values are presented as the number of patients with percentages in parentheses.
t Significant (p < 0.05) after adjustments for sex, age, and comorbidities.
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via an anterior-only approach, 31.8% were via a posterior-
only approach, and 13.0% had a combined anterior and
posterior approach. It has always been a classic debate
regarding the best surgical approach for such patients
with regard to fewer complications and better outcomes.
Data in the current study show higher disability rates af-
ter posterior surgery. However, this finding should not be
misinterpreted as posterior surgery posing more risk on
patients. Due to lack of clinical parameters, the analysis is
underpowered to compare options for surgical treatment.
Nonetheless, it serves as a survey for disease outcomes in
epidemiology.

This study also shows a trend of the decreasing risk
of disability as the patient ages. This holds true with all
age groups with the exception of the 60- to 69-year-old
age group. There are still insufficient data to determine
the timing of surgical intervention. However, the surge of
risk in the 60- to 69-year-old age group implies a potential
benefit of intervention in asymptomatic patients belong-
ing to this age group or symptomatic patients reaching
this age group. The best timing, as well as choice of surgi-
cal approach, requires confirmation in future studies. No
conclusion can be made in the present report.

The current study has limitations. First, diagnoses in
the national health insurance claims primarily serve ad-
ministrative billing purposes, and as such, do not undergo
verification for scientific purposes. Nonetheless, individu-
als with cervical OPLL are ascertained by hospitaliza-
tion and surgical procedures in most cases, which are
therefore reliable. Second, the disability outcome of the
study is determined by the registry of patients with cata-
strophic illnesses of the NHIRD, which also serves bill-
ing and social welfare benefits, and thus, is under prudent
internal monitor. The study individuals are also blinded
to the investigator, and mild disability or minor SCI is
not included. There is, therefore, a lack of differentiation
of degrees of neurological outcome. Third, although de-
mographic data and comorbidities, such as diabetes, hy-
pertension, cerebrovascular disease, and diseases of the
heart, have been included in the multivariate logistic re-
gression analysis, personal habits such as smoking, body
mass index, and the condition of the anatomical level of
the disease are not available from the NHIRD. Additional
large-scale studies with detailed clinical parameters will
be helpful in further understanding the disease.

One critical caveat of this report is the source of the in-
cidence. The data are collected from OPLL-related admis-
sions, which inheritably underestimated the actual value,
due to possible exclusion of asymptomatic or mildly symp-
tomatic patients. Furthermore, since the asymptomatic or
mildly symptomatic patients who would not be hospital-
ized are not included in this database, the data presented
in this paper are likely to underestimate the incidence and
prevalence of OPLL of asymptomatic or mildly symptom-
atic patients. The advantages of this study are the nation-
wide database, which provides a large patient number on a
rare disease, and the validity of diagnosis ascertained by
admissions. On the other hand, because the hospitalization
database of NHIRD used in this study does not include
patients who underwent follow-up in the outpatient clinic,
there is a bias toward identifying more symptomatic pa-
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tients who require hospitalization. In addition, the surgical
rate in this group is rather high compared with other pub-
lished series,!° indicating that there are more symptomatic
patients in this cohort leading to a higher rate of surgery.
Interestingly, the study raises the importance of the rate
of disability. The most symptomatic patients who are dis-
abled from the OPLL are likely to be captured in the da-
tabase with a high accuracy rate. The relative proportion
of patients who are disabled from OPLL, in respect to the
overall number of OPLL patients, cannot be determined by
this method.

The natural history of cervical OPLL is critical, espe-
cially in the management of young or mildly symptomatic
patients. However, very few reports address this issue due
to the rarity of the disease. Compared with the incidence
of cervical disc diseases receiving anterior cervical discec-
tomy and fusion in Taiwan, 98 per 1 million person-years,
also calculated by NHIRD, cervical OPLL is indeed an
uncommon disease of the cervical spine in the Chinese
population. The results of this study can be deemed as indi-
rect evidence indicating the degenerative nature of cervical
OPLL. This degenerative process more obviously affects
males and the severity of its comorbid disability is related
to age and surgical approach. These findings add to litera-
ture as a regional, nationwide overview.

Conclusions

In this large cohort of the Chinese population, the
incidence of cervical OPLL is 6.1 per 1 million person-
years, and its prevalence rate is 7.7 per 100,000 person-
years. Higher incidences are observed in elderly and male
patients, which implies the degenerative nature of the dis-
ease. After adjustment for demographics, the incidences
and trends of OPLL-related comorbid disability are as-
sociated with age and surgical approaches.
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Ossification of the posterior longitudinal ligament: genetics
and pathophysiology

CHRISTOPHER J. STAPLETON, B.S.,! MARTIN H. PHAM, M.D.,> FRANK J. ATTENELLO, M.D.,?
AND PaTRICK C. HSien, M.D.2

'Harvard-M .I.T. Division of Health Sciences and Technology, Harvard Medical School, Boston,
Massachusetts; and *Department of Neurological Surgery, Keck School of Medicine, University of Southern
California, Los Angeles, California

Ossification of the posterior longitudinal ligament (OPLL) is a disease of progressive ectopic calcification of
the PLL of the spine. It occurs most frequently in the cervical spine, followed by the thoracic spine. The disease was
first described in the Japanese population, and the prevalence of OPLL is highest in Japan at a rate of 1.9%—-4.3%.
Note, however, that OPLL is also seen and is a known cause of cervical myelopathy in other Asian countries and
in the white population. Research into the underlying cause of OPLL over the past few decades has shown that it is
a multifactorial disease with significant genetic involvement. Genetic studies of OPLL have revealed several gene
loci that may be involved in the pathogenesis of this disease. Genes encoding for proteins that process extracellular
inorganic phosphate, collagen fibrils, and transcription factors involved in osteoblast and chondrocyte development
and differentiation have all been implicated in the pathophysiology of OPLL. In this paper, the authors review current

understanding of the genetics and pathophysiology of OPLL. (DOI: 10.3171/2010.12.FOCUS10271)

KeEy WorDs  »
cervical myelopathy

is a disorder of progressive ectopic calcifica-

tion and ossification of the cervical and thoracic
segments of the PLL that results in a compressive my-
elopathy and/or radiculopathy.* Belonging to the same
pathological entity as diffuse idiopathic skeletal hyperos-
tosis,'® OPLL was first described in detail by Tsukimoto
and colleagues in 1960 and has a reported prevalence of
1.9%-4.3% in the Japanese population.'!> Despite a long-
standing predominance in Japan, this disease has also
been recognized in other geographic regions and ethnici-
ties, although its prevalence in the US and Europe is only
0.01%-1.7%." In both males and females, the average
age at onset is approximately 50 years, and the reported
male/female ratio is roughly 2:1. Ossification of the PLL
is classically observed and categorized into 4 separate
subtypes: segmental; continuous; mixed; and localized,

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: BMP-2 = bone morphogenic
protein—2; NPPS = nucleotide pyrophosphatase; OPLL = ossi-
fication of the posterior longitudinal ligament; PPi = inorganic
pyrophosphate; SNP = single-nucleotide polymorphism; TGFf =
transforming growth factor—f3; rtw = tip-toe walking.

Neurosurg Focus / Volume 30 / March 2011

ossification of the posterior longitudinal ligament °
diffuse idiopathic skeletal hyperostosis

enthesopathy «

circumscribed, or bridged, with segmental being the most
common subtype.'* A diagnosis is typically made using
either plain film radiographs or CTs, on which calcifica-
tion of the PLL is noted in the appropriate clinical setting.
Early clinical and epidemiological studies conduct-
ed in Japan have suggested that the underlying cause of
OPLL is multifactorial in nature, reflecting the interplay
of numerous genetic and environmental factors.?':>> Over
the past several decades, however, a variety of genetic
investigations, including pedigree studies, twin stud-
ies, and detailed molecular analyses, have documented
many genes or gene loci of interest involved in mediat-
ing the molecular and genetic pathobiology of OPLL.>3-
79-1L13.15.17.2223 Although a host of gene products has been
implicated as the root cause, several genes and proteins
have emerged over the years as promising targets for fu-
ture investigation and intervention: NPPS, COLI1A2 and
COL6AI, and BMP-2 and TGFf (Table 1). As OPLL is
believed to arise because of endochondral bone forma-
tion,” each of the aforementioned genetic targets have
been shown to critically regulate a crucial step in chon-
drogenesis, osteogenesis, or bone mineralization.
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TABLE 1: Summary of notable genes, transcription factors, and cytokines implicated in OPLL pathogenesis

Gene Protein Chromosome Physiological Function

NPPS nucleotide pyrophosphatase 6 regulates soft-tissue calcification & bone mineralization via the production of PPi, a known
inhibitor of calcification

COL11A2 a2 chain, Type XI collagen 6 associates w/ Type Il collagen & is responsible for forming the size, diameter, & growth rate
of fibril networks; forms extracellular matrix scaffolds & may contribute to the formation of
ectopic bone by enhancing endochondral ossification

COL6A1 a1 chain, Type VI collagen 21 forms extracellular matrix scaffolds & may contribute to the formation of ectopic bone by en-
hancing endochondral ossification

BMP-2  BMP-2 20 stimulates proteoglycan formation & alkaline phosphatase activity in chondroblasts & osteo-
blasts & directs cellular differentiation

TGFp TGFp1 19 mediates bone development & metabolism

Current treatment strategies for patients with myelo-
pathic or radiculopathic symptoms due to OPLL are mul-
tifold and often dictated by the subtype of OPLL pres-
ent, the extent of disease, and the duration of symptoms.
Common surgical interventions include decompressive
laminoplasty or laminectomy via a posterior approach or
direct resection of the OPLL segment with spinal fusion
through an anterior approach.!* However, as neurological
surgeons obtain a deeper understanding of the genetic
and molecular pathogenesis of OPLL, therapies targeted
at preventing the initial formation and progression of
OPLL may be pursued further. In the present report, we
discuss the role of NPPS, COLIIA2, COL6AI, BMP-2,
and TGFp in the pathophysiology of this progressive and
debilitating disease entity.

Genetics and Pathophysiology
NPPS

The ttw, or tip-toe walking, mouse harbors a natu-
ral recessive mutation that results in progressive, ectopic
spinal ligament calcification and ossification strikingly
similar to that in human OPLL as well as in the ossi-
fication of other cartilaginous structures and peripheral
ligaments.!%?? Naturally occurring mutants, the trw mice
show spontaneous OPLL, which results in a myelopathic
syndrome with an insidious motor disability as the most
common manifestation of the disease.'®!” In 1998 Okawa
et al.'®!7 performed genetic analyses on ffw mice and dis-
covered a single-base mutation in the NPPS gene, which
results in a shortened gene product with the loss of more
than one-third of the native NPPS enzyme. Physiological-
ly, NPPS is a Type II transmembrane metalloenzyme and
regulates soft-tissue calcification and bone mineralization
via the production of PPi, a known inhibitor of calcifica-
tion.? In humans, at least 3 isoforms of NPPS exist and
are known to be involved in bone mineralization, liga-
ment and joint capsule calcification, and cell motility. The
NPPS subtype implicated in OPLL pathogenesis, NPP1
is the main enzyme that generates PPi in osteoblasts and
chondrocytes and regulates bone mineralization by de-
creasing hydroxyapatite crystal deposition.> For reasons
that have yet to be entirely elucidated, when extracellular
PPi levels are low, pathological calcification of ligaments
and joints occur.

2

To investigate the association between NPP1 and
OPLL, Koshizuka et al.'® screened the human NPPS lo-
cus for SNPs in a case-control association study involv-
ing 180 patients with OPLL and 265 without. Their study
demonstrated that a T—C substitution in intron 15 at po-
sition 14, upstream from the start of exon 16, was signifi-
cantly associated with OPLL susceptibility and severity.
However, a base-pair deletion in intron 20 at position 10,
upstream from the start of exon 21, did not display a sig-
nificant difference in allelic distribution between patients
with OPLL and controls. In a prior case-control study in
323 patients with OPLL and 332 without, Nakamura et
al.’’ found a T deletion at 11 nucleotides upstream from
the splice acceptor site of intron 20 that was significantly
associated with OPLL susceptibility, suggesting again
that NPP1 may be important in OPLL pathophysiology.
Tahara et al.?? performed a similar case-control associa-
tion study and likewise noted an association between cer-
tain SNPs in the NPPS gene and OPLL. Moreover, Tahara
and colleagues discovered that other SNPs were strongly
associated with disease severity when comparing pa-
tients with cervical OPLL versus those with both cervical
and thoracic disease. Despite the important associations
between these NPP1 sequence variants and OPLL dis-
ease susceptibility, these genetic studies did not examine
NPP1 activity within the study participants. As a result,
whether the expression and function of NPP1 is altered in
these OPLL cohorts remains unknown. In 2001 Rutsch et
al."” did describe the case of 2-year-old boy with a docu-
mented deficiency of NPP1 and a syndrome termed “idio-
pathic infantile arterial calcification,” a disease in which
patients experience early, pathological arterial and articu-
lar calcification. Ossification of the PLL was not noted
in the boy, however. On the whole, while the phenotype
of the frw mouse and the numerous case-control studies
demonstrating an association between certain SNPs in
NPPI and OPLL susceptibility suggest a role for NPPS
in the pathogenesis of OPLL, further molecular and func-
tional studies are necessary to show a causative link.

COL11A2 and COL6A1

COLI11A2 encodes the a2 chain of Type XI colla-
gen, a minor collagen that associates with Type II col-
lagen and is responsible for forming the size, diameter,
and growth rate of fibril networks.*!! Sakou et al.?! per-
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formed genetic linkage analyses on 90 sibling pairs from
53 families with a history of OPLL and deduced that ge-
netic abnormalities in the COLIIA2 gene were signifi-
cantly associated with a predisposition to OPLL. Further
gene mapping studies by this group demonstrated that
the observed genetic mutations resulted in an aberrant N-
propeptide of the a2 chain of Type XI collagen, and thus
affecting the size and conformation of the resulting fibril
structures.?’ Physiologically, the N-propeptide of the a2
chain is purported to alter the conformation and shape of
Type II collagen, which is responsible for bone and car-
tilage formation, and to mediate the interaction between
extracellular matrix proteins and cell surface molecules.
Moreover, Maeda et al.!! studied 195 patients with OPLL
and 187 without and discovered an SNP on intron 6 of
the COLIIA2 gene that results in altered splicing in the
region containing exons 6 through 8 with preservation
of exon 7, which seems to confer a protective advantage
in the development of OPLL. On the other hand, Koga
et al.’” identified SNP variants of the COLIIA2 promoter
and intron 6 that were positively associated with OPLL
susceptibility in their group of 124 sibling pairs from 53
families. Although the specific role of Type XI collagen
in the pathogenesis of OPLL remains undefined, its role
in the formation of extracellular matrix scaffolds may
contribute to the formation of ectopic bone by enhanc-
ing endochondral ossification.* Further, while the afore-
mentioned studies do not provide a mechanistic link or
explanation for Type XI collagen’s function in OPLL, the
positive and negative association of various SNP vari-
ants with disease susceptibility supports the theory that
COLI11A?2 is in fact important in the disease pathogenesis.
In addition to COL11A2, COL6A] is a gene that encodes
the a1 chain of Type VI collagen and has also been impli-
cated in OPLL susceptibility.” Tanaka et al.?® performed
a genome-wide study on 142 affected sibling pairs and
discovered a high level of evidence of linkage on chro-
mosome 21, localizing to the COL6AI gene. Ultimately,
future genetic, molecular, and functional studies focusing
on the role of Types VI and XI collagen in OPLL may
yield novel therapies for this progressive disease process.

Bone Morphogenic Protein-2 and TGFf3

Bone morphogenic proteins are multifunctional tran-
scription factors that are members of the TGFf super-
family of proteins and are involved in regulating carti-
lage and bone formation.®? During development, BMPs
stimulate proteoglycan formation and alkaline phospha-
tase activity in chondroblasts and osteoblasts and direct
cellular differentiation.! In vitro studies indicate that
BMP-2 is capable of augmenting osteoblast maturation
and inducing mesenchymal cells to differentiate into os-
teoblasts.?* Moreover, BMP-2 has been shown to induce
ectopic bone formation in rats.?>*” In 1997 Kon et al.?
examined the effect of recombinant BMP-2 in primary
cultures of fibroblast cells derived from OPLL tissue and
non-OPLL ligamentous cells. The authors demonstrated
that the BMP-2 was capable of preferentially inducing al-
kaline phosphatase activity in OPLL cell lines as opposed
to non-OPLL cell lines, indicating that BMP-2 is criti-
cally important in regulating osteogenic differentiation
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and function. Moreover, Yonemori et al.?® discovered that
BMP receptors are expressed to a significantly greater de-
gree in the ossified ligament of OPLL specimens than in
non-OPLL tissue. In addition, the nonossified segment of
the PLL in patients with OPLL also expressed the BMP
receptors to an extent greater than non-OPLL tissue but
less than ossified OPLL segments. This finding suggests
either that observable molecular changes may precede the
development of OPLL or that patients with OPLL have a
genetic and molecular susceptibility to OPLL via the ex-
pression of the BMP receptors. Although BMP-2 and its
respective receptors have not been the subject of such rig-
orous genetic studies as NPPS, COL11A2, and COL6AI,
detailed molecular biological and functional studies have
confirmed its role in the pathogenesis of OPLL and thus
rendered it a promising therapeutic target.

Transforming growth factor—f, specifically TGFf1, is
an important mediator of bone development and metabo-
lism and has been found in chondrocytes of the ossified
cartilage in OPLL specimens.® Transforming growth fac-
tor—P1 has been the subject of both genetic and molecular
biological studies, and recent findings have highlighted its
importance in the pathogenesis of OPLL. In a series of 46
patients with OPLL and 273 without, Kamiya et al.’ identi-
fied the association between a T869—C polymorphism in
the TGF31 gene and susceptibility to OPLL in the Japa-
nese population. Kawaguchi et al.% further examined this
SNP to determine if there was an association with the
radiological appearance of OPLL. Ultimately, the group
found that the T—C transition in the signal sequence did
not predict a difference in the radiographic appearance of
the ossified segment of PLL, but the difference in distribu-
tion of the SNPs was associated with the location of OPLL
within the spinal column. While the physiological function
of TGFp1 hints at a potential role in the pathobiology of
OPLL, additional genetic and functional studies are neces-
sary to provide a true mechanistic link.

Over the past several decades, a host of genes, cy-
tokines, and growth factors have emerged as potential
factors underlying the molecular pathobiology of OPLL.
While several studies have demonstrated an association
between certain gene mutations and OPLL susceptibil-
ity and others have pointed to a functional role in OPLL
pathogenesis, future detailed molecular and functional
studies of these gene products are necessary to verify
their appropriateness for therapeutic intervention.

Conclusions

Ossification of the PLL is a progressive and debilitat-
ing disease of spinal cord compression. While the under-
lying genetics and molecular pathobiology of the disease
is currently under study, several genes, transcription fac-
tors, and cytokines have emerged as potential molecu-
lar causes and therapeutic targets. Although an array of
factors have been studied and implicated over the years,
NPP1, Types VI and XI collagen, BMP-2, and TGFf} have
been identified by several groups and probably represent
key proteins in the molecular pathogenesis of OPLL. As
further discoveries are made in the field of molecular bi-
ology, targeted therapies can be implemented in the neu-

3



rosurgical arena to complement and augment the current
anterior and posterior surgical approaches to the manage-
ment of this insidious disease process.
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The genetics of ossification of the posterior longitudinal
ligament

WiLLIAM R. STETLER JR., M.D., FRANK LA MaRca, M.D., AND PAuL Park, M.D.

Department of Neurosurgery, University of Michigan Health System, Ann Arbor, Michigan

Object. Ossification of the posterior longitudinal ligament (OPLL) is a pathological process of ectopic calcifica-
tion with a preponderance for the cervical spine. Epidemiological and familial studies have both indicated predispo-
sition; however, the genetic inheritance pattern and responsible genes for OPLL are still uncertain. The aim of this
study was to evaluate and summarize the current understanding of the genetics underlying OPLL.

Methods. The authors reviewed epidemiological and genetic studies surrounding OPLL, with a particular focus
on inheritance patterns and potential genes responsible for OPLL, using a PubMed database literature search.

Results. Despite an unclear inheritance pattern, there appears to be a strong familial link in patients with OPLL.
Examination of these patterns using linkage analysis has shown multiple candidate genes that could be responsible
for the inheritance of OPLL. Genes for collagen, nucleotide pyrophosphatase, transforming growth factors, and the
vitamin D receptor have all been implicated. Additionally, multiple cytokines and growth factors, including bone
morphogenetic proteins as well as other proteins and interleukins involved in bone development, have been shown
to be abnormally expressed in patients with OPLL. In addition, multiple mechanical and metabolic factors such as
hyperinsulinemia and obesity have been shown to be linked to OPLL.

Conclusions. Ossification of the posterior longitudinal ligament has a complex inheritance pattern. It does not
appear that OPLL follows a simple, single-gene Mendelian inheritance pattern. Development of OPLL is more likely
multifactorial in nature and develops in patients with a genetic predisposition from a variety of different mutations
in various genes on various chromosomes. Additionally, environmental factors and interaction by other pathological
disease processes, such as obesity and diabetes mellitus, may play a role in the development of OPLL in susceptible

individuals. (DOI: 10.3171/2010.12.FOCUS10275)

KEy Worps  °
review

refers to pathological mineralization. This ectopic

ossification is slowly progressive, and patients
with OPLL can range from asymptomatic to severely
myelopathic.”?” The most common location of OPLL is
the cervical spine® followed by the thoracic spine,* but
it can also occur anywhere in the spinal axis. Ossification
of the posterior longitudinal ligament is more frequently
noted in male patients by a ratio of 2:1," and is more
common in East Asian populations, particularly in the
Japanese’ where it was first described.?” The incidence in-

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: BMP = bone morphogenetic
protein; HLA = human leukocyte antigen; NPPS = nucleotide pyro-
phosphatase; OPLL = ossification of the posterior longitudinal liga-
ment; SNP = single nucleotide polymorphism; TGF-§ = transform-
ing growth factor—f3; ZFR = Zucker fatty rat.
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genetic analysis *

creases with age, with most cases occurring after 40 years
of age* Previously, the inheritance patterns of OPLL
were confined to familial studies and large-scale epide-
miological studies to discern predisposing risk factors
and possible Mendelian inheritance patterns.?733343843
However, with the recent advances in genetic laboratory
technology as well as the understanding and sequencing
of the human genome, more specific studies to determine
gene mutations involved in, predisposing to, and caus-
ing OPLL haVe been pursued.2,12,14fl6,18—22,25,26,28,30,32,36,39
Analysis of contributing factors such as growth factors,
transcription factors, and cytokines have also become
possible with advances in cytochemical laboratory tech-
niques.'#9-11:23.29.3540-42 Taken together, this is a new era
of understanding not only the inheritance of OPLL, but
also its pathogenesis, natural history, and exacerbating
factors.



Methods

A comprehensive literature search was performed
using the PubMed database for all journal articles pub-
lished until October 2010. Key words used in the search
included “ossification of the posterior longitudinal liga-
ment,” “genetics,” “OPLL,” and “epidemiology;” terms
were searched individually or in combination. The ap-
propriate articles for our review were selected based on
scientific investigations surrounding the genetic inheri-
tance and susceptibility patterns of OPLL in humans and
animal models. We limited our results to articles only in
the English language.

Results
Familial Inheritance Pattern Studies

Initial inheritance studies of OPLL were limited to
epidemiological investigations of the disease with a focus
on familial prevalence. Overall, OPLL is considered to
be more common in East Asian populations with a preva-
lence between approximately 2% and 4%, which is mark-
edly more common than in the US and Europe, where
prevalence is roughly 0.01%—2%.* Studies in twins have
shown that OPLL tends to involve analogous types of
pathological ossification, and point toward genetic rather
than environmental factors as influencing development of
OPLL.* Furthermore, the prevalence of OPLL has been
shown to be much greater among family members of
patients with OPLL.>3 Terayama3® studied 347 patients
with OPLL and their families, and found that OPLL was
found in approximately 26% of the patients’ parents and
in 28% of the patients’ siblings, indicating a strong famil-
ial predisposition to OPLL. This finding was troubling,
given that the inheritance patterns were not consistent
with either a classic autosomal dominant or recessive
pattern of inheritance. The authors concluded that OPLL
was likely explained by a single gene inheritance, and
that given the late-onset of OPLL, the most likely mode
of inheritance was actually autosomal dominant inheri-
tance with incomplete penetrance. In contrast, Hamanishi
et al.> examined a single family in detail and determined
that OPLL inheritance in this family was consistent with
autosomal recessive inheritance patterns. From such fa-
milial studies, it is clear that OPLL has a strong genetic
inheritance; however, the pattern of genes responsible for
this inheritance is uncertain.

Association of OPLL to HLA Haplotypes and Examination
of Chromosome 6

In 1991, Sakou et al.?® studied 33 families of patients
with OPLL and examined the HLA haplotypes of these
families. They found that there were 6 HLA haploytpes
that were observed frequently in that population, and 3
of these haplotypes were found to be exceedingly rare in
the general Japanese population, suggesting an associa-
tion of OPLL and these rare haplotypes. Moreover, it was
found that the relatives of patients with OPLL who also
had OPLL tended to have both identical HL A haplotypes,
whereas relatives without OPLL had only 1 shared HLA
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haplotype. This study indicated that OPLL inheritance
was genetic, given that an individual inherits 1 HLA gene
set from each parent, and the relatives of patients with
OPLL who also had OPLL tended to have identical HLA
haplotypes. Furthermore, the authors concluded that the
gene responsible for OPLL would likely fall on the same
chromosome that coded HLA (chromosome 6). These re-
sults were later confirmed in a study of 24 patients and 61
sib-pairings, in which relatives with 2 HLA haplotypes
had greater than a 50% chance of having OPLL, and
those with only 1 identical strand were shown to have less
than a 25% chance.?

Following these findings, a search for the gene re-
sponsible for OPLL on chromosome 6 was undertaken.
Koga et al.* analyzed 91 affected sib-pairs using ge-
netic linkage and found that the gene for collagen 11A2
(COLI11A2 encoding the o, chain of type XI collagen),
near the HLA complex, showed a strong linkage. Of the
19 gene variants found, 4 revealed a statistically signifi-
cant likelihood of association with OPLL. These findings
were supported by further research by the same group in
which they found that a polymorphism of intron 6 (-4A)
resulted in an alteration of the splicing of the COLIIA2
transcript, offering more evidence that COLIIA2 was
in fact the gene responsible for OPLL. Specifically, they
found that retention of certain exons (exon 7) combined
with loss of another exon (exon 6) within this intron was
associated with a lower probability of OPLL, perhaps
conferring a protective role.”® Another study examining
the COL11A2 gene from 161 patients with OPLL revealed
5 frequent SNPs from which likelihood ratios were able
to construct potential haplotypes. Of these, the most com-
monly noted haplotype was found to be more frequent in
male patients. The authors believed this to be congruous
with the known prevalence of OPLL in males (at a 2:1 ra-
tio to females in epidemiological studies), and concluded
that this demonstrated further evidence that COLIIA2
was the gene behind OPLL."”

Large-Scale Screening Studies for Candidate Genes in
OPLL

Despite all the evidence that pointed toward
COLIIA?2 as a gene responsible for OPLL, several groups
continued to search for additional and alternative genes
responsible for OPLL. Tanaka et al.’® conducted a ge-
nome-wide linkage analysis of 142 sib-pairs and detected
linkage on 6 different chromosomes, with the strongest
linkage on 21q, far away from the locus of COLI/A2. In
total, 4 genes were identified in the linkage area noted.
Single nucleotide polymorphism linkage disequilibrium
testing was performed, revealing that COL6AI (encod-
ing the o, chain of type VI collagen) was the gene that
was most closely related to OPLL. Polymorphisms of this
gene were further found to be related to diffuse idiopathic
skeletal hyperostosis in the Japanese population (another
related disease process of pathological ossification),® as
well as OPLL in the Chinese (and not just the Japanese)
population.’® These studies provided additional evidence
that COL6AI not only played a strong role in OPLL, but
in pathological ectopic ossification in general. Likewise,
Furushima et al.? studied 88 candidate genes, including
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COL11A2 and multiple genes known to be involved in the
ossification process, and found no association with OPLL
with any except BMP4, which itself was only weakly
linked.

Further study of genes near the HLA locus was pur-
sued by the same team that described the initial linkage
distal to the HLA complex. Numasawa et al.?? examined
the retinoic X receptor 3 (RXRf) locus in 134 patients,
as this gene was noted to be adjacent to COLIIA2 in
the murine and human genomes on chromosome 6 near
the HLA locus. They discovered 3 variants, 2 of which
showed a strong association with OPLL, suggesting that
this gene and its location on chromosome 6 may be as-
sociated with the inheritance of OPLL.

Other groups have investigated the vitamin D recep-
tor gene as a potential link to OPLL. One group found
that the B allele occurred much less frequently in pa-
tients with ossification of spinal ligaments in general than
controls, implicating that 1) the vitamin D receptor gene
(RXRp) could play a role in inheritance of OPLL, and 2)
that the B allele may act as an inhibitor of ossification.*
Along the same lines, another group noted that a certain
SNP of the vitamin D receptor gene (Fokl variant) was
connected to OPLL in comparison with controls. They
found that the FF genotype was strongly associated with
OPLL (while the F allele is protective), further suggesting
a role for the vitamin D receptor gene in the inheritance
of OPLL."2

Animal Models of OPLL: Insight Into Inheritance and
Pathogenesis of OPLL

Since Hosoda et al.’ first described the tiptoe walk-
ing (twy) mouse, it has been used as an animal model
for OPLL. This naturally occurring mutant mouse has
pathological ossification of the spinal ligaments similar
to OPLL that results in progressive myelopathy and pa-
resis.!621:2526 In an effort to determine the human locus of
a gene responsible for OPLL, several groups attempted
to find the murine gene responsible for rwy. Okawa et
al.» first localized the gene to a small segment on murine
chromosome 10, and then they were able to determine that
the gene responsible was NPPS, a gene encoding NPPS,
which was mutated in twy resulting in a stop codon.?
Since NPPS was known to be an inhibitor of calcification,
the gene encoding this enzyme seemed a plausible candi-
date gene for not only rwy but also OPLL. Therefore, 323
patients with OPLL were screened for SNPs of NPPS, and
2 SNPs were found solely in patients. After further study,
Nakamura et al.?! were able to determine that a deletion in
the viz allele occurred in a significantly greater percent-
age of OPLL patients than in controls, indicating that hu-
man NPPS and the gene encoding it (NPPS) likely played
a strong role in the genetics of OPLL. Furthermore, it has
been shown that a different SNP in human NPPS resulted
in not only increased propensity toward OPLL, but also
increased severity of OPLL.!

The ZFR is a murine model that was originally used
for obesity, hyperinsulinemia, hypercholesterolemia, and
hyperlipidemia. However, it was noted that these mice
had orthotopic ossification of spinal ligaments and that
this ossification is histopathologically similar to human
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OPLL.* Therefore, ZFRs have been proposed as, and
subsequently used as, a model for OPLL. Since the leptin
receptor gene is known to be the mutated gene in the ZFR
model,® serum leptin levels were analyzed in patients with
spinal ligament ossification and compared with controls.
It was found that females with ossified spinal ligaments
(such as OPLL) had significantly higher serum leptin
levels and insulin levels than controls,’ suggesting that
leptin and the leptin receptor gene may play a role in the
inheritance and pathogenesis of OPLL. Further study has
shown that SNPs of NPPS and the leptin receptor gene
are not necessarily related to OPLL, but rather that poly-
morphisms of the genes for NPPS and the leptin receptor
are associated with greater severity of OPLL .*?

Exogenous Factors May Contribute to OPLL

While the aforementioned studies point toward a
strong genetic component in the development of OPLL,
multiple studies have shown that various exogenous and
modifiable risk factors may also contribute to the devel-
opment of OPLL. Kobashi et al.® administered question-
naire forms to 69 patients with OPLL and found that
obesity, diabetes mellitus, and lumbago were independent
risk factors for OPLL. Additionally, a family history of
myocardial infarction, limited intake of vegetables and
salads, and even long working hours have been noted as
independent risk factors.”? The role of hyperinsulinemia
itself was studied by Li et al.,'”” who noticed that high con-
centrations of insulin promoted BMP-2 to induce alkaline
phosphatase expression/activation, which could in turn
indirectly induce osteogenic differentiation.

Mechanical stretch has also been proposed as a con-
tributing factor in the pathogenesis of OPLL; however,
that mechanism has not been well described. Tanno et
al.’7 demonstrated that cyclic stretching on cultured spi-
nal ligaments increased expression of alkaline phospha-
tase, osteopontin, and several BMPs and BMP receptors.
A similar study by Iwasawa et al.® showed that endothelin
and alkaline phosphatase expression was increased with
mechanical stress in OPLL specimens, but not in non-
OPLL specimens, suggesting that mechanical stress may
promote ossification in susceptible cells.

Cytokines and Transcription Factors

With the development of better histochemical labora-
tory studies, multiple growth factors, cytokines, and tran-
scription factors have been implicated in the inheritance
and pathogenesis of OPLL.” Kawaguchi et al.”? initially
showed that BMP-2 and TGF-f§ were present in the os-
sified matrix of the posterior longitudinal ligaments of
patients with OPLL and thus suggested that BMP-2 and
TGF-f were important initiators in the ossification pro-
cess in OPLL. Tanaka et al.* later confirmed that the
BMP-2 gene was expressed in spinal ligaments of pa-
tients with pathological ectopic ossification of the spinal
ligaments (such as OPLL). Furthermore, they proved that
BMP-2 presence activated alkaline phosphatase, which
suggested that BMP-2 could have a direct causal role in
ossification of spinal ligaments. Likewise, Kamiya et al.’
confirmed that an SNP in the TGF-51 gene was more
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likely to be found in patients with OPLL. Others have
shown that polymorphisms of the BMP-2 gene are asso-
ciated with severity''#? as well as prevalence of OPLL.*
Horikoshi et al.* demonstrated that an alternative TGF
gene, TGFB3, was found to have a significant association
to OPLL (while many other previously implicated can-
didate genes, such as COLIIA2, did not show significant
association). Other growth factors, cytokines, and genes
that have been shown to have increased expression or dif-
ferent polymorphisms between patients with OPLL and
those without included purinoceptors,” osteopontin,'
CTGF/Hcs24,* the estrogen receptor, and interleukin-1.23

Discussion

Since the original studies demonstrating a strong fa-
milial tie to OPLL,*'%3® the genetic contribution to the
development of OPLL has been undeniable. The conflict-
ing reports from these studies, with some suggesting that
OPLL follows autosomal dominant inheritance®® while
others suggest it follows autosomal recessive inheritance,?
point toward a complex inheritance pattern for OPLL. It
seems most likely that OPLL follows neither classic auto-
somal dominant or recessive inheritance patterns.

A link between HLA and OPLL??® appears to be
present, but an association of HLA with OPLL does not
implicate causation. Many pathological disease processes
are noted to be more frequent with a certain HLA type
(diabetes, ankylosing spondylitis, and others). Similarly,
the HLA haplotypes associated with OPLL in Sakou and
Matsunaga’s studies?*?® may not be responsible for OPLL.
Rather, it seems more likely that the HL A haplotypes not-
ed to be associated with OPLL are only that—associated
with an increased likelihood of a patient having OPLL.

While many groups have implied that COL1/A2 is the
gene responsible for OPLL,!*18:1% other groups have failed
to find an association of COLIIA2 with OPLL in their
series,* thus calling into question the role of COLIIA2
in the inheritance of OPLL. It makes sense theoretical-
ly that a collagen gene could be responsible for OPLL,
given collagen’s intimate relationship to bone formation.
Therefore, it makes just as much sense that COL6A I may
be a contributing gene in OPLL, as is implicated in multi-
ple other studies.!>3%* This gene’s association does, how-
ever, negate the idea that the gene responsible for OPLL
lies on chromosome 6 near the HLA locus." This idea
assumes, however, that there is only 1 responsible gene
for OPLL, an idea that seems less likely given the mul-
titude of other genes implicated in various studies as be-
ing associated with OPLL inheritance (BMP-4,> RXR3,
NPPS,'%2! and leptin receptor gene®?). Therefore, it seems
most likely that OPLL has many potential genes involved
in its inheritance, pathology, and expression. This would
then also explain the inability of familial studies to ex-
plain the type of autosomal inheritance pattern (autoso-
mal dominant vs recessive), as these studies also assumed
a single gene inheritance pattern.

Additionally, it seems clear that multiple growth fac-
tors,+9-11354041 cytokines,?#? and transcription factors'?
are involved in the pathogenesis, inheritance, and devel-
opment of OPLL. Multiple polymorphisms in multiple
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genes of multiple bone modulating proteins have been
linked to OPLL. It seems that with so many and so varied
mutations noted, it is unlikely that there is only 1 growth
factor gene responsible for OPLL. Rather, it seems most
likely that any number of mutations in a variety of genes
for growth factors, cytokines, and transcription factors
may be associated with OPLL, and therefore predispose
a patient for developing OPLL, even if there is no direct
causation.

Finally, the interactions of both mechanical com-
ponents as well as other disease pathologies have been
linked to OPLL. Hyperleptinemia,*! hyperinsulinemia,'”
obesity, and diabetes mellitus'® have all been linked to
OPLL in both humans and mice (ZFR model).?* It is un-
clear, however, whether these states cause formation of
OPLL, or whether they merely predispose patients to the
development of OPLL. For example, not all patients with
diabetes have OPLL, and not all patients with OPLL have
diabetes. Therefore, it is difficult to associate a causation
of diabetes to OPLL.

Likewise, mechanical stretch has been shown to in-
duce expression of BMPs*” and endothelins? to contribute
to bone synthesis in susceptible OPLL cells, but not in
controls. Again, direct causation cannot be attributed, as
only susceptible cells (OPLL cells) show induced expres-
sion of BMPs with stretch. Rather, it seems that all these
exogenous factors may contribute to the development of
OPLL in susceptible individuals, but not in those without
a predetermined susceptibility.

Ossification of the posterior longitudinal ligament like-
ly demonstrates multifactorial inheritance. From the large
number of genes that have been associated with OPLL
(from many conflicting studies), it seems only logical that
there are likely multiple genes involved in not only the in-
heritance, but also the pathogenesis of OPLL. Furthermore,
varied exogenous factors have been noted to contribute to
the development of OPLL. In all likelihood, there are in
fact multiple exogenous factors that are not mutually exclu-
sive contributing to development of the underlying disease
process in susceptible individuals over a course of many
decades before they actually develop symptoms.

Conclusions

The inheritance patterns of OPLL are extremely
complex, given that very likely multiple genes are in-
volved in the development of pathological ectopic ossi-
fication. There are also multiple exogenous factors that
likely contribute to the pathogenesis of OPLL, but only
in genetically susceptible individuals. Therefore, the in-
heritance of OPLL is best described as a multifactorial
genetic inheritance.
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Dorsal versus ventral surgery for cervical ossification of the
posterior longitudinal ligament: considerations for approach
selection and review of surgical outcomes

Jonn H. SHIN, M.D., MicHAEL P. STEINMETZ, M.D., EDWARD C. BENZEL, M.D.,
AND AT A. KRISHNANEY, M.D.

Department of Neurosurgery, Center for Spine Health, Cleveland Clinic, Cleveland, Ohio

Ossification of the posterior longitudinal ligament is a common cause of radiculopathy and myelopathy that of-
ten requires surgery to achieve decompression of the neural elements. With the evolution of surgical technique and a
greater understanding of the biomechanics of cervical deformity, the criteria for selecting one approach over the other
has been the subject of increased study and remains controversial. Ventral approaches typically consist of variations
of the cervical corpectomy, whereas dorsal approaches include a wide range of techniques including laminoplasty,
laminectomy, and laminectomy with instrumented fusion. Herein, the features and limitations of these approaches are

reviewed with an emphasis on complications and outcomes. (DOI: 10.3171/2010.12.FOCUS10270)

KEy WORDS  *
laminoplasty °

in the cervical spine is a common cause of my-

elopathy and radiculopathy that affects mostly
persons of Asian descent.'***! There has been consider-
able debate in recent years regarding the optimal surgi-
cal approach for addressing these compressive lesions.
Ventral approaches consist of variations of the cervical
corpectomy, whereas dorsal approaches include a wide
range of techniques including laminoplasty, laminecto-
my, and laminectomy with instrumented fusion. With the
evolution of surgical technique and a greater understand-
ing of the biomechanics of cervical deformity, the criteria
for selecting one approach over the other has been the
subject of increased study.

Of the many factors to consider when deciding on
either a dorsal or ventral approach, the degree of steno-
sis related to the severity of ventral compression of the
spinal cord by the ossified lesion is critical to decision
making as patients with greater degrees of stenosis have
historically shown less improvement following either
dorsal or ventral surgery.*3¢ Often spanning more than
1 vertebral level, the advantages of either approach have

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: JOA = Japanese Orthopaedic
Association; OPLL = ossification of the posterior longitudinal liga-
ment; VB = vertebral body.
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* outcome

been described in limited retrospective case series, with
each varying in the quality of outcome measures used
to assess clinical outcomes following surgery. Herein, we
discuss the features of each approach and review their
associated outcomes.

Biomechanical Considerations

Determining which surgical approach will best
achieve the goals of decompression while preserving re-
gional sagittal balance requires an understanding of bio-
mechanics and a consideration of the preexisting deformi-
ty. Although there are insufficient clinical data to suggest
that correction of any preexisting deformity improves out-
comes associated with OPLL, there are retrospective data
indicating that patients who undergo dorsal procedures
without instrumentation may worsen neurologically as a
result of progressive kyphosis.®?* With regard to OPLL,
the presence of a compressive lesion ventral to the spinal
cord increases the risk of neurological deterioration during
any attempt at deformity correction, particularly if a dorsal
procedure is planned. For this reason, careful assessment
of the presurgical sagittal alignment and the occupying
volume of the ossified mass are critical to selecting the best
approach as correction of deformity may not always be fea-
sible without significant morbidity.



Cervical kyphosis may be the result of iatrogenic de-
stabilization, trauma, degeneration, and systemic inflam-
matory diseases. However, it is most commonly observed
after multilevel dorsal decompression, with rates of clini-
cally significant kyphosis as high as 21%.51223

If a kyphotic deformity is present, a flexion moment
is created with the head pitched forward relative to the
normal alignment of the cervical spine.>? This abnormal
posture shifts the normally neutral axial force of the head
ventral to the instantaneous axis of rotation, thus creating
a flexion bending moment. This leads to further kypho-
sis.’ Thus, a vicious cycle of abnormal forces and progres-
sive deformity is created.?* If kyphosis becomes severe,
the spinal cord may stretch over the apex of the deformity
and lead to further neurological decline.’

Radiographic Criteria for Approach Selection

The criteria used to select either a dorsal or ventral
approach should be based on a number of factors including
patient age, comorbidities, severity of symptoms, previous
surgery, type of OPLL, extent of OPLL, degree of stenosis,
surgeon preference, and assessment of cervical deformity.

Various radiographic schemes have been proposed to
help select the best approach for patients with cervical
myelopathy. Gwinn et al."* proposed a simple straight-line
method to measure effective spinal canal lordosis in pa-
tients with cervical myelopathy. In this scheme, a straight
line is drawn from the dorsal-caudal aspect of the C-2
VB to the dorsal-caudal aspect of the C-7 VB (Fig. 1). Ef-
fective lordosis is maintained if no ventral bone structure
such as VBs, disc-osteophyte complexes, or hypertrophic
calcifications project dorsal to this line. Otherwise, ef-
fective lordosis is considered lost (Fig. 2). This straight-
line method of assessing cervical lordosis was compared
with traditional methods of measuring cervical alignment
including the Cobb and dorsal tangent methods. It was
found to be a reliable indicator of overall alignment of the
cervical spine as well as compression ventral to the spinal
cord. It is proposed that this loss of effective lordosis due
to the presence of a compressive mass may have a role in
determining the best surgical approach as ventral surgery
may better achieve decompression in these patients.

In 2008, Fujiyoshi et al.!! proposed a new concept
for decision making regarding the surgical approach for
cervical OPLL. They introduced a new index called the
K-line to help determine the effectiveness of a dorsal ap-
proach. This line was defined as a line on a lateral radio-
graph drawn between the midpoints of the spinal canal at
C-2 and C-7. According to this line, 2 groups of patients
with OPLL were identified. In the K-line (+) group, the
OPLL lies ventral to the K-line. In the K-line (-) group,
the OPLL passes the line and lies dorsal to the line. In
their series, 27 patients with myelopathy as a result of
OPLL underwent either laminoplasty or laminectomy
with instrumented fusion. Intraoperative ultrasonography
was also used to evaluate the dorsal shift of the spinal
cord from the OPLL. The relationship between the dorsal
shift of the spinal cord and the K-line classification was
made. Clinical outcomes were assessed using the JOA
scores before surgery and at 1 year after surgery.
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Fie. 1. In this digital radiograph, the line drawn from the dorsal cau-
dal aspect of C-2 to the dorsal caudal aspect of C-7 is used as a ref-
erence to measure effective cervical lordosis. In this image, effective
spinal canal lordosis is maintained, as no bone from the VBs or disc
space is projecting dorsal to the line. Reprinted with permission from
Gwinn et al: J Neurosurg Spine 11:667-672, 2009.

Overall, statistically significant improvement in JOA
scores was found in the K-line (+) group. Complications
and neurological worsening were not reported. Based on
these findings, Fujiyoshi et al.!! proposed that patients
with cervical OPLL that extend dorsal to the K-line have
a better chance for neurological improvement with a ven-
tral approach, but no patients were studied to support this
recommendation. Based on their outcomes and correla-
tion with intraoperative ultrasound, it is their assertion
that K-line (-) patients have kyphosis that prohibits a dor-
sal approach as the spinal cord has less potential to shift
following decompression.

Ventral Approaches

In general, there are 2 surgical procedures for the
treatment of OPLL: direct removal of the ossified ligamen-
tum through a ventral approach, or decompression through
a dorsal approach.'’

The ventral approach with direct resection of OPLL
and decompression of the spinal canal is well described
and is an effective option with excellent results (Table
1).28 Ventral decompression becomes more technically
demanding, however, with significant narrowing of the
spinal canal and ventral displacement of the spinal cord
due to large ossified lesions. The risk of complications in-
cluding CSF leakage and iatrogenic neurological deterio-
ration significantly increases with the extent of OPLL as
dural ossification often prohibits identifying an adequate
plane of dissection.”!? Residual OPLL behind the VB also
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Fie. 2. Digital radiograph clearly showing vertebral endplates with
osteophytes projecting dorsal to the effective lordosis line indicating a
loss of lordosis within the spinal canal. Reprinted with permission from
Gwinn et al: J Neurosurg Spine 11:667-672, 2009.

requires extensive undercutting and drilling under high-
power magnification to ensure adequate decompression
of the spinal cord.

Several variations of the corpectomy have been re-
ported with favorable results.?!-8-236 Because these ossified
lesions often extend beyond the level of the endplate and
behind the VB, corpectomy is essential to allow complete
visualization of the compressive mass and achieve ade-
quate decompression of the spinal cord. Reconstruction of
the ventral vertebral column can then be performed using
a number of different grafts including iliac crest, fibula, au-
togenous VB graft, and titanium.'7-?32630 Because the use of
allograft in humans is illegal in Japan, there are few reports
of allograft use for the treatment of OPLL.

Although this strategy has been shown to be highly
effective for patients with short segment compression and
kyphosis, historically high rates of pseudarthrosis, bone
graft subsidence, and graft dislocation have been seen
with long or multisegment constructs.>?> These compli-
cations are largely a result of suboptimal bony points of
fixation, poor biomechanical constructs, and the reliance
on screw fixation as the only available method of bony
fixation afforded by the ventral approach.*

Pseudarthrosis has historically been a major concern
following corpectomy. The rate of pseudarthrosis ranges
from 4% to 6% for 1-level fusions and increases to 17% to
30% when 3 levels are fused.>!%3* Shinomiya et al.>* found
that 16 (12%) of 129 patients required a second operation
for pseudarthrosis. Epstein'® reported that 3 (4.7%) of 76
patients required supplemental dorsal fixation for pseud-
arthrosis. In this series, corpectomy was performed on av-
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erage over 3 levels without anterior plate instrumentation,
using iliac crest or fibular strut autografts. At 3 months,
dynamic radiographs in 20 patients demonstrated radio-
graphic instability consistent with pseudarthrosis. At 6
months, 10 of these patients underwent fusion and anoth-
er 7 were clinically stable despite persistent evidence of
lucency around the grafts. Mizuno and Nakagawa? found
3 cases of postoperative kyphotic deformity (6.7%) due to
pseudarthrosis in patients receiving iliac crest grafts and
9 cases (24%) in patients receiving VB grafts. There were
no cases of pseudarthrosis when anterior plates were used
in this series.

Some of these issues may be mitigated by the use
of intermediate points of fixation and by the introduc-
tion of dynamic implants, although their true effective-
ness in this regard has yet to be proven.* With increased
use of ventral cervical plates and a greater appreciation
for the biomechanical implications of long multisegment
vertebral grafts with flexion, extension, and load bearing,
fusion rates have improved. Supplemental dorsal fixa-
tion following multilevel corpectomy has also decreased
the rate of bone graft subsidence and graft dislocation in
patients who had previously been immobilized in halos
postoperatively.

A variation to the standard corpectomy is the technique
of square-shaped corpectomy and use of autologous VB as
graft for reconstruction of the ventral column as described
by Williams and modified by Isu and colleagues.'”!8% A
square-shaped corpectomy is performed rostral and cau-
dal to the disc around which the OPLL is centered. This
prevents having to perform a complete corpectomy as the
square-shaped VB resection is performed to the extent of
the OPLL behind the VB. The removed vertebral bone is
then saved for use as a bone graft. After removal of the
OPLL, the vertebral bone is stacked together and sutured
with nylon. This is then placed within the VB defect.

Before the widespread use of ventral cervical plates,
the main disadvantage of using the autologous VB tech-
nique was the risk of developing postoperative kyphosis.
Due to the size of the VB graft relative to the corpectomy
defect, this technique has a tendency to create a focal ky-
phosis at the level of corpectomy. In cases in which the
VB graft is not large enough to fill the bony defect, a hy-
droxylapatite graft sandwiched between the bone grafts
has been reported as an effective salvage maneuver.?
Mizuno and Nakagawa® found postoperative ventral an-
gulation more frequently in patients in whom VB grafts
were implanted than those in whom iliac crest grafts were
used. Isu et al.”” reported that 4.4% of 90 patients devel-
oped postoperative ventral angulation after using this
technique. Some authors have also reported using titani-
um threaded interbody cages instead of autogenous ver-
tebral bone grafts in patients with OPLL with less chance
of developing postoperative kyphosis.

In one of the largest published surgical series, Mizu-
no and Nakagawa? reported their experience in treating
107 patients with OPLL who underwent anterior cervi-
cal corpectomy and direct removal of the ossified mass.
Iliac crest was used in 45 cases, autologous VB in 37, and
titanium interbody cages in 25 cases. Forty-five patients
underwent 1-level, 41 underwent 2-level, 12 underwent

3



TABLE 1: Review of surgical series: ventral approaches for OPLL*

J. H. Shin et al.

No. of Patients (%)

Pseud- Postop Addl CSF Early (postop) Late Mean FU
Authors & Year Total arthrosis Kyphosis Op Leak Deterioration  Deterioration Improvement Key Findings (yrs)
Abe et al., 1981 12 NR NR NR NR 0 0 100.0%t  >50% stenosis had lessre- NR
covery
Epstein, 1998 7% 34 NR NR NR NR NR NRt no plating for mean 2.75 3
levels
Isu etal., 1997 40 0 1 0 4 1:C-5 palsy 0 74.0%t VB autograft w/o plating 3
Iwasaki et al., 2007 27 4(19) 0 7 0 2:C-5palsy 2 57.0%F  >60% stenosis had better 6
outcomes compared w/
laminoplasty
Kim et al., 2009 17 0 0 1 0 1:arm weakness 0 71.7%% VB autograft w/o plating 2
Masaki et al., 2007 19 NR NR NR NR 0 0 68.4%% 1
Mizuno & Nakagawa, 107 3 (2.8) 12 10 21 3:C-5palsy 0 89.0%t  kyphosis more likely when 2
2001 VB autograft used
Mizuno & Nakagawa, 111 13 (12) NR NR 3 0 0 89.0%%  no revisions required for 1
2006 pseudarthrosis
Shinomiya et al., 129  4(31) NR 16 NR NR NR NRt
1993
Tani et al., 2002 14 0 NR 1 3 0 0 58.0%%  >50% stenosis had better 4

outcomes compared w/
laminoplasty

* Add’l = additional; FU = follow-up; NR = not reported.

T Outcome was assessed using the JOA scoring system for cervical myelopathy.
T Outcome was assessed based on improvement noted during neurological examination.

3-level, 4 underwent 4-level, and 5 underwent 5-level pro-
cedures via the ventral approach. Ventral cervical plates
were only used in 4 patients with 3-level VB grafts and
1 with a 2-level VB graft. No other patient received plat-
ing. Surgery-related outcomes were excellent or good in
89% and fair in 11%. Patients underwent follow-up for
6 months, and the overall fusion rate was 97%, with 3
patients requiring additional surgery for pseudarthrosis.
Of the graft materials used in this series, VB grafts were
most susceptible to pseudarthrosis. Cerebrospinal fluid
leakage was the most common complication, occurring
in 21 cases. Although a significant number of patients im-
proved after surgery, it is unclear from this study how the
surgical approach was selected and how these techniques
affected long-term fusion rates and outcomes.

Dorsal Approaches

A number of dorsal approaches have been described
including laminoplasty, laminectomy, and laminectomy
with instrumented fusion.”¢ The advantages of these ap-
proaches include familiarity, ease of decompression of
multiple levels, and the ability to extend the fusion ros-
trally to the occiput or caudally to the thoracic spine. The
major disadvantage of laminectomy and laminoplasty
is the obligatory disruption of the dorsal tension band,
resulting in a high rate of postlaminectomy kyphosis.*!?
This complication has led some authors to caution against
use of these procedures in patients with preexisting cer-
vical kyphosis or even in the relative kyphosis of the
“straightened” cervical spine.>*'>2 Moreover, ventral

4

compression cannot be addressed from the dorsal ap-
proach alone, and this has therefore limited the overall
effectiveness of these approaches as the ossified lesions
in OPLL are known to progress over time. This limited
effectiveness has been associated with greater degrees of
stenosis in various series (Table 2). In some cases, the use
of dorsal cervical fixation, in combination with dorsal de-
compression, may be used to correct a mild degenerative
kyphosis.! Although instrumented fixation may prevent
and delay a loss of lordosis, it is unclear if it has any ef-
fect on the natural progression of ossification.

Laminoplasty

Cervical laminoplasty is historically one of the most
widely used surgical options for OPLL. The overall re-
covery rate after expansive laminoplasty for OPLL has
been reported to be approximately 60%.4!1>132 However,
several series have shown that laminoplasty in patients
with OPLL may result in insufficient decompression, pro-
gression of the ossified lesion, development of kyphosis,
and limited neurological improvement. Reports of pa-
ralysis following laminoplasty range from 5% to 10%.
Because these dorsal approaches do not address the ossi-
fied lesion directly, these lesions may grow in length and
depth over time, leading to subsequent neurological dete-
rioration despite an early period of improvement.”>3” In
2002, Iwasaki et al.'” published their series of 92 patients
who underwent laminoplasty for OPLL with more than
10 years of follow-up. After an initial interval of neuro-
logical improvement, there was a significant decrease in
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outcome as assessed by JOA scores. Postoperative pro-
gression of the ossified lesion was noted in 70% of the
patients, and additional surgery was required in 1 patient.
Postoperative progression of kyphotic deformity was also
observed in 8% of the patients.

Similarly, Ogawa et al.3 reported their series of 72
patients who underwent follow-up for more than 5 years.
The mean recovery rate was 62.1% at 1 year but decreased
to 41.3% after 5 years. Postoperative progression of the
ossified ligament was observed in 46 patients (63.9%),
and a change in the cervical alignment was observed in
28 patients (38.9%) at last follow-up. In these patients, a
change from lordosis to straight was most common (12
patients), followed by a change from lordosis to kyphosis.

The severity of stenosis has also been associated with
poorer outcomes following dorsal procedures.?’* In their
review of 47 cases, Baba et al.* found that patients with
stenosis greater than 50% had less improvement than those
with stenosis less than 50%. In this group of patients with
severe stenosis, the mean improvement in JOA scores was
51.8% versus 61.6% at last follow-up (p < 0.05).

Laminectomy

Laminectomy is also an option for decompression,
although it is used less frequently than laminoplasty, as
evident by the lack of long-term clinical data.’?22* Kato
et al.>* reported the largest series of patients treated with
cervical laminectomy for OPLL. In their series, 52 pa-
tients underwent cervical laminectomy with a mean fol-
low-up of 14.1 years. The neurological recovery rate of
44.2% at 1 year after laminectomy was maintained at 5
years but worsened to 32.8% at last follow-up. Late neu-
rological deterioration was observed in 10 (23%) of 44
patients at an average of 9.5 years. The earliest deterio-
ration occurred at 1 year and the latest was at 17 years
after surgery. Postoperative expansion of the OPLL was
noted in 70%, and progression of kyphotic deformity was
observed in 47% of patients. This series is consistent with
other reports that have demonstrated a high incidence of
postlaminectomy kyphosis, although the significance of
this with regard to overall outcome is still unclear.

Laminectomy With Instrumentation

The addition of instrumentation to laminectomy
provides rigid fixation and prevents the development of
postlaminectomy kyphosis. Although the effect of stabi-
lization on the natural history of OPLL is unknown, it has
been shown to prevent kyphosis in limited series.”'¢ Chen
et al’ reported on 83 patients who underwent laminec-
tomy and instrumented fusion with an average follow-up
of 4.8 years. The mean JOA score significantly increased,
and neurological improvement was sustained in 62.4% of
patients. The degree of stenosis was not associated with a
difference in outcomes in this series. Lordosis was main-
tained postoperatively with no revision surgeries. Progres-
sion of OPLL was not measured in this series. Postopera-
tive nerve root palsy was seen in 10 patients and was the
main complication. This was thought to be related to pre-
served lordosis as this was not as common in published
laminoplasty series.
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Strategies for Decision Making

As discussed earlier, selection of the best surgical
approach depends on many factors including the radio-
graphic assessment of cervical lordosis, severity of ven-
tral compression, and most importantly, consideration of
anticipated complications and outcomes. With a lack of
prospective, randomized, controlled clinical studies with
strict selection criteria to guide clinical decision making,
the best available data are represented by limited retro-
spective institutional experiences with one particular
surgical technique. In recent years, several authors have
published their results comparing dorsal and ventral ap-
proaches and have attempted to identify factors that may
lead to poor surgical outcomes.

Masaki et al.?” compared their results of ventral de-
compression with fusion to laminoplasty for patients with
cervical myelopathy due to OPLL. Nineteen patients un-
derwent ventral surgery and 40 underwent dorsal surgery.
At 1 year, the neurological improvement in the ventral
group was 68.4% versus 52.5% in the dorsal group (p <
0.05). Elderly patients treated with laminoplasty had an
especially poor surgical outcome, as did patients in the
laminoplasty group who showed progressive loss of lor-
dosis. Patients in the laminoplasty group who did poorly
also showed greater evidence of segmental mobility at the
operated levels on dynamic imaging.

Tani et al.* compared the clinical results of 14 pa-
tients who underwent ventral decompression and fusion
with 12 patients who underwent laminoplasty for cervical
OPLL with an occupation ratio in the spinal canal ex-
ceeding 50%. They found that the average recovery rate
was significantly higher after ventral surgery than after
laminoplasty. No neurological deterioration occurred af-
ter ventral surgery, whereas postoperative neurological
deterioration occurred in 4 patients after laminoplasty.
The authors suggested that a decrease in the lordosis of
the cervical spine and tethering of nerve roots due to in-
sufficient decompression are factors associated with poor
outcomes after laminoplasty.

In the largest reported comparative series with the
longest follow-up, Iwasaki et al.?*?! compared the results
of 27 patients who underwent ventral surgery with 66
who underwent laminoplasty, with a mean follow-up of
6 years. Overall, patients who underwent ventral surgery
had better outcomes than those who underwent lamino-
plasty. This was particularly true for patients whose os-
sified lesions had an occupying ratio greater than 60%.
Multiple regression analysis showed that the most sig-
nificant predictors of poor outcome after laminoplasty
were hill-shaped ossification, occupying ratios greater
than 60%, lower preoperative JOA scores, postoperative
changes in cervical alignment, and older age at surgery.

It is evident from these studies that each surgery has
its benefits; however, it seems that laminoplasty is associ-
ated with worse outcomes, especially in patients whose
ossified lesions have an occupying ratio greater than 50%.

Conclusions

There remains considerable debate regarding the sur-
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gical management of myelopathy due to cervical OPLL.
Over the years, numerous innovative surgical techniques
have been developed to treat these difficult lesions, from
either a dorsal or ventral approach. Although there is cur-
rently little evidence to support the superiority of one
technique over the other, there are data regarding the
known risks, complications, and expected outcomes as-
sociated with each. Although the ventral approach offers
direct decompression of the spinal cord with resection of
the ossified mass, it is plagued by a high risk of CSF leak-
age and pseudarthrosis. Likewise, the dorsal approach
provides a relatively simple and safe means to decom-
pressing the spinal cord. However, it is subject to progres-
sive kyphosis, expansion of the ossification, and limited
neurological improvement, especially in patients with
preexisting kyphosis or hill-shaped OPLL. The addition
of instrumentation and fusion may help overcome some
of the late complications of dorsal decompressive opera-
tions. This information, gathered from years of experi-
ence along with an understanding of the biomechanics of
cervical deformity, equips the surgeon with the tools to
make the best possible decision.
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Laminoplasty outcomes: is there a difference between
patients with degenerative stenosis and those with
ossification of the posterior longitudinal ligament?

Scort A. MEYER, M.D.,! Jau-CHING WU, M.D.,-3 AND PRAVEEN V. MUMMANENI, M.D.!

'Department of Neurological Surgery, University of California, San Francisco, California; *Department of
Neurosurgery, Neurological Institute, Taipei Veterans General Hospital; and *School of Medicine and
Institute of Pharmacology, National Yang-Ming University, Taipei, Taiwan

Object. Two common causes of cervical myelopathy include degenerative stenosis and ossification of the pos-

terior longitudinal ligament (OPLL). It has been postulated that patients with OPLL have more complications and
worse outcomes than those with degenerative stenosis. The authors sought to compare the surgical results of lamino-
plasty in the treatment of cervical stenosis with myelopathy due to either degenerative changes or segmental OPLL.

Methods. The authors conducted a retrospective review of 40 instrumented laminoplasty cases performed at a
single institution over a 4-year period to treat cervical myelopathy without kyphosis. Twelve of these patients had
degenerative cervical stenotic myelopathy ([CSM]; degenerative group), and the remaining 28 had segmental OPLL
(OPLL group). The 2 groups had statistically similar demographic characteristics and number of treated levels (mean
3.9 surgically treated levels; p > 0.05). The authors collected perioperative and follow-up data, including radiographic
results.

Results. The overall clinical follow-up rate was 88%, and the mean clinical follow-up duration was 16.4 months.
The mean radiographic follow-up rate was 83%, and the mean length of radiographic follow-up was 9.3 months.
There were no significant differences in the estimated blood loss (EBL) or length of hospital stay (LOS) between the
groups (p > 0.05). The mean EBL and LOS for the degenerative group were 206 ml and 3.7 days, respectively. The
mean EBL and LOS for the OPLL group were 155 ml and 4 days, respectively. There was a statistically significant
improvement of more than one grade in the Nurick score for both groups following surgery (p < 0.05). The Nurick
score improvement was not statistically different between the groups (p > 0.05). The visual analog scale (VAS) neck
pain scores were similar between groups pre- and postoperatively (p > 0.05). The complication rates were not statisti-
cally different between groups either (p > 0.05). Radiographically, both groups lost extension range of motion (ROM)
following laminoplasty, but this change was not statistically significant (p > 0.05).

Conclusions. Patients with CSM due to either degenerative disease or segmental OPLL have similar periopera-
tive results and neurological outcomes with laminoplasty. The VAS neck pain scores did not improve significantly
with laminoplasty for either group. Laminoplasty may limit extension ROM. (DOI: 10.3171/2011.1. FOCUS10279)

KeEy WorDs  »
cervical myelopathy

institution are degenerative spondylosis and OPLL.

The prevalence of degenerative CSM is higher in
Caucasian populations, and the prevalence of OPLL-
related CSM is higher in Asian populations.!216.17:19.27.30.32
The optimal surgical approach to treat CSM is contro-
versial, but many prior reports suggest that laminoplasty
is an acceptable surgical option in patients without cer-
vical kyphosis.3#20:22.24.283537.38 Tt has been suggested that
patients with high-grade OPLL have poor outcomes fol-
lowing surgery. We sought to assess if patients undergo-

THE two most common causes of CSM treated at our

Abbreviations used in this paper: CSM = cervical stenotic
myelopathy; EBL = estimated blood loss; LOS = length of hospital
stay; OPLL = ossification of the posterior longitudinal ligament;
ROM = range of motion; VAS = visual analog scale.
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ossification of the posterior longitudinal ligament ¢
range of motion

ing laminoplasty for degenerative CSM had similar out-
comes to those treated for OPLL.

It has also been suggested that cervical laminoplas-
ty could decrease the baseline cervical flexion and ex-
tension ROM.!"'> We evaluated and compared pre- and
postoperative dynamic x-rays in patients with degenera-
tive spondylosis versus those with OPLL who underwent
laminoplasty.

Methods
Patient Demographics

Between 2006 and 2010, the senior author (PV.M.)
performed 40 laminoplasty operations in patients with
CSM due to either degenerative spondylosis or OPLL. All
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Fic. 1. Sagittal T2-weighted MR image of the cervical spine demon-
strating degenerative disc disease with multilevel compression and T2
hyperintensity within the spinal cord.

of the patients had 3 or more levels of stenosis, and none of
the patients had cervical kyphosis. Patients who required
bilateral foraminotomies or extension of decompression to
C-2 or T-1 were treated with posterior cervical laminecto-
mies with fusion, and were not included in this cohort.

Of the 40 patients, 12 had degenerative CSM (degen-
erative group; Fig. 1), and 28 had segmental OPLL (OPLL
group; Fig. 2). The mean age of the patients in the degen-
erative group was 62 years, and the mean age of those in
the OPLL group was 64 years. The degenerative group
was composed of 67% men and 33% women, whereas
the OPLL group was composed of 70% men and 30%
women. Both the degenerative and the OPLL group had
a mean of 3.9 levels treated with laminoplasty (Table 1).

Surgical Technique

All the patients underwent open-door laminoplasty
with titanium miniplates, without bone graft. An air drill
with a matchstick bur was used to open the hemilamina on
the side with more symptoms. A shallow trough was scored

S. A. Meyer, J. C. Wu, and P. V. Mummaneni

TABLE 1: Demographic information in 40 patients with cervical
myelopathy who underwent laminoplasty

Characteristic OPLL Group  Degenerative Group  p Value
mean age in yrs 63.8 61.7 0.593
sex

M 20 8

F 8
mean no. of levels 3.9 3.9 0.831

on the contralateral hemilamina with the matchstick drill
bit, and this side was used as a hinge to open the lamino-
plasty. The hinged, open-door laminoplasty was secured
with a preshaped titanium miniplate, and small screws
were placed through the plate apertures into the lateral
mass on one side and into the opened hemilamina on the
other side. Additional unilateral posterior foraminotomy
on the plated side was performed if cervical radiculopathy
was present. Patients underwent laminoplasty from C-3 to
C-6 or C-7, depending on the extent of the stenosis.

Patient Assessment

Perioperative Data. Perioperative data collected in
all patients included the following: EBL, LOS, complica-
tions, and repeat operations.

Clinical Outcome. Patients were evaluated with pre-
and postoperative Nurick grades and VAS neck pain scores.

Radiographic Data. We compared pre- and post-
operative dynamic x-rays in patients with degenerative
spondylosis versus those with OPLL who underwent lam-
inoplasty (Fig. 3). To determine the ROM, we measured
the pre- and postoperative Cobb angles from the inferior
C-2 endplate to the superior C-7 endplate on the flexion
and extension radiographs for patients in both groups.

Statistical Analysis

All of the data were calculated using the SPSS soft-
ware for descriptive statistics and contingency tables
(SPSS, Inc.). Student t-tests were used for mean data, the
Fisher exact test was applied for categorical data, and a
probability value of 0.05 was considered statistically sig-
nificant.

Results

The overall clinical follow-up rate was 88%. The mean
clinical follow-up was 16.4 months. Clinical follow-up in

Fic. 2. Axial CT scans demonstrating OPLL. Segmental OPLL is seen in all 3 images.
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Fic. 3. Dynamic (flexion and extension) lateral radiographs of the
cervical spine.  A: Preoperative flexion. B: Preoperative extension.
C: Postoperative flexion. D: Postoperative extension.

the degenerative group was a mean of 16.4 months, with
100% patient follow-up. Clinical follow-up in the OPLL
group was also 16.4 months, with an 82% follow-up rate.
The overall complication rate was 12.5%, and the reopera-
tion rate was 5%. There were no perioperative deaths, but 1
patient died of unrelated causes (pancreatic cancer) 1 year
after surgery.

Not all patients had pre- and postoperative dynamic
imaging. The mean radiographic follow-up time was 9.3
months. Preoperative and postoperative dynamic x-rays
were available in 83% of patients.

Perioperative Data

The mean number of levels treated for the degenera-
tive group was 3.9, and the mean EBL was 206 ml. The
mean LOS was 3.7 days. There were 2 patients with com-

TABLE 2: Perioperative data and complications*

plications requiring repeat operation in the degenerative
group: 1 with a wound infection and 1 with a collapsed
laminoplasty segment that caused restenosis. Both of
these complications led to revision surgery. The patient
with the infection was treated with a wound debridement,
and all hardware was left in place. This patient was given
6 weeks of intravenous antibiotics followed by 12 months
of oral antibiotics. The patient with the collapsed lami-
noplasty segment fractured the hinge side of C-4 into the
spinal canal. This was corrected by performing a lami-
nectomy of C-4. This patient then developed a temporary
C-5 nerve root palsy that resolved after 6 months.

The mean number of levels treated for the OPLL
group was 3.9, and the mean EBL was 155 ml. The mean
LOS was 4 days. There were 3 complications in the OPLL
group (2 CSF leaks and 1 temporary deltoid palsy). There
were no reoperations in the OPLL group.

There was no statistical difference between groups
in EBL or LOS. There was no statistically significant dif-
ference in the rate of complications, or in complications
requiring repeat operations between the groups (p = 0.626
and p = 0.085, respectively; Table 2).

Clinical Measurement

Both groups improved significantly from their base-
line neurological function (p < 0.05). For the degenera-
tive group, the mean preoperative Nurick grade was 2.33,
and the mean postoperative grade was 0.75. For the OPLL
group, the mean preoperative Nurick grade was 2.65, and
the mean postoperative grade was 1.43.

The mean preoperative neck pain VAS score for the
degenerative group was 6, and the mean postoperative
score was 4.18. The mean preoperative neck pain VAS
score was 4.16 and the mean postoperative score was 2.63
for the OPLL group. These values were not statistically
different (p > 0.05; Table 3).

Radiographic Measurement

We found that both groups had restricted ROM on
dynamic x-rays after laminoplasty. The mean preopera-
tive flexion Cobb angle from C-2 to C-7 for the degenera-
tive group was 12° and the mean preoperative extension
Cobb angle for these patients was 23°. The mean postop-
erative flexion Cobb angle for the degenerative group was
13°, and the mean postoperative extension Cobb angle
for these patients was 17°. The degenerative group lost a
mean of 6° in extension (26% of preoperative extension)
and gained a mean of 1° in flexion (8% of preoperative
flexion) following instrumented laminoplasty, but this
was not statistically significant.

Factor OPLL Group Degenerative Group
no. of patients 28 12
mean LOS 4 days 3.7 days
mean EBL 155 ml 206 ml

no. of complications 3; 2 CSF leaks & 1 C-5 palsy
complications requiring reop  none

2; 1 wound infection & 1 revision of laminoplasty for C-5 palsy
2; 1 wound revision & 1 revision of laminoplasty

* The overall complication rate was 12.5%, and the overall reoperation rate was 5%.
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TABLE 3: Clinical and follow-up data*

S. A. Meyer, J. C. Wu, and P. V. Mummaneni

Mean Nurick Grade Mean VAS Neck Pain Score
Group No. of Patients FURate  Preop Postop Preop Postop Mean Length of FU (mos)
OPLL 28 82% 2.65 143 416 2.63 16.39
degenerative 12 100% 2.33 0.75 6.00 418 16.41
p value 0.566 0.157 0.199 0.194 0.994

* FU = follow-up.

All of the OPLL patients had the segmental subtype
of OPLL and had maintained flexion and extension mo-
tion on dynamic radiographs preoperatively. The mean
preoperative flexion Cobb angle from C-2 to C-7 for the
OPLL group was 14°, and the mean preoperative exten-
sion Cobb angle for these patients was 23°. The mean
postoperative flexion and extension Cobb angles for the
OPLL patients were 14° and 19°, respectively. The OPLL
group lost a mean of 4° in extension (17% of preoperative
extension) and had no change in mean flexion following
instrumented laminoplasty, but this was not statistically
significant (Table 4).

Discussion

The optimal treatment of OPLL-related CSM remains
controversial. Patients with severe spinal stenosis caused
by OPLL can be completely asymptomatic. It has been
reported that prophylactic decompression in patients with
OPLL who have no symptoms might not be necessary.!24
Due to the lack of longitudinal cohorts on a large enough
scale to ascertain the disorder’s natural history, the neces-
sity, timing, and technique of choice for surgical inter-
vention for OPLL-related CSM remains uncertain. There
have been reports demonstrating successful outcomes of
anterior decompression and fusion for CSM.>132334 Al-
though it is more intuitive to decompress the spinal cord
anteriorly, at the origin of the OPLL mass effect, compli-
cations like CSF leaks are not uncommon.">”14:3¢ Posteri-
or approaches allow for expansion of the spinal canal and
indirect decompression of multiple segments. Therefore,
surgical treatment should be tailored according to each
patient’s condition and each surgeon’s level of confidence
with a particular technique.

The Japanese and others have reported many meth-
ods with which to perform laminoplasty.>? In general,
there are two major laminoplasty techniques, unilateral
(open-door) and bilateral (midline opening). Submodifi-
cations of laminoplasty include the use of bone graft or
instrumentation (miniplates).5%1%26:3 In the current study
we used the technique described by O’Brien et al.,?® using
miniplates for fixation of the hinged lamina.

TABLE 4: Radiographic data and follow-up findings

Cervical laminoplasty preserves the posterior ele-
ments (unlike laminectomy), and this preservation may
enhance spinal stability and prevent kyphosis.?>3! Also,
cervical laminoplasty allows preservation of some ROM
(unlike laminectomy with fusion). To date, the long-term
effects of laminoplasty on cervical spine ROM are still
uncertain. It has been suggested that patients with OPLL
treated with cervical laminoplasty have less ROM after
surgery than do patients with CSM due to degenerative
spondylosis.!"''> However, it is important to note that there
are several subtypes of OPLL, and the continuous type
often results in reduced ROM due to bridging bone across
disc space levels. The most common type of OPLL treat-
ed at our institution is segmental OPLL.

We performed a 1:2 cohort comparison of patients
with CSM due to degenerative spondylosis versus those
with the segmental type of OPLL. We found that lami-
noplasty is an effective treatment for patients with CSM
due to either degenerative spondylosis or the segmental
type of OPLL. Our degenerative and OPLL groups were
not statistically different at baseline in age, sex, or num-
ber of treated levels. The perioperative data, including
EBL, LOS, overall complications, and reoperations were
not statistically different between groups. Both groups
had significant improvements in their Nurick grades. The
small sample size does increase the likelihood of a Type
IT error when comparing the groups, but it also probably
overestimates the rate of complications.

Interestingly, for both groups we found there was some
loss of ROM in extension, but there was no loss in flexion.
In the degenerative group there was a loss of 6° of mo-
tion or 26% of preoperative extension. There was actually a
mild increase of 1° of motion or 8% from preoperative flex-
ion. The OPLL group had a loss of 4° or 17% of preopera-
tive extension and no change in flexion. These finding sug-
gest that the loss of ROM following laminoplasty is similar
in both groups and occurs entirely in extension. However,
this loss of ROM in extension did not reach statistical sig-
nificance. Although our patient numbers were limited, ours
is one of the first studies comparing laminoplasty for the
treatment of these different types of CSM.

Mean FU _Mean Cobb Angle (°) on Flexion cpange From _Mean Cobb Angle (%) on Extension  change From

Group (mos) Preop Postop  Change Baseline Preop Postop Change Baseline
OPLL 8.9 14 14 0 0% 23 19 -4 -17%
degenerative  10.3 12 13 1 8% 23 17 -6 -26%
p value 0.613 0.455 0.667 0.721 0.957 0.629 0.504
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Conclusions

Laminoplasty is an effective treatment for CSM due
to either degenerative spondylosis or OPLL. Our patients
with segmental OPLL treated with laminoplasty had
similar perioperative parameters (EBL, LOS, and overall
complication rate) to our patients with degenerative spon-
dylosis. Patients with degenerative spondylosis or seg-
mental OPLL maintained most of their baseline dynamic
cervical spine motion, with only some mild reduction in
extension when compared with baseline.
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Ossification of the posterior longitudinal ligament:
pathogenesis, management, and current surgical approaches

A review
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Ossification of the posterior longitudinal ligament (OPLL) is an important cause of cervical myelopathy that

results from bony ossification of the cervical or thoracic posterior longitudinal ligament (PLL). It has been estimated
that nearly 25% of patients with cervical myelopathy will have features of OPLL. Patients commonly present in their
mid-40s or 50s with clinical evidence of myelopathy. On MR and CT imaging, this can be seen as areas of ossification
that commonly coalesce behind the cervical vertebral bodies, leading to direct ventral compression of the cord. While
MR imaging will commonly demonstrate associated changes in the soft tissue, CT scanning will better define areas of
ossification. This can also provide the clinician with evidence of possible dural ossification. The surgical management
of OPLL remains a challenge to spine surgeons. Surgical alternatives include anterior, posterior, or circumferential
decompression and/or stabilization. Anterior cervical stabilization options include cervical corpectomy or multilevel
anterior cervical corpectomy and fusion, while posterior stabilization approaches include instrumented or noninstru-
mented fusion or laminoplasty. Each of these approaches has distinct advantages and disadvantages. While anterior
approaches may provide more direct decompression and best improve myelopathy scores, there is soft-tissue morbid-
ity associated with the anterior approach. Posterior approaches, including laminectomy and fusion and laminoplasty,
may be well tolerated in older patients. However, there often is associated axial neck pain and less improvement in
myelopathy scores. In this review, the authors discuss the epidemiology, imaging findings, and clinical presentation
of OPLL. The authors additionally discuss the merits of the different surgical techniques in the management of this

challenging disease. (DOI: 10.3171/2011.1 FOCUS10256)

Key WorDps *  cervical spine
posterior longitudinal ligament ¢

is an important cause of cervical myelopathy that

results from heterotopic ossification of the cervical
or thoracic PLL. It has been estimated that up to 25% of
patients presenting with cervical myelopathy have features
of OPLL."? Furthermore, OPLL has been associated with
several diseases, most importantly DISH > While multiple
surgical approaches have been used in the treatment of
myeloradiculopathy due to OPLL 24812-2023:29314853.60.70 the
individual merits of these techniques remain controversial.
In this review, we discuss the epidemiology, natural his-

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: ACC = anterior cervical cor-
pectomy; ACCF = anterior cervical corpectomy and fusion; DISH =
diffuse idiopathic skeletal hyperostosis; OPLL = ossification of the
posterior longitudinal ligament; PLL = posterior longitudinal liga-
ment; ROM = range of motion.
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laminoplasty ¢ ossification °
spinal decompression

tory, and common radiographic findings associated with
OPLL. The advantages and disadvantages of current treat-
ment options, including anterior corpectomy, laminecto-
my, and laminoplasty are reviewed.

Epidemiology

While the overall prevalence of OPLL remains low,
it has been estimated by Epstein'? that up to 25% of the
North American and Japanese populations with cervi-
cal myelopathy exhibit characteristics of OPLL. This is
predominantly found in the high cervical region (C2—
4)12 and occurs nearly twice as often in males as in fe-
males.>!8 In the Japanese literature, where the disease has
been studied extensively, the general prevalence of OPLL
has been documented to be between 1.9% and 4.3%.4>-58:64
In other neighboring countries, including Taiwan and
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Korea, the rate in the population is near 3%.% In North
American populations, it appears that the disease preva-
lence is much lower. Resnick and Niwayama> calculated
that the rate of classic disease in Caucasian individuals
from North America was 0.12%. These rates suggest that
the predominant presentation of the disease is sporadic.
Howeyver, there have been cases of familial OPLL in Cau-
casian and European populations.5 Furthermore, genetic
loci associated with cases of OPLL in Asian populations
have also been linked to non-Asian Mediterranean famil-
ials.?? In our limited experience, several of our non-Asian
patients with OPLL have family origins from in or near
these Mediterranean bloodlines. Also, quite importantly,
a varying percentage of patients with DISH, a very preva-
lent disease in Caucasian populations, have OPLL.??

Diffuse Idiopathic Skeletal Hyperostosis

Diffuse idiopathic skeletal hyperostosis is a syn-
drome that involves ossification of the soft tissue and
ligaments, commonly occurring near the ventral aspect
of the cervical or thoracic spine (Figs. 1 and 2).384° This
syndrome is quite common. The incidence of DISH in
patients older than 65 years of age has been estimated to
be between 15% and 30%.36* In sharp contrast to OPLL,
this syndrome is uncommon in Asian populations and
more common in North American or other Caucasian
populations.*** Most individuals with DISH are asymp-
tomatic. However, several cases of dysphagia have been
noted. These can occur when significant bony overgrowth
of the anterior longitudinal ligament leads to compression
of the esophagus.*# The coexistence of OPLL and DISH
has been previously reported. Ehara et al.'® found DISH
to be indentified in 25% of 109 patients they studied with
OPLL. Others have reported this rate of association to be
as high as 50%.% Given this association between OPLL
and DISH, an awareness of the pathogenesis and treat-
ment of OPLL may be of particular importance in North
American populations. It should additionally be noted
that recent studies have shown an increased prevalence
of OPLL in patients with various metabolic disorders, in-
cluding hypoparathyroidism, acromegaly, and diabetes
as well as an association between DISH and ankylosing
spondylitis.>?
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Fic. 2. Postoperative nonenhanced T2-weighted MR image showing
decompression 1 year after C3—7 laminoplasty in the patient in Fig. 1.
Preoperative images showed 10° of lordosis, which was enough to al-
low dorsal migration of the cord away from the ventral bony bar.  Left:
Magnetic resonance imaging evidence of DISH (double arrows) as well
as extent of decompression (single arrow) is shown.  Right: Axial MR
image at this level following decompression.

Natural History and Clinical Presentation
of OPLL

The PLL extends from the occiput to the sacrum
along the posterior aspects of the vertebral bodies and the
dorsal aspects of each intervertebral disc. As it becomes
hypertrophied and ossifies, it results in a significant re-
striction of the cervical canal diameter. This compresses
the spinal cord and leads to ischemia and myelopathy.
In addition to this direct compression, repeated impacts
of the ventral cord over the hypertrophied and ossified
ligament can further lead to damage to the cord paren-
chyma.®® As the most common site of ossification is in the
cervical cord, cervical myelopathy is the most common
presentation. However, clinically significant ossification
of the ligament has also been noted to occur in the tho-
racic and lumbar spine.!1*463051 Ossification of the PLL
can present with pain, neurological deficit, or with acute
neurological injury (even after a minor injury). However,
given the prevalence of OPLL, the majority of patients
with OPLL remain without significant symptoms. Anoth-
er subset of patients with progressive OPLL may present

Fie. 1. Findings of DISH and OPLL can commonly be found in the same patient as seen on this preoperative CT scan.  A:
Sagittal midline CT demonstrates ossification of both the ligaments and soft-tissue ventral to the vertebral bodies (black arrow);
double white arrows indicate the first layer of ossification and the single white arrow indicates the second layer. B and C: Axial
images showing the 2 layers of bone formation as well as ossification ventral to the C-3 body consistent with DISH (arrows, B).

Neurosurg Focus / Volume 30 / March 2011



Pathogenesis, management, and current surgical approaches of OPLL

with “clinically silent” myelopathy that is not associated
with axial neck pain or radiculopathy.

A firm understanding of the natural history of OPLL
is important. This is especially important for asymptom-
atic patients who have the potential to develop signs of
myelopathy with time. In a study of 359 patients who un-
derwent follow-up for a mean of 17.6 years, Matsunaga et
al.* reported that 55 (17%) of 323 asymptomatic patients
would eventually demonstrate examination findings of
myelopathy. In 23 (64%) of the 36 patients with preexist-
ing myelopathy, there was evidence of progression in their
clinical examination. In a more recent radiographic study,
Matsunaga et al.*! studied radiographic progression in 167
patients following surgical treatment. Axial radiographic
progression was seen in 70 (42%) and craniocaudal exten-
sion in 144 (86%) during follow-up.

Given this natural history of progression, it is our
practice to consider patients for surgery when there is no-
table compression of the cervical spinal cord or T2 signal
changes on MR imaging and evidence of clinical deterio-
ration on physical examination.

These patients have often been observed using se-
rial imaging and have been found to have progression
of their disease. These patients are particularly younger
and have few associated comorbid conditions. It is our
belief, in common with several study groups in Japan
and other Asian countries, that surgical decompression
in these patients may prevent the development of progres-
sive myelopathy and quadriparesis. However, in patients
with radiographic progression without new clinical signs
or symptoms, continued clinical follow-up is suggested.

Neuroimaging of OPLL

Given that the cervical dura is often involved with
the ossification of the ligaments, the ability of the surgeon
to anticipate the degree of dural ossification and erosion
prior to going into the operating room is critical. Once
the dura is ossified, it becomes intimately associated with
the OPLL. This makes it difficult to cleanly separate the
ossified ligament from the dura. As a result, one of the
most common complications that results from an ante-
rior approach to decompress OPLL is a CSF leak.’ In ad-
dition, in cases in which there is significant OPLL, the
risk of injury to the spinal cord or nerve roots may also
be increased as the white matter and vessels of the pial
layer become intimately associated with areas of ossifica-
tion.**#” For these reasons, preoperative CT identification
of either an ossified ligament or ossification of the dura
is critical.

Computed tomography scanning often shows early
signs of OPLL, including multiple small areas of bone
contained within an enlarged ligament. In patients with
progressive disease, these areas form a large, bony plaque
within the ligament and ventral to the cord. Hida et al.?*
reported on 2 CT findings that were associated with du-
ral ossification. A “single-layer sign,” as described in this
report, described dense ossification within the ligament
that extended to the periphery. In 9 patients with this
single-layer sign, only 1 patient experienced a CSF leak.
A double-layer sign was also described, in which there
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is ossification of the ligament directly behind the verte-
bral body as well as the hypodense mass of the PLL (Fig.
3). Penetration of the dura (and an associated CSF leak)
were significantly more common when this CT finding
was present.16-24

On MR imaging, early OPLL appears dorsal to the
interspaces and can be seen on axial and sagittal views.
As the disease progresses, the dense signal behind the ver-
tebral bodies and interbody spaces becomes hypointense
on all MR imaging sequences. However, in the progressed
disease, there are smaller areas of increased signal. These
areas are indicative of new bone formation within the liga-
ment. In addition, OPLL does not enhance with Gd. Thus,
on enhanced MR images, it is possible to differentiate be-
tween a hypertrophied ligament and postoperative scar-
ring. Associated changes in the spinal cord may be seen
on T2-weighted imaging in association with OPLL. This
includes areas of increased T2-signal associated with cord
edema.

Surgical Management of OPLL

Patients with OPLL commonly present with symp-
toms in their 40s or 50s. This commonly begins with
symptoms of numbness or axial neck pain. Without surgi-
cal decompression, symptomatic OPLL tends to progress
with time. In a long-term follow-up study, Matsunaga et
al.* demonstrated that 38% of patients presenting with
baseline myelopathy had progressive worsening of their
symptoms. Ossification of the PLL has been addition-
ally found to progress following decompression®’ as well
as during routine radiographic follow-up in the patient
in whom decompression has not been performed.* For
these reasons, especially for younger patients without es-
tablished deficits, it is our practice to obtain strict radio-
graphic follow-up. In patients with progressive deficits,
including severe weakness or myelopathy, surgery is con-
sidered. Like other authors, we believe that older patients
with significant comorbid conditions and severe, long-
standing deficits may be poor surgical candidates.!

Anterior Cervical Corpectomy and Fusion

The majority of patients with OPLL present with
multilevel cervical disease that often requires extensive
decompression. Some controversy persists regarding the
most appropriate method for treating cervical compression
and myelopathy in these patients. Some authors argue that
since the ossification in cases of OPLL remains ventral to
the spinal cord and can continue to progress after surgery,
posterior decompression fails to prevent “hill-shaped” and
massive ossification in the years after a successful posterior
decompression.’ Furthermore, clinical myelopathy scores
have been shown to improve most significantly with ACC.
Several studies have shown better outcomes following an-
terior rather than posterior decompression for OPLL. Ep-
stein'® found superior clinical outcomes when comparing
anterior versus posterior approaches in 51 patients treated
for OPLL. Fessler et al.?° found that patients treated by an
anterior approach had an average improvement of 1.24
Nurick grades when compared with laminectomy patients
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Fic. 3. A: Preoperative midline sagittal CT scan obtained in a 53-year-old man, demonstrating segmental and continuous
regions of ossification starting at the C3-4 level and extending to C6-7. The patient’s relative kyphosis was believed to be a
contraindication to an anterior approach.  B-D: Axial CT images obtained in the same patient showing an ossified bar (asterisk)
with an associated pearl of calcification (B), “double-layer” sign (arrow), consistent with dural ossification (C), and a lateral bar of

ossification leading to right-sided compression (D).

who only improved by 0.07. In addition, laminectomy and
fusion or laminoplasty is not appropriate in patients with
poorly preserved cervical lordosis.

Several authors have noted the high incidence of
complication with ACC. The rate of all surgical complica-
tions (including CSF leak, graft extrusion, or incomplete
fusion) was 23%.°' Approximately half of these patients
would eventually require revision surgery. Pseudarthrosis
requiring revision surgery was reported to occur in up
to 15% of patients following ACC for OPLL in another
series.!* Soft-tissue morbidity, including permanent dys-
phagia or dysphonia, need for prolonged intubation, and
less commonly vertebral artery or esophageal injury may
additionally occur* Postoperative C-5 palsy, a known
complication of anterior and posterior approaches, may
also occur.’” In our own practice, we have found these
complications to be especially of concern in patients with
multiple comorbidities or advanced age.

Successful attempts to remove the ossified ligament
from an anterior approach have at times been limited by
significant bleeding from the epidural space or dural os-
sification. Advanced OPLL is commonly associated with
thinning of the dura, and the dural membrane’s integrity
is commonly compromised as it merges with the ossified
PLL. As a result, dural injuries causing a postoperative
CSF leak as well as injury to the neural tissue become
more likely.?* In cases of severe dural ossification, we use
an “anterior floating” method. With this method, central
areas of densely ossified ligament and dura are detached
laterally and superomedially from the surrounding PLL.

4

This results in a “floating,” ossified island of bone that
will move freely and does not compress the cord (Fig. 4).
This method has been previously advocated for patients
in whom the ossified mass involves more than 60% of the
cervical canal.”® This method has made anterior decom-
pression for cervical myelopathy associated with severe
OPLL more efficient and safer.

Posterior Cervical Approaches

While anterior cervical discectomy or anterior corpec-
tomy are excellent options for younger patients and those
with inadequate cervical lordotic curve, dorsal procedures
can often be used in patients with a well-maintained cervi-
cal lordotic curve. This can include patients with multilevel
cervical spondylosis as well as those with OPLL. Cervical
laminectomy and decompression can often be augmented
by lateral mass fusion to correct instability or to prevent
loss of future sagittal alignment. Laminoplasty is also of-
fered as an alternative to lateral mass fusion. In patients
undergoing posterior decompression surgery, there should
be evidence of preoperative cervical lordosis of at least 10°
and less than 7 mm of anterior-posterior OPLL for indi-
rect decompression to be successful.”! The most significant
advantage of a posterior approach is that it avoids the po-
tential soft-tissue complications of the anterior approach.
Furthermore, there is no risk of graft extrusion, but there
is a decreased incidence of postoperative pseudarthrosis.
It has additionally been proposed that OPLL is associated
with a “dynamic myelopathy” in which the cervical spinal
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Fic. 4. Postoperative CT scans demonstrating ventral decompres-
sion supplemented with anterior fusion with a plated cage and posterior
laminectomy and fusion in the patient in Fig. 3. A central ossified bar
was left in place following extensive lateral decompression.  A: This
“floating” bar can be seen on the sagittal midline CT (arrows). B and
C: Axial image obtained at the C-3 level (B) demonstrating the extent of
lateral decompression (black arrows) and remaining midline bar (white
arrows in B and C). At C-5, a single pearl of ossified bone remains (C).

cord is progressively injured by repeated movement of the
cord parenchyma over the ossified ventral mass.?! Arthrod-
esis and simple collar immobilization in these patients may
serve to “stiffen” the cervical spine and decrease deleteri-
ous motion.

Laminectomy With or Without Fusion

Laminectomy is done through a midline posterior
cervical incision. A subperiosteal dissection of the un-
derlying ligaments and paracervical muscles will expose
the spinous processes as well as laminae of the subaxial
cervical spine. In cases in which posterolateral fusion is
planned, the dorsal surface of the bony lateral masses
and the facet joints are exposed. In most circumstances,
the laminectomy is planned to allow for decompression
rostral and caudal to the most severe area of cervical ca-
nal narrowing. In doing so, the cord will have the ability
to migrate dorsally away from any areas of compression
caused by degenerative osteophytes or ossified ligament.

The laminectomy can be undertaken by developing 2
bony troughs through the lateral lamina at the junction of
the lamina and bony lateral mass. Under microscopic or
loupe magnification, a high-speed drill can be used to cut
through the anterior and posterior cortex of the lamina.
This exposes the underlying ligamentum flavum overly-
ing the cord. In cases of severe compression or an atretic
ligament, we also advocate the use of a lower-speed dia-
mond drill following initial removal of the outer cortex.
After the bony troughs are developed, residual bone may
be removed using either a 1- or 2-mm Kerrison rongeur.
Following this step, the dorsal lamina should be unat-
tached, constituting a mobile, “floating” segment relative
to native cervical spine. Removal of any residual ligamen-
tous attachments using a small-caliber Kerrison punch al-
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lows the entire segment of bony lamina to be removed
together.

Following removal of the lamina, careful medial fac-
etectomy and multilevel foraminotomy are completed.
We are careful to avoid removing more than 25% of the
medial facet joint at any level to prevent postoperative in-
stability. However, we have found that in cases of severe
lateral recess stenosis, partial facetectomy is required for
adequate decompression. Furthermore, unroofing of the
foramen using an undercutting technique with a small-
caliber (2 mm or less) Kerrison punch allows for cervical
nerve root decompression and mobilization of the cord.
The cord can be covered (and protected) by placement
of a collagen matrix on the dura and an epidural drain is
placed prior to closure.

Laminectomy alone is chosen by some surgeons to
decompress the cervical spine in OPLL. In general, when
a posterior decompression is chosen, it is our practice to
undertake either laminectomy with fusion or laminoplasty.
This is in line with the philosophy of decreasing the “dy-
namic” component of myelopathy. However, if a laminec-
tomy is chosen, the extent of medial facet resection should
be kept to 25% or less to avoid postoperative instability.
Long-term results from laminectomy are, however, gener-
ally positive. Kato et al.*® noted a 44% rate of neurologi-
cal recovery at 1 year in 44 patients with OPLL. Despite
a high rate of kyphosis (47%), there was no associated
decline in the patients’ clinical state. We believe that this
approach may be appropriate in select, older patients with
maintained cervical lordosis and little evidence of instabil-
ity or motion. However, posterior decompression should be
avoided in patients with a kyphotic alignment, spondylolis-
thesis, suggested instability, or high disc spaces.

Laminectomy With Fusion

In patients with at least 10° of lordosis, a multilevel
laminectomy will allow a release of the cord and pro-
motes subsequent dorsal migration in cases of OPLL.”
It will also decrease cervical ROM across an anterior os-
sified bar. There are multiple fusion techniques that can
be used, including facet wiring, lateral mass screws, and
pedicle screws. Epstein'® demonstrated that posterior de-
compression with facet wiring can be successful in ge-
riatric patients with OPLL and an appropriately lordotic
cervical spine. Houten and Cooper? demonstrated that
laminectomy and posterior lateral mass fusion can result
in high rates of fusion, preserved lordosis, and clinical
results comparable or superior to those seen with ACC.
While many series show fusion rates near 100%, there
is a defined morbidity for lateral mass screw placement.
In a single study of lateral mass screw complications,
nerve root injury was 0.6%, cord injury 2.6%, and screw
loosening or avulsion was 1.3%.2 It is also important to
note that a stable pseudarthrosis will often yield the same
clinical result as a solid fusion.

Cervical Laminoplasty

Cervical laminoplasty was described in the 1970s as
an alternative to laminectomy in patients with myelopa-
thy.?6 It is the opinion of many surgeons that laminoplas-

5



ty is optimally designed to treat patients with multilevel
OPLL. It offers dorsal decompression of the cervical spine
without decreasing stability. However, it obviates the need
to achieve a formal fusion and there is a placement of seg-
mental spinal hardware. This segmental hardware helps to
decrease range of motion. Biomechanically, when com-
pared with laminectomy without fusion, laminoplasty has
been shown to have an equivalent or even superior ability
to maintain cervical alignment without the development
of delayed postoperative kyphosis.> However, despite this
increase in stability, in certain cases, kyphosis may still oc-
cur. Another theoretical advantage of the technique is that
laminoplasty avoids the development of the postlaminec-
tomy membrane and delayed restenosis.?

Multiple different approaches have been developed
for cervical laminoplasty. These include the open-door
or “hinge,” midline “French window,” and the Z-plasty
techniques.?®>3 Each technique is aimed to allow expan-
sion of the cervical canal with simultaneous preservation
of a dorsal laminar cover. With these separate techniques,
multiple reports have been able to clearly demonstrate that
each technique of laminoplasty increases the functional di-
ameter of the cervical canal.**® In a recent review of the
existing clinical literature, it was found that an approxi-
mately 55%—-60% recovery rate was found for Japanese
Orthopaedic Association scores following laminoplasty in
patients with myelopathy in the setting of myelopathy or
OPLL.® However, the predominance of the clinical data
are retrospective in nature and any recommendations in
favor of this technique are based on Class III evidence.**

The typical cervical laminoplasty performed in our
practice is similar to the technique first described by Hi-
rabayashi and Satomi.?® This involves a standard dorsal
exposure that includes the lamina and extends out to the
facets bilaterally. A high-speed drill is used to make a
unilateral bony trough on one side in a fashion similar to
our standard laminectomy technique. This is the “open
door” side of our laminoplasty. On the contralateral side,
the drill is used to create a “greenstick” fracture and the
“hinge” side of the trough is only developed to partial
depth (Figs. 5 and 6). Gentle tension is then applied with
a Kocher or other instrument and allows the spinous pro-
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cess and laminar complex to be hinged dorsally, away
from the thecal sac. This effectively increases the volume
of the cervical canal (Fig. 7). The decompression is then
maintained with the application of titanium miniplates.
Selective cervical foraminotomies can be performed as
needed to relieve cervical radicular compression in an ef-
fort to prevent postoperative C-5 deltoid palsy.

A description of our view of the advantages and disad-
vantages of anterior versus posterior surgical approaches is
shown in Fig. 8.

Complications, Monitoring, and Precautions
Approach-Related Injuries

Anterior approach-related complications related to
injury to the soft-tissue structures of the neck are well
known. These include temporary or permanent dyspha-
gia, recurrent laryngeal or superior laryngeal nerve injury,
vertebral artery injury, esophageal perforation, and soft-
tissue swelling that constricts the airway and necessitates
prolonged intubation or tracheostomy.* Timing of extuba-
tion is particularly difficult in patients with previous opera-
tions, lengthy operations, obesity, or significant comorbid
conditions. Elective tracheostomies, although rare, should
be entertained in patients who cannot be safely extubated.
While a posterior approach avoids many of these potential
complications, commonly there is significant postoperative
muscular spasm and pain related to the approach. Signifi-
cant early and long-term axial neck pain may also occur af-
ter cervical laminoplasty.” The cause of this axial neck pain
remains poorly understood; however, many authors have
attempted to better preserve the paravertebral muscles in
an attempt to reduce this type of pain.?®

Dural Injury and CSF

In cases of OPLL, the anterior approach presents a
significant risk of dural injury and subsequent CSF leak.
Epstein et al.”” reported that this can occur in up to 35%
of patients treated by anterior corpectomy for advanced
OPLL. Yamaura et al.” described the operative “anterior
floating method” for focal decompression and fusion in

Fie. 5. lllustrations showing the surgical steps in cervical laminoplasty using a modification of the open-door method first
described by Hirabayashi and Satomi. ~ A and B: A full-thickness trough is developed on one side while a “greenstick” fracture
is prepared on the other side.  C: A small bone graft is placed following angled “hinging” of the lamina and this is held in place
with segmental hardware. Reprinted with permission from Aesculap, Inc.
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Fic. 6. Intraoperative photograph showing a standard final construct
following placement of segmental bone grafts and titanium miniplates
(Aesculap, Inc.) for a C3—7 laminoplasty. The lateral mass of C-7 and
lamina and spinous process at this same level can be seen clearly.
Rostral exposure begins to the left side of the image.

OPLL. Any specific area that has suspected dural erosion
is separated from the surrounding tissue and allowed to
float free. This allows for adequate decompression while
minimizing the risk of dural trauma associated with di-
rect decompression. Dural ossification can be identified
prior to the operation by using CT scanning,** and the
surgeon should always have a high index of suspicion.
In our experience, areas suspicious for dural ossification
may be avoided during decompression. We do not believe
that this jeopardizes the degree of cervical decompres-
sion. However, it may require a more extensive lateral ex-
posure and potentially increases the risk of neurovascular
injury. If a CSF leak is encountered, a lumbar drain is
placed. In our experience, maintaining drainage for 5-7
days will ensure that the dura is sealed. Use of a small
intraoperative ultrasongraphy device is often beneficial in
confirming the adequacy of the decompression and resto-
ration of the subarachnoid dural CSF pulsations.

C-5 Palsy Following Cervical Decompressive Surgery

Postoperative upper-extremity paresis is a well-
known and troubling complication following cervical
decompression surgery. It appears primarily to be asso-
ciated with the C-5 nerve and can result in temporary,
or less commonly permanent, deltoid weakness. While
paresis of the other cervical nerves (C6—8) can occur in
isolation or combination, these have been reported with a
significantly lower incidence.*%’ In patients with postop-
erative C-5 palsy, half of the affected patients will have
primarily sensory deficits and/or severe pain in the C-5
dermatome (shoulder region) with motor weakness and
the other half will have primarily weakness of the deltoid
and biceps brachii muscles.”” Sakaura et al.,”” in an anal-
ysis of multiple reports, found the average incidence of
postoperative C-5 palsy to be 4.6% (range 0%—30%). The
frequency of this complication did not appear to correlate
with the direction (anterior vs posterior) or exact type of
approach. The average incidence was 4.3% for anterior
decompressive techniques and there was a similar rate,
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Fic. 7. Postoperative axial CT showing positioned bone graft. In-
creased axial dimension at this level is shown with the dotted line cor-
responding to the initial dimensions of the cervical canal.

4.7%, for laminoplasty.’’” A recent review of more than
700 cases of instrumented cervical decompression also
showed similar rates between ventral as opposed to dor-
sal decompressions (J Eck, presentation to the American
Academy of Orthopaedic Surgeons, 2009).

Various mechanisms for the development of C-5 ra-
diculopathy have been postulated; however, the precise
mechanism remains controversial. The development of C-5
palsy immediately following surgery is presumed to be the
result of direct nerve injury. However, this fails to explain
the many cases of C-5 palsy that occur several days fol-
lowing an operation. Other reports have hypothesized ei-
ther a traction or vascular phenomenon that contributes to
nerve root injury. A traction hypothesis is supported by the
unique anatomy of the C4-5 joint. The zygapophysial joint
at C4-5 protrudes more anteriorly than the other joints,
and the C-5 nerve root is shorter than adjacent segments. In
addition, with a multilevel laminectomy, the C-5 root is the
center of decompression. As a result, the greatest degree
of posterior shift is believed to occur at this level.®> Oth-
ers have proposed either the development of local ischemia
or reperfusion injury as a pathological mechanism. Chiba
et al.® found that increased postoperative T2 signals occur
more frequently in patients with upper-extremity palsy.
This led to the proposal that reperfusion injury could con-
tribute to damage to the proximal nerve root.

Patients with postoperative C-5 palsy generally have
a good prognosis for functional recovery. Specific proto-
cols for preventing these injuries have not yet been estab-
lished. However, postoperative physical therapy, muscle
strengthening exercises, and ROM exercises have been
advocated to prevent the development of contractures and
adhesive capsulitis (a clinical syndrome more commonly
known as a “frozen shoulder”). In our own experience,
these patients often show significant improvement in
strength and ROM with time and physical therapy.

Graft-Related Complications

Complications related to graft placement include the
extrusion of the graft as well as the development of pseud-
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Fic. 8. Chart showing our perceived advantages and disadvantages of anterior versus posterior techniques for decompres-
sion in OPLL. The merits of each approach should be weighed for each unique case. Dec. = decreased.

arthrosis. Complications have been reported following
multilevel ACC with and without the use of anterior plates.
Saunders et al.®* reported on 3 (9.7%) of 36 patients with
acute graft extrusion following 4-level ACC. Vaccaro et
al.®® noted a 9% rate of graft extrusion with 2-level ACC
and a significantly higher rate with 3-level anterior surgery.
In these circumstances, immediate revision surgery is in-
variably required to replace the graft. However, when there
is only partial extrusion, serial radiographic follow-up may
be appropriate. These patients often will still develop a solid
fusion without further complication.** However, with any
radiographic signs of progression of graft displacement,
further follow-up should likely include revision surgery.
Reported rates of pseudarthrosis following ACCF for the
treatment of OPLL are quite variable. In 76 patients with
nonplated ACCF or multilevel nonplated ACC, Epstein'
reported a 13% incidence of pseudarthrosis during the first
6 months. Swank et al.* noted a 31% rate of pseudarthrosis
in 26 patients undergoing ACC. This rate was increased
to 44% in patients with multilevel corpectomy constructs.
Significantly better fusion rates were reported by Eleraky
etal.,'! who reported a 98.8% fusion rate in 87 patients with
1-level ACC and 98 patients with multilevel fixation. In the
authors’ experience, patients with asymptomatic nonunion
can be clinically observed for evidence of graft extrusion.
When pain is present in association with the nonunion,
posterior cervical fusion may be chosen to relieve pain and
to provide stability for fusion.

Postlaminectomy Kyphosis

The incidence of kyphotic change after multilevel
laminectomy has been reported to be between 21% and
47% in larger retrospective series.’?* Although progres-
sive kyphosis was seen in 47% of patients as reported by
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Kato et al.,* there appeared to be no effect on clinical
outcomes. In a recent report by Cho et al.® in 14 patients
treated by total laminectomy for OPLL, kyphosis was ob-
served in all but 1 patient. However, similar to the series
of Kato et al., progressive kyphosis did not lead to neu-
rological deterioration. Facet injury is the most important
contributor to postoperative kyphosis. An extension of
the facetectomy to include greater than 50% is thought
to result in significant kyphosis and resultant instability.”

Monitoring and Precautions During Cervical Spine
Operations

It is our opinion that the patient with significant cervi-
cal compression due to advanced OPLL requires unique at-
tention from the entire surgical team. Particularly difficult
in these patients are the challenges of airway management
following extensive anterior or combined anterior-posteri-
or decompressive surgery. At our hospital, we recommend
that all patients undergo awake, fiberoptic intubation to
avoid injury due to hyperextension of the neck. We addi-
tionally have elected to extubate all patients on postopera-
tive Day 1 or later when the patient has undergone multi-
level corpectomy or combined anterior-posterior surgery.
All patients are also evaluated for the ability to ventilate
around a deflated endotracheal cuff.? Perioperative steroids
are routinely administered. Intraoperative blood pressure
is closely monitored throughout all cases to avoid any hy-
potension. We have found that fiberoptic evaluation of the
vocal cords has been beneficial in high-risk patients (prior
anterior surgery, obesity, chronic obstructive pulmonary
disease, or significant blood loss). If significant airway
edema is encountered, extubation is commonly delayed
into the 1st postoperative week. The use of continuous in-
traoperative electrophysiological monitoring during either
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anterior or posterior cervical approaches for OPLL is used
during all cases at our institution. The use of this monitor-
ing, specifically motor evoked potentials, may serve as a
sensitive means to diagnosis potential neurological injury
during decompression.*® In our opinion, the use of motor
evoked potentials represents the current best clinical prac-
tice and is a sensitive real-time mechanism for detecting
injury. This is especially important for anterior compres-
sion of the ventral horns.
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Analysis of demographics, risk factors, clinical presentation,
and surgical treatment modalities for the ossified posterior
longitudinal ligament
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Division of Neurological Surgery, Barrow Neurological Institute, St. Joseph’s Hospital and Medical Center,
Phoenix, Arizona; and *Division of Neurosurgery, Hospital Universitario de Canarias, Santa Cruz de
Tenerife, Canarias, Spain

Object. Ossification of the posterior longitudinal ligament (OPLL) is a rare disease that results in progressive
myeloradiculopathy related to pathological ossification of the ligament from unknown causes. Although it has long
been considered a disease of Asian origin, this disorder is increasingly being recognized in European and North
American populations. Herein the authors present demographic, radiographic, and comorbidity data from white pa-
tients with diagnosed OPLL as well as the outcomes of surgically treated patients.

Methods. Between 1999 and 2010, OPLL was diagnosed in 36 white patients at Barrow Neurological Institute.
Patients were divided into 2 groups: a group of 33 patients with cervical OPLL and a group of 3 patients with thoracic
or lumbar OPLL. Fifteen of these patients who had received operative treatment were analyzed separately. Imaging
analysis focused on signal changes in the spinal cord, mass occupying ratio, signs of dural penetration, spinal levels
involved, and subtype of OPLL. Surgical techniques included anterior cervical decompression and fusion with cor-
pectomy, posterior laminectomy with fusion, posterior open-door laminoplasty, and anterior corpectomy combined
with posterior laminectomy and fusion. Comorbidities, cigarette smoking, and previous spine surgeries were consid-
ered. Neurological function was assessed using a modified Japanese Orthopaedic Association Scale (mJOAS).

Results. A high-intensity signal on T2-weighted MR imaging and a history of cervical spine surgery correlated
with worse mJOAS scores. Furthermore, mJOAS scores decreased as the occupying rate of the OPLL mass in the
spinal canal increased. On radiographic analysis, the proportion of signs of dural penetration correlated with the
OPLL subtype. A high mass occupying ratio of the OPLL was directly associated with the presence of dural penetra-
tion and high-intensity signal. In the surgical group, the rate of neurological improvement associated with an anterior
approach was 58% compared with 31% for a posterior laminectomy. No complications were associated with any of
the 4 types of surgical procedures. In 3 cases, symptoms had worsened at the last follow-up, with only a single case
of disease progression. Laminoplasty was the only technique associated with a worse clinical outcome. There were no
statistical differences (p > 0.05) between the type of surgical procedure or radiographic presentation and postopera-
tive outcome. There was also no difference between the choice of surgical procedure performed and the number of
spinal levels involved with OPLL.

Conclusions. Ossification of the posterior longitudinal ligament can no longer be viewed as a disease of the
Asian population exclusively. Since OPLL among white populations is being diagnosed more frequently, surgeons
must be aware of the most appropriate surgical option. The outcomes of the various surgical treatments among the
different populations with OPLL appear similar. Compared with other procedures, however, anterior decompression
led to the best neurological outcomes. (DOI: 10.3171/2010.12.FOCUS10265)

KEy WORrRDS  *
laminectomy

ossification of the posterior longitudinal ligament  «
anterior cervical decompression ¢

laminoplasty °

modified Japanese Orthopaedic Association Scale

is a pathological ectopic ossification of this liga-
ment that usually occurs in the cervical or tho-
racic spine and, less frequently, in the lumbar spine.’” It
has long been considered a disease of Asian origin, and

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: ACD = anterior cervical decom-
pression; DISH = diffuse idiopathic skeletal hyperostosis; mJOAS =
modified Japanese Orthopaedic Association Scale; OLF = ossifica-
tion of the ligamentum flavum; OPLL = ossification of the posterior
longitudinal ligament.

Neurosurg Focus / Volume 30 / March 2011

more specifically of the Japanese population. Increas-
ingly, however, this disorder is being recognized in Eu-
ropean and North American populations. The prevalence
of OPLL in Japanese and East Asian countries has ranged
from 1.9% to 4.3%,!721344243 while in white populations it
has ranged from 0.01% to 1.7%.!42!

The typical age at onset is 50 years, with a male/fe-
male ratio of 2:1.

The Japanese Investigation Committee on the Ossifi-
cation of the Spinal Ligaments*** defined 4 subtypes of
OPLL based on the extent of the condition: 1) focal, local-
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ized to the disc space; 2) segmental, located behind each
vertebral body and not extending beyond the adjacent
disc level; 3) continuous, between several levels overpass-
ing the disc; and 4) mixed, combination of segmental and
continuous types. The segmental type occurs in most cas-
es (39%) followed by the mixed (29%), continuous (27%),
and focal types (5%).?

Clinical presentations correspond to the level and
magnitude of spinal cord compression. Cervical and tho-
racic OPLL typically manifests with signs and symptoms
of myelopathy, while the lumbar disease usually mani-
fests with signs and symptoms of stenosis.!”*"?? Predictors
and risk factors for the development or progression of my-
elopathy include > 60% OPLL-induced spinal stenosis,
increased range of motion of the cervical spine, progres-
sion of OPLL, type of OPLL (that is, the segmental type
is associated with the greatest risk), and lateral-deviated
OPLL.%-273% After 30 years, however, myelopathy-free
rates as high as 71% have been reported among patients
who had no myelopathy when the OPLL was first diag-
nosed.?’

Surgical procedures for the treatment of cervical
OPLL can be separated into anterior or posterior ap-
proaches. The anterior approach involves direct removal
of the ossified mass, while the posterior approach in-
volves laminoplasty, laminectomy, or laminectomy with
posterior fusion for decompression and stabilization.
Rates of neurological improvement after anterior surgery
have been as high as 92% and have been associated with
fewer complications than the posterior procedures.?’->40

Both laminectomy and laminoplasty are safe and ef-
fective treatments for high-risk patients with multilevel
OPLL. The rates of neurological improvement associated
with laminoplasty and laminectomy have been reported
to be 67% and 42%, respectively.'>!> However, significant
neurological deterioration immediately after surgery, cer-
vical kyphosis, and progression of ossification are con-
cerns when a using these techniques.!?16.2440

Several factors have been associated with negative
surgical outcomes, including age, misalignment of the
cervical spine, preoperative neurological score, intramed-
ullary high-intensity signal on sagittal T2-weighted MR
imaging, OPLL subtype, and a mass occupying ratio =
60%.]2,22,24,36,40,45

As OPLL is recognized and its incidence increases
accordingly, it is worthwhile to understand trends related
to this disease. We therefore analyzed the demographics,
clinical and imaging features, and potential risk factors
associated with OPLL in a population of white patients.
Note that the surgical experience in white patients with
OPLL is limited as compared with that in the Asian pop-
ulation; consequently, we evaluated our institutional ex-
perience in these patients.

Methods

This study was approved by the Institutional Review
Board of St. Joseph’s Hospital and Medical Center in Phoe-
nix, Arizona.

Between September 1999 and September 2010, symp-
tomatic OPLL was diagnosed in 41 white patients at the
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Barrow Neurological Institute, and data were retrospec-
tively reviewed in 36 of them for this study. Data for the
remaining 5 patients were not sufficient for analysis. Six-
teen patients (44.5%) were males, and 20 (55.5%) were fe-
males, with a mean age of 56 years (range 32-85 years).
Patients were divided into 2 groups based on the anatomi-
cal location of their OPLL: a group of 33 patients (16 males
[48.5%] and 17 females [51.5%], with a mean age 56 years)
with cervical OPLL and a group of 3 female patients (mean
age 49 years) with thoracic (2 patients) or lumbar (1 patient)
OPLL.

Analyzed comorbid conditions included diabetes
mellitus, systemic hypertension, dyslipidemia, hypothy-
roidism, meningioma, DISH, cigarette smoking, and pre-
vious lumbar surgeries (Table 1). Each patient’s family
history for disease as well as any history of trauma was
documented. Analyzed imaging data included high-in-
tensity signal of the spinal cord on T2-weighted MR im-
aging, mass occupying ratio (percentage of spinal canal
diameter occupied by the OPLL) on CT scanning, type of
OPLL, signs of dural penetration as described by Hida et
al..} and involved spinal levels.

Of the patients identified, 15 were surgically treated
(Table 2). Ten (66.7%) were males and 5 (33.3%) were fe-
males, with a mean age of 56 years (range 32—75 years).
The mean duration of follow-up among this group was
22.5 months (range 1-150 months). Cervical OPLL was
present in 14 cases. Thoracic OPLL was present in 1 case,
which was separately evaluated because of the difference
in its clinical presentation and management. Inclusion
into this small surgical series required a patient to have
undergone OPLL surgery performed by a senior neuro-
surgeon at the Barrow Neurological Institute. Surgically
treated patients with OPLL were excluded if their clini-
cal presentation or indication for spine surgery was un-
related to OPLL; if there were no data on the patient’s
demographics, comorbid conditions, and follow-up; or if
no appropriate diagnostic imaging studies were available
after a thorough review of the patient’s medical records,
computerized data, films, and charts.

Patients underwent the following surgical approach-
es (Table 3): ACD and fusion with corpectomy, posterior
laminectomy with fusion, posterior open-door lamino-
plasty, and combined anterior corpectomy with posterior
laminectomy and fusion (360° approach). The clinical pre-

TABLE 1: Comorbid conditions in 36 white patients with OPLL

No. (%)
Condition Cervical OPLL  Thoracic-Lumbar OPLL

diabetes mellitus 11 (33.3) 1(33.3)
systemic hypertension 19 (57.6) 2 (66.7)
dyslipidemia 4(12.1)

DISH 1(3.0)

hypothyroidism 3(9.1)

meningioma 3(91) 1(33.3)
cigarette smoking 5(15.2)

history of trauma 9 (27.3)

history of spine op 3(91)
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TABLE 2: Summary of clinical characteristics in 15 patients who underwent surgical treatment for OPLL*

Case Age (yrs), Level of Type of  Level of
No. Sex Comorbidity/Surgical or Medical History Disease Diseaset Op Type of Op
1 65,F  systemic hypertension, dyslipidemia, cervical spine op C2-6 continuous C2-7  laminectomy & fusion
2 51,M  diabetes mellitus, systemic hypertension, DISH C2-T continuous C4-7  360°
3 32,F  none C3-5 segmental C3-6  ACD & fusion w/ corpectomy
4 49,F  systemic hypertension, meningioma C3-6 continuous C3-6  laminectomy & fusion
5 75,M  systemic hypertension, dyslipidemia, diabetes mellitus C5-7 segmental  C5-T1  360°
6 56, M systemic hypertension C4-5 segmental C3-6  laminoplasty
7 47,M  systemic hypertension C3-7 mixed C3-7  laminectomy & fusion
8 73,M  systemic hypertension C3-6 segmental  C3-7  ACD & fusion w/ corpectomy
9 45,M  none C4-7 Segmental C4-7  ACD & fusion w/ corpectomy
10 73,M  none C2-4 mixed C2-5  laminectomy & fusion
11 63,M none C2-4 mixed C2-5  laminectomy & fusion
12 53, F  systemic hypertension, dyslipidemia, diabetes mellitus, hypo- C1-5, C7-T1 mixed C1-4  laminectomy & fusion
thyroidism
13 53,M  systemic hypertension, smoking C3-T1 mixed C3-6  laminectomy & fusion
14 58,M  none C4-6 mixed C3-6  laminectomy & fusion
15 32,F  systemic hypertension T3-10, T-12  mixed T6-10 laminectomy & fusion

* 360° = ACD and corpectomy with posterior laminectomy and fusion.

T Type of OPLL as classified by the Japanese Investigation Committee on the Ossification of the Spinal Ligaments. See Tsuyama, 1984.

sentation associated with OPLL and treatment outcomes
were assessed using the mJOAS as described by Benzel
et al.,! in which motor, sensitivity, and sphincter functions
were scored. The maximum mJOAS score, correspond-
ing to normal, for patients with cervical OPLL was 18,
and the maximum score for patients with thoracic or lum-
bar OPLL, which excludes upper limb function, was 13.
Subsequently, the recovery rate was calculated using the
Hirabayashi et al.’ method (recovery rate = [postopera-
tive mJOAS score — preoperative mJOAS score] x 100/
(maximum score — preoperative mJOAS score) and was
defined as excellent (100%—75%), good (74%—50%), fair
(49%—-25%), unchanged (24%—0%), or deteriorated (score
< 0%). Intraoperative and postoperative (follow-up) com-
plications were also analyzed.

Statistical analysis was performed with a personal
computer operating SPSS, version 18. Independent t-tests
were used to analyze demographic and comorbid condi-
tions by radiographic presentation. A post hoc test (Fish-
er least significant difference) was applied to determine
differences in radiographic features at presentation (that

is, mass occupying ratio and dural penetration) by type
of OPLL. Analysis of variance was utilized to compare
mean scores by OPLL type and surgery type as well as
to analyze outcome variables by the type of surgery per-
formed. A p value < 0.05 was considered significant.

Results
Cervical OPLL

Patients with cervical OPLL (Table 4) had the follow-
ing OPLL types: localized, 9 patients (27.3%); continuous,
5 patients (15.2%); segmental, 12 patients (36.4%); and
mixed, 7 patients (21.2%). One-level disease was present
in 4 cases (12.1%), 2-level disease in 9 (27.3%), 3-level
disease in 9 (27.3%), 4-level disease in 3 (9.1%), 5-level
disease in 5 (15.2%), and 6-level disease in 3 (9.1%). Signs
of dural penetration were evident in 16 patients (48.5%),
whereas high-intensity T2-weighted MR imaging signals
were present on the spinal cord in 17 cases (51.5%). On
axial CT scans, the mean mass occupying ratio was 38.7%

TABLE 3: Preoperative and postoperative neurological status of 15 patients based on the mJOAS as a function of

surgical approach

No.of  Mean Preop mJOAS  Mean Postop mJOAS Mean
Op Type Cases Score Score Recovery Rate (%)*  Recovery Rate Result*
laminectomy 9 11.2 14.1 36.5 fair
laminoplasty 1 14.0 12.0 -50.0 deteriorated
ACD & corpectomy 3 15.3 17.0 58.3 good
360° 2 12.0 13.5 31.2 fair

* According to Hirabayashi method: recovery rate = (postoperative mJOAS score - preoperative mJOAS score) x 100/(maximum
score - preoperative mJOAS score).
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TABLE 4: Cases of OPLL by cervical level

Level No. (%)
C-1 1(3.0)
C-2 9(27.3)
C-3 14 (42.4)
C-4 22 (66.7)
C-5 3 (69.7)
C-6 23 (69.7)
C-7 10 (30.3)

(range 16%—74.5%). The mean score on the mJOAS, as a
reflection of clinical status, was 14.3 (range 8—18). Figure
1 shows the average mJOAS score for each comorbid and
radiographic condition.

The mJOAS scores were significantly worse for pa-
tients whose T2-weighted MR imaging studies showed a
high-intensity signal from the spinal cord (p = 0.001, 12.8
vs 16 in those without T2-weighted signal from the spi-
nal cord) and for patients with a history of cervical spine
surgery unrelated to OPLL (p = 0.003, 14.3 vs 16 in those
without previous spine surgery). Furthermore, mJOAS
scores correlated negatively with the mass occupying rate
of the OPLL mass in the spinal canal (p = 0.001). Patients
with an occupying rate > 50% had a mean mJOAS score
of 11.6, as compared with a score of 14.9 in patients with
arate < 50% (no patients had a 50% mass occupying rate).

There was a significant difference in the likelihood
of signs of dural penetration based on OPLL type (p =
0.007); that is, the mixed type of OPLL had less dural
involvement than the localized (p = 0.005) and segmental
types (p = 0.001). Furthermore, there were significant dif-
ferences in the mean occupying ratio in the spinal canal
by OPLL type (p = 0.028). Post hoc analysis showed that
the mixed type of OPLL had a significantly higher oc-
cupying ratio than the localized (p = 0.011) or segmental
types (p = 0.008).

Signs of dural penetration on CT or of high-intensi-
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ty signal on T2-weighted MR images of the spinal cord
were directly associated with the mass occupying ratio (p
=0.005 and p = 0.001, respectively); that is, a higher oc-
cupying ratio (mean 45% = 13%) was directly correlated
with the presence of either radiographic sign.

Thoracic and Lumbar OPLL

Radiographic evaluation showed the following in-
volvement of the OPLL in 3 patients: a single level at T-9,
9 levels at T3—-10 and T-12, and 4 levels at L1-4. Of the
thoracic cases, 1 was localized and 1 was mixed, whereas
the single lumbar case was a segmental type. One of the
thoracic cases (whose mass occupying ratio was 73.3%
on axial CT) had signs of dural penetration on CT and a
high-intensity signal on T2-weighted MR images of the
spinal cord. The patient in this case had an mJOAS score
of 8 of 13 (after adjusting the scale without considering
upper limb function), as compared with a score of 11 in
the second case of thoracic OPLL, which lacked signs of
both dural penetration and high-intensity signal on T2-
weighted MR imaging. The sole lumbar case showed ra-
diographic signs of dural penetration, had a mass occupy-
ing ratio of 40.5%, and an mJOAS score of 13.

Surgically Treated Group

No surgical complications occurred. At the last fol-
low-up, however, symptoms had worsened in 3 patients.
One patient had undergone a combined anterior cor-
pectomy and posterior laminectomy and fusion (360°),
and yet disease had progressed. A second patient had
undergone posterior laminectomy and fusion and pre-
sented with a newly diagnosed cervical syrinx. A third
patient had undergone laminoplasty, and his status had
worsened for unknown reasons. Based on radiographic
evaluation, the subtypes of cervical OPLL were as fol-
lows: none were localized, 3 (20%) were continuous, 5
(33.3%) were segmental, and 7 (46.7%) were mixed. Signs
of dural penetration were evident in 9 cases (60%). Sagit-
tal T2-weighted MR images showed high-intensity signal
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Fic. 1. Bar graph depicting mJOAS scores, measures of neurological function, as a function of demographic features and

radiographic presentation.
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in 11 cases (73.3%). The mean occupying ratio was 46.6%
(range 24%—74.5%).

Overall, the mean improvement in mJOAS scores af-
ter all surgical procedures was 1.85. Individual mJOAS
scores according to the type of surgery are shown in Figs.
2 and 3. At the last follow-up, laminoplasty was the only
surgical technique associated with a worsening clinical
outcome (Table 3). Comparisons of the type of surgical
procedure or radiographic presentation with postopera-
tive outcome (MJOAS score improvement and recovery
rate) failed to reach significance (p > 0.05). Furthermore,
no difference was found between the choice of surgical
procedure and the number of levels involved by the OPLL
(mean number of levels 4.29)

The only patient with thoracic OPLL who under-
went surgical treatment was a 32-year-old woman with a
mixed type OPLL involving T3-10 and T-12. She under-
went laminectomy and fusion from T-6 to T-10 without
intraoperative or follow-up complications. Her preopera-
tive radiographic evaluation demonstrated an occupying
ratio of 73.3% of the spinal canal space with signs of du-
ral penetration and high-intensity signal on sagittal T2-
weighted MR imaging. Her preoperative mJOAS score of
8 improved to 12 (after adjusting the scale without con-
sidering upper limb function), an 80% recovery rate.

Discussion

With an estimated rate of 0.12% in North America,
the prevalence of OPLL is much lower in the white popu-
lation than in the Asian population.*> However, its prev-
alence is likely to increase as awareness of the disease
grows among spine surgeons. Most cases in North Amer-
ica are reported as sporadic; however, in vitro character-
istics of cell lines from American patients with OPLL
are similar to those from East Asian patients,” which can
account for the similarity of our results with findings in
previously published studies in Asian-based patients with
OPLL in which specific comorbidities and radiographic
markers correlated with the clinical neurological presen-
tation of disease.

It has been estimated that 70% of OPLL cases in-
volve the cervical spine, 15% the thoracic spine, and 15%
the upper lumbar spine (L1-3). The disease appears to
have a multifactorial etiology in which genetic and envi-
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Fie. 2. Bar graph demonstrating changes in neurological status as
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erative neurological status as measured by the mJOAS, as a function of
surgical technique. 360 = 360° procedure.

ronmental components interact. Recent studies indicate
that single nucleotide polymorphism in the collagen 11A2
gene (COLI1A) located within the Class II histocompat-
ibility complex region on chromosome 6, which encodes
the a2 chain of the Type XI collagen, could be respon-
sible.?’2! Two single nucleotide polymorphisms at intron
6 and exon 6 of COL1IA could be helpful markers of this
disease, and the latter could explain the sex difference in
the prevalence of OPLL, which has a male/female ratio
of 2:1.23:3

The prevalence of polymorphisms at the collagen
6A1 gene (COL6AI), located on chromosome 21q, which
encodes the al chain of Type VI collagen, is significantly
greater in patients with OPLL than in healthy controls.*
Several authors have suggested that the overproduction of
both Type VI and XI collagen, as a result of the genetic
alteration on their encoding genes, provides a framework
for osteoblasts and/or chondrocytes to generate ectopic
endochondral ossification.?>*% However, the qualitative
abnormality of these collagen molecules in patients with
OPLL has not been demonstrated."”

Imaging of the spine continues to be the most appro-
priate diagnostic tool (Fig. 4). Lateral plain radiographs
are used to measure the percentage of spinal canal oc-
cupied by the OPLL. Transaxial CT scans are the best
means of visualizing the diseased ligament by showing
sclerotic bone extending from the posterior side of the
vertebral body into the spinal canal.?® A sagittal overview
CT is best for assessing the actual extent and subtype of
OPLL and is the image of choice for evaluating dural
penetrance according to the single- or double-layer sign.
And T2-weighted MR imaging is essential for evaluating
spinal cord swelling, myelomalacia, or gliosis within the
spinal cord.? As diagnostic tools, additional complemen-
tary tests, including those measuring bone mineral den-
sity and bone formation markers, have been associated
with promising results.!038

Numerous medical factors, such as hypoparathy-
roidism, hypophosphatemic rickets, spondyloepiphyseal
dysplasia, myotonic muscular dystrophy, obesity, DISH,
ankylosing spondylitis, OLF, and a high salt/low animal
protein diet, have already been identified as potential risk
or associated factors for OPLL.37:10.19.313644 K obashi et al.!”
reported a higher frequency of diabetes mellitus among
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Fic. 4. Representative images obtained in a 58-year-old man with cervical OPLL from C-4 to C-6. Axial CT scan (A) and
sagittal CT reconstruction (B) demonstrating an OPLL mass. Sagittal T2-weighted MR image (C) showing high signal intensity in

the medullary region from C-4 to C-6.

Japanese men and women with OPLL as compared with
controls (20% vs 5% in men, 27.6% vs 1.7% in women).
In a Japanese study conducted by Ehara et al.,? the rate
of concurrent DISH and OPLL reached 25%. In that
same study the rate of concurrent OPLL and OLF was
16.7%. In a North American population, McAfee et al.?
found that the rate of concurrent DISH and OPLL was
50%, concurrent ankylosing spondylitis and OPLL was
2%, and concurrent OLF and OPLL was 6.8%. Similarly,
Epstein* found that OLF was present in 20% of the OPLL
cases she analyzed.

In the present study, we found comorbid conditions
previously reported as potential risk factors in both Asian
and non-Asian populations. The prevalence of diabetes
mellitus was 34.4% in those with cervical OPLL and
33.3% in those with thoracic or lumbar OPLL. One pa-
tient also had DISH. Note, however, that the prevalence
of systemic hypertension was extremely high among both
groups (cervical 57.5%, thoracic-lumbar 66.7%). Hypo-
thyroidism (9.4%), dyslipidemia (12.1%), and a history of
meningioma (11.1%) were also notable.

Because our population was entirely white, we used
the mJOAS to measure neurological function instead
of the original scale. In our attempt to identify risk fac-
tors correlating with a neurological manifestation of
OPLL, we found that patients with high-intensity signal
on T2-weighted MR imaging studies of the spinal cord
had significantly worse mJOAS scores. These results
are consistent with those of Yagi et al.,** who found that
preoperative JOAS scores were lower in patients whose
MR images showed changes in signal intensity than in
those whose did not (8.8 + 1.1 compared with 10.2 = 1.3,
respectively). Furthermore, mJOAS scores decreased as
the occupying rate of the OPLL mass in the spinal canal
increased. This phenomenon was also reported by Mat-
sunaga et al.,?® who found that patients with = 60% canal
stenosis also had myelopathy.

Dural penetration in diagnosed OPLL cases repre-
sents a challenge when surgical treatment is considered
because of the risk of creating a dural defect and a subse-
quent CSF leak when the mass is removed. Consequently,
CT films must be carefully evaluated to identify dural
involvement indicated by single- or double-layer signs.?

6

Furthermore, according to our results and those of Hida
et al..? a high mass occupying ratio is likely to be associ-
ated with dural penetration.

To determine the most appropriate treatment, several
conditions must be regarded. Conservative management
should be considered when neurological signs or symp-
toms (mainly neck or arm pain) are minimal and there is
no evidence of myelopathy. Immobilization using cervi-
cal orthoses and skull traction combined with steroidal
or nonsteroidal pharmacological agents is the available
option for conservative treatment.>!?

Because long-lasting spinal cord compression can
cause irreversible damage, surgical decompression is in-
dicated for cervical OPLL when myelopathy is noticeable.
However, the optimal surgical approach is controversial.?’
Anterior corpectomy with resection of the ossified mass
followed by fusion is a radical surgical procedure best
indicated for a local or segmental type of OPLL that ex-
tends fewer than 3 vertebral levels below C-2 and above
T-1 in a patient with no congenital stenosis. The ossified
mass should be hill-shaped, the occupying ratio should
be = 60%, and local kyphosis of the spinal cord should be
present.!>22 In contrast, the posterior surgical approach,
mainly laminoplasty, is widely used to treat high-risk pa-
tients older than 65 years with multilevel disease and a
nonkyphotic deformity.?

Even though the anterior approach for cervical OPLL
is more technically demanding than a posterior approach,
the best rates of improvement and functional neurologi-
cal outcomes have been associated with the former. Tani
et al.* reported a 58% rate of improvement in patients
undergoing anterior decompression as compared with
a 13% improvement rate in those undergoing posterior
laminoplasty. In this same study, significant neurological
deterioration occurred in 5 patients who had undergone
laminoplasty, immediately after surgery in 4 and during
late follow-up in 1. Similarly, Iwasaki et al.'! reported a
5% rate of immediate and a 16% rate of late neurological
deterioration after laminoplasty. Late-onset neurological
decline is compatible with reports of postoperative pro-
gression of OPLL in patients who undergo laminoplasty.
Although the frequency of OPLL progression after lami-
noplasty has been reported to be as high as 70%,'"' rates
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of its symptomatic progression are low.!>* Additional
surgical complications, primarily associated with the an-
terior approach, include CSF leakage and bone graft ex-
trusions or pseudarthrosis.

In our study, patients who underwent ACD and cor-
pectomy with fusion had the best outcomes and no sur-
gical complications. The improvement rate following the
anterior approach was 58% compared with 28.2% follow-
ing the posterior approach. These results are consistent
with those in previous reports.'>#° Furthermore, as previ-
ously shown,'*23 laminoplasty is associated with the worst
outcomes, although we performed this procedure in only
1 case. Disease progression was evident in a single case—
a patient who underwent combined anterior and poste-
rior surgery. This patient had the longest follow-up (150
months). Due to the gradual nature of the disease, it is
possible that in other cases progression would be apparent
on longer follow-up.

In contrast to previous indications for choosing the
surgical approach, the number of involved levels was not
a criterion in the choice of surgery. The mean number of
spinal levels involved with OPLL was approximately 4,
and the outcomes of all techniques were promising. Fur-
thermore, if laminoplasty is excluded (1 case with a nega-
tive outcome), there was no significant difference between
the procedure performed and neurological outcome (p =
0.206) or improvement score (p = 0.372). Hence, neuro-
logical function improved after all procedures.

In our series, the primary indication for surgical
treatment was the presence of deteriorating myelopathic
symptoms with or without its associated radiographic
presentation. Most of the cases showed spinal changes in
the spinal cord on MR imaging and a high mass occu-
pying ratio. Excluding laminoplasty, all patients’ overall
neurological function improved at least a fair amount as
measured according to the Hirabayashi et al.” method.
Therefore, we strongly support surgical treatment for
patients with cervical OPLL who have symptomatic my-
elopathy, even in those with no radiological evidence of
severe disease.

It is well known that surgical outcomes for thoracic
myelopathy related to OPLL are worse than those for cer-
vical OPLL.*# Authors of many studies have reviewed
the indications and results of the different approaches
without establishing a definitive standard of treatment.®
Several factors increase the difficulty and operative risks
for patients with thoracic OPLL. First, the natural ky-
phosis at this spinal level decreases the effectiveness of
decompressive laminectomy because posterior shifting
of the spinal cord is restricted. Second, the spinal cord
is vulnerable at the site of compression because of poor
vascularity. Third, the anterior approach is limited by the
presence of the rib cage.’

Removal of the posterior longitudinal ligament may
be the most effective method of relieving pressure on the
spinal cord in patients with thoracic myelopathy related
to OPLL. Treatment via a posterior approach with exten-
sive decompression could induce postoperative kyphosis,
eliminating the effectiveness of the procedure.*® To avoid
inducing kyphosis, surgeons began using laminoplasty or
fusion with a bone graft in combination with instrumen-
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tation. However, the outcomes associated with this tech-
nique are not ideal, because of the limiting posterior shift
of the spinal cord.#647

In 1990, Tomita et al.** described a new technique
for circumspinal decompression that included the safe
removal of OPLL plaque. In 2001, this technique was im-
proved by the introduction of the concept of dekyphosis
stabilization.”® It is now widely accepted that the ossified
mass must be completely removed to achieve a full re-
covery from OPLL-derived myelopathy and that the pos-
terolateral approach is an effective and safe procedure for
achieving an optimal outcome.*® In our single case ex-
perience, laminectomy and fusion from T-6 to T-10 was
performed without complications. Although the mass was
not removed, the patient’s postoperative improvement
was excellent at his last follow-up visit at 57 months, with
no evidence of disease progression. Unfortunately, 1 case
precludes a comparative analysis among surgical proce-
dures and clinical outcomes. However, this patient did
recover almost fully from the disease, an outcome that
supports other reports of promising results following the
surgical treatment of thoracic OPLL.

Conclusions

Our findings provide further evidence of the preva-
lence of a pathology that was once called “the Japanese
disease” among whites. As the results of our study show,
the demographic and radiographic factors of OPLL are
similar in both Asian and white populations, and as in
the Asian population, the etiology and potential risk fac-
tors in the white population remain unknown. The most
appropriate surgical treatment for OPLL remains elusive.
We could identify no specific indications for selecting a
particular treatment option. All techniques were associat-
ed with promising outcomes regardless of the number of
involved diseased levels or the radiographic or pathologi-
cal presentation. The clinical improvement rate was sig-
nificant, and no surgical complications occurred; there-
fore, surgery appears to be a safe and effective treatment
for OPLL at any spinal level.
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Approach-related complications after decompression for
cervical ossification of the posterior longitudinal ligament
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The surgical management of compressive cervical ossification of the posterior longitudinal ligament (OPLL)
can be challenging. Traditionally, approach indications for decompression of cervical spondylotic myelopathy have
been used. However, the postoperative complication profile after cervical OPLL decompression is unique and may
require an alternative approach paradigm. The authors review the literature on approach-related OPLL complications
and suggest a management strategy for patients with single- or multiple-segment OPLL with or without greater than

50% canal stenosis. (DOI: 10.3171/2011.1 FOCUS10278)

KeEy WorDps  »
cervical myelopathy

can be a problematic cause of compressive cervi-
cal myelopathy. Although more commonly diag-
nosed in Japan, OPLL is a source of compressive cervical
myelopathy within the US and may have an incidence as
high as 25%.!316
When determining a cervical approach for this con-
dition, several important questions are asked, such as: 1)
what is the cervical alignment, 2) is the deformity fixed
or flexible, 3) is the pathology segmental or extensive (> 3
levels), 4) is there instability or subluxation, and 5) what
is the patient’s medical status? These questions aid in de-
termining the optimal surgical approach and minimizing
postoperative complications. However, decompression
of the spinal cord in the setting of OPLL has a differ-
ent complication profile and the preferred approach and/
or technique remains controversial. This complication
profile that includes CSF fistula, neurological injury, and
myelopathic progression may need to be given greater
thought during the decision process. In the following pa-
per, we review the surgical OPLL literature and evaluate
the complications associated with the different approach-
es and techniques, to better formulate a surgical strategy
for the operative management of OPLL compressive cer-
vical myelopathy.

OSSIFICATION of the posterior longitudinal ligament

Abbreviation used in this paper: OPLL = ossification of the pos-
terior longitudinal ligament.
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ossification of the posterior longitudinal ligament °
complication

decompression

CSF Leaks and Fistulas
Anterior Approach

Traditionally, cervical corpectomy and resection of
the OPLL has been the method of choice within the US.
The incidence of dural tears and CSF fistulas after cervi-
cal corpectomy for all pathologies has been reported to be
between 0% and 8%:.19-122628 However, the incidence of a
CSF leak after anterior cervical OPLL resection is much
higher (between 6.7% and 31.8%)."1>163% Dural tears after
OPLL resection tend to be problematic. Repair techniques
employed include gelatin sponges, patch grafts, fibrin glue,
primary suture closure, and CSF diversion. Despite these
techniques, the incidence of fistula and pseudomeningo-
cele formation remains high (4.6%-22.7%).">*® In all re-
ported cases, these fistulas ultimately require some form
of temporary or permanent CSF diversion.

Mizuno and Nakagawa®' reported a 20% incidence
of CSF leak (21 of 107 patients) after anterior cervical
decompression for OPLL. All 21 cases were repaired us-
ing a muscle graft, Oxycel, and fibrin glue. Nevertheless,
more than 33% of these patients required CSF diversion
via a lumbar drain for 1 week.

Several surgical techniques have been used to prevent
dural tears. One such technique is the cervical “floating
method” of OPLL decompression. The technique involves
thinning the OPLL and isolating it from the remainder of
the involved cervical vertebrae. In a retrospective review,
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Matsuoka et al.?’” reported the long-term outcomes in 63
patients after anterior cervical decompression using the
floating method. These investigators reported the incidence
of a CSF leak or fistula to be 5.1%. Similarly, Joseph et al.!
in a larger retrospective study of 144 patients reported a
low incidence of CSF leak (6.3%) after anterior cervical
OPLL decompression using the same floating method. In
this study, the incidence of CSF leak increased from 5.6%
and 5.3% for a 1- and 2-level corpectomy, respectively, to
16.7% for a 3-level corpectomy.

Indirect decompression and fusion has also been de-
scribed as an alternative strategy for surgically manag-
ing OPLL-induced cervical myelopathy while avoiding
the potential risk for a CSF leak. Onari et al.>* reported
long-term results in 30 patients treated with an anterior
cervical interbody fusion without resection of the OPLL.
The majority of the patients were classified as having an
excellent or good outcome and there were no CSF leaks.

Posterior Approach

Posterior cervical decompressions, laminoplasty, and
laminectomy, in patients with or without OPLL, have a
low incidence of durotomy. Even in the presence of an
ossified ligamentum flavum, the decompression can often
be performed without risk of a CSF leak. Alternatively,
the resection of postlaminectomy compressive pseudo-
membrane can be problematic and often is associated
with a CSF leak.

Both radiographic and clinical studies have demon-
strated a low incidence of CSF leak/fistula after posterior
cervical decompression. In a retrospective review of 400
cervical CT scans in postlaminectomy patients, Teplick
et al.*?> noted only 8 patients (2%) with a pseudomenin-
gocele. Miyazaki and Kirita® noted no CSF leaks in a
retrospective review of 155 patients who underwent a
laminectomy for OPLL. Similarly, Chiba et al.° noted a
very low incidence of dural tears after performing an ex-
pansive laminoplasty for OPLL.

Neurological Injuries and C-5 Nerve Palsy
Anterior Approach

Postoperative C-5 nerve palsy after surgery for com-
pressive cervical myelopathy is a well-known complica-
tion that is poorly understood. The incidence of C-5 nerve
palsy after anterior cervical decompression has been re-
ported to occur in 1.6%—-12.1% of patients, with an aver-
age incidence of 4.3%.% Half of these patients develop
sensory deficits and/or intractable C-5 dermatome pain.
The majority of C-5 nerve palsies are unilateral. In a re-
view of the literature, Sakaura et al.* cited an incidence
of 8% for bilateral C-5 palsies. In the majority of patients,
the palsy appears within the 1st week but may appear as
late as 4 weeks after surgery.

As previously mentioned, the origin of C-5 palsy is
unclear, but direct injury with dural resection of OPLL
has been reported. Mizuno and Nakagawa®' reported 3
C-5 palsies that occurred immediately postoperatively.
All 3 C-5 palsies were associated with a dural tear while
removing extensive lateral recess OPLL. Two of the pal-
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sies were transient and the other was permanent. The au-
thors believed that the palsies were the result of a direct
nerve root injury during OPLL dissection. Belanger et al.®
also noted immediate postoperative deltoid weakness in
2 patients in whom the dura was violated in proximity
to the C-5 nerve root. Although no obvious compression
of the nerve root could be demonstrated, the mechanical
decompression may have resulted in a neurapraxia of the
C-5 nerve root. Both patients eventually recovered full
function.

Preserving the OPLL while decompressing the spi-
nal canal does not appear to eliminate the risk of C-5
palsy. Matsuoka et al.?” reported an incidence of 9.5%
after using the “floating method” for decompressing the
anterior cervical spine. None of the deficits were the re-
sult of direct injury. Nonetheless, C-5 palsy was detected
in patients immediately or shortly after surgery.

Interestingly, patients who undergo anterior indirect
decompression and fusion are not at risk for C-5 palsy.
Onari et al.* reported long-term results for 30 patients
with OPLL-induced cervical myelopathy. All of the pa-
tients were treated using an anterior cervical fusion with-
out OPLL decompression, and none of the patients devel-
oped C-5 nerve palsy. However, 80% of the patients had
good to excellent long-term results.

Posterior Approach

The incidence of C-5 nerve palsy after posterior cer-
vical decompression for OPLL is similar to that of spon-
dylotic cervical myelopathy. The incidence ranges from
0% to 30%, with an average of 4.7%.>” Complications as-
sociated with iatrogenic spinal cord injury and postopera-
tive spinal cord compression from epidural hematoma are
also technique dependent and not related to the cause of
compression.

Although neurological recovery after laminoplas-
ty and laminectomy with and without fusion can be
achieved, there is concern that there is a critical point of
central canal compression with OPLL in which anterior
decompression may be preferred.®¥*#4 [wasaki et al.?
reviewed data for 66 patients after laminoplasty for OPLL
with a mean follow-up period of 10 years. They noted a
poor recovery rate in patients with 60% or higher occu-
pying ratio of the central canal. These patients accounted
for nearly 30% of the patients with poor outcomes due to
their cervical OPLL. The remainder of the poor outcomes
were attributed to change in cervical alignment, hill-
shaped OPLL, and postoperative progression of OPLL.

Tani et al.#' compared the relative safety of anterior
corpectomy versus laminoplasty for decompression of
massive OPLL (> 50% canal compression). As compared
with laminoplasty, patients treated with a corpectomy
were noted to have significantly better functional results
and no postoperative neurological complications. Patients
treated with a laminoplasty were noted to have significant
neurological deterioration. One-third of the neurologi-
cal deteriorations occurred immediately after surgery.
Similarly, Baba et al.* noted poor long-term neurologi-
cal results after laminoplasty in patients with OPLL and
greater than 50% stenosis.
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Approach-related complications after cervical OPLL decompression

Long-Term Neurological Outcome
and Deterioration

The primary goal of cervical decompression is clini-
cal stabilization. However, clinical improvement or de-
cline may occur. Patients with severe clinical symptoms
are more likely to benefit from surgery,>?*¢ whereas pa-
tients with mild symptoms will tend to have their symp-
toms stabilize. Despite surgical intervention, patients may
still develop progression of their disease.

Both anterior and posterior surgical approaches can
achieve good to excellent clinical results over a 2- to
4-year follow-up period.S-® However, benefits may not be
sustained due to comorbidities in the elderly and to OPLL
progression. Anterior decompression has been shown to
maintain adequate long-term outcomes more than 10
years postoperatively.'?” Similarly, posterior decom-
pression with open-door laminoplasty has demonstrated
satisfactory long-term outcomes for more than 10 years.’
Regardless of technique, patients tend to initially improve
and sustain these results for 3-5 years and subsequently
show some clinical decline over the following 5-10 years.

Although OPLL progression does occur, it may only
account for a small percentage of the clinical decline ap-
preciated in patients. Matsuoka et al.?” reported the long-
term outcomes in 63 patients after the “floating method”
of anterior cervical decompression; after 10 years, 36 pa-
tients (57%) demonstrated progression of their OPLL be-
yond the operative field. However, only 3 of these patients
demonstrated clinical deterioration. Onari et al.** report-
ed progression of OPLL in 26 of 30 patients. Interestingly,
the neurological status of these patients did not correlate
with the progression of OPLL. Twenty-one patients did
not demonstrate any change in neurological status, and 5
patients improved over the course of the study. Of the 4
patients who demonstrated a neurological decline, none
were the result of cervical progression of OPLL.

Cervical Kyphosis

Performing a posterior cervical laminectomy does
not immediately destabilize the cervical spine. The pos-
terior cervical exposure results in denervation and atro-
phy of the posterior cervical musculature, consequently
increasing the anterior vertebral body compressive load,
promoting kyphosis. The kyphotic alignment drapes the
spinal cord over the posterior aspect of the vertebral bod-
ies and may contribute to neurological decline.

The incidence of postoperative kyphosis after mul-
tilevel cervical laminectomy has been reported to be
20%.%2 However, postoperative kyphosis does not appear
to correlate with clinical progression. Miyazaki and Kiri-
ta’® followed 155 patients after a laminectomy for OPLL
compressive myelopathy, with an average follow-up dura-
tion of 4 years. These authors noted an increase in lordo-
sis in 7% of patients, a decrease in lordosis in 16%, and an
increase in kyphosis in 17%. No correlation with clinical
outcome was found.

Laminectomy and instrumented fusion is believed
to prevent postlaminectomy kyphosis and potentially
improve cervical lordosis. Chen et al.,? in a retrospective
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radiographic review of 83 patients with OPLL compres-
sive myelopathy, reported improved postoperative lordo-
sis after cervical laminectomy and instrumented fusion.
In addition, there was a correlation between cervical lor-
dosis and a better prognosis. However, there was also a
correlation between improved lordosis and the incidence
of C-5 nerve root palsy.

It is believed that a better decompression can be ob-
tained in patients with a lordotic cervical spine than in a
straight or kyphotic spine. An advantage of subaxial lam-
inoplasty is that it prevents postoperative kyphosis.!8:!1%-2437
Seichi et al.’” reported 10-year follow-up data in 35 pa-
tients after double-door laminoplasty for OPLL compres-
sive cervical myelopathy. None of the patients developed
a postoperative kyphotic deformity, but the authors did
note a decrease in range of motion from 36° to 8° in flex-
ion/extension. No neurological deterioration was attrib-
uted to the decompression or cervical alignment.

The preservation of the semispinalis attachment at
C-2 is considered essential in the prevention of postlami-
noplasty kyphosis. Takeshita et al.** demonstrated that
if C-2 was incorporated into the laminoplasty, there was
an increase in postoperative kyphosis. However, there
was no significant difference in neurological outcome at
4-years’ follow-up.

Discussion

Determining the optimal approach for decompres-
sion of OPLL-induced cervical myelopathy can be prob-
lematic. Traditionally we consider cervical alignment,
flexibility, instability, and patient medical status to deter-
mine the optimal approach for this condition. However,
cervical OPLL compression has a unique complication
profile as compared with typical spondylotic myelopathy.

Durotomy is a well-known complication of spinal
canal decompression that is often easily managed with
primary repair. However, anterior cervical repair of a du-
rotomy can be challenging. In the setting of OPLL, this
often requires a dural substitute to be sutured to the tenu-
ous surrounding dura followed by temporary CSF diver-
sion.'>1638 To minimize the risk of durotomy, various
surgical techniques have been adopted that do not involve
OPLL resection.?!?734 Irrespective of technique, there is a
direct correlation between the number of OPLL segments
decompressed and the risk of durotomy.?'?” One- and
2-segment decompression represents a modest risk that
is similar to that of multilevel posterior decompression.
Given that both laminectomy and laminoplasty are bet-
ter suited for multilevel (> 3 levels) decompression, the
durotomy risk associated with anterior 1- and 2-segment
decompression is reasonable. Patients requiring greater
than a 2-level decompression should be considered for a
laminectomy with or without fusion or a laminoplasty.

Iatrogenic neurological injury is a constant concern
for a spine surgeon. Preoperative planning and proper
surgical technique help to minimize potential injury.
Nevertheless, postoperative C-5 nerve root palsies oc-
cur and most often without direct insult. Approach does
not appear to play a role in the incidence or recovery of
a C-5 palsy.’! Direct decompression appears to have a
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mechanical effect on the nerve tension, resulting in palsy.
Interestingly, patients who undergo indirect decompres-
sion do not appear to be at risk.**

Approach-specific complications irrespective of
OPLL also need to be considered. Anterior approaches can
be complicated by dysphasia, recurrent laryngeal nerve in-
jury, and increased risk of pseudarthrosis with multilevel
fusions.*?2»4344 Conversely, posterior approaches tend to
have an increased risk for infection, increased postopera-
tive neck pain, and postlaminectomy kyphosis.>!"#23 The
incidence of epidural hematoma resulting in spinal cord
compression is similar for both approaches.®® The reported
overall incidence of epidural hematoma is 1%, slightly less
than that reported for posterior cervical decompression.'
In general, cervical spine complications are not well toler-
ated by the elderly. However, the risks associated with a
posterior approach may be better endured.

Certainly, approach-related complications should be
taken into account when considering the surgical manage-
ment of cervical OPLL. In addition, the OPLL morphol-
ogy and extent of canal compromise should be evaluated
carefully. While clinical outcomes appear to be similar for
both anterior and posterior approaches, patients with great-
er than 50% OPLL canal compromise or “hill-shaped”
OPLL compression have improved outcomes after anterior
decompression.>?>24

When determining a surgical approach for OPLL de-
compression, the following considerations are made: 1)
number of decompression segments; 2) OPLL morphol-
ogy and extent of spinal canal compromise; and 3) patient
age and comorbidities. Whether an anterior or posterior
approach is chosen, patients should be made aware of the
short- and long-term complications associated with this
difficult disease to make the best decision with their sur-
geon.

Conclusions

Anterior cervical decompression is associated with
a higher incidence of CSF leaks and fistulas. However,
using the floating method of anterior decompression de-
creases the incidence of CSF leaks for 1- and 2-segment
OPLL. Posterior decompression through laminoplasty or
laminectomy with or without fusion should be considered
in patients with less than 50% OPLL stenosis and without
hill-shaped OPLL compression.
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Management of cerebrospinal fluid leaks after anterior
decompression for ossification of the posterior longitudinal
ligament: a review of the literature

Marcus MAzZur, M.D., GREGORY F. Jost, M.D., MEic H. Scamipt, M.D.,

AND Erica F. Bisson, M.D.

Department of Neurosurgery, Clinical Neurosciences Center, University of Utah, Salt Lake City, Utah

Object. Anterior decompression is an effective way to treat cervical myelopathy associated with ossification of
the posterior longitudinal ligament (OPLL); however, this approach is associated with an increased risk of a dural
tear and resultant CSF leak because fusion of the dura with the ossified PLL is common in these cases. The authors
review the literature and present an algorithm for treatment of CSF leaks in these patients.

Methods. A MEDLINE review was performed to identify papers related to CSF leak after anterior decompres-
sion for OPLL, and data were summarized to identify treatment options for various situations. A treatment algorithm
was identified based on these findings and the experience of the authors.

Results. Eleven studies were identified that presented data on intra- and postoperative management of a CSF leak
during ventral surgery for OPLL. The incidence of cervical dural tears and CSF leaks after anterior decompression
procedures for OPLL ranged from 4.3% to 32%. Techniques including preventative measures, intraoperative dural
repair with various materials, and postoperative drainage or shunt placement have all been used.

Conclusions. Although direct dural repair is the preferred treatment for CSF leak, this technique is not always
technically possible. In these cases, intraoperative adjuncts in combination with postoperative measures can be used
to decrease the pressure gradient across the dural tear. (DOI: 10.3171/2010.12.FOCUS10255)

Key WorDs
cerebrospinal fluid leak

(OPLL) is a known cause of cervical stenosis re-

sulting in myelopathy and/or radiculopathy. Vari-
ous operative procedures, including anterior, posterior,
and combined approaches, have been used for treating
this disease.*” Although posterior approaches such as mul-
tilevel laminoplasty or laminectomy with or without fu-
sion provide a straightforward albeit indirect approach to
treat OPLL, anterior decompression with direct resection
of the OPLL is often necessary because the anchoring ef-
fect of the dentate ligaments, nerve roots, and anteriorly
attached root sleeves may preclude sufficient decompres-
sion of the spinal cord with a posterior approach. In cases
of OPLL, however, the dura mater often becomes ossified

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: LP = lumboperitoneal; OPLL =
ossification of the PLL; PLL = posterior longitudinal ligament; WP
= wound—peritoneal cavity.
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ossification of the posterior longitudinal ligament ¢
anterior cervical decompression

or calcified and fuses with the PLL, thereby increasing the
chance for CSF leak and spinal cord or nerve root injury
during surgical manipulation for removal of the ossified
mass. The possibility for traumatic manipulation increases
the risk of a CSF leak during an anterior decompression in
comparison with a posterior approach '+ because lami-
noplasty or laminectomy obviates direct manipulation of
OPLL. Hence, although anterior decompression of the spi-
nal cord by resection of the ossified ligament combined
with anterior fusion can achieve more satisfactory results
than a posterior approach,#5543¢ the surgeon must take
into account the risk of a CSF leak. Additionally, when
choosing an anterior approach, the surgeon must be aware
of intra- and postoperative management strategies to treat
a CSF leak and minimize manipulation of the thecal sac
to avoid any spinal cord damage.°*2 In this article, we
review the literature on intra- and postoperative manage-
ment of cervical dural tears during surgery for OPLL and
suggest a treatment algorithm.



Methods

To identify the relevant publications on this subject, we
searched the PubMed database (http://www.ncbi.nlm.nih.
gov/PubMed/) for the keywords “ossification of the poste-
rior longitudinal ligament,” “cerebrospinal fluid leak,” and
“dural tear.” We also performed a search using the MeSH
terms “ossification of the posterior longitudinal ligament”
and “decompression, surgical” and “cervical vertebrae.”
The “Related Articles” feature in PubMed was also used
to search for relevant citations, and the reference lists of
other articles were checked for further publications. The
online archives of key publications, including Journal of
Neurosurgery, Neurosurgery, and Spine, were searched
using the same terms. All articles were initially screened
for relevance by title and abstract. Articles in languages
other than English and articles without an abstract were ex-
cluded. All suitable reports and important cross-references
were obtained as full-text copies for review. Publications
were scrutinized for the following information: incidence
of CSF leaks after anterior surgical decompression of the
cervical spine for OPLL; primary intraoperative strategies
and success rates; postoperative management modalities
and success rates; and dural repair techniques. Inclusion
criteria were publication date between January 1, 1970, and
July 31, 2010; English language; and either 1) documenta-
tion of the incidence of CSF leak after anterior decompres-
sion to treat OPLL, 2) description of the management of
CSF leaks encountered during spine surgery, or 3) labora-
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tory investigations, technical reports, or retrospective case
series focused on the repair of dural tears. Using these find-
ings and the experience of the senior author, a treatment
algorithm was developed to guide management of a dural
tear with CSF leak after anterior decompression and resec-
tion of OPLL.

Results

Literature Review

The current evidence on intra- and postoperative
management of a CSF leak during surgery for OPLL
consists of retrospective case series, experimental inves-
tigations of dural repair, and technical case reports. To
our knowledge, there are no randomized trials available.
The details of the literature search are outlined in Fig.
1. Eighty-four full-text articles were identified for further
analysis. Six were excluded because the full-text version
could not be located. Eight were published in a non-Eng-
lish language. Thirteen did not address the topic of CSF
leaks or dural tears. Fifty-seven papers were reviewed, in-
cluding 39 articles describing management strategies for
CSF leaks, 11 of which were case series reporting data on
the use of intra- and postoperative adjuncts for treatment
of a CSF leak after anterior decompression for OPLL (Ta-
ble 1). In 26 articles, dating from 1981 to 2009, surgical
management of OPLL was the major topic.

n=441

Total articles identified from PubMed database

n=381

Articles excluded after screening titles and
abstracts

=

* From PubMed database: n=60

n=84

Articles retrieved for detailed evaluation

» From searching reference lists and online archives: n=24

Articles excluded after full-text assessment

* 6 articles unavailable
:> + 8 articles non-English language

« 13 reports not relevant

n=27

Articles included in the review

* 26 articles with OPLL as major topic

+ 13 technical case reports
n=57

* 39 articles describing management strategies to address CSF leaks

« 11 case series reporting data on the management of CSF leaks in OPLL
« 4 laboratory investigations on dura repair

Fic. 1. Selection of articles for review.
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Management of CSF leaks in surgery for OPLL

Incidence

The incidence of cervical dural tears and CSF leaks
after anterior decompression procedures has ranged from
0.5% to 3%.4916:21:22252628.3655 For OPLL, the incidence is
much higher, ranging from 4.3% to 32%.!311:12.1727.334243.52
In a review of 1994 cases, Hannallah et al.?® reported that
the presence of OPLL was the greatest risk factor for the
development of a CSF leak after anterior decompression
surgery and that patients with OPLL were 13.7 times more
likely to have a leak than were patients without this condi-
tion.

Secondary Complications

Technical reports have described various secondary
complications associated with a CSF leak after cervical
operations, including meningitis,* delayed wound heal-
ing, airway obstruction,>!? cutaneous CSF fistula,? and
pseudomeningocele.>!>3* Life-threatening CSF leaks in
the immediate postoperative period are uncommon but
require early identification and prompt intervention. Evi-
dence on the long-term sequelae of CSF leaks that are
managed adequately, however, is optimistic. Whereas
Saxler et al.*® found that patients with incidental dural
tears had poorer outcomes (they underwent more reoper-
ations and experienced more pain and pain-related func-
tional limitations), other authors have reported that the
long-term deleterious effects of CSF leaks may be limited.
Hannallah et al.?¢ reported no long-term sequelae, such as
wound infection, pseudomeningocele, sinus tract forma-
tion, or meningitis, in 20 patients with CSF leaks with an
average follow-up of 5.4 years. Cammisa et al.’ reported
that when CSF leaks were recognized and treated appro-
priately, patients experienced no complications such as
persistent recurrent headaches, meningitis, pseudomenin-
gocele, cutaneous fistula, or neurological deficit after an
average follow-up of 22.4 months. Similarly, Wang et al.5’
found that a dural tear did not increase the risk of postop-
erative infection, neural damage, or arachnoiditis.

Treatment of CSF Leaks

Various techniques, reviewed below in further detail,
have been described to manage dural tears and CSF leaks.
These include repair with gelatin foam,' fibrin glue,’#4°
collagen matrix,04 fat and fascia graft,>*’ biological
graft,!” synthetic materials,'*! or blood patch;¥ insertion
of a lumbar drain®3 or LP'® and WP (wound-peritoneal
cavity) shunts;>!* ventriculostomy;*** laser techniques;?
and microdural stapling.”

Intraoperative Strategies

Primary Dural Repair. Although direct repair is
optimal management in most cases of dural tear with a
resultant CSF leak in all spinal regions, when this situ-
ation is encountered during anterior cervical surgery for
OPLL, exposure is often inadequate to facilitate direct
repair. Hannallah et al.?® reported that only 5 of 20 in-
traoperative ventral CSF leaks in their series were acces-
sible for direct repair. Primary repair techniques aim to
provide a watertight seal of the dural tear. If it is techni-
cally possible, direct repair with suturing is preferable.
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Still, the reported failure rate is 5%—10% with this tech-
nique.>6%1332.50.57 Dural tears are likely to occur when the
dura becomes ossified and adheres to the PLL and cannot
be dissected off.!" Such dural tears create tissue gaps that
are not amenable to primary repair. Ossified dura may
be diagnosed on preoperative CT as either a single ho-
mogeneous ossified mass of dura adhered to the PLL or
a double-layer sign in which anterior and posterior os-
sified rims are separated by a hypodense area of hyper-
trophied PLL.#¥ Another reason primary repair may fail
may be the pinhole-sized tears from suture needles that
allow CSF to leak through the dura.’?%46 The potential
risk of using primary suture closure for small incidental
dural tears is conversion of a low-pressure defect to high-
pressure pinholes from suture needles.*

Chemical Sealants and Dural Grafting. The addition
of a chemical seal has been proposed as a mechanism
to overcome the problem of CSF leak from the suture
holes.*® Fibrin glue has been shown to be a useful adjunct
to prevent leaks in conjunction with direct repair.>® Lab-
oratory data demonstrate that dural defects repaired by
suture alone leak at physiological pressures, whereas re-
pairs supplemented by sealants, such as fibrin glue, with-
stood higher pressures in the postoperative period.8
Nakajima et al.** demonstrated the importance of fibrin
glue for sealing the suture holes at the repair site to pre-
vent CSF leaks. Smith et al.? reported a series in which 7
patients with dural defects received a patch without fibrin
glue, using either an autogenous fascia graft or synthetic
materials such as gelatin foam. Five of these patients de-
veloped durocutaneous fistulas and 3 required reopera-
tion to repair the dura. Because fibrin sealant remains in
situ for only 5-7 days before being resorbed, it should
be supplemented with dural grafting to form a watertight
closure in the immediate postoperative period.

Narotam et al.*¢ reported the successful use of a
collagen matrix onlay sutureless graft during primary
repair of dural tears. The onlay graft is placed over the
defect and attaches via surface tension to the dura, where
it provides a low-pressure absorptive surface to diffuse
any CSF and acts as a site for biological dural repair. The
hemostatic properties of collagen initiate clot formation,
resulting in an immediate chemical seal. The collagen
matrix is a chemoattractant and provides a scaffold for
fibroblasts to infiltrate and deposit new collagen, thereby
reconstituting new dura. In this series of 110 patients with
intraoperative anterior/posterior spinal dural fistulas, in-
cluding 10 anterior cervical dural lacerations, the applica-
tion of microfibrillar collagen matrix (in 100% of cases),
combined with subfascial drains (in 82%), fibrin glue (in
7.3%), lumbar drains (in 2.7%), or other adjunct including
suture (in 8%), resolved the dural fistulas 95% of the time.

Epstein'”" described a technique of suturing or using
microdural staples to secure a pericardial graft over the du-
ral defect. This is followed by application of fibrin sealant
and dural graft matrix and a WP or LP shunt. In many cas-
es of OPLL, however, direct repair is not possible because
of location or size of the dural defect. Furthermore, not all
dural tears can be recognized and repaired primarily, and
the need for postoperative treatment strategies persists.
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Management of CSF leaks in surgery for OPLL

Wound Drains. The use of subfascial drains for man-
agement of intraoperative CSF leaks is controversial. Such
drains are placed to evacuate any accumulation of serous
fluid, blood, or CSF and to obliterate the dead space in the
immediate postoperative period. When patients are mobi-
lized after surgery, a hydrostatic pressure gradient develops
that facilitates transient CSF effusion into the subfascial
space. When porous grafts, such as collagen matrix, are
used, the risk of CSF egress may increase, especially in
the first few postoperative days before the chemical seal
forms and the graft becomes established.*® Although some
authors have argued against the use of drains,'> most stud-
ies have found no associated increase in the rate of durocu-
taneous fistulas with their use.?6’

Postoperative Strategies

Lumbar Drains. The use of CSF diversion for the
treatment of CSF leaks is well documented. Reported suc-
cess rates have ranged from 83% to 100%.26-35-38.3942.51.53 T
bles 2 and 3 compare studies of patients undergoing repair
of CSF leaks after anterior decompression for OPLL with
and without intraoperative placement of a lumbar drain or
shunt. None of the patients who received a lumbar drain
or shunt developed a CSF fistula or pseudomeningocele
or required reoperation. Treatment of a dural tear by CSF
diversion may be explained by the decreased fluid pres-
sure through the leak with preferential egress through the
catheter or by decreased distension of the dural sac with
approximation of the dural edges to facilitate healing.53>4

Kitchel et al.* retrospectively reviewed 19 cases in-
volving patients treated with postoperative lumbar drain-
age after a CSF leak and found that 14 of the 17 patients
treated with CSF diversion for a full 4 days had resolution
of the leak. Smith et al.?> reported on a series of 22 pa-
tients who underwent anterior decompression of the spi-
nal canal for OPLL and cervical myelopathy, 7 of whom
had absent dura adjacent to the ossified part of the liga-
ment. Two patients had transient CSF leak at the time of
the decompression that ceased during the operation; in 1
of these 2 cases, the patient underwent immediate place-
ment of an LP shunt. Five of the 7 developed a postop-
erative CSF fistula, and 3 of these 5 underwent a second
operation to repair the defect in the dura. The CSF fistula
was identified on the first postoperative day in 3 patients
who had large amounts of obvious CSF drainage from
the wound; the other 2 had smaller amounts of drainage
but unexpected swelling of the neck that was noted later
on postoperative Day 2 in 1 case and Day 16 in the other.

Because of the delayed diagnosis of a CSF leak in these
patients, the authors recommended patching the dural de-
fect with a graft of muscle and fascia, prophylactic place-
ment of a lumbar drain, limited mechanical pulmonary
ventilation as safely feasible, and administering antiemet-
ic and antitussive medications in the postoperative period
to minimize extreme positive thecal pressure and thereby
protect the autogenous fascial graft.

In a series involving 36 patients undergoing 2- to
4-level anterior corpectomy and fusion operations, 9 of
whom had OPLL, 3 patients developed postoperative CSF
leaks that were successfully treated by lumbar drainage.*®
Choi et al.”? reported on a series of 47 patients who under-
went corpectomy for OPLL, 2 of whom developed a CSF
leak intraoperatively; both of these patients underwent pri-
mary repair with either a fat or a fascial graft augmented
with fibrin sealant followed by immediate placement of a
lumbar drain in the recovery room. Similarly, Min et al.*?
reported successful resolution using lumbar drainage and
bed rest of 6 intraoperative CSF leaks among 19 patients
who underwent ventral surgery for OPLL, and Joseph et
al.*® described successful resolution of 9 intraoperative
CSF leaks in 144 patients. All 9 in the latter series were
treated with a fascia graft, Gelfoam, and immediate place-
ment of a lumbar drain that remained in place for 5 days.

In one of the largest series evaluating CSF leak after
elective anterior cervical spine surgery, Hannallah et al.?
reported the overall incidence of a CSF leak to be 1%, but
in patients with OPLL, the incidence was 12.5%. Of the
20 patients who developed CSF leaks, 15 had dural tears
that were not accessible to direct repair, 4 of which were
treated successfully by placement of a lumbar CSF shunt
either at the time of the index procedure (in 3 cases) or on
postoperative Day 7 (in 1 case).

For CSF leaks diagnosed in the postoperative setting
only (for example, in patients with CSF in the drainage con-
tainer or cutaneous CSF fistulas), bed rest alone does not
lead to a favorable outcome in most patients.!> Although di-
rect surgical repair with suture is an accepted treatment, it
requires a second operative procedure. Many authors have
advocated the use of lumbar drains without reoperation for
primary closure of the dural tear.> Other measures, shown
to be less effective, include application of continuous direct
pressure.!!’ Although effective in treating CSF leaks, the
use of lumbar drains is not without complications, being
associated with an approximately 5% reported infection
rate.!*! In addition, lumbar drains are gravity-dependent
systems in which a pressure gradient is necessary for CSF
drainage; any change in the position of the drain cham-

TABLE 2: Studies reporting outcomes of repair of CSF leak after anterior decompression for OPLL without intraoperative placement of

lumbar drain or shunt

No.of  No. of CSF Leaks . Incidence of Postop CSF No. of Patients Requirin
Authors & Year Cases & Dural Tears (%) Intraop Adjuncts Used Fistula or Pseudon?eningocele (%) Revision Op (%) e
Belanger et al., 2005 65 8(12) Gelfoam, fascia graft, fibrin glue 5/8 (63) 3/8 (38)
Smith et al., 1992 22 7(32) Gelfoam, fascia graft 5/7 (71) 3/7 (43)
Harsh et al., 1987 19 3(16) patch graft, Gelfoam NM 0
Abe et al., 1981 12 3(25) Gelfoam NM 0
Chenetal., 2009 138 18 (13) none 18 (100) 3/18 (17)
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TABLE 3: Studies reporting outcomes of repair of CSF leak after anterior decompression for OPLL with intraoperative placement of lumbar

drain or shunt

No. of No. of CSF Leaks

Incidence of Postop CSF No. of Patients Requiring

Authors & Year  Cases & Dural Tears (%) Intraop Adjuncts Used Fistula or Pseudomeningocele (%) Revision Op (%)

Epstein, 2009 82 5(6) bovine pericardial graft, fibrin glue, 0/5 (0) 0
collagen matrix, WP shunt, LP
shunt

Choi et al., 2005 47 2(4) fibrin glue, fat or fascia graft, lumbar 0/2 (0) 0
drain

Joseph etal,, 2009 144 9(6) Gelfoam, fascia graft, lumbar drain 0/9 (0) 0

Min et al., 2008 19 6(32) lumbar drain NM 0

ber with respect to the patient can result in rapid egress of
CSFE.*° Pneumocephalus with brainstem compression after
overdrainage has been reported.?* Other side effects asso-
ciated with overdrainage include headaches, nausea, and
vomiting. Moreover, the standard practice of keeping pa-
tients with lumbar drains on bed rest to prevent rapid CSF
drainage due to positional change may increase the risk of
postoperative morbidity due to the development of deep ve-
nous thrombosis and pulmonary embolism after prolonged
immobilization.* The use of flow-regulated CSF drain-
ing systems using a volumetric pump set to withdraw CSF
at a controlled rate,?>*° a low-pressure control valve,’ or
a combined volume- and pressure-controlled system (Li-
quoGuard; Moller Medical) may overcome most of these
potential problems associated with lumbar drains.

Shunts. More complex intraoperative CSF leaks may
require the addition of closed-system WP or LP shunts.?
Such complex dural tears include those that are not acces-
sible without performing additional bone resection to gain
access for a direct repair. Epstein'® described performing
a complex primary dural repair combined with placement
of both WP and LP shunts in patients undergoing multi-
level anterior cervical corpectomies and fusion to resect
OPLL. Dural repair consisted of bovine pericardial grafts
sewn in place with sutures and microdural staples in 1 pa-
tient and used as onlay grafts in 4 patients, in addition to
2 layers each of microfibrillar collagen and fibrin sealant.
The WP catheter was placed with the proximal catheter
positioned superficial to the bone graft and to the left of
the cervical plate. Finally, an LP shunt was placed in case
of WP shunt failure or obstruction.

Although shunting CSF into the abdominal cavity
may provide short-term advantages such as decreased risk
of infection and postoperative subdural hematomas with
immediate postoperative mobilization compared with mul-
tiple percutaneous aspirations or temporary lumbar exter-
nal drainage, major drawbacks must be considered. It is an
invasive therapy that may expose the patient to many addi-
tional problems such as over- or underdrainage, migration
or obstruction of the proximal or peritoneal tip, infection,
or shunt breakdown, which may require revision surger-
ies over time.*® Therefore, placement of a permanent shunt
represents a last resort after failure of all other measures.

Prevention of CSF Leakage
Anterior Floating Technique. Various surgical tech-

niques have been proposed to minimize the chance of
intraoperative dural tears during anterior decompression
in patients with OPLL. The “anterior floating method”
and variations thereof have been well described.** In
general, these techniques leave behind the thinned down
medial posterior wall of the vertebral body and the ossi-
fied PLL but decompress laterally around it, so that the
ossified PLL becomes a “free-floating” mass on the dura.
Epstein'® described that during the drilling process, the
ossified PLL mass should be left attached to the margins
of the corpectomy defect to keep it stabilized until the
midportion of the PLL has been thinned sufficiently. Af-
ter the PLL mass is freed from the bony margins, further
thinning of the ossified PLL must be done with great care.
A few isolated islands of ossified PLL tightly adherent to
the dura can be left in place, thereby reducing the chance
of CSF leak.>* One group reported that incidence of post-
operative CSF fistulas with the anterior floating method
for OPLL was 5.1%* compared with a reported 16-25%
incidence associated with the standard anterior extirpa-
tion method.!®

Discussion

Because anterior decompressive surgery for OPLL of
the cervical spine involves up to a 32% risk of dural tear,
the surgeon must have a strategy to manage CSF leaks
both during and after surgery. Given the many problems
that stem from an unresolved CSF leak, such as delayed
wound healing with cutaneous CSF fistula, risk of men-
ingitis, or pseudomeningocele, repair should involve ap-
propriate measures to promote healing of the dural tear.
If a violation of the dura is recognized during the surgery,
a primary closure with microsurgical suture may be at-
tempted, although it is frequently technically not feasible.
In most cases of OPLL, lack of dural elasticity or gaps
due to resection of adherent or ossified dura® or even ab-
sent dura® preclude a watertight closure with sutures. It
therefore appears to be more important to use intraopera-
tive adjuncts in combination with postoperative measures
to decrease the pressure gradient across the dural tear.
Onlay adjuncts such as collagen matrix (Duragen; Integ-
ra LifeSciences Corporation) or autogenous fascia have
been successfully used in patients with dural tears.!>46-2
Alternatives may include equine or bovine pericardium
or Gelfoam (Pharmacia & Upjohn). Collagen matrix can
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Anterior approach for OPLL

High risk for CSF leak?
a) Multilevel surgery
b) Broad-based OPLL
c¢) Ossified dura

1. Preoperative lumbar drain
2. Anterior floating technique

o

»| Open lumbar drain

N

1. Primary suture if possible

2. Combination of on-lay dura grafts
and fibrin glue

3. No deep wound drain

N\

CSF leak

Keep lumbar drain for 4-5 days
Use stool softeners, antiemetics

controlled?

Revision surgery
with lumbar drain

Insert lumbar drain for 4-5 days
Use stool softeners, antiemetics

/

Fic. 2. Treatment algorithm for avoidance and management of CSF leaks in anterior approaches for OPLL. The left side of
the diagram shows the strategy for high-risk situations, and the right side shows intra- and postoperative management of unan-

ticipated CSF leaks.

be used as onlay graft without the necessity of a prima-
ry watertight closure,*® which is particularly helpful for
large dural tears after resection of an ossified PLL. It can
also be combined with fibrin glue. In vitro, fibrin glue
increased the strength of the repair of the sutured dura
7-fold and was also found to be effective as a stand-alone
sealant.”® Experimental data on fibrin glue is corroborat-
ed by clinical experience.”® Moreover, a combination of
adjuncts may enhance the overall sealing effect.

The simplest device to decrease intrathecal CSF pres-
sure is the lumbar drain, which is left in situ for the first
4-5 days after surgery, with drainage at a rate of 5—15 ml/
hour. This time frame is based on histological evidence for

Neurosurg Focus / Volume 30 / March 2011

dura sealing, which takes approximately 4 days to com-
plete.’® The collection system attached (automatic pres-
sure/volume-regulated pump versus gravity-assisted col-
lection bag) guides whether a patient must be managed
in the intermediate care unit with close observation or on
the general floor and how much mobilization is possible.
Mobilization is generally restricted because of concerns
about overdrainage and the risk of tonsillar herniation and
a rise of the gradient across the dural tear. With pressure/
volume-regulated CSF drainage devices, mobilization may
be possible without the risk of overdrainage or substantial
increases of the intrathecal pressure because the dural tear
is in the cervical spine. Stool softeners are prescribed to
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avoid intrathecal pressure peaks during Valsalva maneu-
Vers.

Patients with multilevel or broad-based OPLL are
at the greatest risk of intraoperative CSF leaks. In these
cases, the surgeon may choose to place a lumbar drain
as part of the anesthesia setup and have it opened if CSF
leakage is noticed during surgery. This will immediate-
ly diminish the egress of CSF and help the adjuncts to
adhere to the dura. A lumbar drain is also a therapeutic
choice for a CSF leak that is suspected postoperatively on
the basis of CSF in the wound drain or the development
of a cutaneous CSF fistula.*!

The use of wound drains with CSF fistulas is contro-
versial. At our institution, we tend not to use deep wound
drains in the case of a CSF leak. Placement of an LP or
WP shunt is considered a last-resort therapy, to be under-
taken after failure of all previously mentioned modalities.
The potential complication rate for infection, obstruction,
disconnection, dislocation, or over- or underdrainage is
substantial; therefore, we choose to perform a second re-
vision surgery with the mentioned adjuncts and a lumbar
drain before considering placement of a permanent shunt.

Figure 2 demonstrates the treatment algorithm that
we use in most cases at our institution. The presence of
multilevel and broad-based OPLL increases the likeli-
hood that there is dural ossification, which increases the
risk for a dural tear.* In these situations, we insert a
lumbar drain preoperatively and use the anterior floating
technique unless the ossified PLL can be separated from
the underlying dura. When a dural tear arises, we attempt
a primary repair using a combination of adjuncts such as
a nonautologous onlay graft augmented by fibrin glue.
Primary suture is reserved for cases in which the dural
defect is minimal and exposure of the site is sufficient.
If the CSF leak cannot be controlled using intraoperative
adjuncts, we insert a lumbar drain at the end of the opera-
tion. The patient is kept on bedrest, and CSF is drained at
a rate of 10—15 ml/hour for 4-5 days, which is the time
needed for adequate dural sealing. Postoperative drainage
of CSF may cause nausea and emesis, which are treated
with antiemetics or slight reduction of the drainage rate.
This treatment, together with the use of stool softeners,
aims to prevent sudden peaks of intrathecal pressure.

Anterior decompression to resect an ossified PLL
is associated with an increased risk of CSF leak, which
may not be amenable to direct repair. Studies have shown
that postoperative lumbar drainage decreases the likeli-
hood of the patient developing a persistent CSF fistula or
pseudomeningocele and minimizes the likelihood of re-
operation. Therefore, we favor the placement of a lumbar
drain as a first-line intervention when an intraoperative
CSF leak is difficult to control. We also recommend the
use of a lumbar drain as an adjunct to surgical exploration
if a CSF fistula is diagnosed in the postoperative setting.

Conclusions

Currently, the management of CSF leakage after re-
section of an ossified PLL has been described primarily
in case series and technical notes. No large-scale studies
have been reported. Most dural tears associated with sur-
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gery for OPLL can successfully be managed by a com-
bination of intraoperative adjuncts (sealants, grafts) and
postoperative lumbar CSF drainage for 4-5 days.
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Diffusion tensor imaging in the assessment of ossification of
the posterior longitudinal ligament: a report on preliminary
results in 3 cases and review of the literature

JESSE JoNES, M.D.,? ALEXANDER LERNER, M.D.,? PauL E. Kim, M.D.,? MENG Law, M.D.,2
AND PaTRICK C. Hsien, M.D.1

Departments of 'Neurosurgery, and *Radiology, University of Southern California, Los Angeles, California

Cervical spondylotic myelopathy due to ossification of the posterior longitudinal ligament (OPLL) is a common
neurosurgical disease that carries high morbidity. OPLL and other degenerative processes cause narrowing of the cen-
tral canal, with subsequent spinal cord injury. Repeated minor trauma and vascular aberrations have been purported to
underlie cervical spondylotic myelopathy, although the exact pathophysiological mechanism is unclear. Regardless,
detection of early axonal damage may allow more timely surgical intervention and prediction of functional outcome.
Diffusion tensor (DT) imaging of the cervical spine is a novel technique with improved sensitivity compared with
conventional anatomical MR imaging that is currently available on most clinical scanners. This review describes the
theoretical basis, application, and analysis of DT imaging as it pertains to neurosurgery. Particular emphasis is placed
on OPLL. (DOI: 10.3171/2011.1 FOCUS10262)

KeEy WorDs  »
cervical myelopathy

occurs in 25% of patients with CSM,” which is

the most common form of acquired spinal cord
dysfunction!' and is present in more than 60% of the
population older than 40 years of age.* Thickening and
calcification of the posterior longitudinal ligament play a
role in CSM through narrowing of the spinal canal, lead-
ing to cord compression. Resultant spinal cord ischemia
and trauma are purported mechanisms of injury underly-
ing CSM.2 The MR imaging findings indicative of CSM,
such as increased signal (hyperintensity) of the spinal
cord on T2-weighted imaging, typically occur late in the
disease process and predict poor neurological outcome
despite decompression.'?% Diffusion tensor imaging is a
relatively new technique in spinal imaging, with the sen-
sitivity potentially to detect minor SCI prior to irrevers-
ible CSM. We describe its application in the preoperative
evaluation of patients with cervical spinal stenosis due
to OPLL, where signal artifact from calcification further
complicates image acquisition.

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: CSM = cervical spondylotic
myelopathy; CSS = cervical spinal stenosis; DT = diffusion tensor;
FA = fractional anisotropy; mJOA = modified Japanese Orthopaedic
Association; OPLL = ossification of the posterior longitudinal liga-
ment; SCI = spinal cord injury; VB = vertebral body.
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ossification of the posterior longitudinal ligament ¢
diffusion tensor imaging ¢

magnetic resonance imaging

Pathophysiological Features of CSM in OPLL

Narrowing of the anteroposterior diameter of the cer-
vical spinal canal is correlated with the degree of CSM
in OPLL 3" As the spinal cord becomes compressed by
ossified or hypertrophied ligament and bone spurs, the
cushioning effect of CSF is lost. In a series of 200 pa-
tients seeking treatment for CSS, 63 (31.5%) reported
an episode of minor trauma in the preceding 2 weeks.?
Physiological neck motion, as well as abnormal motion
due to cervical instability, which is often associated with
spondylosis,? predisposes the spine to repeated micro-
trauma.?* Tension applied by dentate ligaments prefer-
entially stretches the lateral aspect of the spinal cord on
neck flexion,"” which corresponds to lateral column atro-
phy noted in autopsy studies. Segmental OPLL has been
shown to permit abnormal mobility between adjacent VB
segments, with a range of motion > 35° at C1-7 associ-
ated with progressive myelopathy.?

Other investigators have postulated an ischemic ori-
gin. Ito et al.! studied the spines of 7 patients with CSM
at autopsy and found a characteristic pattern of lesion pro-
gression, beginning with atrophy and neuronal degenera-
tion of the anterior horn and intermediate zones, followed
by atrophy of the lateral and posterior funiculi. End-stage
disease was marked by cell death throughout the gray
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matter and severe degeneration of the lateral funiculi.
Although vascular occlusion or compression was not
identified, the pattern of degeneration appeared consistent
with generalized hypoperfusion. The authors postulated
that increased intraspinal pressure may have reduced
spinal perfusion to the stenotic region. Spinal hypoperfu-
sion has been demonstrated in animal models, in which
posterior compression resulted in reduced blood flow to
the central gray matter through intramedullary branches.’
Turnbull*’ examined histological sections through the
human spinal cord and noted that the small arteries and
veins of the lateral columns and gray matter became ste-
notic on cord compression in the anteroposterior plane.
Vessels supplying the anterior and posterior columns, on
the other hand, remained patent. This correlates with the
pattern of degeneration in CSM. Nevertheless, the rela-
tive contributions of trauma and ischemia have yet to be
fully elucidated in live human subjects. Noninvasive MR
perfusion and vascular permeability techniques being de-
veloped in step with spinal DT imaging protocols may
provide more definitive evidence.'®?¢ Regardless of the
mechanism, reproducible patterns of neural degeneration
are found on imaging modalities such as DT studies.

Diffusion Tensor Imaging

Water molecules in a solution move freely and ran-
domly in a process termed Brownian motion. Such isotro-
pic diffusion lacks preference in any particular direction.
The gray matter of the brain approximates this situation,
because normal cell membranes allow for isotropic dif-
fusion of water in this region.?! Myelin and axonal mem-
branes of white matter, in contrast, present barriers to wa-
ter diffusion in directions perpendicular to their long axis.
Water moves anisotropically; that is, much more freely
within the axonal plane than across it.!* Application of
a directional diffusion gradient to heavily T2-weighted
echo planar MR imaging sequences measures the spin of
protons in water and can be used to track their movement
over time. This principle forms the basis of DT imaging,
in which diffusion of protons is tracked in 3 perpendicu-
lar orientations (X, y, and z) or eigenvectors. The principal
eigenvector denotes the orientation of greatest diffusion
and is subtracted from the 2 orthogonal middle and mi-
nor eigenvectors to calculate FA.2® The mean diffusivity
value is an average of the 3 eigenvectors, analogous to
apparent diffusion coefficient values in conventional dif-
fusion-weighted images.

Acquisition of DT Imaging for the Cervical Spine

Diffusion-weighted imaging has proven utility in
brain MR imaging for the assessment of acute ischemia
and to identify fiber tracts preoperatively. However, spinal
applications have lagged behind, in large part due to tech-
nical difficulties involving image acquisition. The spinal
cord is a small structure relative to the brain and has a
limited signal-to-noise ratio. Pulsations of CSF, breath-
ing, and patient movement contribute to motion artifacts.
Surrounding bone and calcified ligament, especially in
the context of OPLL, produce susceptibility artifacts that

2

J. Jones et al.

further degrade image quality. However, the prevalence of
3-T magnets, with an increased signal-to-noise ratio com-
pared with 1.5-T units, has accelerated acquisition time
and reduced artifacts through parallel imaging and peri-
odically rotated overlapping parallel lines with enhanced
reconstruction (also known as PROPELLER) techniques.
This has enabled performance of DT imaging protocols
on most clinical MR imagers. Software bundled with
MR imagers and available free over the internet, such as
DTT Studio (http://lbam.med.jhmi.edu/DTIuser/DTIuser.
asp), can process raw data into useful representations for
evaluation by the neurosurgeon.

Clinical Application of DT Imaging

Fractional anisotropy values have demonstrated supe-
rior sensitivity in detecting SCI compared with increased
T2 signal intensity in studies of patients with CSM. This
raises the possibility of using DT imaging to distinguish
patients with permanent myelopathic injury, reversible
myelopathic injury, and absence of myelopathic change.
Budzik et al’ correlated mJOA scores with DT imaging
results in 20 patients with CSM and found lower FA val-
ues in those with worse clinical function. The mean up-
per- and lower-extremity mJOA scores of 76.1 and 63.4,
respectively, in this mildly affected population underscore
the high sensitivity of DT imaging in detecting white mat-
ter damage. Measurements of T2 signal hyperintensity,
on the other hand, did not show a relationship with regard
to function. Correlation coefficients between FA values
and mJOA score were not reported, however, and follow-
up clinical data after surgery are also missing from this
study. Facon et al.'’ conducted a similar study of 6 patients
with CSM and reported confirmatory results. Statistically
significant reductions in FA between patients and healthy
controls (p = 0.012) were noted with a sensitivity of 73.3%
compared with a sensitivity of 46.7% with T2 signal hyper-
intensity. Myelopathy was qualitatively assessed by simply
noting “motor deficit” or “sensory deficit.”

Sensitivity may be improved further by parsing ei-
genvectors and analyzing major, middle, and minor vec-
tors separately.!* Axonal edema and protein degradation
associated with compressive demyelination have been
shown to increase middle and minor eigenvectors while
sparing the major vector in animal models.?* Preliminary
studies by Hesseltine et al.® have shown this dissocia-
tion in 11 patients with CSM. Biomarkers specific for
myelin breakdown may have prognostic value, because
remyelination plays a role in functional improvement fol-
lowing decompression.'> A larger study of 84 patients
found similar discrepancies between eigenvectors in mild
CSS? with effacement of the subarachnoid space alone,
whereas cord compression resulted in reduced FA values.
Unfortunately, a clinical correlation was not performed.

The practice of comparing DT imaging to T2 hyper-
intensity, a measure with poor sensitivity and weak prog-
nostic value, underscores the lack of a clinical or imag-
ing gold standard when assessing CSS. Currently, it is not
known whether DT imaging can distinguish patients with
permanent myelopathic injury, reversible myelopathic in-
jury, and absence of myelopathic change. A prospective
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trial addressing this issue is currently under way at our
institution.

INlustrative Cases
Case 1

This 57-year-old woman was evaluated at our in-
stitution for neck and bilateral upper-extremity pain.
Neurological examination revealed grip strength of 4/5
bilaterally, with numbness in her hands and feet. The
Babinski sign was positive bilaterally. Her mJOA, Nurick,
and Oswestry scores prior to surgery were 8, 3, and 62,
respectively. An admission CT scan of the cervical spine
revealed continuous OPLL between the C-3 and C-4 VBs
and posterior to C-5, with mild to moderate central canal
stenosis at C3—4 and C4-5 (Fig. 1). Standard anatomical
MR imaging of the cervical spine showed multilevel disc
disease, with severe central canal stenosis at C4-5 ac-
companied by signal abnormality within the spinal cord
(Fig. 2A). Diffusion tensor images were highly sugges-
tive of axonal injury, with greater than 50% loss of FA
in the left corticospinal tract (Fig. 2C). At 3 months after
C4-6 anterior cervical discectomy and fusion and C3-T2
posterior spinal fusion, the patient’s mJOA and Oswestry
scores improved to 12 and 49, respectively. Her Nurick
score remained the same.

Case 2

This 52-year-old man presented with complaints of
neck pain and left upper-extremity pain and numbness.
Neurological examination revealed hyperreflexia of the
bilateral upper extremities, positive Hoffman sign of
the left upper extremity, and bilateral Babinski signs.
Preoperatively, his mJOA, Nurick, and Oswestry scores

Fic. 1. Admission CT scans of the cervical spine in sagittal (A and
B) and axial (C and D) projections demonstrate OPLL bridging the
C3-5 disc space and posterior to the C-5 VB.
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Fie. 2. Saglttal MR imaging study of the cervical spine in the same
patient reveal signal change within the spinal cord on the STIR se-
quence (A) due to severe CSS. The DT imaging studies demonstrate
marked reduction of FA values within the stenotic region (C) compared
with C2-3 (B) and C7-T1 (D), which is suggestive of axonal injury.

were 7, 4, and 78, respectively. Standard MR imaging of
the cervical spine (Fig. 3A) demonstrated multilevel spon-
dylosis, worst at C6—7, where a disc-osteophyte complex
resulted in moderate CSS. No signal abnormality within
the spinal cord was noted. The DT imaging findings (Fig.
3B-E) included a marked reduction in FA at C6-7, below
even the threshold of fiber tracking. The patient subse-
quently underwent a C4—7 anterior cervical discectomy
and fusion, based primarily on clinical deterioration
consistent with progressive CSM. His follow-up mJOA,
Nurick, and Oswestry scores at 4 months improved to 10,
3, and 72, respectively.

Case 3

This 82-year-old man presented with neck pain radi-
ating to his left upper extremity. Neurological examina-
tion demonstrated diffuse 3+/4 hyperreflexia and broad-
based ataxic gait. His mJOA, Nurick, and Oswestry
scores were 14, 1, and 34, respectively. An admission CT
scan of the cervical spine revealed extensive continuous
OPLL from C-3 to C-7, with moderate to severe spinal
canal narrowing (Fig. 4). Standard MR imaging showed
compression of the spinal cord and questionably associ-
ated signal abnormality within the cord at the level of the
C-6 VB (Fig. 5A). The FA values at the level of worst ste-
nosis, however, were suggestive of preserved white matter
tracts (Fig. 5B). Despite the finding of severe stenosis on
conventional MR imaging, the patient was only mildly
symptomatic from CSM. Given his age and medical co-
morbidities, the patient is currently being monitored con-
servatively with serial neurological examination for his
OPLL with cervical stenosis.

These illustrative cases describe how DT imaging
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Fic. 3. A T2-weighted MR imaging study (A) of the cervical spine
shows loss of lordosis and moderate CSS that is worst at C6—7 without
signal change within the spinal cord. The DT imaging studies demon-
strate a 35% decrease in FA values between the C2-3 and C6-7 levels
(B-D). The FA values were below the threshold for fiber tracking, lead-
ing to a gap on the composite image (E).

might quantify the degree of SCI, yet a clinical trial with
rigorous statistical analysis is necessary to confirm such
anecdotal reports.

Discussion

Based on several experimental and early clinical
studies, DT imaging of the cervical spine appears to man-
ifest improved sensitivity in the detection of myelopathy
compared with conventional anatomical MR imaging.?
By examining changes in FA levels, DT imaging can
detect abnormal values seen early in the course of my-
elopathy that may be otherwise clinically asymptomatic
or undetectable by standard MR imaging protocol. The
increase in sensitivity to detect myelopathic changes by
DT imaging can potentially improve clinicians’ ability to
determine the most optimal treatment for patients with
OPLL and other forms of cervical myelopathy. Patients
who are mildly symptomatic or who harbor only mild to
moderate stenosis on conventional MR imaging but who
demonstrate FA values suggestive of axonal injury, may
benefit from early surgical decompression. On the other
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Fic. 4. Sagittal CT scan of the cervical spine showing continuous
OPLL with severe central spinal canal stenosis.

hand, patients with severe stenosis who present with mild
or no clinical myelopathy symptoms or signs and normal
FA values on DT imaging can perhaps be monitored with
serial neurological examination and imaging.

The ability to detect physiological changes accurate-
ly using noninvasive imaging modalities such as DT im-
aging can be particularly valuable in the management of
OPLL. Although the incidence of OPLL is low compared
with spondylotic myelopathy, complications from surgi-
cal treatment of OPLL are significantly higher. The abil-
ity to determine with accuracy the subgroup of patients
who have incurred axonal injury from OPLL prior to ma-
jor clinical manifestations may allow clinicians to select
those who will benefit from prophylactic decompression
prior to the onset of irreversible CSM. Conversely, unde-
sired perioperative risks associated with OPLL may be
avoided in patients without findings of axonal injury on
DT imaging, despite the appearance of stenosis on con-
ventional MR imaging.

At this time, DT imaging remains an experimental
modality in the evaluation of cervical myelopathy. The ad-
vantage of this modality over conventional MR imaging
is its ability to quantify minor axonal injury that is other-
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Fic. 5. The T2-weighted MR imaging studies of the cervical spine
demonstrate a mass-like OPLL posterior to the C-6 and C-7 VBs (A),
and deformation of the spinal cord (B). The FA values from the region of
stenosis (D) are relatively preserved in comparison with C2-3 (C) and
C7-T1 (E) levels. The fiber tracking is also robust (F).

wise undetectable.”® Whereas signal changes in the spinal
cord on T2-weighted imaging are generally late findings
indicative of SCI and often associated with poorer clini-
cal prognosis, early detection of axonal injury on DT im-
aging may identify at-risk patients who will benefit from
surgical decompression. Although there are published data
demonstrating that decreased FA values on DT imaging
are correlated with diminished neurological function, it is
not known what threshold level will constitute permanent
versus reversible neurological injury. The results of early
experimental and small clinical studies suggest that DT
imaging may allow for prognostication of patient outcomes
prior to intervention. Future studies to correlate DT im-
aging findings with the various stages of CSM in a large
prospective cohort will be important to determine the util-
ity of this advanced imaging modality in the evaluation of
OPLL and other causes of cervical myelopathy.

Conclusions

At this time, current studies on the use of DT imaging
to evaluate myelopathy are still limited to small series of
patients and lack long-term follow-up. Our preliminary re-
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sults in 3 patients demonstrate that DT imaging is feasible
in OPLL despite central canal narrowing and susceptibil-
ity artifact from the ossified ligament. Further studies are
needed to better interpret FA and fiber tracking metrics
by correlating the findings on DT imaging to the clinical
symptoms. Clinical studies with larger patient cohorts de-
signed to evaluate the sensitivity and specificity of DT im-
aging are needed to determine the utility of this modality
to identify patients at risk for progressive myelopathy or
possibly to predict treatment outcome. In conjunction with
clinical findings, advanced MR techniques such as DT im-
aging may provide clinicians with the pertinent informa-
tion needed to predict treatment outcome and determine
optimal timing of surgical decompression.
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Ossification of the ligamentum flavum: a unique report of a
Hispanic woman
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Ossification of the ligamentum flavum (OLF) is a disease of ectopic bone formation within the ligamentum
flavum, which may result in mass effect and neurological compromise. The low thoracic region is the most common
region of occurrence, and this is followed by the cervical, then lumbar, spine. The prevalence of OLF is significantly
higher in the Japanese population compared with other nationalities and has a male preponderance. Ossification of the
ligamentum flavum has been reported in association with the more common ligamentous pathological entities—os-
sification of the posterior longitudinal ligament and diffuse idiopathic skeletal hyperostosis. These latter two condi-
tions have been linked to several metabolic processes, and a possible genetic basis has been hypothesized. Here, the

authors present a unique case of OLF of the cervical spine in a patient with idiopathic hypercalcemia.

(DOI: 10.3171/2011.1. FOCUS10266)

KeEy WorDs  »
hypercalcemia °

ments that connect the adjacent laminae of the
vertebral column extending from C-2 to S-1.27>2
These ligaments can undergo uni- or bilateral hypertro-
phy, calcification, or ossification.*® Ossification of the
ligamentum flavum is an acquired degenerative disease
that was first described by Polgar®® in 1920 on lateral ra-
diograms. It occurs through endochondral ossification of
hypertrophied fibrous tissue within the ligaments.
Ossification of the ligamentum flavum is a rela-
tively rare disease, and there are insufficient controlled
epidemiological data in the literature. Ossification of the
ligamentum flavum is reported to affect 20% of Asians
older than 65 years of age.® Although OLF has been
reported as endemic to Japan, reports from outside of
this endemic area—North Africa,>>!* the Middle East,’
India,'*1>4 Caribbean,** Europe,*"!0-32:333543 and North
America?027314484 __have been increasingly reported in
the literature. However, the Japanese population remains
the largest population affected, with 88.8% of the reports
of OLF in the literature based on Japanese patients, and
Caucasians are the second-most common, comprising
8.2% of the reports.?’
The low thoracic spine is the most common location

THE ligamentum flava are broad paired spinal liga-

Abbreviations used in this paper: CLF = calcification of the liga-
mentum flavum; DISH = diffuse idiopathic skeletal hyperostosis;
OLF = ossification of the ligamentum flavum; OPLL = ossification
of the posterior longitudinal ligament; PTH = parathyroid hormone.
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ossified ligamentum flavam
cervical stenosis

ossified yellow ligament

of OLF, T9-12 being the most affected region.!02%343849.52
The predominance of OLF in the low thoracic spine is
thought to be associated with the transitional segment
between the end of the rib cage and the thoracolumbar
junction resulting in increased motion, degeneration, and
microtrauma to the ligamentum flava.!” In a study by Guo
et al.,'® 1736 Chinese patients underwent MR imaging of
the spinal axis to screen for OLF. In patients with OLF,
the lesions were located in the cervical region in 4.3%,
the thoracic region in 95.6% (52.2% had disease T9-12),
and the lumbar region in 0.1%.1° The authors also found
that 15% of patients had noncontiguous OLF lesions and
recommended thorough screening prior to treatment.

Case Report

History. This 45-year-old Hispanic woman had a
5-year history of idiopathic hypercalcemia, chronic kid-
ney disease, and nephrolithiasis after left urethral stent-
ing. She presented with a progressive 1.5-year history of
neck pain and left arm weakness and numbness. She also
complained of gait instability and apraxia of the hands.
She had no history of trauma. On presentation to the
emergency department, her serum creatinine (3.2 mg/dl)
and calcium (15.2 mg/dl) levels were elevated above base-
line (1.9-2.2 mg/dl and 11-12 mg/dl, respectively), and
her serum glomerular filtration rate (15 ml/minute) was
lower than her baseline (28 ml/minute).



Examination. On examination we observed a well-
nourished Hispanic woman with no apparent distress. Her
neck was supple with mild tenderness along the cervical
spine and cervicothoracic junction of the column. Neu-
rologically, she exhibited muscle weakness (Grade 4-/5)
and sensory deficit of the left upper and lower extremities
with long tract findings on the left as well. The right upper
and lower extremities were normal.

Admission CT scanning (Fig. 1) and MR imaging
(Fig. 2) revealed hypertrophy and ossification of the liga-
mentum flavum, bilaterally, from C-2 to T-3, resulting in
severe C3—7 canal stenosis with severe cord compression.
The anteroposterior diameter of the canal at C-5 mea-
sured approximately 4.2 mm. The dura mater was also
calcified at the same levels mentioned above. There was
no subluxation, neural foraminal narrowing, or vertebral
joint hypertrophy. We found no evidence of DISH, OPLL,
and other ligamentous pathologies or ectopic bone forma-
tions.

Operation. The patient was diagnosed with idiopath-
ic hypercalcemia, likely due to increased gastrointestinal
tract absorption of calcium. Her renal function improved
with aggressive hydration and cinacalcet (Sensipar, Am-
gen Inc). Once her medication levels were optimized,
she was brought to the operating room. Anesthesia was
induced following fiberoptic intubation, the patient was
placed in the Mayfield head holder, and somatosensory
and motor evoked potentials were established at baseline,
intraoperatively, and postoperatively. Instrumentation was
applied from C-2 to C-7. A C2-7 laminectomy was then
performed using a high-speed drill, a forward-angled cu-
rette, and a Kerrison rongeur. A markedly hypertrophic,
partly ossified ligamentum flavum was then encountered.
Resection was performed in piecemeal fashion at C7-T1
with rongeurs until the dura could be appreciated. Blunt
dissection was conducted (Fig. 3 and Video 1).

VipEo 1. Intraoperative video recorded using the operative
microscope. Cranial is the left lower portion of the screen and
caudal in right upper portion of the screen. The ossified part of
the ligamentum flavum is removed with a combination of blunt
and sharp dissection. A curette is used to identify the plane lat-
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erally. Metzenbaum scissors are then used to sharply amputate
the ossified ligamentum flavum, which is then reflected cranial-
ly and dissected away from the dura with blunt dissection using
a No. 4 Penfield instrument. Click here to view with Windows
Media Player. Click here to view with Quicktime.

We observed several areas of OLF that were indistinguish-
able from underlying calcified dura (Fig. 4). A small du-
rotomy was repaired in primary fashion with muscle patch
and fibrin glue after we failed to reapproximate the cal-
cified dura with suture. Once a generous decompression
was achieved from C-2 through T-1 and confirmed at each
level by direct palpation with a Woodson device, the instru-
mentation was extended to T-2 caudally and the construct
was then completed with titanium rods and cross-link con-
nectors. Finally, we applied graft material that included
local and iliac crest nonstructural autograft, nonstructural
allograft, and an internal bone growth stimulator. Both
somatosensory and motor evoked potentials were stable
throughout the surgery. The patient was transferred to the
neurosurgical intensive care unit in stable condition.

Postoperative Course. The patient experienced com-
plete resolution of her neck pain, weakness, and numb-
ness of the left upper extremity. Cervical CT scanning
revealed a wide and adequate decompression of the spi-
nal cord, especially at C5—6. On her discharge on postop-
erative Day 7, motor examination revealed no weakness;
Grade 5/5 strength in all muscle groups; and no upper
motor signs. At the 1-month follow-up visit, the patient re-
ported significant improvement in her mobility, gait, and
left-hand clumsiness.

Pathological review of the tissue submitted was incon-
clusive. Calcification and crystalline deposits were identi-
fied, but the composition of the crystals could not be elu-
cidated as the specimen was placed in formalin. Nodules
of giant cells and granulomatous reaction were also seen.

Discussion
Ossification of the Ligamentum Flavum

The ligamentum flava are broad paired spinal liga-

Fic. 1. A: Axial CT scan at the level of the C-6 neural foramen demonstrating significant posteromedial compression, extend-

ing toward the left nerve root.
flava extending from C2-T3.

B and C: Sagittal CT scans demonstrating the contiguous nature of the ossified ligamentum
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Ossification of the ligamentum flavum

Fie. 2. Upper: Axial CT scan of the cervical spine demonstrating
significant cord compression.  Lower: Sagittal MR image again dem-
onstrating the extent of spinal cord compression. Despite the extent of
compression, there is no intramedullary hyperintense signal.

ments that connect the adjacent laminae of the vertebral
column extending from C-2 to S-1.%2752 Each pair attaches
to the anteroinferior surface of the superior lamina and
the posterosuperior surface of the inferior lamina.*# The
ligamentum flavum originates bilaterally at the articular
processes on either side of the nerve roots and extends
posteriorly along the lamina to midline.” At the midline,
the ligamentum flavum is partially fused with the contra-
lateral side.® It is composed of longitudinal elastic con-
nective tissue.?” The ligamentum flavum functions as an
elastic band aiding the spinal column in resuming neutral
position after flexion and extension motion.>*
Ossification of the ligamentum flavum is character-
ized by replacement of the structure by ectopic bone for-
mation through endochondral ossification.’**>2 It is an
enthesopathy in which the normal fibrous structure of the
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Fie. 3. Intraoperative photograph of the removal of ossified liga-
mentum flavum (LF) bilaterally. The laminectomy has already been
performed and the ossified ligamentum flava are being removed from
inferior to superior in a stripping manor using blunt and sharp dissection
techniques. D = dura; | = inferior; S = superior.

ligamentum flavum is lost and replaced by hypertrophied
fibrous tissue, rich in fibrocartilaginous cells, that has
an increased affinity for calcium deposition and serves
as promoter for chondrometaplasia.?? Ossification results
from progressive replacement of the hypertrophied liga-
mentum flavum by lamellar bone through endochondral
ossification of the vascularized fibrocartilaginous tissue
starting at the densely adherent ligamentous-osseous
junction (enthesis) then extending along the ventral as-
pect of the ligament.?? Histological studies have found os-
sification along the yellow ligaments, fewer elastic fibers,
and more fibrocartilaginous cells, premature osteons, and
osteoblasts.#” Heterotopic ossification occurs by fibro-
blast proliferation, followed by chondroblast formation in
which the chondroblasts transform into osteoblasts.** In a
study by Zhong et al.,> cultured OLF cells were shown to
express osteocalcin (a maker of osteoblasts) and collagen
Type I (a marker for chondrocytes), confirming that OLF
cells have osteoblast and chondrocyte phenotypes.*
Ossification of the ligamentum flavum has been di-

. L
Fic. 4. Intraoperative photograph of the removal of ossified ligamen-
tum flavum. In some places the ossified ligamentum flavum was adher-
ent to the dura, and a dissection plane could not be identified. CD =
calcified dura.



vided into 5 types based on extent/location of the ossifi-
cation.? The lateral type, Type 1, is located only laterally
at the origin of the ligamentum flavum at the articular
processes.? The extended type, Type 11, extends from the
lateral origin of the ligamentum flavum to the interlami-
nar portion of the ligamentum flavum.” The enlarged
type, Type III, protrudes into the canal posterolaterally
but is not fused in the midline.” The fused type, Type
IV, consists of bilateral ossified ligaments that are fused
at the midline with a groove at the fusion in midline.?
Type V, the tuberous type, occurs when the fused ossified
ligamentum flavum forms a “tuberous” mass posteriorly
in the midline, which protrudes into the spinal canal.?

Computed tomography and MR imaging are the im-
aging modalities of choice. Radiography generally lacks
the sensitivity to identify OLF. Computed tomography,
with the use of bone windows, produces the most accu-
rate information regarding location, size, and extent of
the disease. Ossification of the ligamentum flavum begins
laterally at the facet capsule and grows medially, as previ-
ously discussed. This process results in the V-shaped ap-
pearance of calcification on axial CT scans.* This is also
the reason that the calcification is best identified on sagit-
tal CT scans. Additionally, CT is useful in determining
whether the dura is involved in OLF. Muthukumar?® de-
fined two reliable signs on CT scans that demarcate dural
involvement in OLF: the tram track sign and the comma
sign. The tram track sign is a hyperdense bony excres-
cence with a hypodense center.?’ The comma sign is 0s-
sification of one-half of the circumference of the dura.?
This is important to identify preoperatively because this
may change the approach/manner of the laminectomy and
decompression. Magnetic resonance imaging is useful in
demonstrating the extent of spinal cord compression and
identifying underlying spinal cord injury (the high signal
intensity on T2-weighted images) and the compressive le-
sion.*

Calcification of the ligamentum flavum is often con-
fused with OLF. Histologically, CLF is composed of de-
generated ligamentum flavum and with calcified gran-
ules consisting of calcium pyrophosphate dihydrate and
hydroxyapatite, whereas OLF contains ectopic bone pro-
duced through endochondral ossification.!®*® An additional
difference is that CLF often affects women in the cervical
spine, whereas OLF is more predominant in men in the
thoracic and lumbar distributions.’® Radiographically, CLF
reportedly involves only one interlaminar segment and is
not contiguous with or only partially in contact with the
laminae, which is most readily distinguished on sagittal
CT scanning.® Ultimately, the distinction between OLF
and CLF is based on the pathological specimen.

Management

Ossification of the ligamentum flavum presents most
often as a myeloradiculopathy. Patients usually present
first with sensory deficits, followed by limb weakness,
and later gait disturbance.***> Lateral OLF lesions have
been associated, although rarely, with radiculopathy due
to nerve root compression.’** As previously mentioned,
OLF often can occur in a noncontiguous manner. We ad-
vise, prior to surgical intervention, a thorough screening
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of the spinal axis and confirmation that the clinical symp-
toms match the location of disease.

To date there are no pharmacological therapies for
OLF. At best, management of the underlying cause may
slow progression of the disease. The majority of these
patients, however, do not come to medical attention un-
til they are symptomatic. Once myelopathy develops, the
only treatment option is surgical decompression.

The literature has described laminoplasty, laminec-
tomy, and laminectomy with fusion as surgical options.
Li et al.?? performed decompressive surgery in 40 pa-
tients for thoracic OLF. They compared laminoplasty to
laminectomy with fusion. They did not undertake lami-
nectomy as a stand-alone procedure due to the reports
of late-onset kyphosis.?? They performed 4 laminoplasty
procedures: symptoms in 1 patient improved (25%) and
symptoms in 3 patients (75%) were unchanged or worse
(and 2 of these 3 patients developed late-onset kyphosis).
In the laminectomy and fusion group, 83% of the patients
had a “good or fair” outcome and symptoms in 17% were
unchanged or worse. The authors concluded that lamino-
plasty yielded an insufficient decompression, and hence
the poor result, was associated with kyphotic deformity,
and was technically difficult given the adherence of the
OLF to the dura.?? They found decompressive laminecto-
my and fusion to be the superior surgical management.?
This procedure allows aggressive, wide decompression
and limits motion and thus microtrauma, which some
postulate may be the source of the OLF.?

Of note, an ossified ligamentum flavum can be very
adherent to the dura, with rates in the literature ranging
from 11% to 62%.?° Specifically, the enlarged, fused, and
tuberous types are associated with a high incidence of du-
ral ossification.?’ The benefit of complete resection of the
ossified ligamentum flavum and involved dura, compared
with decompression leaving a portion of ossified dura,
has not been described in the literature. While complete
resection in OLF, including the involved dura, is ideal,
wound healing and CSF leakage can pose a substantial
problem even with a dural graft, tissue glue, and possible
lumbar drainage.”

Different laminectomy techniques have been posed
to address the adherent dura: an en bloc approach, a “sep-
arating” laminectomy, and microsurgical drilling. The en
bloc laminectomy is performed in a standard fashion by
drilling through the lamina bilaterally and then removing
the bone in a lobster-tail manner.>? The separating lami-
nectomy involves removing the spinous process, drilling
the midline down to the dura, and bilateral drilling of the
mid-facet joint in an attempt to remove the ossified mass,
medial to lateral.?? Finally, complete resection of the lam-
ina and ossified ligamentum flavum through microsurgi-
cal drilling has also been advocated.?

The only factor associated with poor neurological
outcome is the presence preoperatively of an intramed-
ullary hyperintense signal on MR imaging.* Dural os-
sification has been associated with a complicated hospital
course including higher rates of CSF leakage and menin-
gitis, but no effect on long-term neurological function has
been reported.” Factors associated with good outcomes
included a short duration of mild clinical symptoms,!-#
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single-level disease,?' and unilateral lesions.?! Complica-
tions noted in the literature include paralysis, likely due
to spinal cord manipulation in adherent, stenotic cases;
epidural hematoma; CSF leakage; and delayed kypho-

SiS.25’49’51

Metabolic Associations

The cause of OLF remains unclear, despite its iden-
tification 90 years ago. It has been described in associa-
tion with hyperostotic syndromes including OPLL, DISH,
and ankylosing spondylosis.?®-?’43 It has been thought to be
linked to metabolic derangements including diabetes mel-
litus, hyperinsulinism, impaired glucose tolerance, obesity,
Paget disease, hemochromatosis, fluorosis, X-linked hy-
pophosphatemia, and hypoparathyroidism.'>+2"447 Addi-
tionally, mechanical stress, trauma, and genetics have been
suggested as contributing factors associated with OLF.?

A number of factors in our case are unique: the patient
is a young, Hispanic female with idiopathic hypercalce-
mia and OLF in nearly the entire cervical spine, extend-
ing from C3-T2. Wang et al.#’ studied the calcium level
in ligamentum flavum in normal patients, those with de-
generative disease, and those with ossified disease. They
found statistically significant higher levels of calcium in
the ligamentum flavum in patients with OLF and degen-
erative disease compared with normal patients. Interest-
ingly, they also evaluated the serum levels of calcium in
the same 3 patient groups and found no difference.*’ Vi-
tamin D-resistant rickets has also been associated with
OLF. Patients with this disorder, however, have low serum
phosphate and slightly lower serum calcium levels.*

Our patient suffered from chronic kidney disease sec-
ondary to idiopathic hypercalcemia; the cause of chronic
kidney disease in this case was 2-fold. She had previously
suffered from kidney stones requiring placement of ure-
teral stents. Additionally, she had intrinsic renal failure
demonstrated by elevated serum creatinine and decreased
glomerular filtration rate. Renal insufficiency secondary
to hypercalcemia can be to the result of different mecha-
nisms including arteriolar vasoconstriction, alterations
in glomerular permeability, nephrocalcinosis, and neph-
rolithiasis.?® Parathyroid hormone has an interesting ef-
fect on bone formation. It regulates the serum calcium
levels indirectly by stimulating osteoclasts. When given
in continuous manner, PTH causes bone resorption and
an increase in serum calcium, but when administered in
an intermittent fashion, it causes bone formation and a
decrease in serum calcium.” Additionally, PTH-related
protein modulates proliferation and differentiation of
chondrocytes and subsequently endochondral bone for-
mation.** Both PTH and PTH-related protein have been
suggested as possible links to ossification of spinal liga-
ments.

Hyperinsulinemia is another metabolic abnormality
associated with ectopic bone formation within the spinal
ligaments, specifically in OPLL.* Specifically, noninsu-
lin-dependent diabetes mellitus has a higher incidence of
OPLL and DISH compared with insulin-dependent diabe-
tes. This difference is thought to be secondary to the high-
er levels of circulating insulin in patients with NIDDM.*
The suggested roles insulin plays in hyperostosis include
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stimulating intestinal calcium absorption® and stimulating
the proliferation of bone morphogenic protein—2-induced
osteogenic differentiation.® Insulin-like growth factor—I
is upregulated in NIDDM as well as acromegaly and has
been linked to increased bone mineral density.'>

As previously noted, OLF is seen in association
with other hyperostotic syndromes such as OPLL. In a
review by Guo et al.!' 13 studies of tandem OPLL and
OLF were reviewed. They found that 53% of the patients
had thoracic OPLL and thoracic OLF, 23% of which were
at the same level. Despite OPLL commonly occurring in
the cervical spine, tandem cervical OPLL and cervical
OLF only occurred in 1.4% of the patients. The remain-
ing 45.6% had noncontiguous lesions—OPLL and OLF in
different spinal regions.

Kawaguchi et al.'” demonstrated that growth factors
play a significant role in hyperostosis of the spinal liga-
ments. They performed immunohistochemical analysis
on surgically obtained posterior longitudinal ligament
during decompression surgery for OPLL. They found
bone morphogenic protein—2 and transforming growth
factor-f3 at the site of ligamentous ossification, but not in
normal ligament obtained in the same patient,"” indicat-
ing these growth factors play an essential role in ossifica-
tion of the spinal ligaments. The upregulation of these
elements within the OLF (as well as in OPLL)® suggests a
role of inflammation in the development of this condition
and may serve as a target for future medical therapies in
halting its progression.

Conclusions

Ossification of the ligamentum flavum is a well-es-
tablished disease entity, but there is much to be learned
about the underlying mechanism. We present a case of
a young, Hispanic female with idiopathic hypercalcemia
and OLF from C2-T3.
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Management of ossification of the posterior longitudinal
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The management of thoracic ossification of the posterior longitudinal ligament has been studied by many spinal
surgeons. Indications for operative intervention include progressive radiculopathy, myelopathy, and neurological
deterioration. The ideal surgery for decompression remains highly debatable as various methods of surgical treatment
of ossification of the posterior longitudinal ligament have been devised. Although numerous modifications to the 3
main approaches have been identified (anterior, posterior, or lateral), the indication for each depends on the nature of
compression, the morphology of the lesion, the level of the compression, the structural alignment of the spine, and the
neurological status of the patient. The authors discuss treatment techniques for thoracic ossification of the posterior
longitudinal ligament, cite case examples from a single institution, and review the literature.
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KeEy WorDs  »
thoracic myelopathy «

is an epidemiological event that often affects the

cervical spine. Tsukimoto’? was the first to de-
scribe OPLL of the cervical spine in 1960. However, the
condition may involve the thoracic spine and produce
myelopathy through anterior spinal cord compression.!
Ossification of the posterior longitudinal ligament is rare-
ly seen in patients until the third decade of life." This
disease process is most commonly seen in the Japanese
population."” The prevalence of thoracic OPLL seen in a
Japanese community has been reported to be 0.8%, com-
pared with 3.2% seen for cervical OPLL.!"*?? The inci-
dence of cases of OPLL of the thoracic spine with clinical
symptoms is lower than that of the cervical spine.* Ac-
cording to Epstein,? 70% of OPLL is found in the cervi-
cal spine, 15% in the upper thoracic spine, and 15% in
the proximal lumbar spine.'? Ossification of the posterior
longitudinal ligament in the thoracic spine usually occurs
in the upper- and midthoracic spines of women who are
older than 40 years of age.?

Symptoms are the result of stenosis that is usually
progressive and unaffected by conservative manage-
ment.!'>1633 Surgery is the only effective treatment op-
tion.!> For patients with thoracic myelopathy, the most
effective method of treatment is relieving pressure off the
spinal cord and removing the OPLL.+1030313441 Although

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: JOA = Japanese Orthopaedic
Association; OLF = ossification of the ligamentum flavum; OPLL =
ossification of the posterior longitudinal ligament.
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ossification of the posterior longitudinal ligament ¢
thoracic spine

surgical outcome of thoracic OPLL compares unfavor-
ably with that of cervical OPLL, early intervention is im-
perative.?-3¢ A review of the literature, limited to the Eng-
lish language, was performed for surgical management of
thoracic OPLL and is summarized in Table 1.

Anatomical Considerations

There are multiple classification schemes in the litera-
ture. A classification based on form and morphology in-
cludes a continuous or mixed type with a flat shape (“flat-
type”) and a segmental type with sharp protrusions located
behind the disc spaces (“beak-type”).!S Ossification of the
posterior longitudinal ligament can also be described mor-
phologically as linear, beaked, continuous waveform, con-
tinuous cylindrical, segmental, continuous, or mixed.'>2*
Patterns of ossification can be divided into 4 major sub-
groups as follows: 1) focal ossification at the posterior
margin of the vertebral body; 2) segmental ossification in
which each change does not extend beyond the adjacent
intervertebral disc level; 3) continuous ossification over
multiple levels; and 4) mixed ossification."” Kurosa et al.’®
defined a classification system based on the location of the
OPLL in the sagittal plane as follows: 1) central part of the
S-curve of the cervicothoracic spine (the inflection point
often in the upper thoracic spine where the plane shifts
from cervical lordosis to thoracic kyphosis); 2) just above
the thoracic apex or apical vertebrae; and 3) below the api-
cal vertebrae, typically combined with OLF.

In spinal hyperostosis, OPLL and OLF are the main
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TABLE 1: Literature review of surgical treatment for thoracic OPLL*

J. McClendon Jr. et al.

Authors & Year

Disease & Surgical Procedure (no. of patients)

present study 2010 OPLL

pst decomp & fusion (2)
Matsuyama et al., 2005 flat-type OPLL

ant decomp & fusion (1)

ant decomp via pst approach (3);

laminoplasty (3)

beak-type OPLL

ant decomp & fusion (2)

ant decomp via pst approach (6)

laminoplasty (6)

Takahata et al., 2008  OPLL

circumferential decomp via pst approach (30)

Park et al., 2008 OPLL
thoracic (5)
Min et al., 2008 OPLL

ant decomp w/ discectomy (3)
ant decomp w/ partial corpectomy (9)
ant decomp w/ corpectomy (5)

ant decomp w/ discectomy & partial corpectomy (2)

Matsumoto et al., 2008 linear-type OPLL
laminectomy (5)
ant decomp via pst approach (3)
beaked-type OPLL
laminectomy (8)
laminoplasty (16)
ant decomp via ant approach (12)
ant decomp via pst approach (5)

circumferential decomp via combined ant & pst fusion (2)

sternum splitting approach (2)
continuous waveform OPLL

laminectomy (9)

laminoplasty (19)

ant decomp via ant approach (4)

ant decomp via pst approach (12)

circumferential decomp via combined ant & pst fusion (2)

continuous cylindrical OPLL
laminectomy (7)
laminoplasty (11)
ant decomp via ant approach (2)
ant decomp via pst approach (6)
mixed-type OPLL
laminectomy (7)
laminoplasty (5)
ant decomp via ant approach (7)
ant decomp via pst approach (3)

circumferential decomp via combined ant & pst fusion (4)

sternotomy approach (3)

Kawahara et al., 2008 pst decomp w/ dekyphosis stabilization (4)

circumferential decompression via initial pst decomp w/ dekyphosis stabilization followed by ant interbody (11)

causes of compressive myelopathy. In the thoracic spine,
OPLL and OLF can compress the spinal cord anteriorly
and posteriorly, respectively, or they may fuse to circum-
ferentially compress the spinal cord on all sides.?> Unlike

2

(continued)

OPLL in the cervical spine, thoracic myelopathy due to
ligament ossification may be overlooked, misdiagnosed,
or treated inappropriately.*® Thoracic myelopathy is not
as common as cervical myelopathy.!#0
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Management of thoracic OPLL

TABLE 1: Literature review of surgical treatment for thoracic OPLL* (continued)

Authors & Year Disease & Surgical Procedure (no. of patients)

Aizawa et al., 2007 OPLL
laminectomy (15)
laminectomy w/ fusion (2)
ant decomp via diagonal ant/pst approach (2)
ant decomp via pst approach (2)
OPLL, OLF
laminectomy (9)
ant decomp via pst approach (1)
Hanai et al., 2002 OPLL
transthoracic approach for ant decomp & fusion, occasional use of the scapula-releasing approach (10)
thoracoabdominal approach for ant decomp & fusion (2)
Yang et al., 2010 OPLL
pst decomp & ant decomp via posterolat approach
Fujimura et al., 1997 OPLL
ant decomp via manubrium splitting approach (2)
ant decomp via extrapleural approach (30)
combined (1)
Yamazaki et al., 2010  OPLL
pst decomp w/ fusion (24)
Min et al., 2007 segmental-type OPLL
partial corpectomy (6)
discectomy (3)
partial corpectomy w/ discectomy (2)
corpectomy (3)
continuous-type OPLL
partial corpectomy (3)
corpectomy (2)
mixed-type OPLL
partial corpectomy (1)
Tokuhashi et al., 2006  OPLL
pst decomp (5)
pst decomp w/ fusion (11)
pst decomp w/ fusion via posterolat approach (4)
ant decomp w/ fusion (2)
Yonenobu et al., 1987  OPLL
pst decomp (12)
pst decomp then ant decomp (4)
pst decomp then pst decomp (3)
ant decomp (5)
ant decomp then pst decomp (2)

Tomita et al., 1990 OPLL & OLF
circumspinal decomp (10)
Tsuzuki et al., 2001 OPLL
extensive cervicothoracic laminoplastic decomp (3)
extensive cervicothoracic laminoplastic decomp, pst longitudinal durotomy (5)
extensive cervicothoracic laminoplastic decomp, pst longitudinal durotomy root release w/ total laminofacetectomy, antero-
lat dural release (4)
extensive cervicothoracic laminoplastic decomp, pst longitudinal durotomy root release w/ total laminofacetectomy, antero-
lat dural release, & OPLL excision or ant transfer, & posterolat fusion (5)

(continued)

Radiographic evaluation consists of the location and in the cervical spine or the ligamentum flavum. Signs of
extent of OPLL, the type of OPLL, signs of dural pen- dural penetration are based on their morphology in rela-
etration, the degree of compression, the presence of cord tion to the OPLL. Signs of dural ossification include 2 CT
signal change, and the presence of “tandem ossification” findings represented as the “single-layer sign,” consisting
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TABLE 1: Literature review of surgical treatment for thoracic OPLL* (continued)

Authors & Year

Disease & Surgical Procedure (no. of patients)

Kurosa et al., 1996 OPLL, central part of S-curve
laminectomy (3)
laminoplasty (6)
circumferential decomp (1)

ant decomp & floating (1)

ant decomp & floating via manubrium splitting approach (1)

OPLL, just above apical vertebra
ant decomp via thoracotomy (9)
laminectomy (1)
laminoplasty (1)

OPLL, combined w/ ossification of ligamentum flavum below apical vertebra

ant decomp via pst approach (3)
laminectomy (1)

Kojima et al., 1994 OPLL
transthoracic anterolat approach (2)
transsternal approach (1)

Ohtani et al., 1982 OPLL

ant decomp including partial vertebrectomy (4)

ant decomp & subtotal vertebrectomy via manubrium splitting approach (1)

*

ant = anterior; decomp = decompression; pst = posterior.

of a single homogeneous ossified, focal, uniformly hyper-
dense OPLL mass, and the “double-layer sign,” character-
ized by anterior and posterior hyperdense ossified rims
separated by a centrally hypertrophied, hypodense non-
ossified posterior longitudinal ligament (more specific for
absent dura).”!® Min et al.!® found no statistically signifi-
cant difference between the double- and single-layer sign
group regarding the frequency of dural penetration. Dural
defects were present in 60% of patients with a double-
layer sign, and in 50% of patients with a single-layer sign.

During evaluation, spinal surgeons perform a detailed
history and physical examination. Patients may present
with symptoms of lower-extremity numbness, lower-ex-
tremity weakness, ambulatory difficulty/gait disturbance,
thoracic radiculopathy, urinary retention, bladder and/
or bowel incontinence, or myelopathy. Patients may also
complain of continuous chest wall or vague back pain.
Diagnostic imaging often consists of plain films, myelog-
raphy, CT scanning, and/or MR imaging. Stenosis can be
identified by CT myelography or MR imaging. Computed
tomography is helpful to identify the extent of ossifica-
tion of the ligaments. Surgical outcomes may be assessed
using the JOA score for thoracic myelopathy (total of 11
points), which is derived from the JOA scoring system for
cervical myelopathy minus the motor and sensory scores
for the upper extremity.”” This scoring system is shown
in Table 2. Intraoperative neuromonitoring should be a
mainstay of perioperative management.

Items studied during initial evaluation consist of the
morphology of the thoracic OPLL, the level of the ossi-
fied lesions, the level of maximum ossification, presence
of tandem ossification, intramedullary hyperintensity on
T2-weighted MR imaging, and the kyphotic angle of the
involved thoracic vertebrae. Tandem ossification is impor-
tant to recognize in patients with myelopathy who plan to

4

undergo surgical intervention for OPLL.>* Tandem ossi-
fication refers to ossification of other spinal ligaments—
cervical OPLL or OLF. Park et al.” reviewed 68 cases of
cervical OPLL and found a frequency of tandem lesions in
23 patients (33.8%)—5 with thoracic OPLL. Patients with
symptomatic cervical OPLL frequently had tandem ossi-
fication at the upper and mid thoracic spine.”® Aizawa et
al.! reviewed a subset of a larger group of 132 patients with
thoracic myelopathy. There were 21 patients with OPLL
and 10 patients with combined ossification of ligamentum
flavum and OPLL. It is often the case that there is ossifica-
tion of ligamentum flavum with thoracic OPLL.?3%’

The vascular supply to the thoracic spine is important
for the spinal surgeon treating pathology in this region.
The midthoracic region is supplied mainly by a single
thoracic radicular branch (often from T-7) that is poorly
collateralized, making this region more susceptible to the
effect of hypotension.® The upper thoracic spinal cord is
nourished by the blood supply from the cervical vertebral
artery and the lumbar artery of Adamkiewicz. There is
a concern that since the thoracic cord is in a relative wa-
tershed zone of the spinal circulation, the thoracic cord
may not recover as well as the cervical cord, even after
sufficient decompression.! Because of the combination of
reduced vascularity and larger occupancy of the spinal
canal, the thoracic cord may be subjected more to severe
damage by compressive entities.!-26-34

Advantages and Disadvantages With Indications
and Limitations of Various Surgical Approaches

Surgical decompression is the treatment of choice in
cases of compressive myelopathy.! The surgical manage-
ment of thoracic OPLL consists of a multitude of options:
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Management of thoracic OPLL

TABLE 2: Evaluation of thoracic myelopathy*

Point
Function Scale

motor in lower extremity

unable to stand up & walk 0

unable to walk w/o a cane or other support on a level sur- 1

face
walks independently on a level surface, but needs support 2
on stairs

capable of fast walking but clumsy 3

normal 4
sensory in lower extremity

apparent sensory loss 0

minimal sensory loss 1

normal 2
sensory in trunk

apparent sensory loss 0

minimal sensory loss 1

normal 2
bladder

urinary retention &/or incontinence 0

sense of retention &/or dribbling &/or thin stream 1

urinary retardation &/or pollakiuria 2

normal 3

total 11

* Based on the JOA scoring system.

posterior decompressive laminectomy, posterior decom-
pressive laminectomy with fusion, anterior decompression
through an anterior or lateral approach, anterior decom-
pression through a posterior approach, posterior decom-
pression with fusion followed by anterior or lateral de-
Compression, and laminoplasty‘l,3,4,6.8,9,12,16,20.21,25,28—31,34,36,40
Many studies have highlighted the various approaches,
but no protocol, paradigm, or definite standard has been
identified.>3¢

The optimal objective of surgery for OPLL of the
thoracic spine is to completely decompress the spinal
cord.* Although posterior decompression with or without
fusion has been reported frequently, the advances in sur-
gical techniques have allowed the possibility of anterior
decompression at all levels of the thoracic spine. Further-
more, laminectomy without fusion is often avoided due
to risk of worsening neurological status due to the physi-
ological kyphosis of the thoracic spine, and the thoracic
spinal cord at the site of compression may be vulnerable
to damage from minor trauma due to relative avasculari-
ty. Although the thoracic spine is anchored to the rib cage,
posterior segmental instrumentation stabilizes the spine
and prevents worsening kyphosis after decompression for
thoracic OPLL.162%333638 Tt {5 thought that posterior sta-
bilization reduces the compressive forces of the OPLL
plaque on the spinal cord.!"'¢ It also allows for stabiliza-
tion during anterior decompression.!!

Anterior decompression for OPLL of the thoracic

Neurosurg Focus / Volume 30 / March 2011

spine may be accomplished via an anterior (manubrium
splitting), posterior (transpedicular, costotransversec-
tomy, or lateral extracavitary), or lateral approach (tho-
racotomy). The transthoracic extrapleural or transpleural
approaches can successfully approach the anterior col-
umn via a lateral approach. The combined anterior and
posterior approach is an option for treatment of OPLL.
Circumferential decompression improves neurological
function more efficiently than posterior decompressive
laminectomy alone.?’* However, this is technically more
sophisticated than a posterior decompression.

Matsumoto et al.> conducted a multiinstitutional
retrospective study involving 34 institutions in which de-
tailed analysis of a survey was performed on patients who
underwent surgery for thoracic OPLL. Analysis revealed
the following: linear-type OPLL was most frequently
treated by laminectomy; beak-type by laminoplasty and
anterior decompression and fusion by an anterior ap-
proach; continuous waveform type and the continuous
cylindrical type by laminoplasty; and mixed type by lam-
inectomy and anterior decompression and fusion through
an anterior approach.'’> When the procedures selected for
different levels of maximum ossification were assessed,
laminoplasty was conducted in 50% of all patients with
maximum ossification at the level of T1-4; laminectomy,
laminoplasty, and anterior decompression and fusion via
anterior approach were conducted at almost the same
frequency in patients with maximum ossification at the
level of T5-8; and laminectomy was conducted in 52% of
all the patients with maximum ossification at the level of
T9-12. There was no statistically significant difference in
the surgical outcomes among patients treated by different
surgical methods.!> Kurosa et al.’ thought that that pos-
terior or anterior decompression for the S-curve location
OPLL is effective; an anterior approach regardless of the
kyphosis is effective for the above apical vertebra OPLL;
and a transthoracic anterior decompression is the best for
the below apical vertebra OPLL.

Min et al.”” reviewed 19 patients who underwent an-
terior decompression for thoracic OPLL and found a sig-
nificant percentage did not improve clinically and that the
nature of the procedure is fraught with a high complication
rate (42.1% overall). Results of surgery from thoracic OPLL
causing myelopathy are not as satisfactory compared with
those for cervical OPLL.2°40 Reported rates of postopera-
tive neurological deterioration in patients undergoing ante-
rior decompression range from 2.7% to 18.8% 4131736

Surgical complications can range from early to late.
The most important perioperative complications noted by
spine surgeons include neurological deterioration, infec-
tion, epidural hematoma, and CSF leak. Other complica-
tions can result that are similar for all surgical procedures.
The true etiology of early neurological deterioration has
not been fully elucidated.

Laminectomy and Laminoplasty

Posterior decompression of the spinal cord in the tho-
racic spine can be achieved by laminectomy with or with-
out fusion or laminoplasty. Favorable surgical outcomes
can be seen with laminoplasty for lesions with maximum
ossification at the upper thoracic spine.”® The use of instru-
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mentation should be considered with posterior decompres-
sion for thoracic OPLL in the middle and lower thoracic
spine.”® This is due to the presence of physiological kypho-
sis in the thoracic spine, which can lead to unfavorable out-
comes for decompression alone. The spinal cord will have
limited shift backward with decompression alone due to
the kyphosis in the thoracic spine.! The spinal cord is more
vulnerable at the site of compression due to the relative
avascularity of the thoracic spine by being in a watershed
zone of spinal circulation.'®!” Adherence of an ossified liga-
ment to the ventral aspect of the dura makes direct removal
difficult and risks spinal cord injury during decompression
maneuvers.*?’ Yamazaki et al.® reported a case of post-
operative paraparesis after laminectomy that was reversed
after posterior instrumented segmental fusion for a case
of thoracic myelopathy due to combined OPLL and OLF.
The Cobb angle was unchanged between preoperative and
postoperative studies.

Tokuhashi et al.* described measuring the ossifica-
tion-kyphosis angle in the thoracic spine as a predictor
to neurological outcome. This represents the angle of
kyphosis from the posterosuperior margin at the cranial
vertebral body of the decompression site, and from the
posteroinferior margin of the caudal vertebral body of
the decompression site to the prominence of the maxi-
mum OPLL.? There were no patients with postoperative
deleterious paralysis with echo-free space seen between
the OPLL mass and the spinal cord on intraoperative ul-
trasonography.?? The ossification-kyphosis angle most
reflected the presence of echo-free space on ultrasonog-
raphy.?® A 23° ossification kyphosis angle is thought to be
the critical point for presence of echo-free space and ef-
fective posterior decompression. Thus, if the ossification-
kyphosis angle is more than 23° on the sagittal view of
an MR image, surgical options should be explored other
than posterior decompression alone.?® In the 4 patients
with posterior decompression, the ossification-kyphosis
angle progressed by an average of 4.0°, and in the 11 pa-
tients with posterior decompression with fusion, the ossi-
fication-kyphosis angle changed by an average of 0.04°.%

Yamazaki et al.¥” performed intraoperative ultraso-
nography in 24 patients treated with decompression and
fusion showed no subarachnoid space between the OPLL
and the cord. Although there was persistent impingement
of the spinal cord from the anterior direction after decom-
pression, all patients showed neurological recovery after
surgical treatment.’’” Posterior instrumented fusion has
some positive effect on myelopathy after laminectomy for
thoracic OPLL.* Also, posterior instrumented fusion and
suppression of spinal column mobility was more powerful
than correction of kyphosis for producing neurological re-
covery after posterior decompression and fusion.’’

Tsuzuki et al.** evaluated the extent of posterior shift
of the spinal cord after extensive cervicothoracic lamino-
plastic decompression. If patients were without OPLL-spi-
nal cord separation (signifying lack of anterior decompres-
sion of the spinal cord from the OPLL), additional proce-
dures including posterior longitudinal durotomy and others
to eliminate the axial inhibiting factors were performed.
Complication after cervical decompressive laminoplasty
included loss of range of motion of the cervical spine by
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10%-30% in all patients.>* Although CSF leakage was not-
ed to be self-limiting in this series, it took a minimum of 3
months to resolve.>*

Cervicothoracic or Sternotomy Approach

The spinal curvature at the cervicothoracic junction is
usually lordotic or only slightly kyphotic, thereby making
laminoplasty and posterior decompression of the spinal
cord relatively safe.!’> However, anterior approaches to the
cervicothoracic junction have been described in detail.?
It is believed that the transsternal approach is success-
ful to access lesions at the upper 3 thoracic vertebrae.'?
Ohtani et al.?° thought that an anterior approach to the
upper thoracic spine through partial median sternotomy
and dividing the manubrium is effective and allows for
direct decompression of OPLL.

Transthoracic Approach

Anterior approaches to the middle and lower thoracic
spine can be performed thorough transpleural or trans-
thoracic extrapleural dissection. However, these anterior
decompression approaches have a relatively high rate of
postoperative complications.!3*¢ Anticipation of dural
ossification and dural penetration by the OPLL mass is
important in avoiding CSF leakage and accidental dam-
age to the spinal cord or nerve roots in planning anterior
procedures to treat this condition.!® Kojima et al.!? thought
that the transthoracic anterolateral approach is effective
for extensive OPLL involving more than 2 thoracic verte-
bral bodies below T-4. Ohtani et al.?® agreed that an an-
terior approach through thoracotomy for pathology below
T-4 is optimal. Anterior decompression is ideal for spi-
nal cord recovery to treat thoracic myelopathy caused by
OPLL on the concave side of the spine.!! It is the optimal
procedure for the best chance of recovery from thoracic
myelopathy.+!0:11:30314 However, anterior decompression
and interbody fusion through thoracotomy was less than
satisfactory when performed as rescue surgery in patients
with thoracic OPLL whose myelopathy worsened after
laminectomy.?"-

Many authors advocate a circumspinal approach for
complete decompression. However, there is always the
potential that removal of the OPLL off the anterior cord
might result in spinal cord injury during surgery. Exten-
sive involvement of the thoracic spine with OPLL and
consideration of circumferential decompression should
be closely analyzed by the spine surgeon. Involvement of
the dura mater in OPLL is an important issue as leakage
of CSF through the resected portion of the dura is a com-
mon complication encountered during surgery. Tomita et
al.3! described staged circumspinal decompression con-
sisting of a posterior or lateral decompression followed
by anterior decompression via thoracotomy for middle or
lower thoracic spine. They recommended drilling a deep
gutter bilaterally into the vertebral body after extended
laminectomy from a posterior approach, followed by
thoracotomy for anterior decompression which features
partial vertebrectomy, removal of OPLL, and anterior in-
terbody fusion. Kawahara et al.!' highlighted 13 of 15 pa-
tients who underwent a 2-staged posterior decompression
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and stabilization followed by the anterior decompression
via thoracotomy and interbody fusion.

Lateral Extracavitary, Costotransversectomy, and
Transpedicular Approaches

Removal of the OPLL may be the most effective
method of relieving pressure off the spinal cord in patients
with thoracic myelopathy caused by OPLL.*!%* Factors
affecting surgical outcome from an anterior approach in
the thoracic spine include the following: duration and se-
verity of myelopathy; extent of anterior decompression;
combined procedure for cervical OPLL and/or ossified
ligamentum flavum; and type of OPLL.' The use of the
anterior decompression via a posterior corridor includes
the transpedicular, costotransversectomy, and lateral ex-
tracavitary approaches. Tomita et al.>! advocated the use
of a posterior decompression via extensive laminectomy
followed by costotransversectomy for upper thoracic
spine. Takahata et al.”” performed a retrospective analy-
sis in patients receiving circumferential decompression
through a posterior approach for thoracic OPLL between
1992 and 2003. Surgical complications included dural
tear, deep infection, and postoperative neurological dete-
rioration. Further analysis demonstrated that more than 5
levels for circumferential decompression was associated
with unfavorable surgical outcomes.?” At final follow-up,
20 of 30 patients recovered or had improved ambulatory
function with or without assistive devices.”” Matsuyama
et al.'® reviewed 21 patients (10 men and 11 women; mean
age 54 years) with thoracic OPLL who underwent surgi-
cal treatment between 1985 and 2000. They found a lower
mean operative time and blood loss in patients who re-
ceived anterior decompression via a posterior approach
compared with anterior decompression with fusion for
both flat-type and beak-type OPLL.!°

Fie. 1. A: Preoperative T2-weighted sagittal MR image of the thoracic spine demonstrating stenosis of the spinal cord by

Minimally Invasive Approaches (Direct Lateral Interbody
Fusion, Minimally Invasive Posterior Decompression With
or Without Fusion)

Some authors have tried to prevent postoperative or
postlaminectomy kyphosis by laminoplasty or fusion an-
chored by segmental instrumentation.'®?* Posterior decom-
pression without fusion or anterior decompression from a
posterior approach without posterior fusion increases risk
of kyphotic deformity. These procedures do not address
the OPLL plaque. Minimally invasive posterior decom-
pression with or without fusion preserves the posterior ten-
sion band. In addition, recent advances in technology have
allowed for the direct lateral approach to be used in the
lower thoracic spine.

Case Illustrations

Institutional review board approval was obtained to
review all patients undergoing operative intervention for
thoracic myelopathy caused by OPLL.

Case 1

This 60-year-old woman had a history of stroke, dia-
betes mellitus, and hypertension and presented with bilat-
eral lower-extremity weakness and ambulatory difficulty.
She had been transferred from an outside facility to our
institution for formal evaluation. On examination, she had
evidence of bilateral lower-extremity weakness and upgo-
ing toes. The patient had trouble with ambulation, includ-
ing a fall, thought to be caused by myelopathy. The patient
also complained of mild back pain without a radicular
component. Magnetic resonance imaging revealed multi-
level areas of central stenosis with evidence of cord signal
change. Computed tomography scanning demonstrated
multiple levels of OPLL involving the upper and midtho-

OPLL. B: Preoperative sagittal CT scan of the thoracic spine demonstrating areas of spinal cord compression by calcified
masses representing OPLL.  C: Postoperative anteroposterior plain radiograph demonstrating posterior segmental instrumen-
tation following surgical decompression. D: Postoperative lateral plain radiograph depicting segmental instrumentation and
decompression for OPLL. E: Postoperative 14 x 36-in anteroposterior plain radiograph demonstrating postsurgical instru-
mentation. The entire cervical, thoracic, and lumbar spines can be seen in this study. F: Postoperative 14 x 36-in lateral plain
radiograph depicting postoperative segmental instrumentation for thoracic OPLL.
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racic spine. The patient was taken to the operating room
for T3-9 laminectomy with T2-10 posterior spinal fusion
and segmental instrumentation. Postoperatively, the pa-
tient did well and maintained stable strength in her lower
extremities. The patient was discharged to a rehabilitation
center in stable condition 9 days postoperatively (Fig. 1).

Case 2

This 43-year-old woman presented with ambulatory
difficulty, back pain, and numbness in her thighs and legs.
Additionally, she had evidence of bladder and bowel incon-
tinence. On examination, she had proximal lower-extremi-
ty weakness and decreased sensation to light touch and pin
prick in the T-11 to L-1 distributions. Magnetic resonance
imaging revealed compression of the cord at the upper,
middle, and lower thoracic levels with cord signal change.
Computed tomography demonstrated that stenosis was re-
lated to OPLL at multiple levels. The decision was made
to take the patient to the operation room as her symptoms
were getting progressively worse. The patient underwent
T2-10 decompressive laminectomies with T2—11 posterior
spinal fusion and segmental instrumentation in 2 stages.
The patient was sent to a rehabilitation facility in stable
condition. She required an inferior vena cava filter for de-
velopment of deep venous thrombosis (Fig. 2).

Conclusions

Thoracic OPLL can present radiographically with
complex morphology. The safety of the spinal cord should
be at the forefront in deciding the surgical approach for
decompression. The ultimate goal provides a subarach-
noid space around the spinal cord at the level of OPLL
and improvement in the patient’s neurological condition.
Although there is much debate regarding the approach
for decompression, ultimately, each case is different. Re-
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Fie. 2. A: Preoperative sagittal T2-weighted MR image of the thoracic spine demonstrating multiple areas of cord compres-
sion.  B: Preoperative noncontrast sagittal CT scan of the thoracic spine showing extensive thoracic cord compression caused
by OPLL. C: Postoperative anteroposterior plain radiograph showing extensive segmental instrumentation following posterior
decompression and fusion. D: Postoperative lateral radiograph depicting decompression and segmental instrumentation for
treatment of OPLL.  E: Postoperative 14 x 36-in anteroposterior plain radiograph demonstrating segmental posterior instrumen-
tation. The cervical, thoracic, and lumbar spines can be appreciated in this particular study.

gardless of whether an anterior or posterior approach is
performed, the main goals every spinal surgeon attempts
to achieve are adequate decompression and maintenance
or restoration of stabilization in the hopes of improving
long-term neurological outcome.
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100. In Situ Placement of High-Dose rhBMP-2 within Spine
Tumors Slows Tumor Growth and Decreases Onset to Paralysis
in a Rat Model of Metastatic Breast Cancer

Camilo A. Molina BA; Rachel Sarabia-Estrada DVM, PhD (Johns
Hopkins University School of Medicine); Guergana Panayotova
BS; Antonio Aguilera BA; Ziya L. Gokaslan MD (Johns Hopkins
University); Jean-Paul Wolinksy MD; Ali Bydon MD (Johns
Hopkins Hospital); Daniel M. Sciubba BS, MD (Johns Hopkins
University)

Introduction: Recombinant human bone morphogenic proteins
(thBMPs) are FDA-approved for specific spinal fusion procedures,
but use is contraindicated in spine tumor resection beds due to
unclear interaction between tumor tissue and such growth factors.
Interestingly, a number of studies suggest that BMPs may slow
growth of adenocarcinomas in vitro, and adenocarcinomas represent
the majority of histopathologies found in bony spine tumors. In this
study, we hypothesized that high concentration thBMP-2 placed in
an intraosseous spine tumor rat model could show tumor suppression
and prolong onset to paralysis in such animals.

Methods: 21 female nude athymic rats were randomized into
three groups. Group 1 (n=7) underwent transperitoneal exposure
and implantation of breast adenocarcinoma (CRL-1666) into the L6
lumbar spine segment, followed by implantation of 15 micrograms
of thBMP-2. Group 2 (n=7) underwent exposure and tumor implan-
tation on the lumbar spine, but no local treatment with thBMP-2.
Group 3 (n=7) solely underwent exposure of the lumbar spine. The
Basso-Beattie-Bresnahan (BBB) scale was used to monitor daily
motor function regression and time to paresis (BBB score< 7).

Results: No animals in Group 1 were paretic by day 15 (median
BBB score of 20, p=<0.0027). All animals in Group 2 were paretic
by day 15 (median BBB score of 0, p=0.0024) with a mean time to
paresis (xSD) of 13.5+1.4 days. Time to paresis was significantly
different between Group 1 and Group 2 (p<0.001). Group 3 (con-
trol) exhibited no neurological motor deficit. Gross and microscopic
tumor volume was also significantly (p<0.048) different between
Groups 1 and 2.

Conclusion: This study shows that high-dose administration of
local thBMP-2 in a rat spine tumor model of breast cancer not only
fails to stimulate local tumor growth, but also decreases local tumor
growth and onset of paresis in animals. This is the first preclinical
experiment showing that local placement of rhBMP-2 in a spine
tumor bed may slow tumor progression and delay associated neu-
rological decline.
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101. The Effect of Surgery on Health Related Quality of Life
and Functional Outcome in Patients with Metastatic Epidural
Spinal Cord Compression: Initial Results of the AOSpine North
America Prospective Multicenter Study

Michael G. Fehlings MD, PhD, FRCSC, FACS (Toronto Western
Hospital); Branko Kopjar MD; Alexander R. Vaccaro MD; Paul
M. Arnold MD; Charles Fisher MD; Ziya L. Gokaslan MD (Johns
Hopkins University); James M. Schuster MD; Mark B. Dekutoski
MD (The Mayo Clinic); Joel Finkelstein MD (Sunnybrook Health
Sciences Center); Laurence D. Rhines MD (UT-MD Anderson
Cancer Center)

Introduction: Metastatic epidural spinal cord compression
(MESCC) is common and recent studies have provided evidence
that in selected patients combined surgery and radiotherapy provides
the optimal neurological recovery. However, patients with MESCC
have relatively short life-expectancy and face numerous challenges.
Hence, the impact of surgery on improving quality of life outcomes
in the setting of MESCC is less clear.

Methods: 72 surgical patients were enrolled in a prospective
multi-center, cohort study involving 8 sites in North America.
Outcomes were assessed using the pain assessments, ASIA scale,
SE-36v2, and EQ-5D.

Results: Average age was 58 years (SD 11), 65% were males.
Common primary sites were lungs (32%), prostate (15%), breast
(11%), and kidney (11%). The baseline EQSD was .38; SF36PCS
32; SF36MCS 39, VAS Pain 6.1; ASIA Impairment grade at base-
line was 35% (E), 45% (D), 14% (C), 3% (B) and 3% (A). Median
survival was 157 days; 93% survived one month; 62% survived 3
months, 41% survived 9 months, 32% survived 12 months. Among
the surviving patients, the average improvement at 3 month was
for 23 for EQ5D (P< .001), 26 for ODI (P < .001) , 2.6 for VAS
Pain (P < 05). Also, there was a significant improvement in ASIA
Impairment grade (P < .05). There was no significant change in
SF36 PCS and MCS. The gains in EQ5D, ODI and VAS Pain were
maintained in patients who survived 6 months.

Conclusion: Surgically treated patients with MESCC have poor
survival. Among the surviving patients, the surgical treatment is
associated with improvement in symptoms and functional outcomes.
However, this does not translate into significant gains in overall
health related quality of life. Individuals with less than three month
life expectancy may be less than ideal candidates for surgical inter-
vention. Further follow-up and a larger sample size in this ongoing
study will help to identify subgroups of patients who may benefit
from the surgical intervention.
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102. Survival of Patients with Malignant Primary Osseous
Spinal Neoplasms from the Surveillance, Epidemiology, and End
Results (SEER) Database from 1973-2005

Kaisorn L. Chaichana MD (Johns Hopkins Hospital); Scott
Parker; Owoicho Adogwa BS, MPH; Debraj Mukherjee MD; Oran
Aaronson MD (Vanderbilt University Medical Center); Joseph S.
Cheng MD, MS (Vanderbilt University Medical Center); Ziya L.
Gokaslan MD (Johns Hopkins University); Matthew McGirt MD
(Vanderbilt University Medical Center)

Introduction: Malignant primary osseous spinal neoplasms are
aggressive tumors which remain associated with poor outcomes. To
date, prognosis is based upon small single center series. In order to
assess national trends in histology-specific survival, we reviewed
survival data spanning 30 years from the surveillance, epidemiology,
and end results (SEER) registry.

Methods: The SEER registry (1973-2003) was queried to iden-
tify primary spinal chordoma, chondrosarcoma, osteosarcoma, or
Ewing’s sarcoma via ICD-O-2 coding. Survival was assessed via
Cox proportional-hazards regression analysis.

Results: 1,892 patients were identified with primary osseous spi-
nal neoplasms (414 chordoma, 579 chondrosarcoma, 430 osteosar-
coma, 469 Ewing’s sarcoma). Chordomas presented in older (59+17,
p<0.01) and Ewing’s Sarcoma in younger (19+11, p<0.01) patients
versus other tumors. The incidence of each tumor type remained
similar per decade. African Americans comprised a significantly
greater proportion of osteosarcoma than other tumors (9.6 vs. 3.5%,
p<0.01). Mobile spine versus sacrum was more often location for
chordomas than other tumors (47% vs. 23%, p<0.05). Osteosarcoma
and Ewing’s Sarcoma were 3-fold more likely to present with
metastasis (31% vs. 8%). Surgical resection was performed more
frequently for chordoma (88%) and chondrosarcoma (88%) than
osteosarcoma (61%) and Ewing’s (53%). Median survival was his-
tology specific (Osteosarcoma: 11mo, Ewing’s: 26mo, chondrosar-
coma: 37mo; chordoma: 50mo) Survival was worse in patients with
metastasis at presentation, Figurel, but unaffected by site (mobile
spine versus sacrum/pelvis)Figure2. More recent year of diagnosis
was associated with greater utilization of surgery (OR1.23, p<0.001)
and improved survival for isolated spinal Ewing’s sarcoma (HR,
0.95, p=0.001), chondrosarcoma (HR, 0.98, p=0.009), and chordoma
(HR, 0.98, p=0.10) but was not associated with increased utilization
of surgery (OR, 1.01, p=0.43) or survival for osteosarcoma, Figure3.

Conclusion: In our analysis of a 30-year U.S. population based
cancer registry (SEER), we provide nationally representative progno-
sis and survival data for malignant primary spinal osseous neoplasm.
Use of surgery and overall survival has improved for isolated spine
tumors with advancements in care over the past four decades. These
results may be helpful in providing historical controls for understand-
ing the efficacy of new treatment paradigms patient education and
guiding level of aggressiveness in treatment strategies.

103. Electrical Stimulation Enhances Axon and Nerve
Regeneration

Rajiv Midha MD (University of Calgary); Bhagat Singh; Qing
Gui Xu; Colin Franz; Colin Dalton; Tessa Gordon; Doug Zochodne

Introduction: Axon regeneration after peripheral nerve injury is
delayed and incomplete. Brief low frequency electrical stimulation
(ES) applied immediately after injury is known to improve axonal
regeneration. With these findings, we aimed to explore several new
features of this interesting property.

Methods: We examined early axon and Schwann cell (SC) out-
growth beyond transection sciatic nerve injuries in mice comparing
sham ES to brief ES (3V, 20Hz, and pulse width 0.1 ms for 1 hr)
delivered only at the time of injury. In a second approach to examine
early axon outgrowth, an identical protocol was examined using
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harvested adult rat sensory neurons in vitro stimulated over a novel
microelectrode array construct.

Results: We identified accelerated outgrowth beyond the repair
site of both axons and SCs following ES. These early benefits
translated into an ongoing impact of ES on regeneration. There was
enhanced myelinated axon repopulation by 21 days across transec-
tion sites, with higher numbers of retrogradely labelled motor neu-
rons regenerating their axons. In thy-1 GFP mice with fluorescent
peripheral axons, we confirmed the early impact on outgrowth and
identified earlier arrival of GFP cutaneous axons in peripheral sen-
sory targets. This was strongly correlated with more rapid recovery
of mechanical and thermal sensation in the foot and of compound
muscle action potentials beyond the injury site. The in vitro para-
digm identified robust immediate rises in neurite initiation of the
stimulated neurons and improved outgrowth as compared to control
conditions.

Conclusion: These data support the robust role of brief ES follow-
ing peripheral nerve trunk injuries in promoting axon initiation and
outgrowth after transection, in axon maturation and in repopulation
of targets. This is a wider repertoire of impact than previously known
and its replication in vitro supports the hypothesis that a neuron spe-
cific reprogrammed injury response is recruited by the ES protocol.

104. Efficacy and Active Ingredients in an Epidural Analgesic
Paste after Lumbar Decompression: A Prospective Randomized
Double-Blind Controlled Trial

Roberto Jose Diaz MD, BSc (Foothills Medical Centre); S.
Terence Myles (Alberta Childrens Hospital); R. John Hurlbert MD,
PhD, FACS, FRCS(C) (Department of Clinical Neurosciences,
Foothills Hospital)

Introduction: The purpose of this study was to evaluate the
efficacy and active components of a previously described epidural
analgesic paste in controlling post-operative pain and facilitating
early discharge from hospital after lumbar decompressive surgery.

Methods: A prospective randomized double-blind controlled trial
was conducted. Two-hundred and one patients were randomized to
one of four analgesic epidural pastes at the time of lumbar spinal
surgery: combo paste (morphine + methylprednisolone), steroid
paste (methylprednisolone alone), morphine paste (morphine alone),
and placebo. The primary outcome measures used were narcotic and
non-narcotic use and McGill Pain Questionnaire (MPQ). Secondary
outcome measures were: modified ASIA score, SF-36, time to ambu-
lation and discharge from hospital.

Results: Administration of combo and steroid paste, but not mor-
phine paste resulted in a statistically significant reduction in mean
PRI and PPI components of the MPQ in the first 3 days after surgery.
Narcotic analgesic consumption was reduced on post-operative day
1 in the combo paste and steroid paste groups. No difference in time
to ambulation or discharge, general health perception, ABPI scores,
or neurological recovery was observed.

Conclusion: We have demonstrated the efficacy of epidural
analgesic paste containing methylprednisolone acetate to produce a
robust post-operative analgesic effect. This paste should be consid-
ered for use in patients undergoing routine lumbar decompressive

surgery.

105. Radiographic Same-Level Recurrent Disc Herniation After
Lumbar Discectomy: Prospective Longitudinal Study With
Two-Year Follow-Up

Scott Parker; Richard L. Lebow MD (Vanderbilt University
Medical Center); Owoicho Adogwa BS, MPH; Scott Parker;
Adrija Sharma PhD (Vanderbilt University); Oran Aaronson MD
(Vanderbilt University Medical Center); Joseph S. Cheng MD,
MS (Vanderbilt University Medical Center); Matthew McGirt MD
(Vanderbilt University Medical Center)

Introduction: To date, the incidence of radiographic same-level
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recurrent disc herniation has not been studied prospectively with
sequential imaging. Furthermore, the clinical relevance of radio-
graphic recurrent disc herniation on MRI after discectomy remains
unknown, particularly in patients without symptoms or with poorly
localized pain after surgery. We previously reported factors associ-
ated with symptomatic same-level recurrent disc herniation from this
cohort. In a post-hoc analysis, we set out to determine the incidence
of asymptomatic same-level recurrent disc herniation and assess their
effect on two-year outcome.

Methods: One hundred and eight patients undergoing lumbar
discectomy for a single-level herniated disc at five institutions were
prospectively followed for two years. CT and MRI of the lumbar
spine were obtained every three months to assess re-herniation and
disc height loss. Leg and back pain visual analogue scale (VAS),
Oswestry Disability Index (ODI), and quality of life (SF-36 physical
component) were assessed 3, 6, 12, and 24 months after surgery.

Results: No patients demonstrated residual disc on post-operative
MRI. By two years after discectomy, 25 (23.1%) patients had dem-
onstrated radiographic evidence of recurrent disc herniation at the
level of prior discectomy (mean 11.8 + 8.3 months after surgery),
the majority of which were asymptomatic [14 (13%)] patients. The
occurrence of asymptomatic re-herniation was not associated with
disc height loss or any outcome measure (VAS, ODI, SF-36) by two
years.

Conclusion: In a prospective cohort study with serial imaging,
nearly one-fourth of patients undergoing lumbar discectomy dem-
onstrated radiographic abnormality suggestive of recurrent disc
herniation at the level of prior surgery, the majority of which were
asymptomatic. Asymptomatic disc herniation was not associated
with clinical consequences by two years. Clinically silent recurrent
disc herniation is not uncommon after lumbar discectomy. When
obtaining MRI evaluation within the first two years of discectomy,
providers should expect that radiographic evidence of re-herniation
may be encountered and that treatment should only be considered
when correlating radicular symptoms exist.

106. Cost Effectiveness of Multilevel Hemilaminectomy for
Lumbar Stenosis Associated Radiculopathy

Erin Fulchiero BS; Brandon J. Davis MD, PhD (Vanderbilt
University Hospital); Owoicho Adogwa BS, MPH; Oran Aaronson
MD (Vanderbilt University Medical Center); Joseph S. Cheng MD,
MS (Vanderbilt University Medical Center); Clint Devin MD;
Matthew McGirt MD (Vanderbilt University Medical Center)

Introduction: Laminectomy for lumbar stenosis associated radicu-
lopathy is associated with improvement in pain, disability, and qual-
ity of life. However, given rising healthcare costs, attention has been
turned to question the cost-effectiveness of lumbar decompressive
procedures. The cost-effectiveness of multilevel hemi-laminectomy
for radiculopathy remains unclear. We set out to assess the compre-
hensive medical and societal costs of multi-level laminectomy at our
institution and determine its cost-effectiveness in the treatment of
degenerative lumbar stenosis.

Methods: Fifty-four consecutive patients undergoing multilevel
hemi-laminectomy for lumbar stenosis associated radiculopathy after
6 months of conservative therapy were included. Over a two-year
period, total back-related medical resource utilization, missed work,
and improvement in pain (VAS-LP), disability (Oswestry Disability
Index (ODI), quality of life (SF-12), and health-state values [quality
adjusted life years (QALYSs), calculated from EQ-5D with U.S. valu-
ation] were assessed. Two-year resource use was multiplied by unit
costs based on Medicare national allowable payment amounts (direct
cost) and patient and care-giver work-day losses were multiplied by
the self-reported gross-of-tax wage rate (indirect cost). Mean total
two-year cost per QALY gained after TLIF was assessed.

Results: Compared to pre-operative health states reported after at
least 6 months of medical management, a significant improvement
in VAS-BP, ODI, and SF-12 (physical and mental components) was
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observed two years after laminectomy, with a mean two-year gain of
0.72 QALYs, Figure 1. Mean +SD total two-year cost of multilevel
hemilaminectomy was $23.477 +9.912 (Surgery cost: $10,220 +100;
Outpatient resource utilization cost: $2,805 +1,958; Indirect cost:
$10,452 +9,364). Multilevel hemilaminectomy was associated with
a mean two-year cost per QALY gained of $32,606.

Conclusion: Multilevel hemilaminectomy improved pain, dis-
ability, and quality of life in patients with lumbar stenosis-associated
radiculoapthy. Total cost per QALY gained with multi-level lami-
nectomy was $32,606 when evaluated two years after surgery with
Medicare fees, suggesting that multilevel hemilaminectomy is a cost
effective treatment of lumbar radiculopathy.

107. Provocative Discography Screening Improves Surgical
Outcome

Petra Margetic MD (Clinical Hospital “Sisters of Mercy” Clinic of
Traumatology Zagreb); Marin F. Stancic MD

Introduction: The objective of the study was comparison of
surgical outcomes of patients operated on without discography and
patients that underwent discography.

Methods: Study was designed as a randomized controlled trial.
According to power analysis study comprised 310 patients divided
in the experimental (No=207) and the control (No=103) group.
Inclusion criteria were low back pain resistant to the nonsurgical
treatment for more than 6 months and conventional radiological
findings showing degenerative changes without clear generator
of the pain. Exclusion criteria were red flags. Before discography
patients filled in Oswestry Disability Index (ODI), SFPF36, Zung
and MSPGQ Questioners. At 1-year follow-up examination patients
filled in ODI, SFPF36, Likert scale which analyzing satisfaction with
procedure and answer to the question would he/she repeat discogra-
phy if it would be necessary.

Results: With independent t-test group without discography
preoperative had ODI P 0.002 between patients with DDD and
other generator of the pain while the postoperative had P 0.433.
Preoperative SFPF had P 0.001 but postoperative P were 0.360.
VAS preoperative had P 0.953 and postoperative 0.003. In a group
with discography ODI and SFPF preoperative and postoperative had
P<0.001. VAS preoperative had P 0.306 and postoperative <0.001.
With dependent t-test in both groups with/without discography ODI,
SFPF and VAS preoperative and postoperative had P <0.001.

Conclusion: DDD treated surgically without discography didn’t
reach clinically significant improvement of 15 ODI points as recom-
mended by FDA for the patients treated with fusion. Provocative
discography screening with psychological testing in the trial group
made improvement following fusion clinically significant. For other
degenerative generators of the pain discography didn’t prove useful
diagnostic tool. As there were no post discography spondilodiscitis
and patients are willing to repeat procedure if it would be neces-
sary, our results suggest discography use in preoperative workout of
patients with DDD.

108. The Impact of Surgeon Professional Fees to the National
Cost of Healthcare

Camilo A. Molina BA; Ziya L. Gokaslan MD (Johns Hopkins
University); Timothy F. Witham MD, BS (Johns Hopkins Hospital);
Ali Bydon MD (Johns Hopkins Hospital); Jean-Paul Wolinsky MD
(Johns Hopkins University); Daniel M. Sciubba BS, MD (Johns
Hopkins University)

Introduction: With the increased attention given to the large
amount of national funds supporting health care in the United States,
there have been significant changes in the reimbursement system for
surgical procedures by the federal government. In efforts to decrease
overall spending, individual surgeons have seen yearly reimburse-
ment cuts. In this study, we reviewed the charges and reimburse-
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ments at a major academic institution for lumbar laminectomy and
compared the amounts reimbursed to the hospital and to the surgeon.

Methods: The reimbursement schedule of an academic spine
surgeon was collected over twelve months for lumbar laminectomy
procedures. Bills and collections by the hospital and professional fees
of the surgeon were obtained for comparative analysis.

Results: During a twelve-month period, patients underwent a
lumbar laminectomy involving on average 3 levels and stayed in the
hospital on average 2.3 days. Complications were uncommon (13%).
Average professional-fee billing for the surgeon was $8,200.00 and
collection was $1,647.79 (24% for private and 18% for Medicare/
Medicaid insurance). Average hospital billing for the inpatient hos-
pital stay minus professional fees from the surgeon was $19,348 and
average collection on such bills was $17,758 (92% for Private and
89% for Medicare/Medicaid insurance). Percentage of total costs for
such procedures that was allocated to surgeon reimbursement was
12% for private and 7% for Medicare/Medicaid insurance.

Conclusion: Current strategies for containing rising health care
costs include decreasing physician reimbursement; unfortunately,
overall health care costs continue to rise. Based on this analysis, the
proportion of overall costs allocated to professional fees for surgical
procedures is small, while those allocated to hospital costs, which
includes hospital stay, drugs, implants, imaging, and rehabilita-
tion, etc., are far greater. Findings suggest that the current focus on
decreasing physician reimbursement as the principal cost saving
strategy will lead to minimal reimbursement for surgeons without
substantial drop in the overall cost of national healthcare.

109. Effect of Patient Pain Expectations and Preoperative SF-36
Mental Component Summary Scores on Clinical Outcomes
Following Anterior Cervical Discectomy and Fusion

Frances A. Carr BA; Theresa Hernandez; Kyle M. Healy; Ewell
Lee Nelson MD; Alexander Mason MD; Sigita Burneikiene MD;
Alan T. Villavicencio MD

Introduction: The primary purpose of this study was to analyze if
preoperative patient expectations and SF-36 MCS scores have any
effect on clinical outcomes.

Methods: A prospective clinical study was performed. This study
included 79 (38 males, 41 females) patients who underwent one- to
three-level ACDF surgery. Preoperatively, patients were asked to
rate their expected pain after surgery and complete VAS neck/arm
(0-10), NDI and SF-36 PCS/MCS scales. Patients were divided into
two groups for the expectation analyses: complete resolution of pain
(n=44) and some pain expected (n=35) postoperatively. The above
clinical parameters and patient satisfaction with results scores were
measured postoperatively. The mean follow up was 38.8 months
(range, 7-59).

Results: Overall, all postoperative measures depicted significant
improvement (Table 1). Patient demographics and clinical param-
eters were comparable preoperatively between the expectation
groups (Table 2, 3). Controlling for respective preoperative scores,
patients who expected no pain reported lower postoperative neck/
arm pain (p<0.02), higher SF-36 MCS (p=0.04) and higher satis-
faction with results (p=0.007) scores, although no significant dif-
ferences were detected in postoperative NDI or SF-36 PCS scores
compared with patients that expected some pain. Furthermore,
controlling for respective preoperative scores, higher preoperative
SF-36 MCS scores significantly predicted lower postoperative neck
pain (p=0.003) and NDI (p=0.004) scores, and higher postopera-
tive SF-36 PCS (p=0.002), SF-36 MCS (p=0.001) and satisfaction
(p=0.03) scores.

Conclusion: Patients who expected no pain postoperatively
reported better postoperative scores on the more subjective outcome
measures (VAS arm and neck, satisfaction with results), as well as
the SF-36 mental component score. Patients with higher preoperative
mental component scores had better clinical outcomes (VAS neck,
NDI, SF-36 PCS/MCS, satisfaction with results). The results sug-
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gest that optimism in patients’ expectations as well as other potential
psychological factors predict improved clinical outcomes and patient
satisfaction.

110. Factors Associated with the Occurrence of Perioperative
Complications in the Treatment of Cervical Spondylotic My—
elopathy Based on 302 Patients from the AOSpine North
America Cervical Spondylotic Myelopathy Study

Justin S. Smith MD, PhD (University of Virginia Health System);
Christopher I. Shaffrey MD, FACS (University of Virginia); Branko
Kopjar MD; Paul M. Arnold MD; Sangwook Yoon MD (Emory
Orthopedic); Alexander R. Vaccaro MD; Darrel S. Brodke MD;
Michael Janssen MD; Jens Chapman MD; Rick Sasso MD; Eric J.
Woodard MD (New England Baptist Hospital); Robert J. Banco MD;
Eric M. Massicotte (Toronto Western Hospital); Mark Dekutowski;
Ziya L. Gokaslan MD (Johns Hopkins University); Christopher
Bono MD; Michael G. Fehlings MD, PhD, FRCSC, FACS (Toronto
Western Hospital)

Introduction: Surgery is often warranted for cervical spondylotic
myelopathy (CSM). Our objective was to assess for clinical and sur-
gical factors associated with the occurrence of complications in the
surgical treatment of CSM based on a prospective multicenter study.

Methods: The AOSpine North America CSM study is a recently
completed prospective multicenter study of patients surgically
treated for CSM. Rates of perioperative complications (within 30
days of surgery) were assessed and stratified based on clinical and
surgical factors.

Results: 302 patients were enrolled (mean age: 57 years, range:
29-86). Of 332 reported adverse events, 73 were adjudicated to be
complications, including 25 major (8%) and 48 minor (16%). Of
patients treated with anterior-only (n=176), posterior-only (n=107),
and combined anterior-posterior procedures (n=19), 11%, 19%,
and 37%, respectively, had one or more complications (p=0.008).
Procedures including a posterior approach had a significantly
higher rate of infection (6.3% vs 0.6%, p=0.005). Dysphagia was
significantly more common with anterior-only (2.3%) or combined
anterior-posterior (21.1%) procedures, compared with posterior-only
procedures (0.9%, p<0.001). C5 radiculopathy/palsy was not sig-
nificantly associated with surgical approach (p=0.8). Occurrence of
complications was significantly associated with increased operative
time (p<0.001), increased blood loss (p<0.001), and inclusion of a
fusion (p=0.01), but not with age (p=0.9), body-mass index (BMI,
p=0.7), smoking (p=0.3), prior surgery (p=0.09), or number of oper-
ated vertebrae (p=0.9).

Conclusion: For the surgical treatment of CSM, operative factors,
including surgical approach, operative time and blood loss, have
stronger associations with the occurrence of perioperative complica-
tions than do patient factors, such as age, BMI, and smoking.

111. Comparative Economic Analysis of Ventral versus Dorsal
Surgery for Cervical Spondylotic Myelopathy

Andrew Becker; Robert Gray Whitmore MD (Hospital of the
University of Pennsylvania); Susan Christopher RN; Jill Curran MS;
Benjamin Baskin; Zoher Ghogawala MD (Greenwich Neurosurgery)

Introduction: The objective of this study was to determine the
optimal surgical approach (ventral versus dorsal) for patients with
3-4 levels of stenosis resulting in cervical spondylotic myelopathy
(CSM).

Methods: A prospective, non-randomized, 8-center trial was con-
ducted. Patients aged 40-79 years with 3-4 levels of degenerative cervical
spondylosis resulting in CSM were enrolled. Four outcome assessments
(SF-36, Oswestry Neck Disability Index (NDI), mJOA, EuroQol-5D)
were obtained pre-operatively and post-operatively at 6 months and 1
year. A hospital-based economic analysis used costs derived from total
hospital charges and year-specific cost-to-charge ratios.
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Results: This study enrolled fifty-six patients (mean age — 62
years; gender — 57% male). Ventral decompression and fusion (VF)
was performed on twenty-five patients, dorsal laminectomy with
fusion (DF) on twenty-four, and dorsal laminectomy without fusion
(L) on nine. One-year follow-up data was available on 73% of the
cohort. Baseline demographics and outcome assessments were com-
parable at baseline. DF patients had significantly longer lengths of
stay than VF (4.4 days versus 3.1 days, P=0.03). VF patients showed
significant 1-year improvements for each of the four outcome mea-
sures and DF patients showed significant improvement in the mJOA.
VF patients showed larger 1-year improvements than DF in 3 of the
4 assessments (Figure 1). Thirteen VF, seventeen DF, and five L
patients were included in the cost analysis (Figure 2). VF was clearly
cost-effective when compared to DF.

Conclusion: Of the 3 surgical strategies, ventral decompression with
fusion resulted in the most significant 1-year functional improvement
when treating 3-4 levels of spondylosis. In addition, ventral decompres-
sion with fusion is a cost-effective treatment option for CSM when
compared to dorsal laminectomy both with and without fusion.

112. Functional and Quality of Life Outcomes in Geriatric Patients
with Type II Odontoid Fracture: One-Year Results from the
AOSpine North America Multi-Center GOF Prospective Study

Michael G. Fehlings MD, PhD, FRCSC, FACS (Toronto Western
Hospital); Alexander R. Vaccaro MD; Branko Kopjar MD; Jens
Chapman MD; Christopher I. Shaffrey MD, FACS (University
of Virginia); Paul M. Amold MD; Ziya L. Gokaslan MD (Johns
Hopkins University); Roger Hartl MD (NY Hospital/Cornell Medical
Center); Darrel S. Brodke MD; John France MD; Sangwook Yoon
MD (Emory Orthopedic); Mark B. Dekutoski MD (The Mayo
Clinic); Rick Sasso MD; Christopher Bono MD

Introduction: Odontoid fractures commonly occur in the elderly
and represent a management challenge. It is unclear whether surgery
or conservative management is the best treatment option. Moreover,
there is a paucity of information regarding treatment outcomes.

Methods: We conducted a prospective multi-center cohort study
of subjects > 65 years old with a Type II odontoid fracture at 13 sites
in North America. Patients received nonoperative or surgical treat-
ment at the discretion of the surgical team and were followed for 12
months. Outcomes assessments included the SF36, Neck Disability
Index (NDI) and rates of mortality and complications.

Results: A total of 166 subjects were recruited (average age: 80.7
(SD 7.6); 59.6% females of whom 65.6% were treated operatively
(152% anterior odontoid screw; 76.2% posterior C1- C2 screw fixa-
tion; 6.7% posterior transarticular screw fixation and 1.9% other). A
total of 26 (15.7%) subjects expired and 5 subjects withdrew from the
study. Follow-up was available for 100 (74%) of 135 eligible, surviv-
ing subjects. The baseline NDI was 21.9 (SD 17.0) and SF36v2 PCS
was 41.0 (SD 10.5). At 12 months, the NDI worsened by 7.5 (SD 18.1)
points (P < .001) and SF36v2 PCS declined by 2.3 (SD 10.4) points (P
= 03). There was a significant difference in NDI outcomes between
the surgically and the conservatively treated group. The decline in NDI
among the surgical cases was 4.7 points compared to 13.0 points in the
conservatively treated group (P = 017). There were no differences in
the SF36v2 PCS outcomes between the treatment groups.

Conclusion: In spite of treatment, elderly patients with type II
odontoid fracture experience significant mortality and decline in
functional outcomes at one year follow-up. Our results do suggest
that NDI outcomes may be better in the surgical group, though the
possibility of selection bias needs to be carefully considered.

113. Prospective, Randomized, Multicenter Study of Cervical
Arthroplasty: 269 Patients from the Kineflex/C Metal-on-Metal
Artificial Disc IDE Study with Minimum Two Year Follow-up

Domagoj Coric MD (Carolina Neurosurgery & Spine); Richard
D. Guyer MD; Pierce D. Nunley MD; Charley Gordon MD;
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Thomas Dimmig MD; Cameron Carmody MD; Donna D. Ohnmeiss
Dr.Med.; Margaret Boltes

Introduction: This prospective, randomized, multicenter study
evaluates the safety and efficacy of a new metal-on-metal cTDR
implant (Kineflex/C) by comparing it to ACDF.

Methods: The study was a prospective, randomized FDA IDE
pivotal trial conducted at 21 centers across the US. The primary
clinical outcome measures included the Neck Disability Index (NDI),
visual analog scales (VAS), and a composite measure of clinical
success. Patients were evaluated clinically and radiographically pre-
operatively and at 1.5, 3, 6, 12, and 24 months after surgery.

Results: A total of 269 patients were enrolled and randomly
assigned to either cTDR (n=136) or to ACDF (n=133). The overall
success rate was significantly greater in the cTDR group (74%)
compared to the ACDF group (62%) (p=0.05). In both the cTDR
and ACDF groups, the mean NDI and VAS scores improved signifi-
cantly by 6 weeks after surgery and remained significantly improved
throughout the 24-month follow-up (p<0.001). The range of motion
(ROM) in the ¢cTDR group was significantly greater than the pre-op
at 12- and 24-month follow-up. Adjacent level degeneration was
also evaluated in both groups from pre-op to 2 year follow-up and
classified as: none, mild, moderate or severe. Pre-op, there were no
significant differences between groups when evaluating the different
levels of adjacent level degeneration. However, at 2 year follow-
up, there were significantly more patients in the ACDF group with
severe adjacent level radiographic changes (p<0.01).

Conclusion: Kineflex/C was associated with a significantly great-
er overall success rate compared to fusion while maintaining motion
at the index level. Furthermore, there were a significantly fewer
Kineflex/C patients showing severe adjacent level radiographic
changes at two year follow-up. These results from a prospective, ran-
domized study support that Kineflex/C cTDR is a viable alternative
to ACDF in select patients with cervical radiculopathy.

114. Cervical Disc Replacement: Interim Five-Year Follow-Up
Results from the United States Prospective Randomized Bryan
Clinical Trial

Richard G. Fessler MD (Northwestern University); Rick Sasso
MD; Paul Anderson MD; John Heller MD

Introduction: The purpose of this study is to evaluate the currently
available data at half of a decade to determine their consistency over
time and to assess complications and revision surgeries.

Methods: 463 patients were enrolled and received the study surgi-
cal treatments in a prospective, randomized, controlled, multi-center
study with a 1:1 randomization scheme. No statistical differences
were seen between the groups for demographics and preoperative
measures. As of May 28,2010, 5-year follow-up data were available
for 193/242 (79.8%) of the arthroplasty patients and 159/221 (71.9%)
of the control patients. The study’s primary outcome measure, over-
all success, as well as secondary functional outcome measures (NDI,
SF-36, arm and neck pain scores), were collected at pre-defined time
points out to 60 months postoperatively.

Results: At 60 months: Overall success rate: 160/193 (82.9%)
for the arthroplasty group, 119/159 (74.8%) for the control group,
p=0.043; NDI score: 15.9 arthroplasty, 19.1 control, p=0.020
(Change from preop: -35.6 arthroplasty, -30.2 control, p=0.020);
Neck pain score: 23.8 arthroplasty, 28.8 control, p=0.031 (Change
from preop: -51.3 arthroplasty, -45.2 control, p=0.031); and SF-36
PCS: 47.3 arthroplasty, 44.0 control, p=0.006 (Change from preop:
144 arthroplasty, 11.8 control, p=0.006); Cumulatively up to 60
months: Second surgery at index level: 11 (4.5%) arthroplasty, 11
(5.0%) control; Possibly device-related AEs: 9 (3.7%) arthroplasty,
14 (6.3%) control; Possibly device-related and serious (grade 3 or 4)
AEs: 4 (1.7%) arthroplasty, 9 (4.1%) control.

Conclusion: Excellent results continue out to 5 years in both the
arthroplasty and ACDF groups. Statistically significant differences
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are present for overall success that favor the arthroplasty cohort. The
NDI, SF-36 PCS and neck pain scores also showed improvement in
the arthroplasty group that was statistically significant at 60 months
compared to the control group. Second surgery and adverse events
were very low in both groups with no statistically significant differ-
ences between groups at half a decade postoperatively.

115. Are Closed Suction Drains in Posterior Spinal Surgery ‘“The
Devil’s Highway” for Infection?

James S. Harrop MD; Srinivas K. Prasad MD (Thomas
Jefferson University Hospital); John Kevin Ratliff (Thomas
Jefferson University); Mitchell Gil Maltenfort PhD (Thomas
Jefferson University, Department of Neurological Surgery); Phyllis
Flomenberg; Ashwini Dayal Sharan MD; Alex Vaccaro; Shilpa Rao

Introduction: Surgeons advocate placement of extra-axial subfas-
cial drains after posterior spine surgery to reduce post-operative col-
lections (ie: hematomas). This may potentially decrease neurologic
complications and possibly decrease infectious rates. However, the
potential adverse consequences of increased infection rate due to
foreign body placement have not been determined.

Methods: A retrospective analysis of an infection control pro-
spective database of a single tertiary care surgery population was
performed over a one-year period. Posterior instrumented spinal
fusion procedures were assessed for surgical site infections (SSIs)
and analyzed against case-controls (1:3 ratio). Specifically, the place-
ment of subfascial drains and their duration of placement and how
this correlated was explored.

Results: 1587 fusion procedures were performed during this one-
year period of which 42 posterior instrumented fusions developed
wound site infections (2.6%). Infections were diagnosed a mean of
14.6 +9 days post-procedure and skin flora (Staphylococcus aureus)
was the most common pathogen (65%). Infected instrumented
posterior spinal fusion procedures had a longer duration of subfas-
cial drains than controls (median 5 days vs. 3 days, respectively
[p<0.0001; log-rank test]). At a breakpoint of drain duration > 5
days, the OR of infection was 14.2 (95% CI = 5.6-35.9; p < 0.0001)
Multivariate logistic regression indicated that likelihood of infection
increased with drain duration (Odds Ratio, 1.5 per day drain present
[95% CI, 1.2 - 2.0; p < 0.0001]) and was higher for males (OR 2.8;
95% CI 1.2-6.6; p = 0.01). Proportional hazards test determined that
the probability of drains being removed on any given day was lower
(i.e., longer drain duration) for infected cases (Risk Ratio 0.4, 95%
CI=0.3-0.6, p < 0.0001) and possibly for longer surgeries (RR per
hour 0.9, 95% CI = 0.8-1.01, p=0.08).

Conclusion: The increased duration of time after the placement of
posterior subfascial closed suction drains after instrumented spinal
fusions appears to correlate with an increased incidence of surgi-
cal site infection. Therefore, shorter durations of time (specifically
lesss than four days) or elimination of these drainage catheters may
decrease the overall infection rates in this subpopulation of spine
surgery patients.

116. Clinical and Radiographic Factors Driving the Transition
from Nonoperative to Operative Treatment in Elderly Adults
with Degenerative Scoliosis

Kai-Ming G. Fu MD, PhD (University of Virginia Hospital);
Justin S. Smith MD, PhD (University of Virginia Health System);
Christopher I. Shaffrey MD, FACS (University of Virginia)

Introduction: Few studies report the long-term outcomes of
elderly adult degenerative scoliosis patients treated nonoperatively.
In addition, the rate of crossover of nonoperatively managed patients
and the factors influencing this crossover has not been demonstrated.
In order to address these questions, we prospectively followed a
cohort of such patients presenting to a surgical clinic for evaluation.

Methods: 92 consecutive adult degenerative scoliosis patients
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(age >60, mean 69) were followed prospectively upon presentation
to the surgical clinic. All were initially managed nonoperatively.
Quantitative measures of health status (SF-12 and ODI), VAS pain
scores, and radiographic parameters were recorded. Patient follow-up
was recorded at specified biennial time points or when a patient was
treated operatively. Statistical analysis was performed via T-Test
with a P<0.5 considered significant.

Results: 73 patients (79%) were followed for a minimum of 2
years (mean 2.64 years) or became operative patients. Of these 18
(25%) went on to have surgery in the follow-up period with a mean
time to surgery of 1.6 years. There were no differences at presenta-
tion in age, health status (SF-12, ODI), leg pain, back pain, or sagital
balance between those that crossed over and those that were “suc-
cessfully” treated conservatively. At last follow-up or pre-surgical
follow-up, crossover patients had lower SF-12 scores (P=.033), high-
er disability scores (p=0.04), and worse back (6.8 vs. 4.8 (p=0.002))
and leg (5.4 vs. 3.0 (p=0.002)) pain. There were no differences in
radiographic parameters. Of note there was no significant overall
progression of sagittal balance or maximum coronal curve. Patients
continuing conservative therapy did not demonstrate significant
changes in SF -12 and ODI scores.

Conclusion: There is a significant rate of crossover in nonop-
eratively managed elderly scoliosis patients. Those crossing over
reported higher disability and worse pain and health. Patients
continuing nonoperative therapy report stable, but not improved,
outcome measures.

117. Incidence of Vascular Encroachment Resulting from Free
Hand Placement of Pedicle Screws in the Thoracic and Lumbar
Spine: Analysis of 6,816 Consecutive Screws

Scott L. Parker BS (The Johns Hopkins Hospital); Anubhav
Amin; Ali Bydon MD (Johns Hopkins Hospital); Daniel M. Sciubba
BS, MD (Johns Hopkins University); Jean-Paul Wolinsky MD
(Johns Hopkins University); Ziya L. Gokaslan MD (Johns Hopkins
University); Timothy F. Witham MD, BS (Johns Hopkins Hospital)

Introduction: latrogenic major vascular injuries during anterior
instrumentation procedures have been reported by several authors,
but there is a paucity of data regarding major vascular injuries during
posterior instrumentation procedures. The purpose of this study is to
evaluate the incidence and clinical significance of vascular encroach-
ment resulting from free-hand placement of pedicle screws in the
thoracic and lumbar spine.

Methods: We retrospectively reviewed records of all patients
undergoing free-hand pedicle screw placement without image guid-
ance in the thoracic or lumbar spine between June 2002-June 2009.
Incidence and extent of vascular encroachment by a pedicle screw
was determined by review of routine post-operative CT scans
obtained within 24 hours of all surgeries. Vascular encroachment was
defined as a screw touching or deforming the wall of a major vessel.

Results: Nine-hundred sixty-four patients received 6816 free-
hand pedicle screws in the thoracic or lumbar spine. Fifteen (0.22%)
screws were identified to encroach upon a major vascular structure.
Ten (67%) thoracic screws encroached on the aorta, 4 (27%) lumbar
screws on the common iliac vein, and 1 (6%) S1 screw on the inter-
nal iliac vein, Figure 1. The spinal level of involvement is depicted
in Figure 2. Consultation with vascular surgery was utilized to
determine if revision surgery was recommended and the technique/
approach for the revision procedure. Two (11.7%) patients required
revision surgery to remove the encroaching pedicle screw (TS and
T8) due to concern for vascular injury. Both patients requiring revi-
sion were asymptomatic and recovered without further complications
after revision surgery.

Conclusion: Vascular encroachment of major vessels occurs rarely
in the setting of free-hand pedicle screw placement in the thoracic and
lumbar spine. Although rare, delayed vascular injury from errant pedi-
cle screw placement has been reported in the literature. Aorta is the ves-
sel at highest risk of injury. Routine intra-operative and post-operative

A6



Abstracts of the 2011 AANS/CNS Section on Disorders of the Spine and Peripheral Nerves

CT scanning allows for early identification of screws encroaching on
vascular structures thereby facilitating early revision surgery.

118. Evidence of Descending Supraspinal Control of
Nociception and Pain Behavior in Experimental Disc-Herniation
Radiculopathy

Mohammed F. Shamji MD, PhD (University of Ottawa Hospital
-Civic Campus); Priscilla Hwang; Kyle D Allen; Mosfata Gabr; J.
Chen; Liufang Jing; William J. Richardson MD; Lori A. Setton PhD

Introduction: Disc-herniation induced radiculopathy involves
both mechanical compression and biochemical inflammation of
apposed neural elements.(1-3) Recent evidence suggests hetero-
topic disc placement induces early and persistent allodynia alongside
transient pathological gait asymmetry.(1) This suggests divergent
molecular effects at spinal and supraspinal levels. This study evalu-
ated the inflammatory and analgesic molecular profile observed at
the dorsal root ganglion (DRG) and midbrain periaqueductal grey
and red nucleus in an animal disc-herniation disease model.

Methods: Sprague-Dawley rats underwent surgical procedure
including harvesting autologous nucleus pulposus (NP) from a
tail intervertebral disc and exposure of the L5 dorsal root gan-
glion (DRG). Control animals (n=12) underwent exposure only and
experimental animals received NP placement onto the DRG (n=12).
Animals were evaluated for mechanical allodynia and for stance and
gait symmetry. Following sacrifice (1 or 4 weeks), the DRG and
midbrain were evaluated by immunohistochemistry for inflamma-
tory activation and neurotransmitter receptors respectively.

Results: Persistent mechanical allodynia occurred in rats subjected
to NP stimulation at 1 and 4 weeks, although this heightened sensitiv-
ity had the functional consequence of early gait asymmetry (1 week)
with late normalization (4 weeks) (Figure 1). Injured animals revealed
early and persistent inflammatory glial cell activation at the DRG, par-
alleling the allodynia phenotype. Conversely, midbrain studies reveal
persistently high glutamate receptor expression, high serotonin recep-
tor expression at 1 week with late normalization, and early normal
opioid receptor expression with late escalation at 4 weeks (Figure 2).

Conclusion: Persistent mechanical allodynia with only transient gait
abnormality in this model of non-compressive disc herniation suggests
deficits to be mediated by both spinal and supraspinal mechanisms.
Inflammatory DRG activation may generate persistent allodynia and
promote gait asymmetry. Early midbrain serotonin and glutamate
receptor expression may aggravate this deficit while late opioid receptor
expression may permit adaptive response to normalize behavior.

119. Perioperative Use of Dexamethasone in Multilevel Anterior
Cervical Spine Surgery: Preliminary Results of a Prospective,
Randomized, Double-Blinded Trial

Tyler J. Kenning MD; Karen Petronis; John W. German MD; Doniel
Drazin MD, MA; Darryl J. Dirisio MD (Albany Medical College)

Introduction: Anterior approaches to the cervical spine involve
some retraction affecting the midline structures of the anterior neck.
Steroids given intraoperatively may reduce the incidence of adverse
outcomes, such as dysphagia and airway compromise. Their use has
historically been controversial during spinal arthrodesis procedures
due to concern that anti-inflammatory agents could reduce bony
fusion rates.

Methods: A prospective, randomized, double-blinded study in
patients undergoing multilevel anterior cervical spine surgery is
being conducted at Albany Medical Center. Our hypothesis is that
perioperative steroids decrease postoperative swallowing and airway
complications and don’t impact long-term fusion rates. The target
enrollment is 200 subjects with 2-year follow-up. This preliminary
data reflects an interim analysis of the first 53 patients. We studied
patients undergoing multilevel (>2 motion segments) anterior cervi-
cal spine procedures. Patients were randomized to receive intraopera-
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tive doses of either intravenous dexamethasone (0.2 mg/kg IV; n=28)
or an equivalent volume infusion of saline (n=25). Four postop-
erative doses of 0.06mg/kg of steroid or placebo were administered
every 6 hours for the first 24 hours. Preoperative parameters, includ-
ing baseline demographics, smoking history, pain and functional
status (mJOA, NDI, SF-12, VAS), swallowing function (functional
outcome swallowing scale, FOSS) and diagnosis were reviewed.
Postoperative data included length of inpatient stay, FOSS, mJOA,
VAS, SF-12, and fusion status, assessed by CT, at 6 months. Any
postoperative complications were noted.

Results: There were no statistical differences in preoperative param-
eters of age, gender, diagnosis, smoking history, number of operative
levels, mJOA, FOSS, NDI, SF-12, or VAS between the 2 groups.
FOSS, when assessed in the immediate postoperative period, was
significantly lower in the steroid(S) group when compared to the
placebo(P) group (S:0.59+0.80, P:1.23+0.92, p=0.01). This significance
was lost at the 1, 3, and 6-month follow-up. There were no significant
differences in any of the other postoperative measures, including 6
month fusion status. One patient in the placebo group required postop-
erative re-intubation, and one patient in the steroid group required PEG
tube placement secondary to prolonged dysphagia.

Conclusion: Our preliminary data suggests that perioperative
steroids decrease postoperative swallowing complications without
negatively impacting long-term fusion rates.

120. Analysis of the Three United States FDA-IDE Cervical
Arthroplasty Trials

Cheerag Upadhaya MD; Jau-Ching Wu (Department of
Neurosurgery, Taipei Veterans General Hospital); Regis W. Haid
MD (Atlanta Brain and Spine Care); Vincent C. Traynelis MD
(Rush University Medical Center); Bobby Tay MD; Domagoj
Coric MD (Carolina Neurosurgery & Spine); Gregory R. Trost MD
(University of Wisconsin-Madison); Scott A. Meyer MD (University
of California, San Francisco); Praveen V. Mummaneni MD (UCSF
Spine Center, Department of Neurosurgery)

Introduction: There are three randomized, multicenter, United
States FDA IDE, industry sponsored studies comparing arthroplasty
with anterior cervical discectomy and fusion (ACDF) for single level
cervical disease with complete 2-years of follow-up. The studies
evaluated the PRESTIGE ST, BRYAN, and ProDisc-C artificial
discs. We analyzed the combined results of these three trials.

Methods: A total of 1,213 patients with symptomatic, single-level
cervical disc disease were randomized into two treatment arms in the
3 randomized trials. 621 patients received an artificial cervical disc
and 592 patients were treated with ACDF. 94% of the arthroplasty
group and 87% of the ACDF group have completed two years of
follow-up. We analyzed the 2-year data from these three trials includ-
ing previously unpublished source data. Statistical analysis was
performed with both fixed and random effects models.

Results: Analysis demonstrated preserved segmental sagittal
motion with arthroplasty (preoperatively 7.26 degrees and postop-
eratively 8.14 degrees) at the two-year timepoint. The fusion rate for
ACDEF at two years was 95%. The NDI, SF-36 MCS, SF-36 PCS,
VAS neck pain, and VAS arm pain scores were not statistically
different between groups at 24-months follow-up. The arthroplasty
group demonstrated superior results at 24-months in neurological
success (RR 0.595, I’=0%, p=0.006). The arthroplasty group had a
lower rate of secondary surgeries (RR 0.508, I’=0%, p=0.018). The
reoperation rate for adjacent level disease was lower for the arthro-
plasty group when we analyzed the combined data set using a fixed
effects model (RR 2.23, )=2.9%, p=0.026).

Conclusion: Both ACDF and arthroplasty demonstrate excellent
two year surgical results for the treatment of one level cervical disc
disease with radiculopathy. Arthroplasty is associated with a lower
rate of secondary surgery and a higher rate of neurological success at
2 years. Arthroplasty may be associated with a lower rate of adjacent
level disease at 2 years.
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200. Pulsed Electromagnetic Field Bone Growth Stimulation
for High Risk Fusion Patients: An Analysis of 452 Consecutive
Cases

Naresh P. Pate]l MD (Mayo Clinic Arizona); Barry D. Birch MD
(Mayo Clinic Hospital); Mark K. Lyons MD (Mayo Clinic Hospital);
Richard S. Zimmerman MD (Mayo Clinic); Stacie DeMent PA-C;
Gregg Elbert PA-C; Orland K. Boucher PA-C (Mayo Clinic
Hospital); Amy Theiler PA-C

Introduction: Pseudarthrosis occurs in up 10-15% of instru-
mented spinal fusion cases, often requiring revision surgery (1).
High risk patients including diabetics, smokers, and those undergo-
ing multi-level fusion or revision surgery have demonstrated higher
pseudarthrosis rates(1,2). Patients with multiple risk factors pose an
even greater treatment challenge(3.4). Bone Morphogenetic Protein
(BMP) has been used increasingly to help promote fusion in high
risk patients, but due to side effects, risks and cost may not be suit-
able for all patients(5). The authors describe their experience with a
consecutive series of patients undergoing adjunctive treatment with
an external bone growth stimulator to achieve successful fusion.

Methods: Between 2001-2009, 452 high risk patients underwent
instrumented fusion surgery at the Mayo Clinic Arizona. 95 cervical
and 357 lumbar cases were identified. Fusion was performed with
iliac crest autograft and allograft in the lumbar spine and allograft
alone in the cervical spine. No BMP was used. Each patient was
fitted with an external pulsed electromagnetic field bone growth
stimulator within two weeks of surgery which was worn for at least
2 hours/day for a minimum of 6 months. Follow-up was obtained
at two week, three month and one year post-operatively with radio-
graphs and CT scans.

Results: In the cervical fusion group there were 88 solid fusions
and 7 pseudarthroses (92.6% fusion rate). In the lumbar group there
were 339 solid fusions and 18 pseudarthroses (94.9% fusion rate).
There were no complications or side effects associated with the use
of the stimulator.

Conclusion: Bone growth stimulation following standard fusion
techniques in this large series of high risk patients led to fusion rates
greater that 90% in both the cervical and lumbar spine. Based on effi-
cacy and safety, external bone growth stimulation appears to be a rea-
sonable adjunctive treatment to promote fusion in high risk patients.

201. Preservation of Segmental Motion with Anterior Contra—
lateral Cervical Microdiskectomy and Interbody Fat Graft:
Prospective Study

Yunus Aydin; Halit Cavusoglu MD (Sisli Etfal Egitim ve
Arastirma Hastanesi); Cengiz Tuncer; Osman Nuri Tiirkmenoglu;
Ahmet Murat Miisliiman

Introduction: The aim of our study is to evaluate the results and
effectiveness of this minimal invasive technique with or without
interbody fat graft replacement in patients with cervical paramedian
disc herniations.

Methods: This prospective observational study was undertaken for
the analysis of 330 patients with cervical paramedian disc herniation
who underwent one -or adjacent two-level anterior contralateral micro-
diskectomy without fusion between 1992 and 2009. Interbody fat graft
raplacement were performed on 91 of 340 patients (Group 2). The mean
follow up time was 10 years (range 1 - 16 years). Preoperative and
postoperative lateral dynamic cervical radiographs were obtained and,
the presence of a reduction in the height of interspace and spontaneous
osseous union at the diskectomy level were investigated. Surgeries were
done by the senior author (YA). Clinical outcomes were assessed using
the Neck Disability Index and Short Form 36.
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Results: Despite fusion procedures were not performed, sponta-
neous radiological fusion signs were obtained in 12% of group 1
patients. Follow-up radiological studies revealed healing without
fusion in group 2 patients. There was no significant change in the
mean overall cervical curvature (C2 - 7) angles postoperatively in
late follow-up findings (p =0.77). It represented a statistically signifi-
cant mean loss of 2.24 degree of segmental lordosis (p < 0.001). The
NDI scores decreased significantly in both early and late follow-up
evaluations and the SF-36 scores demonstrated significant improve-
ment in late follow-up results in two groups. Analysis of clinical
outcome showed no statistical differences between two groups (p
=0.77).

Conclusion: Anterior contralateral microdiscectomy without
fusion achieves better exposure for resection of the offending foram-
inal or far lateral lesions, ventral osteophytes, or a disc fragment
under direct microscopic visualization. Collapse, loss of motion and,
instability of the involved disc level can also be avoided via this less
invasive technique and interbody fat graft.

202. Radiographic Outcomes in Two-Level ACDFs: Comparison
of PEEK and Allograft Interbody Devices at 1 and 2-Year
Follow-Up

Jody A.Rodgers MD, FACS (Spine Midwest, Inc.);W.B. Rodgers
MD; Edward J. Gerber

Introduction: In our single-site prospective series of 184 two-level
ACDF patients, 100 had the PEEK interbody device, and 84 had the
Allograft device. To date, 60 patients have presented for 24-month
follow-up.

Methods: 184 patients underwent instrumented 2-level ACDFs.
Patients were assigned to one of two treatments arms that included
a composite of DBM plus autogenous endplate reamings, incor-
porated into allograft bone dowels or PEEK spacers and stabilized
with dynamic anterior plating. Fusion was defined as uninterrupted
bridging of well mineralized bone across the interbody space and no
significant motion on flexion-extension radiographs. Both operative
levels were assessed for fusion using a modified Lenke score. Any
pseudarthrosis at either level was considered a failure.

Results: Of 184 patients, 84 were treated with allograft interbody
dowels (27M, 57F; age 60.8 yrs; 33 smokers) and 100 were treated
with PEEK spacers (23M, 42F; age 52 4yrs; 15 smokers). Average
12-month Lenke score across all subsets was 1.07 (allograft 1.15;
PEEK 1.01). At 24 months, average Lenke scores across all subsets
was 1.03 (allograft 1.10, PEEK 1.00). There were no infections, neu-
rologic complications or plate breakages. Only one patient (allograft)
developed a clear pseudarthrosis.

Conclusion: The combination of a demineralized bone matrix-
local bone composite contained within allograft dowels or PEEK
spacers resulted in similar fusion rates (> 97%) at 12 months post-
operatively. Based on Lenke scores, allograft dowels appear to fuse
more slowly than PEEK spacers but this may be perceptional.

203. Safety, Efficacy, and Dosing of Recombinant Human Bone
Morphogenetic Protein-2 (thBMP-2) for Posterior Cervical and
Cervico-Thoracic Instrumented Fusion with a Minimum Two-
Year Follow-Up

D. Kojo Hamilton MD (University of Maryland Medical Center);
Justin S. Smith MD, PhD (University of Virginia Health System);
Davis Reames MD (University of Virginia); Brian Jeremy Williams
MBD (University of Virginia Hospital); Daniel R. Chernavvsky MD;
Christopher I. Shaffrey MD, FACS (University of Virginia)

Introduction: Considerable attention has focused on concerns
of increased complications with rhBMP-2 use for anterior cervical
fusion, but few reports have assessed its use for posterior cervical
fusions. This study evaluates the safety, efficacy, and dosing of
recombinant human bone morphogenetic protein (thBMP)-2 as an
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adjunct for instrumented posterior cervical arthrodesis using a retro-
spective consecutive case series.

Methods: All patients were treated by the senior author with pos-
terior cervical or cervico-thoracic instrumented fusion augmentated
with rhBMP-2 and had minimum follow-up of two-years. Diagnosis,
levels fused, thBMP-2 dose, complications, and fusion (Lenke grade
applied by two neuroradiologists) were assessed.

Results: 53 patients (22 men/31 women) met inclusion criteria,
with a mean age of 55.7 years and an average follow-up of 40
months. Surgical indications included basilar invagination (n=6),
fracture (n=6), atlanto-axial instability (n=16), kyphosis/kypho-
scoliosis (n=22), osteomyelitis (n=1), spondylolisthesis (n=1), cyst
(n=1). 15 patients had confirmed rheumatoid disease. The average
rthBMP-2 dose was 1.79mg/level with a total of 282 levels treated.
Among 53 patients, only 2 complications (3.8%) were identified, a
superficial wound infection and an adjacent level degeneration. At
last follow-up, all patients had achieved fusion.

Conclusion: Augmentation of posterior cervical fusion with
rhBMP-2 appears to be safe and has a very low complication rate.
Despite complex pathology and/or rheumatoid arthritis, a 100%
fusion rate was achieved, which is considerably higher than compara-
ble historical comparisons without thBMP-2 (62-94%). Collectively,
these data suggest that use of hBMP-2 as an adjunct for posterior cer-
vical fusion is safe and effective at an average dose of 1.8mg per level.

204. Prospective Results from the US IDE Feasibility Study
of a Novel Peek-On-Peek Nucleus Replacement Device With
Minimum Two-Year Follow-Up

Domagoj Coric MD (Carolina Neurosurgery & Spine); Matthew
Songer MD; John J. Regan MD

Introduction: Nucleus replacement (partial disc replacement)
offers a less invasive alternative to traditional fusion or total disc
replacement techniques in the treatment of symptomatic lumbar
degenerative disc disease (DDD). NUBACTM is the first PEEK-on-
PEEK articulated intradiscal arthroplasty device. The authors report
the results of 20 consecutive patients treated with NUBAC nucleus
replacement in the prospective, multi-center US FDA IDE feasibility
clinical study. On the strength of the results of this pilot feasibility
study, NUBAC became the first nucleus replacement device to enter
US IDE pivotal study.

Methods: Patients with symptomatic DDD at L4-5 were enrolled
at three investigational sites in the IDE feasibility study. All devices
were placed via a lateral transpsoas approach. Effectiveness is evalu-
ated by prospectively recording pre-op and post-op (at 1.5, 3, 6, 12
and 24 months) Oswestry Disability Index (ODI) and Visual Analog
Scale (VAS) scores.

Results: A total of 20 NUBAC devices were implanted in 20
patients. Average OR time was 124 minutes; EBL was 47 cc.
Average time to discharge home was 1.4 days. There were no major
intra- or postoperative neurological or vascular complications.
Average age=41 years. Clinical results showed statistically signifi-
cant improvement in pain relief and function compared to preop at
all time intervals. The mean preoperative VAS (7.1) and ODI (53.9)
scores improved significantly at six weeks (3.4 and 30.7, respective-
ly) and were maintained through 2 years (1.8 and 6.3, respectively).
There were no device expulsions or reoperations.

Conclusion: This early, prospective clinical experience with
NUBAC PEEK-on-PEEK nucleus replacement is promising.
NUBAC is currently in prospective, randomized, multicenter FDA
IDE pivotal study and those results will continue to define the role of
nucleus replacement in the treatment of symptomatic DDD.

205. Pre-Operative Grading Scale To Predict Survival in Patients
Undergoing Resection of Malignant Primary Osseous Spinal
Neoplasms

Scott Parker; Kaisorn L. Chaichana MD (Johns Hopkins Hospital);
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Oran Aaronson MD (Vanderbilt University Medical Center); Joseph
S. Cheng MD, MS (Vanderbilt University Medical Center); Ziya L.
Gokaslan MD (Johns Hopkins University); Matthew McGirt MD
(Vanderbilt University Medical Center)

Introduction: Large population-based studies of malignant pri-
mary osseous spinal neoplasms are lacking and are necessary for
sufficient power to determine prognostic factors. Using a 30-year
U.S. national cancer registry (SEER), we introduce a pre-operative
grading scale that is associated with survival in patients undergoing
surgical resection for malignant primary osseous spinal neoplasms.

Methods: The SEER registry (1973-2003) was queried to iden-
tify adult patients undergoing surgical resection of histologically
confirmed primary spinal chordoma, chondrosarcoma, or osteosar-
coma via ICD-O-2 coding. Variables independently associated with
survival were determined via Cox proportional-hazards regression
analysis for all tumor types. A grading scale comprised of these
independent survival predictors was then developed and applied to
each histology-specific tumor cohort.

Results: 342 patients were identified that underwent surgical
resection of a malignant primary osseous spinal neoplasms (114
chordoma, 156 chondrosarcoma, 72 osteosarcoma). Overall median
survival after surgical resection was histology specific (osteosar-
coma: 22 months; chordoma: 100 months; chondrosarcoma: 160
months). Increasing age (years) and increasing tumor extension (1.
confined to periosteum; 2. invasion through periosteum into adjacent
tissues; 3. distal site metastasis) were the only variables independent-
ly associated with decreased survival (p<0.05) for all tumor types.
For spinal chordoma, sacrum/pelvic location (p<0.05) and earlier
year of surgery (p<0.005) were also independently associated with
decreased survival. Utilizing variables of patient age, extent of local
tumor invasion, and metastasis status in a five-point grading scale,
increasing score (1-5) closely correlated (p<0.001) with decreased
survival for chordoma, chondrosarcoma, and osteosarcoma, Figure 1.

Conclusion: In our analysis of a U.S. population based cancer reg-
istry (SEER), a grading scale consisting of age, metastasis status, and
extent of local tumor invasion was associated with overall survival
after surgical resection of chordoma, chondrosarcoma, and osteosar-
coma of the spine. This grading scale may offer valuable prognostic
data based on variables available to the surgeon and patient prior to
surgery and may help guide level of aggressiveness in subsequent
treatment strategies.

206. Clinical Outcomes Following En Bloc Sacrectomies via
Posterior Approach

Michelle J. Clarke MD (Mayo Clinic); Daniel M. Sciubba BS,
MD (Johns Hopkins University); Matthew McGirt MD (Vanderbilt
University Medical Center); Timothy F. Witham MD, BS (Johns
Hopkins Hospital); Ali Bydon MD (Johns Hopkins Hospital); Patrick
C. Hsiech MD, MS (University of Southern California Department
of Neurological Surgery); Ziya L. Gokaslan MD (Johns Hopkins
University); Jean-Paul Wolinsky MD (Johns Hopkins University)

Introduction: En bloc resection of primary sacral tumors has a
demonstrated survival benefit. Total and high sacral amputations tra-
ditionally involved both an anterior and posterior approach. However,
we have found that en bloc resection and biomechanical reconstruc-
tion is possible from a posterior-only approach in many cases.

Methods: Sixty-nine consecutive patients underwent sacral resec-
tions for tumor at our institution between 2004 and 2009. Medical
records of all patients were reviewed, and patients were excluded if
they had an intentional intralesional resection, hemipelvectomy or
were previously operated. The records of the resulting 37 consecutive
patients who underwent primary posterior-only en bloc sacral resec-
tions and all 4 patients who underwent a traditional anterior-posterior
en bloc sacrectomy were retrospectively reviewed.

Results: All posterior-only patients underwent midline posterior
approaches for en bloc sacral resection. Surgical level was defined
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by the anatomic level of the rostral osteotomy site: total with lum-
bopelvic reconstruction (L5S1; n=5), high (S1S2; n=9), middle
(82S3; n=17), and low (below S3; n=6). Chordoma was the most
common tumor (n=30) and wide surgical margins were attained in
35 cases. The level of sacral amputation correlated with estimated
blood loss (p<0.005), and length of stay (p<0.001). There were 14
complications including 9 wound infections/revisions. In the anteri-
or-posterior cohort (n=4), rectal carcimoma was the most common
diagnosis. Patients required anterior-posterior procedures because of
rectal invasion (n=3) or tumor extending above the L5S1 disc space
(n=1). All 4 patients suffered wound complications, and there was 1
life-threatening hemorrhage. Operative time, blood loss, and length
of stay was higher than similar posterior-only procedures. In both
cohorts, extent of root sacrificed correlated with functional outcome.

Conclusion: It may be possible to perform a posterior-only
approach to en bloc sacral resections/reconstructions in patients with
tumors that do not extend beyond the lumbosacral junction or invade
the bowel.

207. Generation of Chordoma Cell Line, JHC7, and the
Identification of Brachyury as a Novel Molecular Target

Wesley Hsu MD; Ahmed Mohyeldin; Sagar R. Shah MS;
Lakesha Johson; Neda I. Sedora-Roman; Thomas Kosztowski BS;
Colette Ap Rhys; Ola Awad; Edward McCarthy; David Loeb; Jean-
Paul Wolinsky MD (Johns Hopkins University); Ziya L. Gokaslan
MD (Johns Hoopkins University); Alfredo Quinones-Hinojosa MD
(Johns Hopkins University)

Introduction: Recent genomic interrogation of chordomas has
identified Brachyury gene duplication as a major susceptibility muta-
tion in familial chordomas. Current understanding of the role of this
transcription factor in chordoma is limited due to the lack of a fully
characterized chordoma cell line expressing Brachyury. We report
the establishment of the first fully characterized primary chordoma
cell line (JHC?7) expressing Brachyury and demonstrate that silencing
of Brachyury using shRNA leads to complete growth arrest in vitro.

Methods: Establishment of Chordoma Cell Line Intraoperatively
obtained chordoma specimen was dissociated into single cells using
techniques published previously. Confluent cells were passaged to
adherent cell culture flasks for expansion. Chordoma cells (JHC7) were
maintained in DMEM/F12 (10% FBS) with antibiotic/antimycotic.
Lentiviral Transduction A pKLO.1-based lentiviral vector containing
shRNA targeting Brachyury was obtained from the TRC-Hs1.0 library
from Open Biosystems. Brachyury shRNA and empty plasmids were
packaged into lentivirus by transfecting 10ug of packaging plasmids in
packaging cells. Forty-eight hours after transfection, lentiviral super-
natant was used to infect JHC7 chordoma cells. Growth curve studies
were performed using the MTT assay 10 days after transduction.

Results: A novel chordoma cell line was created (JHC7). Cultured
cells were morphologically identical to classical chordoma, including
the characteristic physaliferous phenotype (Figure 1A). The presence
of Brachyury was confirmed by Western Blot and immunohisto-
chemistry (Figure 1B, C). Loss of Brachyury expression after stRNA
transduction was confirmed by Western Blot (Figure 2A). Loss of
Brachyury expression abolished the classical phenotype of chordoma
cells and led to a more differentiated, epithelial-like state (Figure 2B)
with a near complete loss of proliferation capacity (Figure 2C).

Conclusion: The JHC7 chordoma cell line represents the first in
vitro system with chordoma cells characterized for Brachyury expres-
sion. We propose that shRNA-mediated suppression of Brachyury is
anovel and attractive therapeutic target in the treatment of chordoma.

208. Reconstruction of Extensive Defects from Posterior En Bloc
Resection of Sacral Tumors Using Human Acellular Dermal
Matrix and Gluteus Maximus Myocutaneous Flaps

Hormuzdiyar H. Dasenbrock BA; Michelle J. Clarke MD (Mayo
Clinic); Ali Bydon MD (Johns Hopkins Hospital); Timothy F.
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Witham MD, BS (Johns Hopkins Hospital); Daniel M. Sciubba BS,
MD (Johns Hopkins University); Oliver P. Simmons MD; Ziya L.
Gokaslan MD (Johns Hopkins University); Jean-Paul Wolinsky MD
(Johns Hopkins University)

Introduction: Performing a sacrectomy solely from a posterior
approach allows for the en bloc resection of tumors without the addi-
tional morbidity of a laparotomy. However, the reconstruction of the
resultant extensive soft-tissue defects is challenging, particularly as
a vertical rectus abdominis myocutaneous flap is not harvested. We
report the largest series (with the longest follow-up) of sacral recon-
structions using a combination of human acellular dermal matrix
(HADM) and gluteus maximus myocutaneous flaps.

Methods: 34 patients with sacral tumors who had a follow-up of at
least one year were reviewed retrospectively. Intra-operatively, after
the tumor was excised, HADM (AlloDerm) was secured to create a
pelvic diaphragm. Subsequently, the gluteus maximus muscles were
freed from their origins, elevated, rotated or advanced in the midline
to cover the HADM, and sutured together.

Results: The mean age of the patients was 50 years and the
histopathology revealed a chordoma in 82.4%. 8 patients (23.5%)
developed a post-operative wound dehiscence, of whom 6 (17.6%)
required operative debridement. An estimated blood loss of >2500
mL and an operative time of >9 hours during sacrectomy, as well
as post-operative bowel or bladder incontinence, were all associated
with a significantly higher rate of subsequent debridement proce-
dures (p=0.018). The average length of hospital stay was 12.2 (range
3-66) days; the development of a surgical site infection and the
performance of a debridement procedure were both associated with
a longer length of hospital stay (p=0.037). With a mean follow-up of
45.7 months, only 1 patient developed an asymptomatic para-sacral
hernia, which was adjacent to a local tumor recurrence.

Conclusion: Reconstruction of posterior sacrectomy defects with
HADM and gluteus maximus myocutaneous flaps may be a valid
technique. This approach may have rates of wound dehiscence com-
parable to other techniques and low rates of para-sacral herniation.

209. En Bloc Resection of Cervical Chordomas: Series of 12
Patients and Clinical Outcomes

Daniel M. Sciubba BS, MD (Johns Hopkins University); Camilo
A. Molina BA; Ziya L. Gokaslan MD (Johns Hopkins University);
Dean Chou MD (University of California San Francisco); Jean-Paul
Wolinsky MD (Johns Hopkins University); Timothy F. Witham
MD, BS (Johns Hopkins Hospital); Ali Bydon MD (Johns Hopkins
Hospital); Christopher P. Ames MD (UCSF Neuro Surgery)

Introduction: Chordomas of the mobile spine often undergo en-
bloc resection with reconstruction to optimize local control and pos-
sibly offer cure. In the cervical spine, local anatomy is challenging
and obtaining clean margins may be limited. Complications may also
be higher due to juxtaposition of the skull base, vasculature, aerodi-
gestive system and upper spinal cord. In this review, we present a
series of 12 cases of cervical chordomas removed en-bloc. Particular
attention was paid to clinical outcome, complications, and recur-
rence. In addition, outcomes were assessed according to position of
tumor in C1/C2 versus the subaxial spine.

Methods: The patients undergoing en-bloc resection of cervical
chordoma were reviewed from two large spine centers. Patients were
included if the lesion epicenter was involving C1 to C7 vertebral
bodies. Demographics, details of surgery, follow-up course, and
complications were obtained. Outcome was correlated with presence
of tumor in C1/2 versus subaxial spine (C3-C7) via a student’s t-test.

Results: 12 patients were identified with a mean age at presenta-
tion of 60. 7/12 (58%) and 5/12 (42%) of cases involved the C1/C2
and subaxial spine, respectively. En-bloc resection was attempted via
an anterior approach in 33% of cases (29%-C1/C2; 40%-subaxial), a
posterior approach in 25% of cases (43%-C1/C2; 0%-subaxial), and
a combined approach in 42% of cases (29%-C1/C2; 60%-subaxial).
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Tumor margins were found to be wide in 2/12 (17%-overall; 14%-
C1/C2; 20%-subaxial), marginal in 6/12 (50%-overall; 29%-C1/C2;
80%-subaxial), or contaminated in 3/12 (25%-overall; 43%-C1/C2;
0%-subaxial) of cases. No operative complications were encoun-
tered. Postoperative complications occurred in 5/12 (42%-over-
all; 57%-C1/C2; 20%-subaxial; p<0.05) patients and included:
hoarseness, dysphagia, prolonged/permanent use of a feeding tube,
and pneumonia. Average follow-up was 42 months (range 30-60
months). Recurrence occurred in 5/12 (42%-overall; 57%-C1/C2;
20%-subaxial; p<0.05) cases. Of note, in comparing C1/C2 tumor
resections with subaxial lesions, we found a greater incidence of
post-operative complications and rates of recurrence.

Conclusion: En-bloc resection of cervical chordomas involving
the upper cervical spine (C1-2) are associated with poorer outcomes
such as higher rates of complications, and recurrence.

210. Identification of Cancer Stem Cells in Human Chordoma

Wesley Hsu MD; Ahmed Mohyeldin; Sagar R. Shah MS; Thomas
Kosztowski BS; Lakesha Johnson; Ola Awad; Neda I. Sedora-
Roman; David Loeb; Edward McCarthy; Jean-Paul Wolinsky MD
(Johns Hopkins University); Ziya L. Gokaslan MD (Johns Hopkins
University); Alfredo Quinones-Hinojosa MD (Johns Hopkins
University)

Introduction: Chordomas are the most common malignant pri-
mary tumor of the osseous spine. The mechanisms underlying the
resistance of chordoma to chemotherapy and radiation therapy is
unknown. The role of cancer stem cells (CSCs) in chordoma patho-
physiology has not been defined. We have performed a series of
experiments that provide evidence for the presence of CSCs within
human chordoma.

Methods: Establishment of Chordoma Sarcospheres: Chordoma
tumor samples were dissociated into single cells, plated in adherent
conditions, and expanded to confluence. Cells were then transferred
into serum-free, non-adherent conditions to form sarcospheres.
Differentiation Studies: For adipogenic differentiation, chordoma
sarcospheres were plated at 100% confluency and differentiated using
a commercial human adipogenic differentiation kit. Differentiation
was evaluated using oil red staining using normal human mesen-
chymal stem cells as a positive control. For neuronal and astrocyte
differentiation, chordoma sarcospheres were maintained in serum
free media and plated in 10% FBS for 10 days. Xenograft Studies:
BALB/c male nude mice were injected subcutaneously with either
chordoma sarcospheres (500,000, 1 million, or 2 million cells) or
non-sphere chordoma cells in 50 ul PBS:Matrigel (1:1).

Results: We have established a stable chordoma cell line that is
morphologically identical to classic chordoma with expression of
brachyury, S100 and keratin. Using this cell line, we have isolated
and characterized chordoma sarcospheres that are self-perpetuating
and exhibit higher expression of the functional stem cell marker
ALDHI1 compared to typical chordoma cells. Furthermore, sarco-
spheres can be successfully differentiated into neuroepithelial and
mesodermal cell types. Subcutaneous injection of chordoma sarco-
spheres into an athymic mouse host induced the formation of tumors
that successfully recapitulated the phenotypic characteristics of the
parent chordoma.

Conclusion: We present the first evidence for the existence of
chordoma CSCs and have developed the first animal model for this
disease.

211. Sacral Laminoplasty for the Treatment of Symptomatic
Sacral Perineural (Tarlov) Cysts, Clinical Outcomes and
Surgical Observations

Zachary Adam Smith MD (Los Angeles Spine Clinic); Larry T.
Khoo MD (The Spine Clinic of Los Angeles)

Introduction: The surgical treatment of symptomatic sacral
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perineural cysts or Tarlov cysts remains controversial. Traditional
approaches have been described using sacral laminectomy. Our aim
was to evaluate the efficacy and potential complications of treatment
of these cysts with microsurgical fenestration, local muscle/fat graft-
ing, and laminoplasty of the sacral lamina.

Methods: This is a retrospective study of 17 prospectively fol-
lowed patients with 19 large sacral perineural cysts (averag-2.40 cm,
range 1.1-8.0 cm) of the sacrum treated by the senior author between
May 2004 and June 2010. All patients presented with symptoms
non-responsive to medical treatment. Presenting symptoms included
coccydynia (n=17), radiculopathy (n=14), back pain (n=11), perineal
parasthesias (n=8), incontinence (n=8), and weakness (n=6). We
performed a sacral laminoplasty with fenestration of the cyst with
intraoperative electromyography in all patients. All patients had
closures reinforced with either fat or muscle graft with fibrin glue
with subsequent fixation of the sacrum with titanium mini-plates.
Outcomes were evaluated by telephone questionnaire or clinic
follow-up at average 12.5 months (range 4-44 mo).

Results: After surgery, coccydynia (13/17 pts, 76.5%), radicular
pain (11/14 pts, 78.6%), and perineal parasethesias (6/8, 75.0%)
improved most consistently following operation. One patient without
pre-existing sensory symptoms developed new perineal parasethe-
sias. Bladder control returned in 5 of 8 patients (62.5%) and a single
patient developed new bowel and bladder incontinence. There was a
single cerebrospinal fluid leak that required return to OR. MRI was
completed in all 14 patients with >6-month follow-up and no imag-
ing demonstrate evidence of recurrence.

Conclusion: Microsurgical fenestration with laminoplasty is a
safe and effective treatment for carefully selected patients with large,
symptomatic Tarlov cysts. The authors describe their results for this
subset of patients who may benefit from surgery.

212. Hydrostatic Strength Dural Patch Repair Materials

Michael A. Finn MD (University of Colorado); Paul Anderson
MD; Nathan Faulkner MD (University of Wisconsin)

Introduction: We hypothesize that different dural patch materials
will vary in their initial hydrostatic strength and that the use of a bio-
logic glue will increase the hydrostatic strength of dural patch repairs.

Methods: Twenty-four calf thoracic spines were prepared with
laminectomies and spinal cord evacuation, leaving the dura intact.
Foley catheters were inflated on either side of a planned dural defect
and baseline hydrostasis was measured using a fluid column at 30,
60 and 90 cm of water. A standard dural defect (1x2cm) was cre-
ated and 8 patches of each material (human fascia lata, Duragen,
and Preclude) was sutured in place using a 5-0 Prolene HS running
suture. Hydrostasis was again tested at the same pressures. Finally,
Duraseal was placed over the defect and hydrostasis was again tested.
Results were analyzed with ANOVA.

Results: Leakage rate increased significantly at each pressure tested
for all conditions. All patch materials allowed significantly greater
leakage than the intact condition. There was no difference in leakage
between the three patch materials. The use of duraseal reduced leakage
significantly at all pressures when used with Duragen, and at 90 cm of
water when used with Preclude. There was a trend towards reduced
leakage with duraseal under the remaining conditions. There was no
significant difference between the Duraseal group and the intact dura.

Conclusion: The use of all three dural patch materials were of
similar hydrostatic strength and allowed greater leakage than intact.
The use of Duraseal reduced leakage rates to levels similar to intact.

213. Hydrostatic Comparison of Titanium Clip and Suture
Repair of Durotomy

Michael A. Finn MD (University of Colorado); Paul Anderson
MD; Nathan Faulkner MD (University of Wisconsin)

Introduction: We hypothesize that the hydrostatic strength of
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durotomy repairs will vary with the type of suture used and between
suture and non-penetrating titanium dural clips.

Methods: Twenty-four calf thoracic spines were prepared with
laminectomies and spinal cord evacuation, leaving the dura intact.
Foley catheters were inflated on either side of a planned dural defect
and baseline hydrostasis was measured using a fluid column at 30, 60
and 90 cm of water. A standard 1 cm durotomy was created and was
repaired in 8 specimens each using 5-0 Surgilon, 5-0 Prolene HS, or
non-penetrating dural clips. Hydrostasis was again tested at the same
pressures. The time required for each repair was measured. Results
were analyzed with ANOVA.

Results: Leakage rate increased significantly at each pressure
tested for all conditions. There was no difference between the intact
condition and the titanium clip repair at any pressure. There was
significantly greater leakage than intact in both suture repair groups
detected at all pressures. There was no difference between the suture
types. Clip repairs took approximately 1/2 as long as suture repairs,
a significant difference.

Conclusion: The use of non-penetrating titanium dural clips pro-
vided better immediate hydrostasis and took less time than tradition
suture repair.

214. Prospective Randomized Controlled Trial in Spine Patients
to Compare Low Swell Formulation of a Polyethylene Glycol
Hydrogel Spinal Sealant with Other Methods of Dural Sealing

Kee Duk Kim MD; Joseph S. Cheng MD, MS (Vanderbilt
University Medical Center); Randall Matthew Chesnut MD
(University of Washington); Dean Chou MD (University of California
San Francisco); Haroon F. Choudhri MD; Rees Cosgrove MD (Lahey
Clinic/Neurosurgery); Shankar Prakash Gopinath MD; R. Scott
Graham MD; Richard Gray; Ajit A. Krishnaney MD (Cleveland
Clinic Foundation); Paul C. McCormick MD (The Neurological
Institute); Ehud Mendel MD (The Ohio State University Dept of
Neurosurgery); Jon Park; Mark Edwin Shaffrey MD (UVA Health
System); Nathan E. Simmons MD; John M. Tew MD; Jack E.
Wilberger MD (Allegheny General Hospital); Neill Marshall Wright
MD (Washington University)

Introduction: As an adjunctive measure to sutured dural repair,
spine surgeons utilize a variety of methods to ensure that no active
leak is present before closing the wound. In 2009, the FDA approved
the DuraSeal? spinal sealant specifically as an adjunct to sutured
repair during spine surgery. This IDE study compared the safety and
efficacy of low swell (10% and 39% of its original volume) PEG
hydrogel formulation to other methods of dural sealing.

Methods: Prospective, multicenter, randomized controlled study
was conducted to compare a low swell formulation of a PEG
hydrogel with other common dural sealing methods as an adjunct
to sutured dural repair. To evaluate those patients operated only
in spine, Chiari malformation surgery was excluded. The primary
endpoint was the efficacy of intraoperative watertight dural closure
confirmed by Valsalva maneuver at 20-25 cm H2O. Safety was
measured by the assessment of postoperative CSF leak and surgical
site infection.

Results: 51 patients were randomized to low swell PEG hydro-
gel spinal sealant (treatment) and 16 patients to other methods of
dural sealing such as additional sutures and/or adhesive glue (con-
trol). Efficacy measured by intraoperative watertight closure was
higher in the treatment group compared to the control (98% vs. 75%,
p=0.010). Also treatment group had lower rate of postoperative CSF
leak compared to the control (2% vs. 12.5%, p=0.143) and lower rate
of surgical site infection (6% vs. 18.8%, p=0.148).

Conclusion: Common methods for achieving a watertight dural
closure during spine surgery include the use of additional sutures and
adhesive glue. With this method, however, about 3 out of 4 patients fail
to achieve a watertight dural closure. Low swell PEG hydrogel spinal
sealant is much more effective in achieving intraoperative watertight
dural closure without compromising the safety of the patients.
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215. Assessment of Thoracic Laminar Dimensions in a Pediatric
Population: A CT-Based Feasibility Study for Pediatric Thoracic
Translaminar Screw Placement

Camilo A. Molina BA; Christopher Chaput MD; Daniel M.
Sciubba BS, MD (Johns Hopkins University); P. Justin Tortolani;
George 1. Jallo MD, FACS (Johns Hopkins Hospital); Ryan M.
Kretzer MD

Introduction: Translaminar screws (TLSs) were originally
described by Wright as a safer alternative to pedicle screw fixation
at C2.1 More recently, TLSs have also been used as bail-out proce-
dure following failed pedicle screw placement in the treatment of
adolescent idiopathic scoliosis.2,3 To date, there are no studies that
report the anatomical features of the thoracic lamina in the pediatric
population.

Methods: 52 patients (26 male, 26 female), average age 9.5 4.8
years, were selected by retrospective review of a trauma registry
database after IRB approval. Study inclusion criteria were ages 2 to
16, standardized axial bone-windowed CT images of the thoracic
spine, and an absence of spinal trauma. For each thoracic lamina the
following anatomical features were measured using eFilm Lite soft-
ware: width (outer cortical and cancellous), maximal screw length,
optimal screw trajectory, and laminar height. Subjects were stratified
by age as follows: <8 yrs. of age(yo) vs. >8 yrs. of age(yo) based on
presumed spinal maturity.

Results: Collected data (Table 1) demonstrate the following
trends: 1) decreasing maximal screw length, 2) stable lamina width
(Figure 1), 3) increasing laminar height, and 4) increasing ideal screw
trajectory angle as one descends the thoracic spine from T1-T12.
When stratified by age, subjects >8yo had significantly larger lamina
in both width and height, and allowed significantly longer screw
placement at all thoracic levels than the <8yo subgroup (p<0.05).
Importantly, all thoracic spinal levels had an average bicortical
diameter greater than 3.5 mm, indicating that a 3.5 mm screw could
be placed in the majority of cases.

Conclusion: The data collected provide preliminary information
regarding optimal TLS length, diameter, and trajectory for each spi-
nal level in the pediatric thoracic spine. Furthermore, based on CT
evaluation, bicortical width provides no anatomical limitation to the
placement of translaminar screws in the pediatric population.

216. CT Hounsfield Units for Assessing Bone Mineral Density: A
Tool For Osteoporosis Management

Paul A. Anderson MD (University of Wisconsin); Joseph
Schreiber MD (University of Wisconsin)

Introduction: Osteoporosis is a common disease with enor-
mous implications for affected individuals and society as a whole.
Measurements obtained from computed tomography (CT) examina-
tions obtained for other reasons, may yield information regrading
decreased bone mineral density, without added expense to the patient.
The purpose of this study was to determine if Hounsfield Units, the
standardized computed tomography attenuation coefficient, correlate
with bone mineral density (BMD) as measured by DEXA.

Methods: Twenty-five patients mean age 71.3 years undergoing
both lumbar spine Dual-Energy X-Ray Absorptiometry (DEXA)
scans and CT were evaluated. In a region of interest, the Hounsfield
Units was measured and correlated with DEXA BMD and DEXA
T-scores. Normative data was generated from CT performed on 80
trauma patients.

Results: HU decreased relatively linearly by decade ranging from
a mean of 255.1 in the second decade to 78.7 in the ninth decade.
Mean HU for the 25 subjects was 107.1(36.8). Mean T-score was
-1.42(1.51) and BMD 1.104(0.186)g/cm?. Strong correlations were
found between Hounsfield Units and bone mineral density, age,
T-scores (p < 0.0001), Figurel and 2. The mean HU and 95% con-
fidence intervals for normal, osteopenic, and osteoporotic subjects
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were 133.0(CI 1184 - 147.5), 100.8(CT 93.1 - 108.8), and 78.5(CI
61.9-95.1).

Conclusion: CT Hounsfield Units correlate strongly with DEXA
scores, and can potentially provide an alternative method in determining
regional bone mineral density at no additional cost to the patient. The
information could conceivably be applied toward fracture risk assess-
ment, diagnosis of osteoporosis, and early initiation of needed treatment.
While we are not recommending CT as a substitute for DEXA, when a
CT has been obtained for other reasons, regional HU can be measured to
aid surgical decision making and as a guide for further testing.

217. Effects of Epidural Steroid Injections on Blood Glucose
Levels in Patients with Diabetes Mellitus

Owoicho Adogwa BS, MPH; Jesse Even; Kirk McCullough; Clint
Devin MD; Matthew McGirt MD (Vanderbilt University Medical
Center

Introduction: Epidural steroid injections (ESI) are commonly used
in the treatment of multiple spinal disorders. Corticosteroid injections
have been evaluated in the total joints and hand literature showing
systemic effects to diabetics. There has not been a clinical study to
evaluate if ESI cause systemic effects in diabetics.

Methods: Diabetic patients who were scheduled for an ESI were
given an opportunity to enroll in our IRB approved study. We col-
lected the patient’s most recent hemoglobin Alc (hAlc) and then
asked them to track their blood glucose numbers at least twice per
day for two weeks prior to and after their ESI.

Results: We noted a statistically significant increase in blood
glucose levels in diabetic patients (N=30) after epidural steroid
injection. The mean blood glucose level prior to ESI injection was
157.97 + 45.71 and after ESI it was 304.00 + 112.63. This represents
an average 146.03 + 88.5 increase in blood glucose levels after injec-
tion, which was significantly higher than 0 (p=0.0001, Wilcoxon
signed-rank test). Using a nonlinear mixed effect model the estimated
half life of this increase was 1.54 days (95% CI 0.86, 7.37), meaning
that the patients were back within their normal standard deviation
mean glucose levels within two days of injection. The Spearman cor-
relation when evaluating the association between pre injection hAlc
levels and maximum blood glucose change was 0.174 (p=0.502)
indicating there is no correlation between pre injection hAlc levels
and systemic response to ESI.

Conclusion: Epidural steroid injections were noted to cause a sig-
nificant increase in the blood glucose levels in diabetics. There was
no correlation between pre injection diabetic control, represented by
hAlc levels, and post injection response. Diabetics who are candi-
dates for ESI should be counseled that a blood glucose increase may
be apparent post intervention but effects should not last longer than
approximately two days.

218. The Prognostic Value of a Cervical Selective Nerve Root
Block: A Correlation with Surgical Outcomes

Luis M. Tumialan MD; David C. LoPresti M.D.; Angelina N.
Garvin BA; Wayne Gluf MD

Introduction: To compare the results of a selective nerve root
block in the cervical spine with surgical outcomes from posterior
cervical foraminotomy or anterior cervical discectomy for manage-
ment of a single level cervical radiculopathy.

Methods: The authors prospectively followed patients with a
unilateral single level cervical radiculopathy. All patients in this
study had radicular symptoms which correlated with clinical history,
neurological examination and MR imaging findings and had failed
nonoperative management for a minimal period of 3 months. All
patients were initially managed with a CT guided selective nerve root
block. Pre-injection, post-injection and postoperative visual analogue
scores (VAS) were obtained at 0, 30 and 90 days. Duration of relief
was also documented.
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Results: A total of 42 patients underwent a transforaminal cervical
selective nerve root block for initial management of their unilateral
single level cervical radiculopathy. Fifteen of these patients expe-
rienced recurrence or only temporary relief of their symptoms and
opted for operative management. At 6 months, the remaining 37
patients required no further intervention. The mean preinjection/
preoperative VAS was 57.1 mm (21-97). The mean post-injection
VAS was 152 mm (0-45). The mean duration of relief was 20.3
days (1-75). The mean postoperative VAS at 30 days was 18.4 mm
(0-60). A regression analysis demonstrated that reduction in pain
from the baseline VAS to the postinjection VAS was highly predic-
tive of outcomes 30 days after surgery (p =0.034). The coefficient of
determination was 32%.

Conclusion: The pain reduction at 30 days after a posterior cervi-
cal foraminotomy or anterior cervical discectomy is well predicted
by the initial reduction from the selective nerve root block. There is
prognostic value in the cervical selective nerve root block for pro-
spective surgical patients.

219. The Prognostic Value of a Lumbar Selective Nerve Root
Block: A Correlation with Surgical Outcomes

Luis M. Tumialan MD; David C. LoPresti M.D.; Angelina N.
Garvin BA; Wayne Gluf MD

Introduction: To compare the results of a selective nerve root
block in the lumbar spine with surgical outcomes from a microd-
iscectomy for management of a single-level lumbar radiculopathy.

Methods: The authors prospectively followed patients with a
unilateral single-level lumbar radiculopathy. All patients in this
study had radicular symptoms which correlated with clinical history,
neurological examination and MR imaging findings and had failed
nonoperative management for a minimal period of 3 months. All
patients were initially managed with a CT guided selective nerve root
block. Pre-injection, post-injection and postoperative visual analogue
scores (VAS) were obtained at 0, 30 and 90 days (when applicable)
along with preinjection/preoperative and postoperative Owestry
Disability Indices (ODI).

Results: A total of 51 patients underwent a transforaminal selec-
tive nerve root block for initial management of their unilateral single
level radiculopathy. Fifteen of these patients experienced recurrence
or only temporary relief of their symptoms and opted for operative
management. At 6 months, the remaining 36 patients required no fur-
ther intervention. The mean preinjection/preoperative VAS and ODI
was 56.8 mm (17-98) and 23.5 (11-35) respectively. The mean post-
injection VAS was 17.25 mm (0-38). The mean duration of relief
was 18.3 days (0-70). The mean postoperative VAS and ODI at 30
days were 21.4 mm (0-57) and 13 4 (1-33) respectively. A regression
analysis demonstrated that reduction in pain from the baseline VAS
to the postinjection VAS was highly predictive of outcomes 30 days
after surgery (p <0.001). The coefficient of determination was 81%.

Conclusion: The pain reduction at 30 days after a microdiscec-
tomy is well predicted by the initial reduction from the selective
nerve root block. There is prognostic value in the selective nerve root
block for surgical patients.

220. Proximal Junctional Kyphosis in Adult Thoracolumbar
Instrumented Fusion: Time to Development, Clinical and
Radiographic Characteristics, and Management Approach in 32
Consecutive Cases

Davis Reames MD (University of Virginia); Justin S. Smith MD,
PhD (University of Virginia Health System); D. Kojo Hamilton
MD (University of Maryland Medical Center); Vincent Arlet MD;
Christopher 1. Shaffrey MD, FACS (University of Virginia)

Introduction: Proximal junctional kyphosis (PJK) is a common
mode of failure following instrumented thoracolumbar deformity
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surgery and often necessitates revision. Our objective was to assess
the clinical and radiographic factors in a consecutive series of adults
who developed PJK.

Methods: Consecutive cases of adults treated for thoracolumbar
deformity that developed PJK from the contributing authors from
2004-2009 were identified. PJK was defined based on previously
published criteria. Clinical records were reviewed and standard
radiographic measurements were performed.

Results: 32 cases of PJK were identified (mean age 66 years,
range: 46-80; 24 women/8 men). 17 (53%) had surgery prior to the
index procedure. The most common comorbidities included osteope-
nia/osteoporosis (31%), hypothyroidism (31%), osteoarthritis (22%),
and movement disorder (13%). The most common diagnosis for the
index procedure was degenerative scoliosis (n=26, 81%). The upper-
most instrumented vertebrae were T4 (n=1), T10 or T11 (n=30), or
L1 (n=1), and the lower-most instrumented levels were: L4 (n=1), L5
(n=1), S1 (n=5), or ilium (n=25). Mean follow-up was 34 months. 16
(50%) required revision (mean of 1.7 revisions, range: 1-3) at a mean
of 9.6 months (range: 0.7-40), and 16 (50%) did not require revision
at last follow-up. Respective comparison of pre- and post-index
surgery radiographic parameters showed no significant change in
sagittal balance (9.6 vs. 8.0 cm, p=0.76), but there was a significant
increase of lumbar lordosis (24 vs. 42 degrees, p<0.001) and T5-T12
kyphosis (30 vs. 53 degrees, p<0.001) and reduction of pelvic tilt (29
vs. 23 degrees, p=0.011).

Conclusion: Collectively, these data suggest that susceptibility
to PJK may relate to development of an exaggerated postoperative
compensatory thoracic kyphosis to offset a significant, intended sur-
gical correction of lumbar lordosis. The resulting inadequate mainte-
nance of sagittal balance, combined with the increased kyphosis, may
predispose to development of PJK.

221. Direct Vertebral Body Derotation: A Comparison of Dif-
ferent Techniques

Amer F. Samdani MD; Steven Wei-Hung Hwang MD (Tufts
University/New England Medical Center); Michelle Marks PT, MA;
Tracey Bastrom MA; Randal Betz MD; Patrick Cabhill

Introduction: Pedicle screw fixation has permitted the applica-
tion of rotational forces to assist in correcting the 3-D deformity of
the scoliotic spine. Surgeons may routinely apply a combination of
derotation techniques when correcting deformity, but little is known
of the impact from each maneuver. Theoretically, unnecessary dero-
tation maneuvers may weaken the screw-bone interface. We sought
to compare outcomes of various direct vertebral body derotation
(DVBD) techniques as defined by inclinometer measures.

Methods: A large, multicenter, prospective database was retro-
spectively queried for patients with the diagnosis of AIS who have
undergone posterior spinal fusion with application of DVBD tech-
niques. All patients had at least 2 years of follow-up, and those hav-
ing undergone thoracoplasty were excluded. Segmental derotation
was defined as corrective rotational forces applied to one vertebral
level, whereas en-bloc derotation referred to maneuvers involving
more than one level.

Results: A total of 195 patients were identified. 104 patients
underwent segmental derotation, 20 had en-bloc derotation per-
formed, and 71 patients had both. No significant radiographic or
clinical differences existed between the groups preoperatively or
postoperatively. When subdivided into categories based on the mag-
nitude of preoperative inclinometer measures (0-9 degrees, 10-15
degrees, and 16+ degrees), no significant difference in postoperative
inclinometer measures were identified (p=0.43 to 0.95) (Table 1).

Conclusion: The use of varying derotation techniques in the cor-
rection of AIS deformity did not correlate with any difference in
outcomes based on inclinometer measures. The additional use of en-
bloc derotation to segmental maneuvers does not provide any more
rib prominence correction.
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222, Direct Vertebral Body Derotation, Thoracoplasty or Both:
Which is Better with Respect to Inclinometer and SRS-22
Scores?

Amer F. Samdani MD; Steven Wei-Hung Hwang MD (Tufts
University/New England Medical Center); Peter Newton; Baron
Lonner; Michelle Marks PT, MA; Tracey Bastrom MA; Patrick
Cahill; Randal Betz MD

Introduction: Direct vertebral body derotation (DVBD) and tho-
racoplasty (Th) are powerful tools for correction of rib deformities in
patients with AIS. We evaluated Th, DVBD, and both (Th/DVBD)
with respect to postoperative inclinometer readings and SRS scores
to determine which provides the best correction of rib deformity and
better patient satisfaction.

Methods: A prospective longitudinal database was queried to
identify AIS patients who underwent a posterior spinal fusion with
pedicle screws and 2 years’ follow-up. 203 patients were identified
grouped as follows: 1) Th alone (N=30), 2) DVBD alone (N=122),
and 3) both Th/DVBD (N=51). Patients were subdivided based on
their preoperative inclinometer reading: 1) = 9 degrees (mild), 2)
10-15 degrees (moderate), and 3)=16 degrees (severe). Pre- and
postoperative inclinometer readings and SRS scores were compared
using ANOVA.

Results: Overall, the groups were similar preoperatively except
for the DVBD group having higher percent thoracic flexibility. The
preoperative rib deformity values were Th=13.2, DVBD=14.0, and
Th/DVBD=12.9 (p=0.27). Taken collectively, the post-op 2 year
inclinometer readings were similar for all three groups (Th=5.2,
DVBD=7.0, Th/DVBD=5.6, P=0.66). However, the SRS-22 self-
image scores were significantly better for patients having both
Th/DVBD (Th=3.4, DVBD=34, Th/DVBD=3.8, P<0.01). When
patients were stratified by severity of pre-op rib deformities, all with
mild prominences achieved similar corrections, although SRS self-
image scores were highest in the Th/DVBD group. In patients with
moderate and severe preoperative rib prominences, the addition of
Th was necessary for optimal rib deformity correction, but there was
no difference in SRS-22 domains (Table 1).

Conclusion: Our results suggest that Th alone, DVBD alone, or
both provide equivalent inclinometer results in patients with mild
preoperative rib deformities, but higher SRS-22 self-image scores are
achieved using both Th/DVBD. For more severe rib prominences (>
10 degrees), better inclinometer readings are achieved with thoraco-
plasty, although SRS-22 self-image scores are comparable.

223. Differences in Treatment and Inpatient Outcomes for
Hospitalized Scoliosis Patients in the United States from 1998
to 2007

Doniel Drazin MD, MA; Miriam Nuno; Frank L. Acosta MD

Introduction: Differences in access to treatment and outcomes
have been documented in a variety of conditions in recent years.
This study evaluates potential disparities in treatment selection and
outcomes for hospitalized scoliosis patients. Patient- and hospital-
specific factors were analyzed as independent variables for predict-
ing surgical versus non-surgical management of these patients, as
well as for in-hospital patient outcomes.

Methods: Using Nationwide Inpatient Sample (NIS) administra-
tive 1998-2007 data, we captured cases having a primary diagnosis
of scoliosis. Univariate and multivariate analyses evaluated race,
gender, socioeconomic factors, and hospital characteristics as pre-
dictors of treatment (surgical versus non-surgical) and in-hospital
outcomes (discharge, mortality, and complications).

Results: The study analyzed 9522 (surgical) and 2617 (non-
surgical) cases. Univariate analysis showed both patient-and hospital-
level variables as strongly associated with treatment selection and
outcomes. Concerning treatment selection, multivariate analysis
revealed African-Americans and Hispanics as less likely to be treated
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surgically, while Caucasians and private insurance patients were more
likely to undergo surgery (p<0.05). These differences in treatment
selection for minorities persisted even when controlling for comor-
bidities. Additionally, Caucasians showed a reduced risk of mortality,
complications and adverse discharge compared to African-Americans
and Hispanics (p=0.01). Large hospitals had higher surgical treatment
rates than small or medium-sized facilities as well as a lower risk of
mortality. Higher proportions of Caucasian patients were admitted to
large teaching hospitals than African-American or Hispanic patients.
Conclusion: Significant disparities were found in the selection of
operative versus non-operative treatments, as well as in in-hospital
morbidity and mortality for hospitalized scoliosis patients based on
racial and socioeconomic variables. This may in part be due to differ-
ences in access to the resources of large teaching hospitals for differ-
ent racial and socioeconomic groups. Additional reasons for these dis-
parities, and their impact on quality-of-life measures and future health
resource utilization for scoliosis patients requires additional research.

224. The Safety and Efficacy of Transforaminal Lumbar
Interbody Fusion for Deformity Correction in Degenerative
Scoliosis with Spinal Stenosis

Alan T. Villavicencio MD; Ewell Lee Nelson MD; Alexander
Mason MD; Sharad Rajpal MD (Neurological Institute - Cleveland
Clinic); Frances A. Carr BA; Sigita Burneikiene MD

Introduction: The utilization of a TLIF (Transforaminal Lumbar
Interbody Fusion) approach for scoliosis offers patients defor-
mity correction without the morbidity associated with more invasive
reconstructive surgeries. The purpose of this study was to analyze
intra- and postoperative complications associated with the TLIF sur-
gical approach in patients undergoing surgery for spinal stenosis and
degenerative scoliosis correction.

Methods: This study included a total of 29 patients that underwent
TLIF for degenerative scoliosis with neurogenic claudication and
painful lumbar degenerative disc disease. TLIF surgery was per-
formed using a posterolateral pedicle screw construct. The average
follow-up time was 27.4 months (range, 6 47).

Results: The average age of patients was 65.9 years (range,
49-83). TLIF procedures were performed at 2.2 levels on average
(range, 1-4) in addition to 7.0 (range, 3 - 11) levels of posterolateral
fusion. The mean preoperative coronal Cobb angle was 32.3 degrees
(range, 15 - 55) compared to the mean of 15.4 degrees (range, 1 -
49) postoperatively. The mean operative time was 8.8 hours (range,
4.6-15.1), EBL - 1091.7 mL (range, 150-2500) and hospitalization
time was 8.0 days (range 3 - 28). Clinical outcome was excellent/
good in 17 (77%) of patients. The overall patient satisfaction rate
was 77% (range, 42 - 100). Mean VAS decreased from 7.6 (range,
4 - 10) preoperatively to 3.6 (range, O -8) postoperatively. There
was a total of 14 (48.3%) hardware and/or surgical technique related
complications, 8 (27.6%) of which required additional surgeries. The
systematic complications (31%) included death (1), cardiopulmonary
arrest with resuscitation (1), myocardial infarction (1), pneumonia
(5) and pulmonary embolism (1). A total of 5 patients (17.2%) had
pseudoarthrosis.

Conclusion: This study suggests that the TLIF approach is a fea-
sible and effective approach to treat degenerative adult scoliosis, but
is still associated with a high rate of intra- and postoperative compli-
cations and a long recovery process.

225. Biomechanical Analysis of Iliac Screws versus S2 Alar-Iliac
Screws

Cyrus Wong MD, BSc (Vanderbilt University); Chase Corn MD;
Colin Crosby MD; Jesse Even; Gregory A. Mencio MD; Clinton J.
Devin MD; Matthew McGirt MD (Vanderbilt University Medical
Center

Introduction: Current techniques of pelvic fixation have been
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associated with high rates of lumbo-sacral pseudarthrosis, failure of
fixation and hardware complication. Hence, newer techniques were
devised that allow for placement of screws into the ilium across
the lumbosacral pivot point to improve biomechanical stability.
However, some of these techniques require additional incisions and
extensive soft-tissue dissection. This study describes and compares
the biomechanical strength of two techniques that provide low-
profile, in-line fixation without the necessity of additional incisions
or soft-tissue dissection.

Methods: Embalmed cadaveric specimens (n=8, 4-male, 4-female)
were utilized. Anatomically-referenced iliac screws and S2 alar-iliac
screws measuring 7.5mm by 80mm were placed in-situ on opposite
sides of each specimen, alternating between right and left for each
type of fixation. Appropriate placement of screws was confirmed
with fluoroscopy and direct examination after dissection of each
pelvis. The pelvi were then harvested, hemi-sectioned and potted
for biomechanical testing. Utilizing an MTS Bionix 858 Machine,
screws were coaxially loaded at a rate of 5 mm/minute and pull out
strength was measured in Newtons.

Results: Mean pull-out strength for anatomically-referenced iliac
screws and S2 alar-iliac screws were 576 N (SD- 185) and 933 N
(SD- 440), respectively. A statistically significant higher pull-out
strength was noted in the S2 alar-iliac screws as compared to stan-
dard iliac screw (p<0.05).

Conclusion: Iliac fixation is often performed in a revision setting
to successfully achieve arthrodesis across the lumbosacral junction.
In this study, we demonstrate that utilizing an S2 alar-iliac fixation
technique provides superior pullout strength potentially avoiding
these complications and helping achieve arthrodesis.

226. Reduced Surgical Site Infections in Patients Undergoing
Posterior Spinal Stabilization of Traumatic Injuries Using
Vancomycin Powder

Owoicho Adogwa BS, MPH; Kevin O’Neill; Jason S. Smith;
Amir Abtahi; Kristen Archer-Swygert; Clint Devin MD; Matthew
McGirt MD (Vanderbilt University Medical Center)

Introduction: Despite improvements through the use of prophy-
lactic systemic antibiotics, surgical site infections remain a signifi-
cant problem in the treatment of traumatic spine injuries. Infection
rates as high as 10% have been reported in this population. The
impact on patients and cost of treating such infections is profound.
Local delivery of antibiotics has been found to be efficacious in
animal and human studies as an adjunct to systemic antibiotics in
surgical site infection prophylaxis. We set out to evaluate the efficacy
of using vancomycin powder in surgical sites to prevent infections.

Methods: Fifty-eight consecutive patients with traumatic spine
injuries treated with instrumented posterior spine fusions at a
single academic center received intra-operative vancomycin powder
applied to their surgical site and prospectively followed for infection.
This prospective cohort was compared to 60 consecutive patients
undergoing posterior fusion for trauma immediately prior to the pro-
spective cohort. History of previous spine surgeries, substance use,
diabetes, and body mass index were compared. Incidence of infection
was the primary outcome evaluated.

Results: The control (N=60) and treatment groups (N=58) were
statistically similar, Table 1. There were no adverse reactions to the
vancomycin powder. A statistically significant difference in infection
rate was found between the treatment group (0%) and control group
(12%, p=0.02), Table 2. No adverse effects were noted from use of
the vancomycin powder.

Conclusion: The use of vancomycin powder in surgical wounds
may significantly reduce the incidence of infection in patients with
closed traumatic spine injuries treated with instrumented posterior
spine fusion. Applying vancomycin powder to surgical wounds is
a promising means of preventing costly and harmful post-operative
wound infections.
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227. Intra-Operative Glucose Levels and Its Association With
Developing Post-Operative Surgical Site Infections Following
Spine Surgeries

Frances Mao; Ajit A. Krishnaney MD (Cleveland Clinic
Foundation)

Introduction: Post-operative wound infections following major
surgical procedures continue to be a significant source of morbidity
and mortality in the United States. Current recommendations from
ICU and cardiac surgery management indicate that aggressive man-
agement of intra-operative glucose levels result in lower rates of sur-
gical site infections. This study is a retrospective cohort analysis to
determine the incidence of surgical site infections following elevated
intra-operative glucose levels during spine surgeries.

Methods: Peri-operative glucose levels and infection control sur-
veillance data were analyzed for 2208 patients who underwent cervi-
cal, thoracic, or lumbar spine surgical procedures at the Cleveland
Clinic Center for Spine Health between March 2005 and March 2010.

Results: Out of 2208 patients, 112 (5.1%) developed a surgical
site infection during the 30-day post-operative period. Non-infected
patients had a mean intra-operative glucose level of 132.11 mg/
dl (95% CI 130.72 - 133.5) compared to infected patients with a
mean intra-operative glucose level of 130.95 mg/dl (95% CI 126.03
- 135.87 mg/dl. An independent two sample t-test found no signifi-
cant difference in mean intra-operative glucose level between these
two groups (p = 0.6523). Univariate logistic regression revealed a
risk ratio per unit glucose of 1.00116 (95% CI 0.9953 - 1.0075, p
= 0.7081). Chi-square analysis found no association between high
glucose level (>110 mg/dl) and surgical site infection (chi-square
value = 0.232, p = 0.6304). Follow-up analyses will be repeated to
account for diabetes status.

Conclusion: We did not find a significant association between
elevated intra-operative glucose levels and a higher incidence of
post-operative surgical site infection. Our results add to previous
case-control studies exploring the same association in neurosurgery.
Because the causes of surgical site infection are multi-factorial, the
role of other peri-operative variables in decreasing SSI incidence
should be explored.

228. Multiple-Day Drainage When Using BMP for Long
Segment Thoraco-Lumbar Instrumented Fusions Results in Low
Reoperation Rates for Infection and Seroma

Dwight Saulle MD (UVA Neurosurgery); Kai-Ming G. Fu MD,
PhD (University of Virginia Hospital); Justin S. Smith MD, PhD
(University of Virginia Health System); Christopher I. Shaffrey MD,
FACS (University of Virginia)

Introduction: Concerns over increased infection and seroma rates
have been raised when BMP is employed as an aid to fusion in spinal
surgery. Few studies have explicitly documented these complica-
tions. In this study we evaluated 87 consecutive patients undergoing
long segment thoracolumbar spinal fusions with BMP to assess drain
output and the rates of reoperation for infection or seroma.

Methods: Inclusion criteria included: patients undergoing 4 or
more levels of posterior instrumented thoracolumbar fusion, use of
BMP for posterolateral arthodesis, age >18 years, and a perioperative
followup of 60 days. 87 consecutive cases from a single institution
were assessed. Typically, 2 1/8th inch hemovac drains were placed
at surgery and discontinued when two consecutive shifts (8 hrs)
demonstrated less than 30cc of output. Drain output, length of time
of drainage, and need for reoperation for wound seroma or infection
were retrospectively reviewed.

Results: Mean age was 58.5 (SD 16.2, range 20- 81). Primary
operative indications were deformity, with 43 patients undergoing
revision surgery. The average number of levels instrumented and
arthrodesed with BMP was 9.2 (SD 3.7, range 4-18). The average
dose of BMP was 31.2 mg or 2.6 large sponges (SD 9.6mg, range
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12-48). Patients required drainage for a mean of 4.9 days (SD 1.3
days, range 3-9 days). The average total output was 1856cc (SD 787,
range 530- 4310cc). There were no significant differences between
dose of BMP used and amount or days of drainage (p=0.3 and p=0.3,
respectively). The wound infection rate was 2.3% (2 cases, deep
wound infection, required reoperation), and 2 (2.3%) sterile seroma
occurred that required reoperation for drainage. No other wound
complications were noted.

Conclusion: Use of BMP for long-segment posterior thoracolum-
bar fusions may be associated with significant drain output, requiring
multiple days of drainage. However, when drained adequately, reop-
erations for infections and seromas occur infrequently

229. Efficacy of Prophylactic Preoperative Inferior Vena
Cava Filters for Major Spinal Surgery in Adults: A Review of
219 Patients at a Single Institution

Jamal McClendon MD (Northwestern University Hospital); Brian
A. O’Shaughnessy MD (Dreyer Medical Group); Timothy R. Smith
MD (Northwestern University); Patrick Alexander Sugrue MD (North—
western University Medical School); Ryan J. Halpin MD (Northwestern
University); Tyler R. Koski MD; Stephen L. Ondra MD

Introduction: Venous thromboembolism (VTE) is a serious com-
plication following major spinal reconstructive surgery in adults.
Specifically, pulmonary embolism (PE) can result in significant mor-
bidity and mortality, and has been reported in up to 13% of patients.
Placement of prophylactic inferior vena cava filter IVCf) was initi-
ated as standard protocol for all high-risk spine patients after a pilot
study demonstrated decreased VTE-related morbidity and mortality.

Methods: After IRB approval, medical records of all patients
receiving an IVCT at a single institution were reviewed. Age, sex, sur-
gical approach, postoperative deep vein thrombosis (DVT), postop-
erative superficial thrombus, presence of PE or paradoxical embolus,
mortality, and IVCf complications were reviewed. Placement indica-
tions included history of DVT or PE, malignancy, hypercoagulability,
prolonged immobilization, staged procedures > 5 levels, combined
anterior/posterior approaches, iliocaval manipulation during expo-
sure, and anesthesia > 8 hours. Descriptive statistics were used for the
analysis of patient characteristics. Non-parametric, frequency statis-
tics (odds ratios, chi-square) were used for analysis of main outcomes.

Results: 219 patients (150F, 69M) were analyzed with mean age
of 58.8 years (range 17-86 years). There were two complications
from IVCf placement (66 Greenfield and 157 retrievable). Incidence
of lower extremity DVT was 18.7% in 36 patients. PE incidence
was 3.7% (8/219), and the paradoxical embolus rate was 0.5% (1
patient). Prophylactic IVCf use reduced the odds of developing PE
(OR=3.7, p<0.05) compared to population controls. Mean follow-up
was >2 years. Patients receiving Greenfield filters had significantly
higher VTE incidence compared to those receiving retrievable filters
(OR=2.8, p=0.008). Anesthesia duration longer than 8 hours sig-
nificantly increases VTE incidence (p=0.029). There were 14 deaths,
none related to PE or paradoxical embolus.

Conclusion: VTE-related morbidity and mortality have height-
ened the awareness within the spine community to the peri-operative
management of patients receiving major spinal reconstruction.
Prophylactic IVCf placement significantly lowers PE rate.

230. Defining the Role of Early Surgical Decompression After
Traumatic Spinal Cord Injury: Results of a Canadian Multicenter
Study

Michael G. Fehlings MD, PhD, FRCSC, FACS (Toronto Western
Hospital); Jefferson Wilson MD (University of Toronto, Toronto
Hospital); Anoushka Singh PhD; Catharine Craven MD; Henry Ahn;
Brian Drew MD; Michael Ford MD

Introduction: Although there exists compelling experimental evi-
dence supporting early spinal cord decompression after spinal cord
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injury (SCI), in practice, the role of surgery remains controversial in
the absence of well-designed clinical studies. We present the results
of a multicenter Canadian effort evaluating the impact of early versus
late surgical decompression post SCI on neurologic outcome, length
of hospital stay and development of complications.

Methods: A prospective cohort study of patients within the
Ontario Spinal Cord Injury Rehabilitation (OSCIR) program was
performed. Eighty-six ASIA A-D SCI patients, from six Ontario
trauma centers were enrolled between 2007 and 2009. Patient infor-
mation was collected preoperatively, postoperatively, at acute care
discharge and at discharge from rehabilitation. A grouped analysis
was performed comparing the cohort of patients who received early
surgery (<24 hours after SCI) to those receiving late surgery (=24
hours after SCI). Fisher’s exact test was used to examine for differ-
ences in baseline characteristics and outcomes between early versus
delayed surgery patients.

Results: Of the 86 patients treated surgically there were 69 males
and 17 females, with a mean age of 46.3 years. There was a trend
towards older age and increased number of co-morbidities within the
late surgery group. More patients had a 2 grade or more improve-
ment in their ASIA Impairment Score (AIS) from admission to
rehabilitation discharge in the early surgery group (p<0.05). This
improvement was most marked amongst the early surgery ASIA A
subgroup as compared to injury matched patients who underwent
late surgery. Early surgery patients also experienced significantly
greater improvements in ASIA sensory score over follow-up. The
only significant predictor of acute care and overall length of stay was
the admission AIS.

Conclusion: The results of this study support the growing body
of literature which supports the principle of early intervention in the
setting of spinal trauma and SCI.

231. Age Related Changes in Neurologically Intact Human
Spinal Cords Assessed Using Diffusion Tensor MR Imaging

Shekar N. Kurpad MD, PhD (Medical College of Wisconsin);
Marjorie C. Wang MD, MPH (Medical College of Wisconsin);
Michael Jirgis; Brian Schmit PhD; John L Ulmer MD; Brian Shender;
Brian D. Stemper PhD; Narayan Yoganandan PhD (Medical College
of Wisconsin); Allison Hyngstrom

Introduction: Diffusion Tensor MR Imaging (DTI) is an impor-
tant imaging modality that can be useful for monitoring changes in
tissue structure in the brain and spinal cord. We present the largest
dataset of DTI derived indices in the cervical spinal cord of a cohort
of non-myelopathic individuals. The aim of this study was to char-
acterize diffusion characteristics in the human cervical spinal cord at
various ages.

Methods: With appropriate IRB approval, twenty-eight neuro-
logically intact age and sex matched subjects, 22 -85 years old, were
enrolled in this study. A single-shot, twice-refocused, spin-echo,
echoplanar pulse sequence was used to obtain axial images through-
out the cervical segments of the spinal cord (C1 - C8) on a 1.5 Tesla
Clinical MR imaging Scanner in 45 minutes.

Results: Diffusion images indicated a significant decrease
(p<0.05) in fractional anisotropy (FA) and an increase in mean dif-
fusivity (MD) after 65 years of age in both male and female subjects.
Cervical mean diffusivity averaged 0.98+/- 0.03 x 10(-3) mm(2)/s,
fractional anisotropy averaged 0.63+/- 0.02 mm(2)/s.

Conclusion: To date, this is the largest study of DTI indices in
a non-myelopathic population. This study provides evidence of
changes in diffusion characteristics in the cervical spinal cord after
the age of 65 years. Changes in spinal cord diffusion with increasing
age likely reflect changes in spinal cord tissue structure. We believe
that the definition of the normative values of DTI indices in these
individuals will assist in evaluating DTI index differences in patients
with spinal cord disease in the future. These significant changes in
diffusion characteristics should be accounted for when using DTI to
diagnose abnormalities in older patients.
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232. A Combined Neuroprotective Immuno-Modulatory Therapy
Mitigates Early Bladder Dysfunction After Experimental Spinal
Cord Injury

Daniel J. Hoh MD (Cleveland Clinic); John H. Shin MD
(Cleveland Clinic Foundation); Megan Clark MS; Christopher A.
Tannotti MD, PhD; Ran Harel MD; Nico van Rooijen; Hai-Hong
Jiang MD, PhD; Margot Damaser PhD; Michael P. Steinmetz MD
(Spine Institute)

Introduction: Traumatic spinal cord injury (SCI) can result in
devastating motor and sensory deficits. Of these, impaired bladder
function is particularly significant as urinary tract complications
rank among leading causes of morbidity and mortality in acute and
chronic SCI. Experimental SCI in a rat contusion model demon-
strates characteristic bladder dysfunction that parallels clinical SCI
including abnormal micturition, urinary retention, and pathologic
changes in functional bladder wall compliance. Previously, our group
demonstrated that a combined immuno-modulatory strategy of
cAMP elevation and peripheral macrophage depletion improves not
only late but early hindlimb motor function after SCI. In the pres-
ent study, we investigated the same combined immuno-modulatory
therapy to determine if it confers similar neuroprotective benefit in
mitigating early bladder dysfunction after SCI.

Methods: 12 rats were subjected to T8 weight-drop contusion
injury. Post-SCI, animals either were treated with combined cAMP
elevation + peripheral macrophage depletion (treated=6) or were
untreated (control=6). Early bladder dysfunction was assessed using 2
techniques. First, severity of urinary retention was evaluated by mea-
suring residual urine volumes (RUV) after daily timed manual bladder
expression. Second, on post-SCI day 7, functional bladder wall com-
pliance was assessed by measuring bladder capacity at micturition
during transurethral single cycle filling cystometry (0.125ml/min).

Results: Animals had equivalent initial thoracic SCI (hindlimb
BBB score<1, post-SCI day 1) with resulting abnormal micturition.
Control animals, however, demonstrated progressively increasing
daily RUV signifying worsening urinary retention, whereas treated
animals did not (p<0.05)(Figurel). On post-SCI day 7, bladder
capacity with filling cystometry was significantly increased (p<0.01)
in control (4.94+0.7ml) compared to treated (3.5+0.6ml) animals, sig-
nifying increased disturbance in functional bladder wall compliance
among control animals.

Conclusion: Experimental SCI results in early bladder dysfunc-
tion characterized by urinary retention and abnormal functional
bladder wall compliance. A combined immuno-modulatory strategy
reduces these pathophysiologic findings in acute experimental SCI.
Clinical translation of this therapy may decrease risk of urinary com-
plications in SCI patients.

233. The Role of Nitric Oxide in Secondary Spinal Cord Injury:
Insights from a New Transgenic Model

George Al Shamy MD (Baylor College of Medicine); Bettina
Keller PhD (Baylor College of Medicine); Philippe Campeaux
MD (Baylor College of Medicine); Brendan Lee MD, PhD (Baylor
College of Medicine)

Introduction: Acute spinal cord injury (SCI) occurs worldwide
with an annual incidence of 15-40 cases per million per year. Recent
advances have led to better understanding of the pathophysiology of
SCI. Alterations in nitric oxide (NO), a neurotransmitter produced
by Nitric oxide synthase from L-arginine have been implicated with
different isoforms showing distinct temporal patterns. Arginase
negatively regulates NO production through competition with NOS
for the substrate L-arginie. Our aim is to develop a transgenic mouse
model that over-expresses arginase in distinct cell populations to
understand their role in NO production after SCI.

Methods: We used standard techniques to develop transgenic
mouse models over-expressing the enzyme Arginase exclusively in
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neurons as well as in astrocytes. Plasmids containing the gene for
arginase were cloned under the neuronal specific thyl promotor as
well as the Glial specific GFAP promotor. Transgenic founders were
generated by pronuclear injections of the plasmids. Transgenic mice
were identified at birth by eye pigmentation and confirmed by PCR
using primers specific for Arginase. Western blot analysis, RNA
extraction, enzyme essays as well as histology were established in the
transgenic models and compared to control animals.

Results: Our transgenic animals show an up to 30 fold over-
expression of Arginase with comparable enzyme activity. Arginine
and citrulline levels are reduced in plasma of transgenic animals
when compared to wild type controls. Despite these physiological
discrepancies, our animals sustain normal growth. Under nonstress-
ful conditions, these animals survive comparably to wild type litters,
are fertile with offsprings born in mendelian ratio and have no histo-
logical abnormalities.

Conclusion: We were able to generate viable and fertile mice
overexpressing Arginase specifically in neurons and glial cells.
These mice will be a valuable tool to understand the role different
cells play in the pathophysiology of acute spinal cord injury.

234. The Impact of Weekend Hospital Admission on the Timing
of Intervention and Outcomes After Surgery for Acute Spinal
Cord Injury in the United States, 2005-2008

Hormuzdiyar H. Dasenbrock BA; Timothy F. Witham MD,
BS (Johns Hopkins Hospital); Daniel M. Sciubba BS, MD (Johns
Hopkins University); Ziya L. Gokaslan MD (Johns Hopkins
University); Ali Bydon MD (Johns Hopkins Hospital)

Introduction: Many studies haves suggested that patients who are
admitted on the weekend have inferior outcomes compared to those
admitted on a weekday. However, the impact of weekend admission
on the timing of intervention and outcomes after surgery for acute
spinal cord injury has not been previously evaluated.

Methods: Data from the national inpatient sample (2005-2008)
were retrospectively extracted. Patients were included if they had
a diagnosis of acute spinal cord injury, underwent spinal decom-
pression with or without fusion and were admitted emergently or
urgently. Multivariable logistic regression analyses were conducted
to calculate the odds of death, the development of a post-operative
complication and the performance of surgery on the day of or day
after admission depending on if the hospital admission day was a
weekend or a weekday. Logarithmic multivariate regression was
used to evaluate the association of admission on a weekend with
length of stay and hospital charges. All analyses were adjusted for
differences in patient age, gender, co-morbidities, race, primary
insurance, admission type and hospital characteristics.

Results: A total of 4,991 admissions were evaluated, of which
35% were on the weekend. Weekend admission was not significantly
associated with a higher adjusted odds of in-hospital mortality (OR:
1.00. 95% CI: 0.70. 1.44). Patients admitted on the weekend did
not have significantly different adjusted odds of performance of
surgery on the day of or day after surgery (OR: 0.91, 95% CI: 0.77,
1.07). Post-operative complications, length of stay and total hospital
charges were not significantly different between patients admitted on
the weekend or a weekday.

Conclusion: Unlike other surgical diseases, the outcomes of
patients admitted in the United States for acute spinal cord injury dur-
ing the weekend do not differ from those admitted during the week.
Nationwide, surgery is not delayed for patients with acute spinal cord
injury who present on the weekend.

235.Long-Term Outcomes of Patients with Multilevel Ossification
of the Posterior Longitudinal Ligament After Laminectomy,
Laminoplasty and Laminectomy and Fusion: A Meta-Analysis
of Observational Studies

Hormuzdiyar H. Dasenbrock BA; Mohamad Bydon MD (Johns
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Hopkins Hospital); Gayane Yenokyan PhD; Timothy F. Witham
MD, BS (Johns Hopkins Hospital); Ziya L. Gokaslan MD (Johns
Hopkins University); Ali Bydon MD (Johns Hopkins Hospital)

Introduction: Although posterior decompression is preferred for
multilevel cervical ossification of the posterior longitudinal liga-
ment (OPLL), few studies have evaluated the long-term outcomes
of patients undergoing different posterior techniques. We report a
meta-analysis of observational studies comparing the improvement
in myelopathy and long-term complications including the develop-
ment of post-operative kyphosis, the prevalence of axial pain and the
progression of OPLL in patients with multilevel disease undergoing
laminectomy, laminoplasty and laminectomy & fusion.

Methods: A literature search was performed using MEDLINE
of studies indexed between January 1980 and June 2010. Pre-
determined study inclusion criteria included reporting outcomes for
patients with OPLL separately from other etiologies of myelopathy;
studies were excluded if they reported a total of ten or fewer patients.
Data on the severity of myelopathy (measured by the Japanese
Orthopedic Association (JOA) scale) and long-term complications
were extracted and pooled assuming random effects.

Results: 40 studies with a total of 1,549 patients were included
of which 8 reported laminectomy, 34 reported laminoplasty and 2
reported laminectomy and fusion. Among studies with a long-term
mean follow-up (of at least four years), patients undergoing laminec-
tomy and fusion had a non-significantly higher recovery rate of JOA
score 62.5%, compared to 57.2% after laminoplasty and 53.4% after
laminectomy. With an intermediate mean follow-up (of at least two
years), kyphosis developed in 28.4% after laminectomy, 7.5% after
laminoplasty and 0% after laminectomy and fusion. Axial pain was
present in 35% of patients who underwent laminoplasty; progres-
sion of OPLL was noted in 70% after laminectomy and 66% after
laminoplasty.

Conclusion: Substantial long-term improvement in myelopathy
was seen regardless of the posterior technique utilized. However,
long-term complications — particularly the development of kyphosis
or neck pain and progression of OPLL — were common after lami-
nectomy or laminoplasty. Additional research is needed on the long-
term outcomes of patients with OPLL after laminctomy and fusion.

236. Assessment of Potential Predictors of Long-Term Outcomes
of Surgery for Cervical Spondylotic Myelopathy: Clinical,
Demographics and MR imaging Factors

Michael G. Fehlings MD, PhD, FRCSC, FACS (Toronto Western
Hospital); Alina Karpova BSc (University Health Network); Abhaya
Vivek Kulkarni MD (Hospital for Sick Children); Aileen Davis PhD
(Toronto Western Research Institute, University Health Network and
the University of Toronto); Eric M. Massicotte (Toronto Western
Hospital)

Introduction: Cervical spondylotic myelopathy (CSM) is the
commonest cause of spinal cord dysfunction worldwide, leading to
severe neurological impairments and major socio-economical costs.
Nevertheless, prospective data on factors which predict surgical
outcomes are lacking.

Methods: 65 consecutive patients with CSM were treated at a
university-based centre. After excluding 4 patients who were lost
to follow-up, 61 (follow-up: 94%) were analyzed for prediction of
surgical outcomes. There were 42 males and 19 females with mean
age of 57 years (range: 32 to 86 years). The mean mJOA score
improved from 12.8 + 2.7 points pre-operatively to 15.8 + 2.3 points
at 12 months post-operatively (p<0.0001). The modified Japanese
Orthopaedic Association Scale (mJOA) was used as the primary
outcome measure to quantify functional disability at admission and
at 12-months follow-up. Potential predictors of functional outcomes
included age, gender, duration of symptoms, severity of myelopathy,
number of compressed segments, antero-posterior diameter [AP] and
transverse area [TA] of the spinal cord at the site of maximal com-
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pression, three patterns of MRI spinal cord signal intensity changes.
Data were analyzed using Spearman’s rank correlation test, ANOVA
and Mann-Whitney test, and stepwise multivariable regression.

Results: Higher baseline mJOA scores were associated with
younger age (p=0.0002), shorter duration of symptoms (p=0.03),
fewer compressed segments (p=0.04) and less severe cord com-
pression (p=0.02). Moreover, better post-operative mJOA scores
were associated with younger age (p<0.0001) and shorter duration
of symptoms (p=0.07). Using multivariate analysis, baseline and
follow-up mJOA scores were best predicted by age.

Conclusion: The data suggest that functional outcomes can be pre-
dicted by age and baseline mJOA scores. Moreover, age negatively
affects functional outcomes following surgical treatment.

237. The AOSpine North America Cervical Spondylotic
Myelopathy Study: Perioperative Complication Rates Associated
with Surgical Treatment Based on a Prospective Multicenter
Study of 302 Patients

Justin S. Smith MD, PhD (University of Virginia Health System);
Christopher 1. Shaffrey MD, FACS (University of Virginia); Branko
Kopjar MD; Paul M. Amold MD; Sangwook Yoon MD (Emory
Orthopedic); Alexander R. Vaccaro MD; Darrel S. Brodke MD;
Michael Janssen MD; Jens Chapman MD; Rick Sasso MD; Eric J.
Woodard MD (New England Baptist Hospital); Robert J. Banco MD;
Eric M. Massicotte (Toronto Western Hospital); Mark B. Dekutoski
MD (The Mayo Clinic); Ziya L. Gokaslan MD (Johns Hopkins
University); Christopher Bono MD; Michael G. Fehlings MD, PhD,
FRCSC, FACS (Toronto Western Hospital)

Introduction: Cervical spondylotic myelopathy (CSM) often
warrants surgical treatment. Our objective was to assess complica-
tion rates associated with the surgical treatment of CSM based on a
prospective multicenter study.

Methods: The AOSpine North America CSM study is a recently
completed prospective multicenter study of patients surgically
treated for CSM. Standardized forms were used to collect clinical
and surgical data. Perioperative complication rates (within 30 days
of surgery) were assessed.

Results: A total of 302 patients (178 men/124 women) were
enrolled, with a mean age of 57 years (range: 29-86). Surgical
approaches included anterior-only (n=176, 58%), posterior-only
(n=107, 35%), and combined anterior-posterior (n=19, 6%). Fusion,
laminoplasty, and corpectomy were performed in 27%, 13%, and
18% of cases, respectively. Of 332 reported adverse events, 73 were
adjudicated to be complications, including 25 major (8%) and 48
minor (16%). The most common complications included: cardio-
pulmonary events (3.3%), infection (7 superficial/2 deep, overall
3.0%), dysphagia (3.0%), C5 radiculopathy/palsy (1.7%), worsened
myelopathy (1.3%), new radiculopathy other than C5 (1.0%), epidur-
al/wound hematoma (1.0%), instrumentation malposition/migration
(1.0%), durotomy (1.0%), other neurological deficit (0.7%), renal
complications (0.7%), and altered mental status (0.7%). Single cases
of death, stroke, re-operation (not otherwise specified), thrombo-
embolism, wound dehiscence, worsened neck pain, and pneumonia
were reported. Ten miscellaneous complications were documented.

Conclusion: These data provide benchmark rates for perioperative
complications associated with the treatment of CSM and demonstrate
a remarkably low rate of neurological complications, with the vast
majority complications being treatable and without long-term impact.

238. Spinal Injuries in Children and Adolescents

Jan Stulik; Jan Kryl; Michal Barna (FN Motol); Petr Nesnidal
MD (FN Motol)

Introduction: In this retrospective study, the effectiveness of

conservative and surgical treatment of injured spines in children is
evaluated in a 10-year period.
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Methods: All patients from birth to the completed 18th year of age
treated in our departments between 1996 and 2005 were included in
this study. The patients, evaluated in three age categories (0-9, 10-14,
15-18), were allocated to two groups according to the treatment used.

Results: During 1996 through 2005, we treated a total of 15 646
patients with injury to the skeleton, aged O to 18 years. The spine was
affected in 571 cases, which is 3.6%. We used conservative treat-
ment in 528 (92.5%) and surgery in 43 (7.5%) children. The group
of patients treated conservatively consisted of 292 boys (55.3%) and
236 girls (44.7%); 219 (41.5%) were in the 0-9 year category, 251
(47.5%) were between 10 and 14 years old and 58 (11%) were 15 to
18 years old. In all age categories, injury to the thoracic spine was
most frequent (340; 64.4%). Multi-segment injury in 124 patients
(23.5%). The thoracolumbar spine was affected in 22 patients
(4.2%), and lumbar vertebrae in 28 patients (5.3%), upper cervical
spine in 4 (0.8%) and lower cervical spine in 10 (1.9%) patients.
None of the patients showed neurological deficit. The surgically
treated group included 29 (67.4%) boys and 14 (32.6%) girls; two
(4.7%) children were between O and 9 years, nine (20.9%) between
10 and 14 years, and 32 (74.7%) between 15 and 18 years. The upper
cervical spine was operated on in 5 (11.6%), lower cervical spine in
8 (18.6%), thoracic spine in 13 (30.2%), thoracolumbar spine in 5
(11.6%) and lumbar vertebrae in 12 (27.9%) patients. Neurological
deficit was recorded in 9 (20.9%) patients.

Conclusion: Childhood spinal injuries account for only 2 to 5%
of all spinal injuries and for 3.6% of all skeletal injuries in children.
Conservative treatment is preferred; surgery before 12 years of age
is strictly individual, while after 12 years therapy is similar to that
used in adults.

239. Diffusion Tensor MR Imaging in Rats with Varying Spinal
Contusion Severity

Shekar N. Kurpad MD, PhD (Medical College of Wisconsin);
Brian Schmit PhD; Michael Jirjis BS; Mohammed Ali Jazayeri; John
L. Ulmer MD

Introduction: Diffusion Tensor Imaging (DTI) is a promising
novel MRI based technique for spinal cord tractography. We have
previously shown that DTI derived indices, including mean diffusiv-
ity (MD), fractional anisotropy (FA), lateral and transverse apparent
diffusion coefficients (IADC and tADC) correlate with structural and
functional changes after SCI in the zone of injury. We present the
preliminary results of our recent investigations in the validation of
DTI FA as a biomarker for distal changes in the cervical spinal cord
after experimental thoracic injuries of varying severity.

Methods: Four groups of rats were used for the experiments.
These included animals with sham surgery, mild, moderate and
severe thoracic injuries derived from a standard NYU impactor.
Animals were imaged in vivo using a 94T magnet, and axial dif-
fusion weighted images were collected at a b-value of 500 seconds/
mm(2). Average FA values were calculated in axial sections of the
cervical spinal cord with five slices representing C2-3/C3-4/C4-5/
C5-6 and C6-7 respectively.

Results: In all three injury groups, average FA values showed a
progressive decreasing trend in a caudal cephalad direction ranging
from 0.69 to 0.59 mm(2)/s in FA. Severely injured rats showed the
greatest reduction in FA values (average of 0.9 decrease in FA) with
moderate and mild injured animals showing slightly lesser reduction
(average of 0.6 and 0.4 mm(2)/s decrease in FA respectively). FA val-
ues in the severe injury group were significantly different (analysis of
variance [ANOVA], p > 0.05) than the other two groups. No signifi-
cant difference was observed between the mild and moderate groups.

Conclusion: We have demonstrated that FA can be a reliable bio-
marker for estimating spinal cord structural changes in the cervical
spinal cord after thoracic injury. In addition, our studies show that FA
changes in the cervical cord can reflect injury severity in the thoracic
cord. These observation carry important implications in further refin-
ing DTI indices to assess SCI severity.
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240. CTA Screening for Vertebral Artery Injury in Transverse
Foramen Fractures in 320 Patients

Sanjay S. Dhall MD (Emory University School of Medicine);
Albert Jesse Schuette MD (Emory University School of Medicine);
Jack Barrow; Gerald E. Rodts MD (Emory Spine Center); Daniel L.
Barrow MD (The Emory Clinic)

Introduction: Transverse foramen fractures are a common find-
ing after cervical spine trauma. Computed tomography angiography
(CTA) is a rapid method to screen for vertebral artery injury in
patients who sustain these fractures.

Methods: We reviewed the prospective trauma database of 2084
consecutive cervical spine fractures from 2000 to 2009. We identi-
fied 320 patients with transverse foramen fractures and computed
tomography angiography. The primary goal is to identify the inci-
dence of vertebral artery injury in this blunt trauma population.

Results: CTA results were obtained on all 320 patients with cervi-
cal transverse foramen fractures. In this population, 19% of patients
were found to have sustained vertebral artery injury on CTA.

Conclusion: Transverse foramen fractures of the cervical spine
should undergo screening with CTA to evaluate for vertebral artery
injury. Fracture patterns associated with vascular injury will be discussed.
Outcomes of various treatment methods employed will be discussed.

241. Dens Fractures in Patients Over 65 Years of Age: Anterior
Screw Fixation of the Dens Versus Posterior Fixation of C1-C2

Jan Stulik; Jan Kryl; Petr Nesnidal MD (FN Motol)

Introduction: This study is a retrospective evaluation of dens
fractures in patients over 65 years of age treated with anterior screw
fixation of the dens (ASF) or posterior atlantoaxial fixation and
fusion (PF).

Methods: We treated surgically 28 patients older then 65 years
with dens fractures, with a mean age of 77.4 years (65-90 years).
According to the type of treatment the whole cohort was divided into
2 groups that were subdivided into two age groups of patients 65-74
years old (N=8, mean age 68.5) and older then 75 years (N=20, mean
age 81). Neurological deficits were found in three patients, Frankel D
type. All patients underwent radiograph examination in two projec-
tions, CT scans and in most cases also MRI examination. Based on
these examinations, the type of injury was determined and method of
treatment indicated. Follow-up was 12 to 78 months after the surgery
(mean 31.3 months) with consideration on aetiology and type of inju-
ry, neurological finding, method of treatment, union of the fracture
lines or C1-C2 fusion, stability of the spine and the final outcome.

Results: There was statistically significant difference in the
mortality (p<0.05), with O % in the younger group and 40 % in the
older group. Mortality within 6 weeks after the injury was 28.6 %.
Mortality after ASF was 21.4% and mortality after PF was 35.7%
(p>0.05). Of the 20 surviving patients, 11 were treated with ASF and
9 with PF. We found only one case of nonunion of the dens (9.1 %)
and one fibrous callus in the region of C1-C2 fusion and the fracture
line in the dens (11.1 %) (p>0.05).

Conclusion: Active surgical treatment conduces the improvement
of the quality of life of elderly patients after dens fractures. Mortality
is influenced by the age rather than by the surgical technique used.
Elderly patients with a neurological deficit mostly die of associated
diseases.

242. A Pilot Evaluation of the Role of Bracing in Stable Thora-
columbar Burst Fractures

Mohammed F. Shamji MD, PhD (University of Ottawa Hospital
-Civic Campus); Darren Roffey; Don Chow; Joseph O’Neil; Garth
Johnson MD, FRCS; Daryl Young; Eugene Wai

Introduction: The management of thoracolumbar burst fractures
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may depend on clinical presentation of neurological deficit as well as
radiographic features of fracture severity suggestive of instability.[1]
When patients are neurologically intact and have mild deformity on
computed tomography (CT), conservative therapy may be applied,
conventionally involving bracing over months to permit fracture
stabilization.[2,3] We investigated the utility of bracing versus no
bracing among stable thoracolumbar burst fractures.

Methods: Patients with stable thoracolumbar burst fractures,
single level between T12 and L2, without neurological deficit or
lower extremity injury were entered into this study. Randomization
was computer-generated in sealed envelopes. Investigated endpoints
were at time of presentation and at 6-months follow-up and included
radiographic outcomes of kyphotic progression and loss of vertebral
height and clinical outcomes of self-reported pain and disability.
Continuous variables were analyzed by two-factor ANOVA (time
and treatment as factors), at the 0.05 level of significance.

Results: There were no differences between patients treated with
or without bracing regarding the level of injury (p=0.18) and initial
spine geometry including extent of fragment retropulsion (p=0.97),
anterior loss of height (p=0.56), or Cobb angle (p=0.26). Progressive
loss of height occurred to by additional 17+4% in both groups
(p=0.96) and degree of kyphotic progression was also no different by
treatment (brace 6+2, no brace 8+2, p=0.59). Improvements in self-
reported pain and disability were observed in both treatment groups,
to similar extent regardless of management arm (Figure 1, p=0.40).

Conclusion: Patients with stable thoracolumbar burst fractures
treated with or without bracing had similar outcomes at 6 months.
Radiographic outcomes of fracture geometry and clinical outcomes
of pain and disability scores were no different by treatment type.
These patients may benefit from conservative therapy simply involv-
ing sequential imaging without brace immobilization, although larger
series of patients may be required.

243. Clinical Outcome and Risk of Reoperation for Recurrent
TCS in 99 Consecutive Children Operated for Tight or Fatty
Filum

Lauren Rose Ostling MD (University of Cincinnati Department
of Neurosurgery); Karin S. Bierbrauer MD (Cincinnati Children’s
Hospital Medical Center); Charles Kuntz MD (University of
Cincinnati, Mayfield Clinic)

Introduction: For operative division of a tight or fatty filum
in pediatric patients, the clinical outcome is often assumed to be
favorable, while complications and risk of reoperation for recurrent
tethered cord syndrome (TCS) are frequently considered negligible.

Methods: In this retrospective study, the authors reviewed the
medical records of 99 consecutive children who underwent initial
division of the filum terminale at Cincinnati Children’s Hospital
Medical Center (November 1995 - May 2006) for a tight or fatty
filum. Presenting symptoms/signs, MRI findings, complications,
postoperative symptoms/signs, and need for reoperation were record-
ed. Mean follow-up for all patients was 32 months; 79 were followed
for greater than or equal to 6 months and 67 were followed for greater
than or equal to 12 months.

Results: The most common presenting symptoms were blad-
der and/or bowel dysfunction, followed by gait abnormality, back
pain, and spasticity. At last follow-up, 86 patients were improved
or stable, while 11 patients had at least one symptom/sign which
had worsened. There were a total of 12 complications in 9 patients
including 5 wound infections, 4 CSF leaks, 1 pseudomeningocele, 1
stitch abscess and 1 transient headache. Five children underwent a
reoperation for recurrent TCS with further detethering of the spinal
cord. Worsening back pain was the most common symptom in those
patients requiring reoperation. Mean time to reoperation was 58
months (range 22 - 73 months). Arachnoid adhesions were found to
have accounted for the retethering at the time of reoperation in four
of the five patients.

Conclusion: Division of a tight or fatty filum, in this consecutive
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series of pediatric patients, resulted in improved or stable symptoms
in 89% of patients. However, the complication rate and 5.1% rate of
reoperation for recurrent TCS are not insignificant.

244. Determination of the Minimum Improvement in Pain,
Disability, and Health State Associated With Cost-Effectiveness:
Introduction of the Concept of Minimum Cost Effective
Difference (MCED)

Scott Parker; Owoicho Adogwa BS, M.P.H; Brandon J. Davis
MD, PhD (Vanderbilt University Hospital; Clint Devin MD;
Matthew McGirt MD (Vanderbilt University Medical Center)

Introduction: Spinal surgical outcome studies rely on patient-
reported-outcomes (PRO) to assess effect. A shortcoming of these
outcome-metrics is that extent of change in numerical scores lack a
direct meaning or clinical significance. Hence, the concept of mini-
mum clinical important difference (MCID) was adopted as smallest
improvement in PRO needed to achieve treatment-effectiveness.
While total cost of <$50,000 per QALY-gained is considered cost-
effective for a particular treatment, a measure for smallest improve-
ment in PRO that is associated with cost effectiveness has yet to be
introduced. Here we utilize a common MCID-calculation method
with a cost-utility threshold-anchor to introduce the concept of mini-
mum cost effective difference (MCED).

Methods: Forty-five patients undergoing trans-foraminal lumbar
interbody fusion (TLIF) for degenerative spondylolithesis were
included. BP-VAS, LP-VAS, ODI, EQ-5D were administered before
and 2-years post-operatively. Cost was calculated from Resource
use x Medicare national allowable payment amounts (direct cost)
and Missed work x self-reported gross-of-tax wage rate (indirect
cost). Total cost per QALY gained was assessed for each patient.
The MCED for each PRO was determined using receiver operating
characteristic (ROC) curve analysis with <$50,000/QALY as cost-
effective anchor and MCID determined with the health transition
index (HTT) of the Short Form-36 as anchor.

Results: A significant improvement in all outcome measures was
observed two years after TLIF (Figure 1), with a mean two-year gain
of 0.86 QALYs per patient. Cost was <$50,000/QALY gained for
27 (60%) patients. MCED was greater than MCID for each PRO:
3.1 vs. 2.1 for VAS-LP, 3.1 vs. 2.1 for VAS-BP, 19 vs. 14 for ODI,
and 0.32 vs. 0.15 for EQ-5D, Table 1. For MCED, area under the
ROC curve ranged from 0.78-0.98, suggesting the four PRO change
scores were accurate predictors of cost-effectiveness. Mean cost per
QALY -gained was lower for patients achieving versus not-achieving
MCED in VAS-LP ($43,560 vs. $112,087), VAS-BP ($41,280 vs.
$129.440), ODI ($30,954 vs. $121,750), and EQ-5D ($35,800 vs.
$189412).

Conclusion: Minimum cost effective difference serves as the
smallest improvement in outcome metric that represents a cost-
effective response to surgery. The extent of improvement associated
with cost-effectiveness was consistently greater than that associated
with patient-reported clinical effectiveness (MCID). MCED follow-
ing TLIF is 3.1 points for BP-VAS, 3.1 points for LP-VAS, 19 points
for ODI, and 0.32 QALYs for EQ-5D.

245. Comparative Effectiveness of Minimally Invasive Versus
Open Transforaminal Lumbar Interbody Fusion: Two-year
Assessment of Narcotic Use, Return to Work, Disability, and
Quality of Life

Owoicho Adogwa BS, MPH; Scott Parker; Oran Aaronson MD
(Vanderbilt University Medical Center); Joseph S. Cheng MD,
MS (Vanderbilt University Medical Center); Matthew McGirt MD
(Vanderbilt University Medical Center)

Introduction: Minimally invasive transforaminal lumbar inter-

body fusion (MIS-TLIF) for lumbar spondylolithesis theoretically
allows for surgical treatment of back and leg pain while minimizing
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blood loss and tissue injury. While prior studies have demonstrated
shorter hospital stay and equivocal six and twenty-four month out-
comes with MIS- versus open-TLIF, the effect of MIS techniques on
post-operative narcotic use and return to work are poorly understood

Methods: Forty patients undergoing MIS-TLIF (n=20) or open-
TLIF (n=20) for grade I degenerative spondylolithesis-associated
back and leg pain were enrolled. Two-year outcomes were prospec-
tively assessed via phone interview and included pain [visual ana-
logue scale (VAS)], low-back disability [Oswestry disability index
(ODI)], quality of life [EuroQol (EQ-5D)], occupational disability,
and narcotic use.

Results: MIS versus open-TLIF cohorts were similar at baseline.
Median [IQR] length of hospitalization following surgery was sig-
nificantly less for MIS- vs. open-TLIF (3 [3-3] vs. 5.5 [4-6] days),
p=0.001. MIS- versus open-TLIF patients demonstrated similar two-
year improvement in VAS-BP, VAS-LP, ODI, and EQ-5D scores,
Figure3. Overall, median [IQR] length of post-operative narcotic use
was 3.0 [1.4-4.6] weeks and significantly shorter for MIS- vs. open-
TLIF patients (2.0 [1.0-3.0] vs. 4.0 [1.4-4.6] weeks, p=0.008),Figure
1. Overall, median [IQR] time to return to work was 13.9 [2.2-25.5]
weeks and significantly shorter for MIS- vs. open-TLIF patients
(8.5[44-214] vs. 17.1 [1.8-35.9] weeks, p=0.02), Figure 2.

Conclusion: Both minimally invasive and open-TLIF provide
long-term improvement in pain, disability, and quality of life in
patients with back and leg pain from grade I degenerative spondylo-
lithesis. However, MIS-TLIF may allow for shortened hospital stays,
reduced post-operative narcotic use, and accelerated return to work,
influencing factors associated with direct medical costs and indirect
costs of lost work productivity.

246. Comparative Analysis of Surgical Site Infection after
Minimally Invasive Versus Open Posterior/Transforaminal
Lumbar Interbody Fusion: Analysis of Hospital Billing and
Discharge Data from 5,328 Patients

Matthew McGirt MD (Vanderbilt University Medical Center);
Scott Parker; Jason Lerner; Luella Engelhart; Michael Y. Wang MD
(University of Miami - Lois Pope)

Introduction: Surgical site infection (SSI) following posterior or
transforaminal interbody fusion (P/TLIF) of the lumbar spine is asso-
ciated with significant morbidity and medical resource utilization. To
date, there have been no studies conducted with sufficient power to
compare the incidence of SSI following minimally invasive (MIS)
versus open P/TLIF procedures. We assess the incidence and direct
costs of SSI in patients undergoing MIS versus open P/TLIF from a
hospital-system database representing more than 600 hospitals and 5
million discharges per year.

Methods: In a retrospective longitudinal analysis of hospital dis-
charge and billing records from the Premier PerspectiveTM data-
base, all patients undergoing P/TLIF were identified via International
Classification, 9th Revision, Clinical Modification (ICD-9-CM) pro-
cedure codes. MIS procedures were identified by instrumentation trade
name. SSI was defined as a subsequent diagnosis of postoperative
infection or administration of intravenous antibiotics 1-8 weeks post-
operatively. Medicare reimbursement rates and commercial payer
charge data were used to estimate the direct medical costs of SSI.

Results: 3,793 patients underwent open P/TLIF (1,625 one-level,
2,168 two-level) and 1,535 patients MIS-P/TLIF (882 one-level,
653 two-level). Overall, MIS- vs open-P/TLIF was associated with
a reduction in SSI [71 (4.6%) vs 228 (6%), p=0.047], Table 1.
Stratified by levels fused, SSI was similar for one-level P/TLIF
[41 (4.6%) vs 77 (4.7%), p=0.919], but significantly reduced for
two-level MIS-P/TLIF [30 (4.6%) vs. 151 (7.0%), p=0.030], Table
2. The estimated cost of surgically managed SSI was $23,380 and
medically managed SSI $12,419. For two-level fusion, estimated
SSl-associated cost per 100 P/TLIFs performed was $115,959 for
open- and $72,306 for MIS-P/TLIF (cost savings: $43,653 per 100
two-level P/TLIFs performed).
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Conclusion: This population-based study of data from over 600
hospitals in the US indicates that MIS- versus open-P/TLIF was
associated with a decreased incidence of post-operative infections
after two-level lumbar fusion. Considering the morbidity and costs
associated with SSIs, MIS- lumbar fusion may be a valuable tool in
reducing hospital infection rates and costs associated with spine care.

247. Endoscopic Image-Guided Transcervical Odontoidecomy:
Long-Term Outcomes of 15 Patients with Basilar Invagination

Hormuzdiyar H. Dasenbrock BA; Michelle J. Clarke MD (Mayo
Clinic); Ali Bydon MD (Johns Hopkins Hospital); Daniel M. Sciubba
BS, MD (Johns Hopkins University); Timothy F. Witham MD, BS
(Johns Hopkins Hospital); Ziya L. Gokaslan MD (Johns Hopkins
University); Jean-Paul Wolinsky MD (Johns Hopkins University)

Introduction: Ventral decompression with posterior stabiliza-
tion is the preferred treatment for symptomatic irreducible basilar
invagination (BI). However, the standard (and expansile) transoral
approaches to the dens can be associated with substantial morbid-
ity. Endoscopic image-guided transcervical odontoidectomy (ETO)
may allow for decompression to be performed with less morbidity.
We report the largest series with the longest follow-up of patients
undergoing odontoidectomy for BI via an endoscopic transcervical
approach.

Methods: 15 patients who had a follow-up of at least 9 months
were retrospectively reviewed. Intra-operatively, the vertebral body
of C2 was removed and the odontoid was resected in a “top-down”
manner using endoscopic visualization and frameless stereotactic
navigation. Posterior instrumented stabilization was subsequently
performed.

Results: The average (+ standard deviation) age of the patients
was 42.6+24.5 (range 11-72) years; the mean pre-operative degree
of basilar invagination (measured above the McGregor line) was
12.0£9.9 (range 0-35) mm. Post-operative complications occurred
in 6 patients, including a urinary tract infection (n=2), upper airway
swelling (n=2), dysphagia (n=2), gastrostomy tube placement (n=1)
and an asymptomatic pseudomeningocele (n=1). The average length
of hospital stay was 9.1+4 .9 (range 2-23) days. With a mean follow-
up of 34.9+14.4 months, myelopathy improved in all patients and
the mean modified Japanese Orthopedic Association (mJOA) score
increased from 11.1+4.0 to 16.0+1.4 (p=0.0001). Patients with a
diagnosis other than rheumatoid arthritis (p=0.003) or who a higher
pre-operative mJOA score (p=0.026) were significantly more likely
to have a complete neurological recovery; improvement in neuro-
logical function was not significantly associated with pre-operative
severity of basilar invagination. At the final follow-up, all patients
had evidence of solid arthrodesis and resolution of their pre- or
post-operative dysphagia. No patients experienced late neurologic
deterioration.

Conclusion: ETO may be a valid treatment for patients with
symptomatic irreducible basilar invagination that avoids some of the
morbidity of transoral surgery and leads to long-term improvement
in myelopathy.

248. Minimally Invasive Treatment of Adjacent Segment
Degeneration via XLIF

Jody A.Rodgers MD, FACS (Spine Midwest, Inc.);W.B. Rodgers
MD; Edward J. Gerber

Introduction: The XLIF approach provides a minimally disrup-
tive alternative to anterior column access that allows for large graft
placement, disk height restoration, and indirect decompression, while
avoiding posterior scar tissue from the previous procedure. Results of
ASD treated with XLIF are presented.

Methods: Of our single-site consecutive series of 932 XLIF
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patients, 276 were treated for ASD. Clinical and radiographic mea-
sures were prospectively collected and evaluated.

Results: Age ranged from 29-91 years (average 61.6 years).
90.6% had one or more comorbidity. 144 patients (52%) were obese
or morbidly obese. All but one case included supplemental fixation:
47% unilateral pedicle screws, 4% bilateral pedicle screws, 12% lat-
eral embroidered plate, and 43% laterally tabbed interbody implant.
In 15 cases with prior posterior instrumentation, the pre-existing
rods were removed unilaterally and revised on that side; in all other
cases with prior instrumentation, adjunctive lateral fixation was
used. Hospital stay averaged 1.3 days, with 2 blood transfusions and
one wound infection. Complications included intraoperative hard-
ware failure (4, revised during same procedure with no incident),
ileus (5), gallstone pancreatitis (1), urinary retention (3), kidney
stone (1), peritoneal catheter occlusion (1), pulmonary embolism
(1), subcutaneous hematoma (1), delirium (1), atrial fibrillation
(3), MI at 6 weeks post-op (1), compression fracture at an adjacent
level (5), sacral fracture (1), and postoperative quadriceps weak-
ness (1, resolved within 4 weeks of surgery). Average VAS scores
improved by 4.6 points from pre-op to 12 months. Average disk
height improved from 6.4 to 10.6 at post-op, settling to 8.7mm at 24
months; slip from 3.5 to 0.6mm. Definitive signs of fusion (Lenke
1-2) were present in 74% at 3 months, 91% at 6 months, 96% at 12
months and 95% at 24 months.

Conclusion: Our experience using XLIF in the ASD population
has shown that clinical and radiographic indicators improve com-
mensurately and the overall outcome is encouraging.

249. Comparative Clinical Outcomes Following Minimally
Invasive L.5-S1 Interbody Fusion, Comparison of TLIF, ALIF,
and AxiaLif for Single-Level Arthrodesis

Zachary Adam Smith MD (Los Angeles Spine Clinic); Larry T.
Khoo MD (The Spine Clinic of Los Angeles)

Introduction: The development of new minimally invasive spine
(MIS) techniques for lumbosacral fusion has provided the spine
surgeon multiple methods for fusion at the L5-S1 interbody space.
The authors compare clinical and radiographic outcomes from a
cohort of prospectively followed patients treated with three modern
techniques, MIS-TLIF, ALIF, and AxiaLIF.

Methods: Between June 2003 and January 2009, 58 patients were
treated for isolated degenerative disk disease of the L5-S1 segment.
All patients presented with back pain with or without radiculopathy
and had failed conservative management. The average patient age
was 43.34 years. Twenty patients were treated with TLIF, 19 with
ALIF, and 19 with AxialIF. All patients were prospectively fol-
lowed with pre- and post-operative visual analog score (VAS) and
Oswestry-Disability Index (ODI) scores as well as routine radio-
graphic follow-up.

Results: Clinical outcome with ODI demonstrated a decrease in
ODI of -25 with TLIF, -22 with ALIF, and -24 with AxiaLIF. VAS
leg scores decrease 92% in patients treated with TLIF, 76% with
ALIF and 71% with AxiaL.IF. The time of access to the interbody
space was most rapid with Axial.IF (65m) and slightly longer with
ALIF (85m) and TLIF (105m). Radiographic outcomes showed that
ALIF produced the best distraction of the interbody space (8.6mm);
TLIF (6.3mm), AxiaLLIF (5.9mm). Fusion with TLIF and ALIF was
95% and AxiaLIF 90%. Subsidence was greatest with AxiaLIF 16%
followed by TLIF (12%) and ALIF (9%). Complications included
2 patients with radiculitis following TLIF. There was a single CSF
leak (TLIF) and a single lumbar plexus injury (ALIF). There was a
single vascular injury (ALIF) and a single visceral injury (Axial.IF).

Conclusion: MIS-TLIF, ALIF, and AxiaLIF are all modern, MIS-
type approaches to the L5-S1 interbody space. Patient outcomes
suggest each has unique clinical strengths and specific disadvantages.
Complications with each approach is unique and primarily related to
anatomy of the access route.
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250. Cost-Utility Analysis of Minimally Invasive Versus Open
Multilevel Decompression for Lumbar Stenosis

Owoicho Adogwa BS, MPH; Brandon J. Davis MD, PhD
(Vanderbilt University Hospital); Erin Fulchiero BS; Oran Aaronson
MD (Vanderbilt University Medical Center); Joseph S. Cheng MD,
MD (Vanderbilt University Medical Center); Clint Devin MD;
Matthew McGirt MD (Vanderbilt University Medical Center)

Introduction: Minimally invasive (MIS) multi-level hemilami-
nectomy for degenerative lumbar spinal stenosis allows for effective
treatment of back and leg pain while theoretically minimizing blood
loss, tissue injury, and post-operative recovery. No studies to date
have evaluated the comprehensive healthcare costs associated with
multilevel laminectomy procedures, nor assessed the cost-effective-
ness of MIS versus open- multilevel laminectomy.

Methods: Fifty-four patients undergoing MIS paramedian tubular
(n=27) or open multilevel hemilaminectomy (n=27) for lumbar steno-
sis associated radiculopathy were prospectively studied. Total back-
related medical resource utilization, missed work, and health-state
values (quality adjusted life years (QALYs), calculated from EQ-5D
with U.S. valuation) were assessed after two-year follow-up. Two-
year resource use was multiplied by unit costs based on Medicare
national allowable payment amounts (direct cost) and work-day losses
were multiplied by the self-reported gross-of-tax wage rate (indirect
cost). Difference in mean total cost per QALY gained for MIS- versus
open-laminectomy was assessed as incremental cost-effectiveness
ratio (ICER: COSTmis - COSTopen/QALYmis - QALYopen).

Results: MIS versus open cohorts were similar at baseline, Table
1. Both MIS and open laminectomy were associated with a two-year
gain of 0.72 QALYs, Figure 1. Mean direct medical costs ($13,334
vs. $14,291), indirect societal costs ($9,775 vs. $11,130), and total
two-year cost ($23,109 vs. $25420, p=0.21) were similar between
MIS- and open-hemilaminectomy, Table 2. MIS was associated with
similar total costs and utility, making it a cost equivalent technology
compared to the traditional open approach.

Conclusion: MIS- versus open- multilevel hemilaminectomy was
associated with similar cost over two years while providing equiva-
lent improvement in quality adjusted life years. In our experience,
MIS- versus open- multilevel hemilaminectomy is a cost equivalent
technology for patients with lumbar stenosis associated radicular pain.

251. Minimally Invasive Lateral Access Surgery for Symptomatic
Thoracic Disc Herniation: Initial Clinical Experience With
Clinical and Radiographic Outcomes

Glen Pollock MD (University of South Florida); Elias Dakwar
MD (University of South Florida); Mark Greenberg MD (University
of South Florida); Fernando L. Vale MD (University of South
Florida Neurosurgery); William D. Smith MD; Juan S. Uribe MD
(University of South Florida-Division of Neurosurgery)

Introduction: Symptomatic herniated thoracic discs remain a sur-
gical challenge and historically have been associated with high levels
of complications. While the neurologic outcomes have improved
with the abandonment of the decompressive laminectomy; surgical
complications, morbidity and the need for fusion have continued.
The purpose of this study is to demonstrate the safety and repro-
ducibility of the minimally invasive lateral thoracic approach for
symptomatic thoracic herniated intervertebral discs with clinical and
radiological outcomes.

Methods: We retrospectively studied 24 patients to assess the
clinical and radiographic results using minimally invasive surgery
for the treatment of thoracic herniated discs. All patients underwent a
lateral transthoracic approach utilizing an expandable tube retractor.
Follow up times were an average of 21 months. The patients were
followed with neurologic examination, visual analog score (VAS)
and Oswestry disability index (ODI). Post-operative computed
tomography was performed to assess the extent of bony resection.
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Results: The mean blood loss was 415 ml. The mean visual analog
scale score improvement for thoracic pain was 4.1. The Oswestry
disability index improved an average of 36%. All discs were suc-
cessfully removed except in one patient. One case was complicated
by durotomy and one case was complicated by worsened myelopathy
Asia D to ASIA C. There was no incidence of wrong-level surgery.

Conclusion: Our early experience suggests that the minimally
invasive lateral transthoracic approach is safe, reproducible and
effective for achieving adequate decompression in thoracic disc
herniations in a less invasive manner than traditional surgical treat-
ment options. This surgical technique allows the surgeon to directly
visualize and protect the dura prior to visualizing the lesion without
the need to collapse the lung. As this technique is advanced, the
applicability of minimally invasive surgery will likely be expanded
and will afford the opportunity for reduced complications.

252. Early Radiographic Outcomes of XLIF in the Minimally
Invasive Treatment of Adult Scoliosis: Results from a Prospective
Multicenter Non-Randomized Study of 107 Patients

Frank M. Phillips MD (Midwest Orthopaedics at Rush); Safdar
Khan MD; Solas Degenerative Study Group

Introduction: Surgical intervention in adult scoliosis patients has
traditionally been performed using large open anterior and/or poste-
rior procedures. This report summarizes the early radiographic out-
comes of a minimally-invasive approach (XLIF) for the treatment of
adult scoliosis, as part of an ongoing prospective, multi-center study.

Methods: 107 patients were treated for adult scoliosis with XLIF
at 14 US centers. Radiographs were collected preoperatively and
postoperatively at 2 weeks, 3, 6, 12, and 24 months. Radiographic
analysis included measures of lumbar lordosis (L1 to S1), coronal
Cobb angle, device subsidence, and device migration.

Results: Radiographic follow-up was available for 103 patients
who were treated at 310 levels between T11 and LS. Procedures
included 1-6 levels. 73.8% of patients were female, average patient
age was 67.8 years, BMI was 284 kg/m2, and 10.7% were smok-
ers. Supplemental fixation included bilateral pedicle screws (49%),
unilateral pedicle screws (26%), and anterolateral plating (7%); the
remaining 18% were standalone. At 3 months incidence of migra-
tion was 0% and subsidence was 26.2%, none requiring revision.
On average, patients had normal lordosis preoperatively, with 33
patients having abnormal lordosis (>-40°) measuring an average of
-28.5°. Lordosis was significantly corrected in hypolordotic patients
from preoperative to 2 weeks (p<0.001) which was maintained at 3
months (average 3 month lordosis = -35.4°). Significant corrections
in average coronal Cobb angle were observed from preoperative to
2 weeks (p<0.001) and maintained at 3 months. Coronal correction
was significantly affected by supplemental fixation (p=0.027) with
the greatest corrections in patients with bilateral posterior pedicle
fixation and the least in patients with no supplemental fixation (aver-
age 12.6° vs. 2.6°).

Conclusion: Significant reduction in deformity was observed
with respect to coronal Cobb angle and lordosis, and was maintained
through the three month evaluation, providing evidence that the
XLIF technique can effectively correct deformity in the adult sco-
liosis population.

253. Economic Impact of Minimally Invasive Spine Surgery
Open Versus MIS Spinal Fusion Costs in the Perioperative
Period (First 45 Days)

Jody A. Rodgers MD, FACS (Spine Midwest, Inc.); W.B.
Rodgers MD; John Lucio DO, MS, CPE, FACHE (St. Mary’s Health
Center); Brent Vanconia MS, MBA (St. Mary’s Health Center);
Kevin J. DeLuzio PhD (Queen’s University)

Introduction: Improved clinical and radiographic outcomes have
been reported of minimally invasive spinal surgery techniques in
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comparison to traditional open approaches. We seek to determine if
fewer complications, reoperations, additional therapies and diagnos-
tics yields a lower overall cost among minimally invasive patients.

Methods: Hospital costs were retrospectively obtained for all our
center’s two level spinal fusions from 2005-2008. 101 patients had
a traditional open procedure, and 109 underwent a minimally inva-
sive fusion. Patients were not randomized; procedure methods were
employed sequentially. After our transition to minimally invasive
techniques in late 2006, no further open procedures were performed.
Costs obtained include surgical procedure and hospitalization, in addi-
tion to ensuing hospital costs occurring in the first 45 days postop.

Results: Average cost of the original procedure and hospitaliza-
tion was 6% less expensive in the MIS group overall, despite higher
implant costs in the MIS group. When combined with all periopera-
tive costs within the first 45 days after surgery, the average procedure
cost reduction was 10.4%, a savings of $2,825.37 per procedure.

Conclusion: Results indicate an overall reduction of costs of MIS
two level procedures compared to traditional open approaches. Costs
of the surgical procedure and hospitalization are lower in the MIS
group. Early numbers indicate that cost savings increase as length of
time postop increases. The open group, although with longer follow-
up, has demonstrated a significantly higher incidence of reoperation
than the MIS group comparatively. Thus, our continued cost evalua-
tion into the intermediate and long-term follow-up period may dem-
onstrate an ever-increasing improvement in overall costs.

254. Perioperative Outcomes and Complications Following XLIF
for the Treatment of Adult Scoliosis: Results of a Prospective,
Non-Randomized, Multi-Center Evaluation

Robert E. Isaacs MD (Duke University Medical Center); Jonathan
Hyde MD; J. Allan Goodrich; W .B. Rodgers MD; Frank M Phillips
MD (Midwest Orthopaedics at Rush); Solas Degenerative Study Group

Introduction: Combined anterior/posterior instrumented fusion is
often performed for the surgical treatment of adult scoliosis. Such
procedures have been associated with a high risk of complication,
particularly in the elderly patient population. Less invasive surgical
approaches to neural decompression and fusion have recently been
applied in the treatment of degenerative scoliosis. This report sum-
marizes the perioperative complications following lateral fusion for
the correction of degenerative scoliosis.

Methods: In a prospective multicenter observational study of
patients who underwent the XLIF procedure for the treatment of
degenerative scoliosis, perioperative measures were compiled to
identify the short-term outcomes of the procedure. Intraoperative
data collection included surgical details, operative time, estimated
blood loss, and complications. Postoperative complications, length
of hospital stay, and neurological status were recorded.

Results: 107 patients (mean age 68 years; range 45-87) were
treated with XLIF. 28% had at least one comorbidity. A mean of 4.4
levels/patient (range 1-9) were treated. Supplemental pedicle screw
fixation was used in 75.7% of patients, 5.6% had lateral fixation
and 18.7% had standalone XLIF. Mean operative time and blood
loss were 178min and 50-100cc. Mean hospital stay was 2.9 days
(unstaged), 8.1 days (staged; 16.5%), 3.8 days overall. 5 patients
(4.7%) received a transfusion, 3 (2.8%) required ICU admission,
1 (0.9%) required rehabilitation services. Major complications
occurred in 13 patients (12.1%): 2 (1.9%) medical, 12 (11.2%) surgi-
cal. Of procedures that involved only less invasive techniques (XLIF
standalone or with percutaneous instrumentation), 9.0% had one or
more major complications. In those with supplemental open posterior
instrumentation, 20.7% had one or more major complication. Early
reoperations (3, for deep wound infections) were associated with
open posterior instrumentation.

Conclusion: The morbidity in adult scoliosis surgery is minimized
with less invasive techniques. The rate of major complications in this
study (12.1%) compares favorably to reports from other studies of
surgery for degenerative deformity.
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255. Correlation of Pre-Operative Depression and Somatic
Perception Scales With Post-Operative Disability and Quality of
Life After Lumbar Discectomy

Scott Parker; Kaisorn L. Chaichana MD (Johns Hopkins
Hospital); Owoicho Adogwa BS, M.P.H; Joseph S. Cheng MD,
MS (Vanderbilt University Medical Center); Matthew McGirt MD
(Vanderbilt University Medical Center)

Introduction: Lumbar discectomy is a common surgical procedure
performed in the U.S. for patients experiencing back and leg pain.
However, patients with certain psychological predispositions may
be especially vulnerable to poor clinical outcomes. The goal of this
prospective longitudinal study was to determine the role that pre-
operative depression and somatic anxiety have on long-term back
and leg pain, disability, quality of life for patients undergoing single-
level lumbar discectomy.

Methods: 67 adults undergoing discectomy for single-level herni-
ated lumbar disc underwent prospective quantitative measurement
of leg and back pain (visual analogue scale; VAS), quality of life
(Medical Outcomes Short Form-36; SF-36), and disease-specific
disability (Oswestry Disability Index; ODI) pre-operatively, at 6
weeks, 3, 6, and 12 months after surgery. Degree of pre-operative
depression and somatization were assessed using Zung Self-Rating
Depression Scale and modified somatic perception questionnaire
(MSPQ). Multivariate regression analyses were performed to assess
associations between Zung and MSPQ scores with achievement of
a minimum clinical important difference (MCID) in each outcome
measure by 12 months post-operatively.

Results: Overall, a significant improvement in VAS-leg, VAS-
back, ODI, and SF-36 PCS was observed by 6 weeks after surgery
and maintained throughout 12-months follow-up. Increasing pre-
operative depression (Zung score) was associated with a decreased
likelihood of achieving MCID in disability (p=0.006) and quality of
life (p=0.04) but was not associated with leg (p=0.96) or back pain
(p=0.85) by 12 months, Figl&Table 1. Increasing pre-operative
somatic anxiety (MSPQ score) was associated with decreased like-
lihood of achieving MCID in disability (p=0.002) and quality of
life (p=0.03) but was not associated with leg (p=0.64) or back pain
(p=0.77) by 12 months, Figl&Table 1.

Conclusion: Zung and MSPQ are valuable tools at pre-operatively
risk stratifying patients who may not experience clinically relevant
improvement in disability and quality of life after discectomy. Efforts
to address these confounding and underlying contributors of depres-
sion and heightened somatic anxiety may improve overall outcomes
after lumbar discectomy.

256. Microdiskectomy Improves Pain-Associated Depression,
Somatic Anxiety, and Mental Well Being in Patients With
Herniated Lumbar Disc

Scott Parker; Richard L. Lebow MD (Vanderbilt University
Medical Center); Owoicho Adogwa BS, M.P.H; Adam S. Reig MD;
Joseph S. Cheng MD, MS (Vanderbilt University Medical Center);
Matthew McGirt MD (Vanderbilt University Medical Center)

Introduction: In a multi-center, prospective, longitudinal outcome
study, we assessed the prevalence of preoperative depression, soma-
tization, and mental well-being in patients with herniated lumbar
discs and the effect that microdiskectomy had on these psychological
disturbances.

Methods: Patients undergoing surgical discectomy at five medical
institutions for a single-level, herniated lumbar disc were prospec-
tively assessed pre-operatively, at 6 weeks, 3, 6, and 12 months after
surgery for visual analog scale for low back pain (BP-VAS) and leg
pain (LP-VAS), depression via Zung Self-Rating Depression Scale,
heightened anxiety somatic perception via the Modified Somatic
Perception Questionnaire (MSPQ), and mental well-being via the
SF-36 mental component summary (MCS).
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Results: 100 patients were available for 1-year follow-up. Mean
BP-VAS and LP-VAS was significantly improved at 6 weeks and
remained improved at 3, 6, 9, and 12 months post-operatively, Figure
1. A significant improvement in SF-36 MCS was also observed by
6 weeks after surgery (42+14 vs. 48.2+12, p<0.01), and it continued
to improve over 12-months, Figure 2. A significant improvement
in MSPQ score was not observed until 3 months after surgery (9+7
vs. 6.6£69, p<0.05). A significant improvement in ZUNG depres-
sion score was not observed until 12 months after surgery (19+11 vs.
14.4+10.9, p<0.05). 67% of somatasized patients (MSPQ>12) became
non-somatsized one year post-surgery. 70% of clinically depressed
patients (ZUNG>33) became non-depressed one year post-surgery.
Improvement in SF-36 MCS, ZUNG, and MSPQ each significantly
correlated (p<0.001) with improvement in BP-VAS and LP-VAS.

Conclusion: The majority of patients defined as somatized
and depressed pre-operatively returned to good mental well-being
following surgery. Improvement in pain and overall mental well-
being were seen acutely after microdiskectomy, while improve-
ment in somatic anxiety and depression occurred months later.
Microdiskectomy significantly improves pain-associated depression,
somatic anxiety, and mental well-being in patients with a herniated
lumbar disc. In addition, future comparative effectiveness research
on surgical versus nonoperative treatment of disc herniation should
include mental well being as an outcome measure.

257. Management of Degenerative Lumbar Stenosis Related
to Meyerding Grade I Spondylolisthesis: The Reappraisal of
Unilateral Laminotomy

Mario Ganau MD, MSBM; Enrico De Micheli MD; Massimo
Gerosa

Introduction: The management of degenerative lumbar stenosis
related to Meyerding Grade I sponsylolisthesis is still a matter of
debate: both laminectomy and laminotomy have been advocated,
but sometimes fusion may represent an overtreatment. A prospective
trial was conducted in 38 patients to evaluate the impact of unilateral
laminotomy for bilateral decompression of the lumbar canal in such
cases.

Methods: On admission, patients (ratio F:M = 27:11; mean
age 69y) underwent clinical evaluation using the Beaujon Scoring
System (BSS) and VAS scale. Segmental instability detected on
dynamic x-rays were considered exclusion criteria. CT and/or MRI
studies of the lumbar spine were performed in all cases preoperative-
ly and 12 months following surgery. Outcome was evaluated in two
stages: at discharge using the BSS and VAS scales, and at long-term
follow-up time (12 months minimum) using the MacNab classifica-
tion (grade I-excellent, II-good, III fair, IV-poor).

Results: At discharge, clinical improvement assessed by BSS and
VAS scales was significant in all patients; but more interestingly it
was sustained even at long-term follow-up (mean 40 months): 81%
of the patients were still in excellent conditions according to MacNab
classification. Following surgery the lumbar spinal canal diameters
(anteroposterior, transpedicular, interapophyseal) were significantly
larger than the preoperative measurements, and no cases of vertebral
instability were found.

Conclusion: The results of our study indicate that, whenever
evidence of spinal instability is ruled out, unilateral laminotomy is a
valid surgical option in the treatment of degenerative lumbar stenosis
related to Meyerding Grade I spondylolisthesis.
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258. Determination of Minimum Clinically Important Dif-
ference (MCID) in Pain, Disability, and Health State Utility
After Transforaminal Lumbar Interbody Fusion (TLIF) for
Degenerative Lumbar Spondylolithesis

Scott Parker; Owoicho Adogwa BS, MPH; Alexandra Paul BS;
Bill Anderson; Oran Aaronson MD (Vanderbilt University Medical
Center); Joseph S. Cheng MD, MS (Vanderbilt University Medical
Center); Matthew McGirt MD (Vanderbilt University Medical Center)

Introduction: Spinal surgical outcome studies rely on patient
reported outcomes (PRO) to assess treatment effect. Commonly
used health-related quality-of-life questionnaires include pain scales
for back and leg pain (Visual Analog Scale), the Oswestry Disability
Index (ODI), and the EuroQol-5D health survey (EQ-5D). A short-
coming of these questionnaires is that their numerical scores lack
a direct meaning or clinical significance. Hense, the concept of
minimum clinical important difference (MCID) has been put forth
as a measure for the critical threshold needed to achieve treatment
effectiveness. By this measure, treatment effects reaching the MCID
threshold value imply clinical significance and justification for
implementation into clinical practice.

Methods: In 45 patients undergoing trans-foraminal lumbar
interbody fusion (TLIF) for low-grade degenerative lumbar spondy-
lolithesis associated back and leg pain, PRO measures of BP-VAS,
LP-VAS, ODI, and EQ-5D were administered pre-operatively and
2-years post-operatively and 2-year change scores calculated. Four
established anchor-based MCID calculation methods were utilized to
calculate MCID (1. average change, 2. minimum detectable change
(MDC), 3. change difference, 4. receiver operating characteristic
curve analysis) for two separate anchors (health transition index
(HTTI) of the Short Form-36 and satisfaction index).

Results: The mean+SD two-year improvement in BP-VAS,
LP-VAS, ODI, and EQ-5D were 4.3+2.9, 3.8+3.4, 19.5+11.3, and
0.43+0.44, respectively(Figurel). The four MCID calculation meth-
ods generated a range of MCID values for each of the PROs(BP-
VAS:2.1-53, LP-VAS:2.1-4.7, ODI:11-22.9, EQ-5D:0.15-0.54),
Table 1. The mean area under the ROC curve (AUC) from the four
PRO-specific calculations was greater for the HTI versus satisfaction
anchor (HTI AUC: 0.73 vs. satisfaction AUC: 0.69), suggesting HTI
as a more accurate anchor.

Conclusion: TLIF specific MCID is highly variable based on
calculation technique. The MDC approach with SF-36 HTI anchor
appears to be most appropriate for calculating MCID because it
provided a threshold above of the 95% confidence interval of the
un-improved cohort (greater than the measurement error), was clos-
est to the mean change score reported by improved and satisfied
patients, and was least affected by the choice of anchor. Based on
MCD method with HTT anchor, MCID following TLIF are 2.4 points
for BP-VAS, 2.5 points for LP-VAS, 15.6 points for ODI, and 0.40
QALYs for EQ-5D.

Disclaimer: The Journal of Neurosurgery acknowledges that the
preceding abstracts and poster sessions are published verbatim as
submitted to the AANS Abstract Submission Site and did not go
through either the Journal’s peer-review or editing process.
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