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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, ankylosing 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 pathogenesis of OPLL is still unclear. Most symptomatic patients with OPLL present with neurological deficits such as myelopathy, 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 experience. In this paper, the authors attempt to review the incidence, pathology, pathogenesis, natural history, clinical presentation, classification, radiological evaluation, and management of OPLL. (DOI: 10.3171/2010.11.FOCUS10276)
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ssification of the posterior longitudinal ligament
is a condition of abnormal calcification of the
posterior longitudinal ligament. The most common 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 controversies concerning OPLL: the exact pathogenesis and
natural history of OPLL are still unclear, there is no standard 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 literature including the incidence, pathology, pathogenesis,
natural history, clinical presentation, classification, radiological evaluation, and management of OPLL.

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 longitudinal ligament; OLF = ossification of ligamentum flavum; OPLL
= ossification of the posterior longitudinal ligament; TGF = transforming growth factor.
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Methods

The PubMed databases were searched for publications from January 2000 through August 2010 using the
MeSH terms “OPLL” and “ossification of posterior longitudinal 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.
Incidence

Results

The incidence of OPLL was reported by Tsuyama
et al.126 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.72 reported on 8 Italian patients with cervical spine stenosis due to OPLL.
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OPLL has been reported to be associated with other
musculoskeletal diseases such as DISH (or Forestier disease),16,26,27,30,51,60,69,81,109 ankylosing spondylitis, and other
spondyloarthropathies.54,108 Resnick et al.109 found OPLL
in 50% of patients with DISH. In 2009, Kawabori et al.51
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 hypermobility at C1–2 and may lead to ligamentous damage and
subsequent C-1 posterior tubercle impingement. In Japanese cases reported by Tsuyama,126 2% also had ankylosing spondylitis. Tyrrell et al.128 reported a case of OPLL
in a patient with Down syndrome. A high incidence of
OPLL (20%) has been reported by Matsunaga et al.75 in
patients with schizophrenia. The authors also reported
OPLL in dizygotic twins with schizophrenia.
Pathology

OPLL is believed to form through endochondral ossification. McAfee et al.81 described the histopathology of
OPLL, which is composed largely of lamellar bone with
mature Haversian canals. Ultrastructural study of the ligamentum 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.90
Pathogenesis

The pathogenesis of OPLL remains poorly understood. There is some evidence that ligament cells from
patients with OPLL have osteoblast-like characteristics.
Ishida and Kawai41 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 monophosphate in these cell lines. There are many proposed genetic, 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 matrix components in the twy (tiptoe walking Yoshimura)
mouse, an animal model for the study of OPLL, shows
that degeneration and subsequent herniation of the nucleus pulposus is the potent regional factor that initiates
OPLL formation. At 14 weeks, the discs herniated into
the thickened posterior longitudinal ligament, then cartilaginous tissue appeared in the posterior longitudinal
ligament as if to repair the intervertebral disc degeneration.35
Hypertrophy of the posterior longitudinal ligament is
believed to be an early stage of OPLL. Histological and
biochemical study of hypertrophy of the posterior longitudinal ligament shows hyalinoid degeneration, proliferation of chondrocytes and fibroblast-like spindle cells,
infiltration of vessels and small ossification, and staining
by BMP, TGF-b, and proliferating cell nuclear antigen,
which are all similar to OPLL.112
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Genetic Factors. Patients with OPLL are most commonly found in Asian populations, so genetic factors are
considered to be a factor in OPLL development. Tanabe
et al.119 reported a case of OPLL in the thoracic spine; this
patient had a brother with the same disease, also in the thoracic spine. Genetic factors are believed to contribute to
OPLL development. Many collagen genes have been studied, including human collagen a2 gene (COL11A2). Koga
et al.61 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 removal of exon 6 observed in intron 6(-4A) in the COL11A2
gene could play a protective role in the ectopic ossification
process.70 Maeda et al.71 reported a sex-specific association
of the COL11A2 haplotype with OPLL in male patients.
However, a recent study by Horikoshi et al.38 could not reproduce the association between this gene and OPLL.
A single nucleotide polymorphism in intron 32(-29)
in the collagen 6A1 gene (COL6A1) on chromosome
21q22.3 is associated with OPLL.120,125 Kong et al.64 studied the Han Chinese population and also found a significant association of COL6A1 with OPLL. They demonstrated 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.101,102 identified 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.65,91 In a later study by Tahara et
al.,114 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 ossification. Horikoshi et al.38 also could not demonstrate the association between the NPPS gene and OPLL.
Human retinoic X receptor b,94 TGF3,38 BMP4,23 FF
variant of vitamin D receptor gene, 58 promyelotic leukemia zinc finger gene, and Runt-related transcription factor 2 (RUNX2)40,57,68 are linked to OPLL with anecdotal
evidence. Angiopoietin-1, a downstream of RUNX2, may
play an important role in ectopic calcification.57

Hormonal Factors. Bone morphogenetic protein, a
substance with the ability to induce ectopic bone and cartilage 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.141 Bone morphogenetic protein-2 stimulates
differentiation of ligament cells in patients with OPLL
and induces ossification by increasing alkaline phosphatase activity and stimulating DNA and procollagen Type
I carboxyl-terminal peptide synthesis.63 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.130 Wang et al.129 demonstrated
an association between the Ser37Ala (T/G) polymorphism
and the occurrence of OPLL. They also showed significant linkage between the Ser87Ser (A/G) polymorphism
and the extent of cervical ossification.

Neurosurg Focus / Volume 30 / March 2011
Unauthenticated | Downloaded 06/28/20 09:45 PM UTC

Ossification of the posterior longitudinal ligament
Transforming growth factor-b has been studied in the
literature. The T869→C polymorphism of the TGF-β1
gene is a genetic determinant of a predisposition to OPLL.48
In a later study, Kawaguchi et al.52 demonstrated that the
TGF-β1 polymorphism is not associated with OPLL development, but rather a factor related to the extent of ossification. 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.20
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 β6, 5) proapolipoprotein, 6) albumin protein, 7) retinol binding protein, and 8) chain A
of human serum albumin mutant R218h complexed with
thyroxine, whereas a1-microglobulin/bikunin precursor was downregulated. Matsui et al.73 demonstrated increased serum procollagen Type I carboxyl-terminal peptide 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.59 Li et al.67 showed
increased expression of insulin receptors, proliferation of
rat spinal ligament cells, and induction of osteogenic differentiation 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.25
OPLL is a disease that results in increased bone formation 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,34,73,134 but BMD may
decrease in patients with advancing OPLL.87 Aita et al.2
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 patients133 and activin in male and female patients141 have
been investigated and correlated with OPLL formation.
Tumor necrosis factor a–stimulated gene-6 suppresses
osteoblastic differentiation induced by BMP-2 and osteogenic differentiation medium.124 The author of this study
suggested that this is a plausible target for therapeutic intervention in OPLL.
Environmental Factors. Mechanical stress in ligaments of the spine has been investigated as a cause of
OPLL development and progression.22 Prostacyclin synthase levels in ligament cells from OPLL patients have
been shown to be elevated after applying mechanical
stress and induced osteogenic differentiation via the PGI2/
cyclic adenosine monophosphate pathway.97 Mechanical
stress also induces mRNA expression of alkaline phosphatase, osteopontin, BMP-2, BMP-4, BMP receptors,121
and mRNA expression of Cbfa1, Type I collagen, osteoNeurosurg Focus / Volume 30 / March 2011

calcin, integrin b1,43 and endothelin-1.47 The P2Y1 purinoceptor subtypes, intensively expressed in OPLL cells,
responded to mechanical stress–induced extracellular
adenosine triphosphate, which stimulated OPLL progression.110
Frequent consumption of pickles, nondaily consumers of rice,100 family history of myocardial infarction,
high body mass index at age 40, long working hours, and
working night shifts58 were associated with increased
risk of OPLL. On the other hand, frequent consumption
of chicken and soy products100 and good sleeping habits
(6–8 hours/night) in the prime of life may decrease the
risk of OPLL.131
Natural History

Symptomatic OPLL is usually detected in elderly patients. There have been several studies that investigated
the natural history of OPLL. Chiba et al.10 described computer-assisted measurement of the size of OPLL. They reported excellent inter- and intraobserver reliability of this
method with 98% accuracy for detecting OPLL progression. Thereafter, they applied this method to 131 patients
with cervical OPLL who underwent posterior decompression 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.12 Murakami et al.89 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.36,37 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 progression was marked in younger patients with continuous- or
mixed-type OPLL, consistent with the results of Chiba et
al.12 According to progression on the longitudinal axis, the
patients with continuous- or mixed-type OPLL were classified 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 during 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 levels C2–4.
Long-term follow-up of 450 patients with OPLL was
reported by Matsunaga et al.77 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 myelopathy 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-Meier analysis. The researchers suggested that prophylactic
surgery in patients without symptoms of myelopathy is
unnecessary. This same group of authors76 studied predictors for development of myelopathy in 156 patients with
3
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OPLL from 16 spine institutes with an average followup period of 10.3 years. They found that both static and
dynamic factors were related to the development of myelopathy. All 39 patients with more than 60% spinal canal stenosis on plain radiography developed myelopathy.
Range of motion was significantly greater in patients with
myelopathy. Of 15 patients with trauma-induced myelopathy, 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 symptoms. 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 Japanese Ministry of Public Health and Welfare described the
OPLL classification that is most widely used in the literature.126 Based on lateral plain radiography, cervical OPLL
can be classified into 4 types (Fig. 1): continuous, segmental, mixed, or circumscribed type. Continuous type
is classified as a long lesion extending over several vertebral 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 segmental types. Circumscribed type is classified as the lesion
mainly located posterior to a disc space.
Radiological Evaluation

Plain radiography is the simplest method for detecting OPLL but it has some limitations. Chang et al.6 reported 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

emphasized the importance of 2D or 3D reconstructed
images to overcome this problem.
Computed tomography and/or myelography are useful 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 patients with OPLL. A mushroom or hill shape on an axial
CT scan typifies OPLL, and a sharp radiolucent line between the posterior vertebral body and ossified ligament
is a also characteristic feature.113
Anterior decompression of OPLL in patients with
associated dural ossification is more harmful compared
with those without dural ossification because the incidence of new neurological deficits and CSF leakage is
higher. A CT scan can be useful for detection of dural
ossification. Mizuno et al.86 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 dural ossification. Of the 4 cervical OPLL types, the nonsegmental type was most likely to be associated with dural ossification. Hida et al.31 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 hyperdense 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. Epstein19 applied 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-layer sign for dural penetration. Smooth-layer sign indicated
a clean dural plane with a low incidence of dural defect.
Min et al.84 studied 197 patients with cervical OPLL

Fig. 1. Illustrations of the 4 types of OPLL: continuous (A), segmental (B), mixed (C), and circumscribed (D).
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Fig. 2. Computed tomography scans showing OPLL in different locations. A and B: Sagittal reconstructed images show
large OPLL at C2–5 (arrow). C–E: Axial images 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 hypodense mass and the possibility of a dural defect. Signs
Neurosurg Focus / Volume 30 / March 2011

of dural ossification are even more common in thoracic
OPLL. Min et al.83 reported an 80% dural ossification rate
in patients with thoracic OPLL. Dural defects were detected 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 segmental and nonsegmental OPLL in the thoracic spine. The
5
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TABLE 1: Correlation between CT images and dural defect in spinal OPLL
Authors & Year

Level of Spinal OPLL

Dural Defects

Hida et al., 1997
Epstein, 2001
Min et al., 2007
Min et al., 2007

cervical
cervical
cervical
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 diagnosing small ossified lesions in the spinal canal,28 but is
a sufficiently sensitive tool for detecting soft tissue abnormalities. 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.,66 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 treatment. Signal hyperintensity T2-weighted changes of the
spinal cord are correlated with more severe neurological
deficit.66 Yagi et al.132 demonstrated a positive correlation
between postoperative expansion of the high signal intensity area of the spinal cord and poor neurological outcomes 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 level of maximum compression was classified as boomerang,
teardrop, or trianglar by Matsuyama et al.78 These investigators found that the recovery rate of patients with the triangular 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 described. In a study of 68 patients with cervical OPLL by
Park et al.,105 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 patients undergoing cervical OPLL surgery.

cal OPLL with options including the posterior approach
(laminectomy, laminectomy with fusion, laminoplasty,
and open-door and double-door laminoplasty), the ante-

Management

The mainstay treatment of OPLL is surgical decompression. 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, anticonvulsants, nonsteroidal antiinflammatory drugs, and opioids.
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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Fig. 3. Magnetic resonance imaging showing OPLL and signal hypointensity. 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
laminectomy

laminectomy w/ fusion
laminoplasty

ant approach

Advantages

Disadvantages

simple, less operative time & blood loss, low immediate
complication

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
relatively simple, low complication rate, decreased risk risk of OPLL progression, ineffectiveness in cases w/ severe
of kyphotic deformity & spinal instability
kyphotic deformity & large OPLL
relatively simple, low complication rate compared w/ ant risk of OPLL progression, limited effectiveness in cases w/
approach, decreased risk of kyphotic deformity, spisevere kyphotic deformity & large OPLL
nal instability & neurological deterioration due to scar
tissue formation compared w/ laminectomy alone
direct ant decompression of OPLL
high complication rate (particularly neurological deterioration, graft complication, & CSF leakage), limitation in
cases w/ long segment OPLL or OPLL involving C-2

combined ant & pst approach direct ant decompression of OPLL

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 transvertebral approach), and the combined anterior and posterior 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.13,50 OPLL progression after laminectomy
also rarely caused neurological deterioration. In the report from Kato et al., 50 OPLL progression was noted in
70% of patients, but it was clearly the cause of neurological deterioration in only 1 of them. A rare case98 of
incarcerated spinal cord herniation with neurological deterioration after laminectomy in a patient with combined
OPLL and OLF of the cervical spine has also been reported in the literature.
Anderson et al.4 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 injury. Hasegawa et al.29 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 typical OPLL and CSM because of the potential risk of vertebral artery or nerve injury. Recently, Epstein18 reported
good outcomes with spinous process wiring techniques.
Fusion rate was 100% and complications were low, including 2 transient root injuries, 2 wound infections, 1
wound breakdown, no spinal cord injuries, and no deaths.
Neurosurg Focus / Volume 30 / March 2011

Nerve root palsy at C-5 after cervical laminectomy and
posterior fixation is correlated with increased cervical
lordosis7,9 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 laminectomy are reduced risk of postoperative kyphotic deformity 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,17 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 opendoor 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),116 titanium miniplate fixation, and the TiMesh LP (Medtronic
Sofamor Danek) miniplate system.15 Adequate longitudinal and transverse decompression of the spinal canal
should be achieved because unexpectedly rapid progression of OPLL has been reported.122 Seichi et al.111 used intraoperative ultrasonography to evaluate adequacy of spinal cord decompression after double-door laminoplasty.
They found that OPLL maximal thickness > 7.2 mm was
a cutoff value for insufficient decompression, but neurological outcomes at 2 years after surgery did not correlate
with adequacy of decompression.
Hirabayashi et al.33 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 significantly larger in double-door than in open-door laminoplasty.
They proposed the surgical indications for open-door lami7
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Fig. 4. Illustrations of open-door (left) and double-door (right) laminoplasty.

noplasty as CSM combined with hemilateral radiculopathy, large prominence of OPLL, and patients with a tiny
spinous process who cannot undergo double-door laminoplasty. 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 posterior spinal instrumentation surgery.
Long-term results of open-door laminoplasty are summarized in Table 3. In studies with a long-term follow-up
period (more than 5 years), the recovery rates varied from
47.9% to 63.1%.11,21,44,45,96 Agrawal et al.1 demonstrated the
benefit of expansive laminoplasty even in patients with severe 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 laminoplasty included duration of myelopathy,1,21,96 severity
of myelopathy,44,45,96 age,21,44,45,96 preoperative kyphosis,11
occupying ratio > 60%,45 and hill-shaped ossification.45
There are controversial results of some factors such as
progression of OPLL and postoperative changes in cervical alignment.
The course of neurological changes following laminoplasty has been investigated.11,95 Neurological function
significantly improved after surgery, was maintained for
5 years, and then slightly declined after 5 years. Ogawa
et al.95 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-

ter laminoplasty by approximately 32%39,49 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.39
Anterior Approach. As mentioned above, Koyanagi et
al.66 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%.46,140 Tan et al.118 reported 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.118 Multilevel OPLL is also a contraindication for this procedure.
Neurological improvement rates in anterior approaches 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 instrumentations for anterior approach surgery. Mizuno and Nakagawa85 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 Kumar107 performed corpectomies in
poor-grade patients (Nurick Grade 4 and 5), and neuro-

TABLE 3: Long-term results of open-door laminoplasty for OPLL*
Authors & Year
Fujimura et al., 1998
Iwasaki et al., 2002
Ogawa et al., 2004
Chiba et al., 2006
Iwasaki et al., 2007

No. of Minimum Mean Neurological Recovery Rate
Patients FU (yrs)
(%) at Last FU
55
64
72
80
66

5
10
5
10
5

49.3
60.0
63.1
47.9
58.0

Notes
duration of myelopathy was a factor indicating poor results
progression of OPLL required additional op in 1 patient
progression of OPLL caused myelopathy in 2 patients
OPLL patients w/ preoperative kyphosis had lower recovery rates
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
Study

No. of
Patients

Mizuno & Nakagawa, 2001
Onari et al., 2001

107
30

Goel & Pareikh, 2005

4

Rajshekhar & Kumar, 2005

12

Nakase et al., 2006
Chacko & Daniel, 2007

12
3

Iwasaki et al., 200746
Chen et al., 2009

27
19

Kim et al., 2009

17

Ozer et al., 2009

15

Dalbayrak et al., 2010

29

Mean Improvement Rate

Notes

not described
not described

89% excellent or good outcome
study in patients who underwent ant interbody fusion w/o decompression; 24 patients improved in functional score
not described
study in patients who underwent oblique corpectomy; all patients showed clinical
improvement
not described
study in poor-grade patients (Nurick Grades 4 & 5); 76% improvement in Nurick
grade
67.4%
none available
not described
study in patients w/ combined OALL & OPLL who underwent oblique corpectomy;
all patients showed clinical improvement
51%
study in patients w/ OPLL who underwent ant decompression & fusion
63.2%
study in patients w/ severe OPLL w/ preop CT scans showed narrowing rate
50–78%
71.7%
ant fusion w/ autologous bone grafts from vertebral bodies & bioabsorptive screws
(Williams-Isu method)
mean JOA score improved study in patients who underwent open-window corpectomy
from 9.0 to 12.7
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.103 described long-term (mean 14.7 years)
follow-up results of anterior interbody fusion without decompression in patients with cervical OPLL. Twenty-four
of the 30 patients improved after surgery. These investigators 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 indicate that a dynamic factor is an important factor contributing 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.104 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 required. Anecdotal reports of using the oblique corpectomy technique for cervical OPLL exist in the literature,
including Goel and Pareikh,24 who reported 4 cases successfully treated with this technique. Wide exposure for
resection of OPLL was achieved and stability of the spine
was also preserved. Chacko and Daniel5 applied this technique 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.88
evaluated the accuracy of intraoperative ultrasonography
in patients who underwent oblique corpectomy. They
Neurosurg Focus / Volume 30 / March 2011

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 corpectomy with preservation of C-5 vertebral body) was reported by Dalbayrak et al.14 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 pullout). The preservation of the C-5 vertebral body improved
screw purchase and strengthened the construct.
A wide transvertebral approach and a ceramic insertion for patients with cervical degenerative disease were
reported by Kim et al.55 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.106 described a prevascular extraoral retropharyngeal approach to the upper cervical spine, including a case of C2–4 OPLL. They reported that this approach 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 cervical OPLL. There are several factors that limit the effectiveness of thoracic OPLL decompression:99,142 1) natural
kyphosis of the thoracic spine restricts the backward shift
9
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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 manipulation; 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 laminoplasty, posterior decompression and fusion, anterior
decompression through an anterior approach, circumspinal decompression through a posterior approach, and
2-stage posterior and anterior decompression.115 Posterior
decompressive laminectomy is indirect and the simplest
method for thoracic OPLL decompression, but postoperative 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 reported of patients with thoracic OPLL who underwent
laminectomy and suffered postoperative neurological deterioration.135,138 Both patients underwent reoperation with
posterior instrumented fusion and neurological functions
gradually improved. The authors recommended simultaneous posterior instrumented fusion after laminectomy
for thoracic OPLL. Nakanishi et al.92 demonstrated a case
of extensive cervicothoracic OPLL in which the patient
underwent thoracic laminectomy with electrophysiological monitoring of the spinal cord evoked potential. The
amplitude of evoked potential decreased after laminectomy, but recovered after posterior instrumented fusion.
This finding emphasizes the importance of a dynamic
factor and progression of kyphosis as the causes of neurological deterioration after laminectomy. In the study
of factors related to outcomes of thoracic OPLL surgery,
Matsumoto et al.74 also recommended instrumented fusion after posterior decompression. Beak-type OPLL has
higher risk of neurological deterioration after posterior
approach surgery than flat-type OPLL.80 Beak-type and
flat-type OPLL are shown in Fig. 5.
Komagata et al.62 studied the effectiveness of opendoor 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.74 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.136 treated patients with
thoracic OPLL by 1 of 3 approaches: posterior decompression 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 neu10

Fig. 5. Illustrations 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 extirpation group. There were no cases of postoperative paralysis 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 decompression may be ineffective. Yamazaki et al.137 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 recovery 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.
Neurosurg Focus / Volume 30 / March 2011
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Posterior decompression with kyphosis correction
has been studied. The recovery rate varied from 56% to
68%.79,143 Zhang et al.143 performed posterior decompression with 5°–15° kyphosis correction with instrumented
fusion in 11 patients. Postoperative MR imaging showed
backward shift of the spinal cord and complete decompression in all cases without aggravated myelopathy.
Matsuyama et al.79 used intraoperative ultrasonography to
evaluate backward shift of the spinal cord and intraoperative compound muscle action potential to determine correlation with the final outcomes. There was no significant
difference in recovery rate between adequate and inadequate decompression detected by ultrasonography, but
patients with decreased compound muscle action potential had significantly poorer recovery rates.
Tokuhashi et al.123 tried to determine the critical ossification-kyphosis angle that affects surgical outcome in
patients who underwent posterior decompression of thoracic 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 intraoperative 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 demanding and the surgical results are poor, particularly in
patients who already had severe spinal cord compression
before surgery. In 2008, Min et al.82 reported high rates of
complications of anterior approach decompression in 19
patients with thoracic OPLL. Two patients (10.5%) developed neurological deterioration and 6 patients (31.6%) developed CSF leakage. They also demonstrated that poor
outcomes of this approach were associated with poor preoperative JOA scores and immediate postoperative neurological 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.139 reported satisfactory outcomes in
a case with T10–11 OPLL surgically treated using this
technique. Takahata et al.115 reported on 30 patients who
underwent this type of surgery with a mean follow-up period 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 postoperative 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.127 Longitudinal factors are anterior
pulling effects of spinal cord segments above and below 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 adhesion 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
Neurosurg Focus / Volume 30 / March 2011

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 firststage operation before undergoing extensive manipulation by a second-stage surgery. The first stage consisted
of extensive cervicothoracic laminoplastic decompression 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 successful 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 presented by Hioki et al.32 Their case involved a woman with
OPLL extending from C-3 to T-2 and OLF at T-2. She presented with paraparesis and numbness in both legs. After
C3–T1 laminoplasty and T2–3 laminectomy, her neurological 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 after the first surgery. Kawahara et al.53 reported on a series
of 11 patients who underwent circumspinal decompression 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 myelopathy were correlated with preoperative duration of symptoms and degree of myelopathy. Patients with shorter duration of symptoms and milder myelopathy experienced
better surgical outcomes.3 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 pathology, 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.117 reported on a patient with lumbar 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
11
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TABLE 5: Summary of advantages and disadvantages of surgical procedures for thoracic OPLL
Surgical Procedure
pst decompression

Advantages

Disadvantages

simple, less op time & blood loss

high risk for postop paralysis & late neurological deterioration
pst decompression w/ fusion
less op time & blood loss compared w/ ant or combined persistent ant impingement of spinal cord by OPLL
approach, low risk of postop paralysis
ant decompression through ant direct removal of OPLL
high risk for postop paralysis & CSF leakage, technically
approach
demanding, more op time & blood loss
circumspinal decompression
immediate ant & pst decompression & stabilization w/
technically demanding, more op time & blood loss
through pst approach
only 1 op
2-stage pst & ant decompression complete ant & pst decompression
technically demanding, more op time & blood loss

populations. While the pathogenesis of this disease is
still unclear, genetic, hormonal, environmental, and lifestyle factors are believed to cause OPLL formation and
progression. Occurrence of myelopathy in patients with
OPLL is related to both static and dynamic factors. Radiological evaluation of OPLL includes plain radiography,
CT, and MR imaging. Preoperative images should be meticulously 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 controversial; 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 progression, and optimal treatment of patients with OPLL.
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“Skip” corpectomy in the treatment of multilevel
cervical spondylotic myelopathy and ossified
posterior longitudinal ligament
Technical note
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Department of Neurosurgery, Lütfi Kırdar Kartal Teaching and Research Hospital; and 2Department
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1

Object. The authors reviewed the results of “skip” corpectomy in 29 patients with multilevel cervical spondylotic
myelopathy (CSM) and ossified posterior longitudinal ligament (OPLL).
Methods. The skip corpectomy technique, which is characterized by C-4 and C-6 corpectomy, C-5 osteophytectomy, and C-5 vertebral body preservation, was used for decompression in patients with multilevel CSM and OPLL.
All patients underwent spinal fixation using C4–5 and C5–6 grafts, and anterior cervical plates were fixated at C-3,
C-5, and C-7.
Results. The mean preoperative Japanese Orthopaedic Association score increased from 13.44 ± 2.81 to 16.16 ±
2.19 after surgery (p < 0.05). The cervical lordosis improved from 1.16 ± 11.74° to 14.36 ± 7.85° after surgery (p <
0.05). The complications included temporary hoarseness in 3 cases, dysphagia in 1 case, C-5 nerve palsy in 1 case,
and C-7 screw pullout in 1 case. The mean follow-up was 23.2 months. The final plain radiographs showed improved
cervical lordosis and fusion in all cases.
Conclusions. The authors conclude that the preservation of the C-5 vertebral body provided an additional screw
purchase and strengthened the construct. The results of the current study demonstrated effectiveness and safety of the
skip corpectomy in patients with multilevel CSM and OPLL. (DOI: 10.3171/2009.7.SPINE08965)

Key Words    •    skip corpectomy    •    multilevel cervical spondylotic myelopathy    •   
ossified posterior longitudinal ligament

T

anterior cervical approach was first suggested
by Dr. Leroy Abbott in 1952. This approach was
used and subsequently described by Bailey and
Badgley.3 In 1955, Robinson and Smith23 reported their
anterior cervical fusion technique. During the late 1950s
and 1960s, many approaches and techniques were reported to obtain a successful neural decompression and
cervical spine arthrodesis. Evolution of new techniques,
the introduction of microsurgery, and the use of new implants have contributed to this process, leading surgeons
to use more aggressive techniques in patients with CSM
and OPLL.
The existing literature indicates that the success rate
he

Abbreviations used in this paper: ACDF = anterior cervical
decompression and fusion; CSM = cervical spondylotic myelopathy;
JOA = Japanese Orthopaedic Association; OPLL = ossified posterior longitudinal ligament; VB = vertebral body.
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usually is good for single- or 2-level cervical corpectomy, but not for multilevel corpectomy. 5,8,12,14,16–18,24,28–31
The multilevel corpectomy is a challenging procedure. It
is associated with a high complication rate (up to 70%),
including strut graft fracture, graft pistoning, graft dislodgement, hardware failure, and pseudarthrosis.
In an early study, Zdeblick and Bohlman36 reported
a 33% construct failure rate, which required a reoperation in all cases. Similar failure rates were reported by
other authors as well.5,8,11,16–18,31,35 Recent studies on biomechanical aspects of the multilevel corpectomy demonstrated the causes of failure.13,15,19,20,25,34 These findings
have led surgeons to develop many anterior and/or posterior hybrid decompression and fixation techniques in
such cases.
The skip corpectomy technique is one of the novel
techniques used to obtain the optimum decompression
and fixation in patients with multilevel CSM and OPLL.
33
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The procedure consists of the following: C-4 and C-6
corpectomy; C-5 vertebral preservation; C3–5 and C5–7
grafting; and instrumentation of C-3, C-5, and C-7 vertebrae. Theoretically, the skip corpectomy procedure is
expected to decrease the rate of graft/hardware–related
complications.
The aim of this study is tripartite: to describe the skip
corpectomy technique in detail, to report the results obtained in patients with CSM and OPLL, and to review the
existing clinical and biomechanical data.

Methods

The series consisted of 29 patients with multilevel
CSM or OPLL. The skip corpectomy technique was applied on the basis of clinical and radiological evidence of
spinal cord compression extending from C3–4 to C6–7.
Clinical assessment was performed using the JOA scoring system as modified by Benzel et al.4 The radiological
assessment was performed using plain anteroposterior,
lateral, and flexion-extension cervical spine radiographs;
cervical spine MR imaging; and cervical spine CT scanning. The plain radiographs were used to measure the
cervical lordosis (C2–7), and to detect abnormal motion.
The indications for skip corpectomy included spinal cord
compression caused by multilevel CSM and OPLL, extending from C3–4 to C6–7 (Fig. 1A). The patients with
continuous OPLL requiring C-5 corpectomy and the ones
who required a posterior decompression were excluded.
The Skip Corpectomy and Instrumentation Procedure

The skip corpectomy technique can be defined as
C-4 and C-6 corpectomy, C-5 osteophytectomy, and decompression of posterior-superior and posterior-inferior
aspects of the C-5 vertebra (Fig. 1B and C). Preservation
of the C-5 VB and the use of this vertebra for screw fixation were the most important aspects of this technique.
Reconstruction was performed using iliac crest autograft
in 15 cases, and using fibular allograft in 14 cases. After
placement of the C3–5 and C5–7 bone grafts, a fixed rigid
ventral cervical spine plate was placed (Fig. 1D). The plate
was contoured in lordosis. The intervening VB that was
left after C-4 and C-6 decompression (that is, the C-5 VB)
served as an intermediate point of construct fixation. The
plate was first secured at the rostral and caudal ends (the
C-3 and C-7 VBs). Next, screws were placed into the intervening (C-5) VB. As the C-5 VB screws were tightened,
the spine was “brought to the cervical plate” (Fig. 1E).
The patients were mobilized the next day. A Philadelphia cervical collar was used for 2 months. The first control examination was performed 2 months after the surgery. For the purposes of this study, all the patients were
called in for follow-up appointments and were then examined neurologically and radiologically. The mean followup duration was 22.3 months (range 16–86 months). Statistical analysis was performed using the Student t-test.

Results

There were 29 patients with osteophytes and OPLL
34

compressing the spinal cord between C-3 and C-7. The
main symptoms included neurological deficit due to myelopathy and arm pain due to radiculopathy. The mean
cervical lordosis was measured as 1.16 ± 11.74°. The mean
preoperative JOA score was 13.44 ± 2.81.
A full decompression resulting in neurological improvement was observed in all cases. The only patient
with neurological deterioration had a postoperative C-5
nerve root palsy. The mean postoperative JOA score was
16.16 ± 2.19. There was a significant difference between
the pre- and postoperative JOA scores (p < 0.05).
The cervical spine was found to be straightened in 18
cases, lordotic in 4 cases, and kyphotic in 7 cases before
the surgery. Postoperative evaluation of the cervical radiographs showed a straightened cervical spine in 3 cases
and a lordotic cervical spine in 26 cases. The postoperative cervical lordosis improved to 14.36 ± 7.85° (p < 0.05),
and 12.92 ± 6.17° (p < 0.05) at immediate and final postoperative evaluation, respectively. Fusion was detected in
all cases, regardless of the graft type. Figures 2 and 3
show the neuroimaging findings in 2 patients who underwent skip corpectomy.
Based on chart reviews, procedure-related complications included temporary hoarseness in 3 cases and dysphagia in 1 case. A graft/hardware–related complication
was observed in 1 case, in which a revision surgery had to
be done due to a caudal screw pullout. The other complication was neurological (a C-5 nerve root palsy).

Discussion

This study demonstrated that the skip corpectomy increased bone purchase and served to strengthen the construct, and in turn decreased the rate of construct failure
after multilevel decompression.
Cervical corpectomy is commonly performed in the
presence of multilevel cervical degenerative disorders,
and typically requires the use of long anterior strut grafts.
This surgery is associated with good results in terms of
neurological recovery. However, there are many limitations, risks, and complications that may cause the failure
of the reconstructed cervical spine. Whereas ACDF procedures at 1 or 2 cervical spine levels have predictable results, procedures involving ≥ 3 levels are associated with
increased morbidity. Vaccaro et al.31 demonstrated high
rates of early construct failure in multilevel fusions: 9%
for 2-level corpectomy and 50% for 3-level corpectomy. A
similar high rate of construct failure after multilevel corpectomy was reported by others as well.9,10,12,14,18,24,31,33,37
The reported high rate of failure indicates that reconstruction of a multilevel corpectomy defect in the cervical
spine remains a challenge.
The evidence of failure of long constructs has also
been investigated in biomechanical studies. Results of cadaveric biomechanical studies have shown that the longer
plate generates greater motions at the fusion sites under
physiological loads because of its longer lever arm,13 and
that the stabilizing potential indices significantly decrease after fatigue for the 3-level corpectomy but not for
the 1-level procedure.6,9,10,13,19 This explains the lower rate
of construct failure in 1-level cervical corpectomies.
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Fig. 1. Illustrations showing pre- (A) and postoperative (B–E) cervical spines treated with skip corpectomy. A: Preoperative illustration of a case suitable for skip corpectomy, showing the compression from C3–4 to C6–7. B: Decompression after
C-4 and C-6 corpectomy (red arrows show the vision angle to the posterior compressive structures). C: Decompression after
resection of osteophytes. D: Placement of grafts and fixation of caudal and rostral vertebrae. E: Final fixation of the cervical
spine after skip corpectomy. Note that the placement of a screw in the middle vertebra brings the C-5 VB to the plate.

Cervical corpectomy results in a posterior shift of the
center of rotation, because the anterior aspect of the spine
is cut. Addition of an anterior cervical plate shifts the
center of rotation to the anterior and changes the loading
pattern.6,9,10 In other words, whereas the stand-alone strut
graft is loaded in flexion and unloaded in extension,9,10 the
addition of a plate completely reverses the loading pattern.
The outcome is reversal of the loading pattern in anteriorJ Neurosurg: Spine / Volume 12 / January 2010

plated long-strut graft so that loading of the graft does
not occur under flexion moments, and excessive compression of the graft occurs under extension loads, resulting
in the graft pistoning into the caudal vertebral endplate
and subsequent plate kicking.9,10 It is of note that the load
experienced in extension in anteriorly instrumented multilevel corpectomized cervical spine exceeds that seen
with similar degrees of flexion of the noninstrumented,
35
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Fig. 2. Preoperative and postoperative MR images, postoperative CT scan, and plain radiographs obtained in a patient who
underwent skip corpectomy. Preoperative T2-weighted sagittal cervical spine MR images in neutral (A), flexion (B), and extension (C) positions showing the multiple anterior compressions. D: Postoperative T2-weighted sagittal cervical spine MR image
showing decompression of the spinal cord. Postoperative lateral plain radiograph (E) and CT scan (F) of the cervical spine
showing the position of the grafts and screws. It should be noted that continuous OPLL is not an optimal case example for skip
corpectomy. As seen in the CT scan (F), there is a small remnant of OPLL behind the C-5 VB, causing no symptoms.

strut-grafted spine. Application of a posterior plate, as an
alternative, protects the graft from the excessive loads under extension.
Based on clinical experiences and biomechanical
facts, many alternative techniques have been developed to
avoid graft/plate–related problems in cases of multilevel
corpectomy.5,7,12,16,22,26,27,29,32 Based on evidence of the high
stress in the lower end of the construct, the use of a buttress (junctional) plate alone was recommended. However, Riew et al.22 and Macdonald et al.16 reported a high rate
of complication after the use of a buttress plate alone in
multilevel corpectomy. They recommended that the buttress plate be supplemented with posterior fixation.16,22,32
Others focused on 360° fixation accomplished using long
plates.5,7,12,29 However, the 360° procedure is a lengthy,
sometimes staged procedure. Different combinations of
multilevel ACDF with or without corpectomies are other
alternatives. As alternative anterior approaches to 3-level
corpectomy, Rhee and Riew21 proposed the following
techniques: 1) multilevel ACDF; 2) single corpectomy
combined with additional ACDFs; and 3) 2 single-level
36

corpectomies separated by an intact intervening vertebra.
Singh et al.25 compared the biomechanical aspects of different hybrid discectomy and corpectomy models, and reported that the increased rigidity afforded by segmental
fixation may significantly decrease the likelihood of plate
dislodgement in patients with anterior instrumentation
alone. The addition of intermediate points of fixation also
provides a better translational stability.
Our experience revealed that the skip corpectomy
is indicated and is applicable in compressions extending
from C3–4 to C6–7, particularly when the areas of compression at the C-5 level are confined to the adjacent disc
spaces. This is so because skip corpectomy allows optimal
decompression of C3–4, C4–5, C5–6, and C6–7 intervertebral disc levels, and C-4 and C-6 VB levels. However,
the limited work angle does not allow for optimal decompression of the posterior aspect of the C-5 VB, as seen
in continuing OPLL cases. It is of note that the surgeon
may change strategy during the surgical procedure and
can add a C-5 corpectomy if he or she is not satisfied with
the decompression behind the C-5 VB. Such an additional
J Neurosurg: Spine / Volume 12 / January 2010
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Conclusions

The skip corpectomy allows for effective decompression in most patients with CSM and OPLL extending from
C3–4 to C6–7. This study underscores the importance of
fixation of intervening VBs, which contribute to a more
stable construct with a lower risk of failure.
Disclaimer
The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this
paper.

Fig. 3. Preoperative and postoperative MR images (A and C) and
postoperative plain radiograph (B) showing both anterior and posterior
decompression of the spinal cord after skip corpectomy.

C-5 corpectomy means a 3-level corpectomy and should
be combined with a posterior stabilization procedure.
The skip corpectomy technique achieves 4 healing
surfaces, which are less than in the equivalent number of
multilevel ACDFs (8 surfaces), while avoiding problems
associated with long-strut grafts. The fixation is obtained
at the top, bottom, and middle of the constructs. This
technique was suggested in recent years.1,2,21 Ashkenazi
et al.2 reported their results after skip corpectomy, which
they called hybrid decompression, in 13 cases. They reported fusion in all cases and found mechanical failure of
the construct in only 1 case (7.7%). Using this technique,
Agbi and Paquette1 reported a successful outcome in 4
cases. The results of the current series are in line with
those reported by Ashkenazi et al.
This technique is biomechanically superior to the
one in which anterior plating is used alone for 3-level
corpectomy. In a recent biomechanical study, Yüksel et
al. (unpublished data, 2006) compared the skip corpectomy with the standard 3-level corpectomy. They reported that the skip corpectomy allowed a slightly smaller
range of motion during lateral bending and axial rotation
than standard 3-level corpectomy. However, there were
still high pullout forces at superior and inferior vertebrae screws during axial rotation. They concluded that
skip corpectomy provided better stability during lateral
bending and axial rotation movements of the neck, and
because of high pullout forces seen in the superior and inferior screws during the axial rotation, the patient’s axial
rotation should be restrained. With the aid of a Philadelphia cervical collar, the axial movements were restrained
in our series, and only 1 instrument-related problem was
experienced.
The size of the grafts is another advantage of the skip
corpectomy. Whereas a 1- or 2-level corpectomy can be
reconstructed using iliac crest graft, a 3-level procedure
requires a long fibular graft. Skip corpectomy allows the
use of 2 short iliac crests or fibular grafts.
The technique also has the advantage of adding stability to the construct without requiring an additional
surgical approach. Although the addition of a second approach provides the greatest stability for the construct, it
comes with the expense of increased operating time and
the potential for higher surgical morbidity.
J Neurosurg: Spine / Volume 12 / January 2010
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CLINICAL ARTICLE

Improvement in cervical lordosis and sagittal alignment
after vertebral body sliding osteotomy in patients with
cervical spondylotic myelopathy and kyphosis
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1

OBJECTIVE Vertebral body sliding osteotomy (VBSO) is a safe, novel technique for anterior decompression in patients
with multilevel cervical spondylotic myelopathy. Another advantage of VBSO may be the restoration of cervical lordosis
through multilevel anterior cervical discectomy and fusion (ACDF) above and below the osteotomy level. This study
aimed to evaluate the improvement and maintenance of cervical lordosis and sagittal alignment after VBSO.
METHODS A total of 65 patients were included; 34 patients had undergone VBSO, and 31 had undergone anterior cervical corpectomy and fusion (ACCF). Preoperative, postoperative, and final follow-up radiographs were used to evaluate
the improvements in cervical lordosis and sagittal alignment after VBSO. C0–2 lordosis, C2–7 lordosis, segmental lordosis, C2–7 sagittal vertical axis (SVA), T1 slope, thoracic kyphosis, lumbar lordosis, sacral slope, pelvic tilt, and Japanese
Orthopaedic Association scores were measured. Subgroup analysis was performed between 15 patients with 1-level
VBSO and 19 patients with 2-level VBSO. Patients with 1-level VBSO were compared to patients who had undergone
1-level ACCF.
RESULTS C0–2 lordosis (41.3° ± 7.1°), C2–7 lordosis (7.1° ± 12.8°), segmental lordosis (3.1° ± 9.2°), and C2–7 SVA
(21.5 ± 11.7 mm) showed significant improvements at the final follow-up (39.3° ± 7.2°, 13° ± 9.9°, 15.2° ± 8.5°, and
18.4 ± 7.9 mm, respectively) after VBSO (p = 0.049, p < 0.001, p < 0.001, and p = 0.038, respectively). The postoperative segmental lordosis was significantly larger in 2-level VBSO (18.8° ± 11.6°) than 1-level VBSO (10.3° ± 5.5°, p =
0.014). The final segmental lordosis was larger in the 1-level VBSO (12.5° ± 6.2°) than the 1-level ACCF (7.2° ± 7.6°, p =
0.023). Segmental lordosis increased postoperatively (p < 0.001) and was maintained until the final follow-up (p = 0.062)
after VBSO. However, the postoperatively improved segmental lordosis (p < 0.001) decreased at the final follow-up (p =
0.045) after ACCF.
CONCLUSIONS Not only C2–7 lordosis and segmental lordosis, but also C0–2 lordosis and C2–7 SVA improved at the
final follow-up after VBSO. VBSO improves segmental cervical lordosis markedly through multiple ACDFs above and
below the VBSO level, and a preserved vertebral body may provide more structural support.
https://thejns.org/doi/abs/10.3171/2020.3.SPINE2089

A

KEYWORDS cervical myelopathy; cervical lordosis; sagittal vertical axis; anterior cervical corpectomy; vertebral body
sliding osteotomy

nterior cervical corpectomy and fusion (ACCF)
has been widely used for direct decompression as
a treatment of multilevel myelopathy.1 However,
high rates of implant dislodgement due to graft instability
and dural tear during resection of the vertebral body have
been reported.2–4 Patients with infection or tumor require a
corpectomy, but if complete resection of the vertebral body

is not essential, preserving a part of the vertebral body during anterior decompression would be better to minimize
complications. For this purpose, a vertebral body sliding
osteotomy (VBSO) procedure that allows for expansion of
the spinal canal by anteriorly translating the vertebral body
without complete removal has been introduced.5,6
In addition to adequate decompression, restoration of

ABBREVIATIONS ACCF = anterior cervical corpectomy and fusion; ACDF = anterior cervical discectomy and fusion; ICC = intraclass correlation coefficient; JOA = Japanese Orthopaedic Association; NDI = Neck Disability Index; OPLL = ossification of the posterior longitudinal ligament; SVA = sagittal vertical axis; VAS-AP = visual analog
scale for arm pain; VAS-NP = visual analog scale for neck pain; VBSO = vertebral body sliding osteotomy.
SUBMITTED January 20, 2020. ACCEPTED March 18, 2020.
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cervical lordosis and improvement in sagittal alignment
are important for better surgical outcomes, such as improved forward gazing, pain relief, and fewer adjacentlevel problems.7–11 While ACCF can achieve sufficient
decompression, less improvement in cervical lordosis
compared with multilevel anterior cervical discectomy and fusion (ACDF) has been reported.4,12 Two-level
ACDF above and below the osteotomy is the first step
of VBSO, and the preserved sliding vertebral body supports the trapezoidal-shaped interbody cage compared to
ACCF. VBSO may facilitate achieving better postoperative cervical lordosis through multiple ACDFs and preservation of the vertebral body, i.e., if a 3-level ACDF is
performed for a 2-level VBSO, cervical lordosis would
increase more compared to a 2-level ACDF for a 1-level
BVBSO.
Segmental cervical lordosis after cervical fusion affects C2–7 lordosis, C0–2 lordosis, the T1 slope, and thoracic kyphosis.13 If the improvement and maintenance of
cervical segmental lordosis are better after VBSO, other
parameters related to cervical lordosis and sagittal alignment would also improve more. However, because a preserved vertebral body after VBSO provides stable structural support, the maintenance of cervical lordosis may
differ between VBSO and ACCF.
The purposes of this study were: 1) to evaluate the improvements in cervical lordosis and sagittal alignment after VBSO through comparison of the postoperative and
final evaluation; and 2) to compare the maintenance or
changes in cervical lordosis between 1- vs 2-level VBSO
and VBSO versus ACCF in patients with cervical spondylotic myelopathy and kyphosis.

Methods

Patients
This retrospective study was approved by the IRB of
Asan Medical Center. We reviewed all patients who underwent VBSO between 2007 and 2016. One of the authors (D.H.L.) performed all operations. VBSO was trialed in our institution in 2011, and patients who had undergone VBSO treated after 2012 were recruited to account
for the learning curve with this procedure. The inclusion
criteria were diagnosis of cervical spondylotic myelopathy
and kyphosis, and follow-up for more than 2 years. The
exclusion criteria were as follows: 1) diagnosis of a tumor,
infection, or fracture; 2) simultaneous posterior cervical
fusion; 3) previous cervical spine operation; and 4) thoracolumbar spine surgery.
Thirty-four patients who had undergone VBSO were
included. The average age at operation was 52 years (range
27–77 years) and the average follow-up duration was 3
years and 2 months (range 2 years to 4 years 1 month).
There were 24 men and 10 women included. Nineteen
patients underwent a 2-level operation (Fig. 1). For the
comparison with ACCF, patients with the same inclusion
and exclusion criteria were recruited. Because simultaneous posterior cervical fusion was performed in all patients
who had undergone 2-level ACCF, 31 patients with only
1-level ACCF were included as a control group. The average age in this group was 52 years (range 46–80 years)
2

and the average follow-up duration was 4 years (range 2
years to 9 years 8 months). There were 19 men and 12
women.
Surgical Procedures
VBSO Technique
For the VBSO technique, 5 the cervical spine was approached through a standard anterior transverse incision.
Initially, a multilevel discectomy was performed at the
upper and lower levels of vertebral bodies. The posterior
longitudinal ligament at the discectomy level was resected
for free anterior translation of the vertebral body. Removing the uncinate process makes the width of the mobile
fragment of vertebral bodies wider and decompresses the
foramina. Using a 2–3-mm high-speed burr, two parallel
longitudinal slits were made at the base of the uncinate
process, and the posterior margin of the vertebral body
was trimmed to make the vertebral body a box-shaped
mobile segment. The Caspar pins should be placed into
the vertebral bodies above and below the osteotomy level
with distraction at the time of mobilizing vertebral body
fragments. As the vertebral bodies were directly pulled
out using Allis forceps, successful anterior translation was
confirmed by comparing the distances of the protruding
anterior portions of the vertebral bodies. The interbody
cages were packed with bone fragments harvested from
endplate bone spurs and placed into each disc space using
an impactor, grasping the mobile fragments using several
Allis forceps and pulling them out with a gentle force. The
protruding portions of the bodies were partially removed
for uniformity and anterior plating was added to enhance
stability and to prevent graft extrusion. All patients were
requested to use a hard cervical brace for 6 weeks. Routine radiography was obtained postoperatively at day 3, 1
month, 6 months, 1 year, and 2 years.
ACCF Technique

For the ACCF technique, a traditional anterior cervical
corpectomy was performed. Ossifications of the posterior
longitudinal ligament (OPLLs), hypertrophic posterior
longitudinal ligaments, and hypertrophic bone spurs were
removed. Following the preparation of adjacent endplates,
a titanium mesh cage or allograft was inserted, and anterior plating was added for additional stability.
Variables and Measurements
The visual analog scale for neck pain (VAS-NP) and
arm pain (VAS-AP), Neck Disability Index (NDI), and
Japanese Orthopaedic Association (JOA) score were used
to assess the degree of disability. Cervical spine lateral radiographs were obtained with the patient in a comfortable
upright position, with the upper extremities positioned
naturally at the side of the body and with a horizontal
gaze parallel to the Frankfort horizontal plane.14 Wholespine standing lateral radiographs were obtained with the
patient in a standardized position with the arms straight
forward and folded.
Radiological data were measured twice by one orthopedic surgeon who did not have any information about the
patients (K.B.P.). C0–2 lordosis was measured as the angle
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FIG. 1. A 27-year-old man with cervical spondylotic myelopathy due to OPLL and cervical kyphosis underwent VBSO at C5 and
C6. On the preoperative radiographic examination (A), the segmental lordosis between C4 and C7 was 16° of kyphosis, and OPLL
was noted on CT. After the operation (B), the segmental lordosis between C4 and C7 increased to 4° of lordosis, and the OPLL
in the spinal canal moved outward. At 2 years after the index operation (C), the complete union was noted, and the segmental
lordosis between C4 and C7 was maintained at 7°. On the sagittal reconstructed CT image, the preoperative narrow spinal canal
(D) increased after the operation (E). The preoperative compressed spinal cord on the MR image (F) recovered to the width of the
spinal cord, and the space of the dural sac was restored (G).

between the line from the anterosuperior border of the atlas to the inferior end of the occiput and lower endplates
of C2. C2–7 lordosis was defined by Cobb’s angle between
the lower endplates of C2 and C7. Segmental lordosis was
defined as the tangential angle between the upper body
and lower body of fused segments, because posterior tangential angles reflect the slopes along the curve and can
provide an analysis of any buckled areas of the cervical
curve.15 C2–7 sagittal vertical axis (SVA) was defined as
the distance from the posterosuperior corner of C7 and a
vertical line from the center of the C2 body (the point of
intersection of crossing diagonals of the vertebral body).
The T1 slope was measured as the angle between the upper endplate of T1 and a horizontal line. Thoracic kypho-

sis was measured using Cobb’s angle between the upper
endplate of T1 and the lower endplate of T12. Lumbar
lordosis was defined by Cobb’s angle between both upper
endplates of L1 and S1. The sacral slope was evaluated
as the angle between the upper endplates of the sacrum
and the horizontal line. C7–S1 SVA was defined as the
distance from the posterosuperior corner of S1 and a vertical line from the center of the C7 body. All plumblines
anterior to the vertebral body were positive, and those posterior were negative.
Statistical Analysis
Statistical analysis was performed using SPSS (version
22.0, IBM Corp.). All continuous variables were tested for
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normality using the Shapiro-Wilk test, which allowed the
normal distribution assumption. Paired t-tests were used
to compare preoperative, postoperative, and final followup (2 years postoperative) radiological parameters. Independent t-tests were used to compare radiological parameters between 1- and 2-level operation, and 1-level VBSO
and 1-level ACCF. The intraclass correlation coefficient
(ICC) was used to define intraobserver reliability. Values
are expressed as means and standard deviations. The level
of significance was set at p < 0.05.

Results

The average operative duration of VBSO was 146.4
minutes (range 100–280 minutes). The osteotomy levels
were C4 (n = 1), C5 (n = 10), C6 (n = 4), C4–5 (n = 8),
and C5–6 (n =11). The improvement in the VAS-NP was
not statistically significant (preoperative 3.3 ± 2.3, final
follow-up 2.2 ± 2.1, p = 0.074), but the VAS-AP was improved after the operation (preoperative 4.1 ± 2.7, final
follow-up 2.5 ± 2.0, p = 0.04). The NDI improved from a
preoperative score of 14.7 ± 7.6 to a final follow-up score
of 6.6 ± 4.8 (p < 0.001). JOA scores improved at the final follow-up (15.1 ± 1.9) compared to preoperative values
(12.4 ± 2.2, p < 0.001). Pseudo-motion was noted in 2 patients who had undergone 2-level VBSO. There were no
significant neurological complications and union was confirmed at the final follow-up in all VBSO cases. However,
in the 1-level ACCF group, the corpectomy levels were
C4 (n = 1), C5 (n = 22), and C6 (n = 8), and neurological
deficit (n = 2), CSF leakage (n = 4), graft dislodgement (n
= 3), hematoma removal (n = 1), and pseudo-motion (n =
7) were noted (Fig. 2).
The ICCs were 0.927 (T1 slope) to 0.985 (C2–7 lordosis) on the cervical lateral radiographs and 0.950 (pelvic
tilt) to 0.984 (C7–S1 SVA) on whole-spine lateral radiographs.

Improvement of Cervical Lordosis and Sagittal Alignment
After VBSO
C0–2 lordosis gradually decreased, although there was
no statistical significance (p = 0.114 and p = 0.629, respectively), and the final C0–2 lordosis was significantly improved compared to the preoperative value (p = 0.049).
C2–7 lordosis (p = 0.004) and segmental lordosis (p <
0.001) improved postoperatively, and there was no statistical difference between postoperative and final follow-up
values (p = 0.096 and p = 0.906, respectively). C2–7 SVA
at final follow-up was significantly decreased compared
with the preoperative (p = 0.038) and postoperative values (p = 0.019), although there was no significant difference postoperatively (p = 0.894; Table 1). In the comparison between preoperative and final follow-up values, not
only C2–7 lordosis and segmental lordosis, but also C0–2
lordosis and C2–7 SVA, improved after VBSO (Fig. 3).
There was not a significant change in T1 slope, thoracic
kyphosis, lumbar lordosis, or C7–S1 SVA.
Comparison of 1- Versus 2-Level VBSO
There was no difference in preoperative radiographic
parameters between the 1- and 2-level VBSO groups (Table 2). The postoperative segmental lordosis was larger in
2-level VBSO, but there was not a significant difference
between groups at the final follow-up. In both groups, the
improved segmental lordosis (p < 0.001) was not changed
until final follow-up in 1-level (p = 0.062) and 2-level (p =
0.466) VBSO.
Comparison of 1-Level VBSO Versus 1-Level ACCF
There was no difference in preoperative and postoperative radiographic parameters between the 1-level VBSO
and 1-level ACCF groups. However, final segmental lordosis was larger in the VBSO group (Table 3). In both groups,
segmental lordosis improved at the final follow-up com-

FIG. 2. A 51-year-old woman was treated with ACCF at C6. The preoperative segmental lordosis between C5 and C7 was 7° (A).
The immediate postoperative segmental cervical lordosis between C5 and C7 increased up to 14° (B). At 6 years postoperatively,
the segmental lordosis between C5 and C7 decreased to 5° of kyphosis (C). Screw breakage was noted, and the graft showed
slight dislodgement, compared with the immediate postoperative radiograph.
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TABLE 1. Comparison of radiological parameters between preoperative, postoperative, and final
evaluation
p Value
Parameter

Preop

Postop

41.3 ± 7.1 39.7 ± 7.0
C0–2 lordosis (°)
7.1 ± 12.8 11.6 ± 10.9
C2–7 lordosis (°)
3.1 ± 9.2
15 ± 10.3
Segmental lordosis (°)
21.5 ± 11.7 21.7 ± 8.0
C2–7 SVA (mm)
T1 slope (°)
24.1 ± 7.2
Thoracic kyphosis (°) 37.7 ± 12.0
Lumbar lordosis (°)
48.4 ± 13.8
C7–S1 SVA (mm)
2.1 ± 23.8

Final
39.3 ± 7.2
13 ± 9.9
15.2 ± 8.5
18.4 ± 7.9
24.6 ± 6.3
37.9 ± 10.9
49.0 ± 12.5
11.7 ± 22.8

Preop vs
Postop

Postop vs
Final

Preop vs
Final

0.114
0.004*
<0.001*
0.894

0.629
0.096
0.906
0.019*

0.049*
<0.001*
<0.001*
0.038*
0.662
0.837
0.663
0.098

* Statistically significant difference (p < 0.05).

pare to preoperatively (p < 0.001 for VBSO, p = 0.012 for
ACCF). However, in the ACCF group, the postoperatively
improved segmental lordosis (p < 0.001) decreased at final follow-up (p = 0.045). In contrast, segmental lordosis
increased postoperatively (p < 0.001) and was maintained
until final follow-up (p = 0.062) after VBSO (Fig. 4).

Discussion

Cervical lordosis is needed to maintain forward gazing, and loss of cervical lordosis is associated with pain,

functional disability, and decreased vertebral artery hemodynamics because of the stretched vertebral artery
course.10,16 Furthermore, surgical treatment of cervical
myelopathy in patients with less cervical lordosis is difficult and troublesome. Laminoplasty cannot improve
symptoms in patients with K-line (-) cervical myelopathy, because of an insufficient posterior shift of the spinal
cord.17 ACCF is challenging to perform at multiple levels
due to risks of significant blood loss and CSF leakage and
is occasionally accompanied by complications related to
stability.2,4 VBSO was developed for safer anterior decom-

FIG. 3. On radiography, the preoperative cervical alignment (A) of a 48-year-old man was 57° of C0–2 lordosis, -7° of C2–7
lordosis, -9° of C4 and C6 segmental lordosis, and 28.6 mm of C2–7 SVA. After VBSO at C5 (B), the cervical lordosis increased,
and the postoperative cervical alignment was 50° of C0–2 lordosis, 9° of C2–7 lordosis, 10° of C4 and C6 segmental lordosis,
and 29.9 mm of C2–7 SVA. OPLL in the spinal canal had moved outward on postoperative CT. At the final follow-up (C), cervical
alignment was 46° of C0–2 lordosis, 5° of C2–7 lordosis, 13° of C4 and C6 segmental lordosis, and 26.1 mm of C2–7 SVA. C0–2
lordosis and C2–7 SVA had decreased, compared with the preoperative values.
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TABLE 2. Comparisons of radiographic measurements between
1- and 2-level VBSO
Measurement
Preop
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)
Postop
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)
Final
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)

1-Level

2-Level

p Value

40.6 ± 2.8
5.2 ± 10.3
0.3 ± 7.5
21.6 ± 10.6

41.8 ± 9.3
8.5 ± 14.6
5.3 ± 10.0
21.4 ± 12.8

0.601
0.462
0.118
0.955

41.1 ± 6.2
8.1 ± 6.2
10.3 ± 5.5
23.1 ± 6.4

38.6 ± 7.6
14.4 ± 13.0
18.8 ± 11.6
20.6 ± 9.1

0.300
0.098
0.014*
0.376

39.2 ± 6.0
10.5 ± 6.2
12.5 ± 6.2
18.2 ± 6.8

39.4 ± 8.4
15.0 ± 11.8
17.3 ± 9.6
18.5 ± 8.8

0.948
0.161
0.084
0.922

* Statistically significant difference (p < 0.05).

pression by anterior translation of the vertebral body.5,6
In this study, we evaluated the improvement of cervical
lordosis and sagittal alignment after VBSO, because the
preserved vertebral body and ACDF above and below the
osteotomy may improve cervical lordosis more effectively.
C2–7 and segmental lordosis increased markedly after
VBSO. Basques et al. compared multilevel and singlelevel ACDF and observed that multilevel fusions provided considerably greater restoration of lordosis.12 During
VBSO, the patient undergoes at least 2-level ACDF above
and below the VBSO level. The multiple ACDF results in a
more significant increase in cervical lordosis, and the postoperative segmental lordosis was larger in 2-level VBSO
than in 1-level VBSO. With increasing level of osteotomy,
VBSO may increase cervical lordosis to a greater degree
compared to ACCF (Fig. 5).
Although segmental lordosis improved after both
VBSO and ACCF, segmental lordosis in the ACCF group
decreased at the final follow-up, compared with postoperative values. In a previous study comparing multilevel
discectomy and corpectomy, 5.1% subsidence and 2.6%
graft dislodgement were reported in a corpectomy group,
whereas there was no case of graft- or instrument-related
complication in a discectomy group.18 The decrease of segmental lordosis after ACCF in this study may be related
to graft subsidence or dislodgement. However, there was
no change in the VBSO group, because 4 endplates with
the preserved vertebral body provide structural support to
prevent graft subsidence, compare to 2 endplates in ACCF.
Concerning mechanical support to maintain segmental
lordosis, VBSO may be more stable than ACCF.
Villavicencio et al.11 reported that maintained or improved segmental sagittal alignment is related to a higher degree of improvement in SF-36 physical component
scores, and the severity of disability increases with positive sagittal malalignment after surgery.8,10 C2–7 SVA at
6

TABLE 3. Comparisons of radiographic measurements between
the 1-level VBSO and ACCF groups
Measurement
Preop
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)
Postop
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)
Final
C0–2 lordosis (°)
C2–7 lordosis (°)
Segmental lordosis (°)
C2–7 SVA (mm)

VBSO

ACCF

p Value

40.6 ± 2.8
5.2 ± 10.3
0.3 ± 7.5
21.6 ± 10.6

39.7 ± 5.9
4.4 ± 8.9
2.8 ± 7.2
21.5 ± 11.1

0.493
0.776
0.275
0.988

41.1 ± 6.2
8.1 ± 6.2
10.3 ± 5.5
23.1 ± 6.4

39.3 ± 7.6
6.4 ± 8.1
9.3 ± 7.0
24.0 ± 10.8

0.426
0.460
0.639
0.759

39.2 ± 6.0
10.5 ± 6.2
12.5 ± 6.2
18.2 ± 6.8

39.4 ± 6.2
7.9 ± 7.8
7.2 ± 7.6
21.7 ± 12.0

0.910
0.268
0.023*
0.301

* Statistically significant difference (p < 0.05).

final follow-up had improved compared to the preoperative value after VBSO. Furthermore, C0–2 lordosis decreased at final follow-up after VBSO. C0–2 lordosis is
related to forward gaze and is known to be negatively correlated with C2–7 lordosis. If C2–7 lordosis decreased, a
compensation mechanism is activated by increasing C0–2
lordosis and causing excessive stress on the upper cervical
spine due to C0–2 hyperlordosis.13,19,20 C0–2 hyperlordosis
may spontaneously improve after VBSO through better
correction of C2–7 lordosis.
Cervical sagittal parameters are related to thoracolumbar sagittal parameters.13,20,21 Lee et al. demonstrated that
surgical correction of cervical kyphosis affected the T1
slope and indicated that restoration of cervical lordosis
increases thoracic kyphosis, but not in the lumbosacral
spine.13 However, the T1 slope and other thoracolumbosacral parameters did not show any statistical differences
in this study. These findings may be related to the normal
range of preoperative thoracic kyphosis with wide standard deviations. The increase of T1 slope related to the
correction of cervical kyphosis may be associated with
thoracic kyphosis; however, this was difficult to demonstrate statistically in this study because of the wide variation in the normal thoracic kyphosis angle.
We could not compare the outcome of multilevel VBSO
and ACCF because none of the patients underwent ACCF
alone involving more than 2 levels. Patients who underwent only anterior multilevel corpectomy demonstrated a
high rate of instability (33%) in a previous study, so we
usually added posterior fusion if a patient needed 2-level
corpectomy.2 However, pseudo-motion was noted in only
5.9% of patients (2/34) after 1- and 2-level VBSO, compared with 22.6% (7/31) after 1-level ACCF. Furthermore,
there was no difference in the final cervical lordosis between 1- and 2-level VBSO, and segmental lordosis was
larger in 2-level VBSO. VBSO may be a better technique
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FIG. 4. Changes of segmental lordosis (°) in the VBSO and ACCF
groups. In both groups, segmental lordosis improved after the operation;
however, this decreased at the final follow-up in the ACCF group.

that can improve cervical lordosis during multilevel anterior decompression without posterior operation. In terms of
complications, VBSO was safer than ACCF in this study;
however, if the longitudinal slot is too lateral, the vertebral
artery may be injured, and if the translation is too much
or there is an adhesion, CSF leakage maybe occur. In this
situation, a transition to ACCF or a lumbar drain would
be helpful.
For patients with multilevel cervical spondylotic my-

elopathy, laminoplasty has been recommended, with excellent outcomes.22 However, laminoplasty frequently
induces progression of OPLL, compared with fusion surgery, and young patients with mixed or continuous types of
ossification face a higher risk of progression after laminoplasty.23,24 Furthermore, postoperative kyphosis after laminoplasty has been reported, and neurological improvement
cannot be obtained with posterior decompression alone in
patients with K-line (-) cervical myelopathy.17,22,25 Another
problem is axial pain after posterior cervical spine surgery, which is related to the reconstruction of the extensor
musculature and detachment of the semispinalis cervicis
muscle.26 If patients who have undergone laminoplasty
develop OPLL or kyphosis progression, or complain of
severe axial pain, VBSO may be the only surgical technique to restore cervical lordosis with multilevel anterior
decompression.
This study has several limitations. First, as this was a
retrospective study, we could not control the operated vertebral level. Further study about the comparison between
2-level VBSO and ACCF with the same level would be
helpful in understanding the amount of improvement and
maintenance of cervical lordosis. However, improvement
of segmental lordosis was better after 2-level VBSO compared to 1-level VBSO, and the preserved vertebral body
may be more useful to maintain the improved cervical
lordosis in a 2-level operation. There were no definite ap-

FIG. 5. During ACCF, the height of the vertebral body is the primary concern, and there may be little change in cervical lordosis.
However, the height of the vertebral body is maintained during VBSO, because the body merely slides anteriorly, and cervical
lordosis increases due to cervical discectomy and fusion with a trapezoidal wedge cage above and below the VBSO level.
J Neurosurg Spine May 22, 2020
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propriate values for cervical lordosis after fusion, although
several studies reported 22.4° for C0–2 lordosis and 9.9°
for C2–7 lordosis in asymptomatic adults.21,27 The cause
of cervical myelopathy is usually located in the anterior
column, such as the anterior osteophyte, disc herniation, or
OPLL.24 In our opinion, more cervical lordosis after fusion
would be better in terms of anterior decompression.

Conclusions

VBSO improves the cervical lordosis in patients with
cervical spondylotic myelopathy and kyphosis because
multiple ACDFs above and below the VBSO level increased the cervical lordosis more effectively, and because
a preserved vertebral body in VBSO provides structural
support to prevent graft subsidence. Not only C2–7 lordosis and segmental lordosis, but also C0–2 lordosis and
C2–7 SVA, were improved after VBSO at the final followup. For patients who require correction of kyphosis and
multilevel anterior decompression without posterior operation, VBSO may be a reliable technique.
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Multicenter study investigating the postoperative
progression of ossification of the posterior longitudinal
ligament in the cervical spine: a new computer-assisted
measurement
KAZUHIRO CHIBA, M.D., ITSUO YAMAMOTO, M.D., HISASHI HIRABAYASHI, M.D.,
MOTOKI IWASAKI, M.D., HIROSHI GOTO, M.D., KAZUO YONENOBU, M.D.,
AND YOSHIAKI TOYAMA, M.D.
Department of Orthopedic Surgery, School of Medicine, Keio University, Tokyo; Yamamoto Clinic,
Kyoto; Department of Orthopaedic Surgery, Osaka University Graduate School of Medicine,
Osaka; Department of Orthopaedic Surgery, Kurume University School of Medicine, Fukuoka;
and National Hospital Organization, Osaka Minami Medical Center, Osaka, Japan
Object. Ossification of the posterior longitudinal ligament (OPLL) often progresses after surgery, and this may
cause late-onset neurological deterioration. There have been few studies, however, to clarify any correlation between
progression and clinical outcome, partly because of the lack of studies involving reliable and reproducible methods by
which detection of progression is made possible. The authors conducted a multicenter study to investigate the occurrence of postoperative progression and to elucidate the possible risk factors in a large-scale patient population, and a
novel computer-assisted measurement method was used to provide the basis for future clinical studies.
Methods. The authors analyzed lateral plain radiographs obtained immediately and at 1 and 2 years after surgery in
131 patients who underwent posterior decompression at 13 institutions. The x-ray films were transformed via scanner
into digital images; the length and thickness of ossifications were measured using a new computer-assisted measurement system, and the incidence of progression was determined. Odds ratios for progression according to age group and
types of OPLL were determined and compared to elucidate significant risk factors of progression.
Conclusions. This is the first multicenter study to investigate the incidence of OPLL progression after posterior
decompression by using a standardized measurement method. The rate of postoperative progression at 2 years was
56.5%, which was comparable with results reported in other studies. Progression occurred more frequently in youngerage rather than in older-age patient populations at both 1 and 2 years postoperatively. Mixed-type and continuous-type
OPLL progressed more frequently than the segmental-type lesion at 2 years. The results of the present study could
serve as basis for future studies to assess the efficacy of drug therapy to prevent OPLL progression.

KEY WORDS • ossification of the posterior longitudinal ligament • cervical spine •
multicenter study • computer-assisted measurement

ERVICAL OPLL is considered a subset of a generalized disease, diffuse idiopathic skeletal hyperostosis, which affects various spinal ligaments including the ligamentum flavum and anterior longitudinal
ligament.15 Ossification of the posterior longitudinal ligament is most common among this set of diseases and often
causes cervical compressive myelopathy.10 Although its
origin is unknown, genetic disposition has been implied.12
It is also well known that the ossification is often progressive during the natural course of the diseases and even
after decompressive surgery, which may eventually lead
to neurological deterioration.4,5,11 The natural course of
OPLL, however, remains unclear and the relationship be-

C

Abbreviations used in this paper: CT = computerized tomography; OPLL = ossification of the posterior longitudinal ligament;
OR = odds ratio; VB = vertebral body.
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tween its progression and clinical outcomes has yet to be
elucidated.
Several investigators have reported that progression of
the ossification is directly related to the aggravation of myelopathy, whereas others have found no relationship between symptom deterioration and progression of the ossified PLL.2,4,7–9 Various authors have shown that progression
of the ossified PLL is more frequent after surgery.4,13,16 A
higher incidence of progression has been reported after
posterior decompression, including laminectomy and laminoplasty, than anterior decompression and fusion.4 The
reported impact of postoperative progression on surgeryrelated outcomes, thus, has been variable. Such inconsistency in the results may partly be due to lack of an accurate
and reliable method by which to measure the size of the
ossified lesions and also due to lack of criteria defining progression of the ossified PLL.
17
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Because it is technically difficult to determine the absolute volume of the ossified lesions and in some cases it
is even difficult to exactly locate the lesions on plain radiographs, especially when quality of the film is poor, information on progression is often derived by comparing
two radiographs acquired at different time points; however, at such different time points the same conditions may
not always have prevailed, including magnifications and
contrast, and thus these discrepancies may serve as
sources of error.
In an attempt to resolve such difficulties, the Investigation
Committee on Development of Pharmaceutical Treatment
for the Ossification of the Spinal Ligaments (The Investigation Committee), a study group funded by the Japanese
Ministry of Public Health and Welfare (now the Japanese
Ministry of Health, Labor, and Welfare) proposed a standard
radiographic measurement protocol in which reference
points that change little over time were delineated on each
radiograph, and the distances between these reference
points or the reference lines, which were derived from the
reference points, and upper, lower, and posterior margins
of the ossified lesions, were measured to represent the
length and thickness of the ossified lesion.14,18 Changes in
the measured values between different time points were
used to express the degree of the ossification’s progression.
The standardized method, however, did not gain widespread acceptance because this manual measurement was
very complicated and time consuming, despite its accuracy.
Because of its technical complexity, the possibilities of
inter- and intraobserver errors could not be ruled out.
We, therefore, have developed a new computer-assisted
measurement method based on the aforementioned standardized method, taking advantage of computerized image processing technologies that have evolved markedly
in recent years. We have already demonstrated excellent
inter- and intraobserver reliabilities associated with this
method.1
In the present study, we investigated the occurrence of
postoperative progression of OPLL in a large patient population by using this accurate and reliable method and
estimated the effects of possible risk factors on the occurrence of progression, thereby establishing a basis for future clinical studies.
Clinical Material and Methods
Measurement Protocol
The actual procedures of this new computer-assisted
measurement (Figs. 1 and 2) have been described in detail
elsewhere.1,18
Briefly, radiographs are scanned using a high quality image scanner and the digital data are fed into a personal computer. The images are reconstructed and displayed on a
computer screen by OPLL Image Measurement Software
(Version 2.0J; Array Corporation, Tokyo, Japan). Film reduction ratios and focus-film distances are entered into the
software for correction and standardization at this point.
An observer selects four corners of each VB from C-3
to C-7 by clicking with a mouse pointer on the image displayed on the screen. The software automatically draws
lines that pass the midpoints of the lines connecting anterior and posterior corners of each vertebra. These lines
serve as a reference for each vertebra. The software also
18

FIG. 1. Schematic showing reference points and lines drawn
automatically by the OPLL Image Measurement Software. An observer selects two inferior corners of the axis body for C-2 and
four corners of each VB from C-3 to C-7 by clicking on the image
displayed on a computer screen with a mouse pointer. The software
then automatically draws reference points and lines as shown. P =
posterior margin; U = upper end; W = lower end.

draws lines that pass through midpoints of the anterior and
posterior intervertebral spaces. These lines serve as a reference for each intervertebral space.
If the upper end of an ossified lesion is present above
the C2–3 level, the observer clicks on two inferior corners
of the C-2 VB and the software automatically draws a line
connecting these two points. Lines parallel to this base
line are then drawn toward the upper end of the ossified
lesion at an interval of 5 mm. These lines serve as reference lines for C-2.
The software also designates anterior midpoints of VBs
and intervertebral spaces as reference points for the measurements of the thickness of the ossified lesion, except at
the C-2 level where the intersections of the anterior marJ. Neurosurg: Spine / Volume 3 / July, 2005
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FIG. 2. Computer-generated radiographic images showing the actual measurement of the size of the ossified lesion in
a 50-year-old man who underwent a C3–6 laminectomy. The plain lateral x-ray films taken immediately after surgery
(left) and after 2 years (right). The patient harbored a continuous-type ossification extending from C-3 to C-5. Progression
of the ossification between two time points was 4.1 mm cranially and 1.4 mm caudally. The greatest progression of 1.5
mm in thickness was detected on the reference line for C-4 (C4).

gin of the C-2 VB and the reference lines are designated
as the reference points.
When the observer clicks on the upper (U) and lower
(W) ends of the ossified lesion, the software automatically
calculates the lengths between the clicked points and the
nearest vertebral reference lines. The difference in these
measured distances between two different time points represents the extent to which the ossification has progressed
in length.
The observer then clicks on all points that intersect the
dorsal aspect of the lesion (P) and the vertebral and intervertebral references. The computer automatically calculates the distance between the anterior reference point and
the clicked point on a same reference line. The differences
in the measured distances between two different time
points represents the extent to which the ossification has
progressed in thickness.
Postoperative Progression of OPLL

This multicenter study involved an investigation of the
occurrence of postoperative progression of OPLL with the
aid of this new computer-assisted measurement. Prior power analysis was conducted to calculate the minimal number
of individuals necessary to yield a reliable result. Thirteen
prominent spine centers throughout Japan were chosen to
yield the needed population.
At each institution, patients were randomly selected using the following protocol: 1) listing all patients who underwent posterior decompression after 1985 and were followed for at least 2 years; 2) assigning random numbers to
J. Neurosurg: Spine / Volume 3 / July, 2005

the individuals by using the table of random digits; 3)
checking the availability of lateral neutral radiographs acquired immediately and at 1 and 2 years after the operation; and 4) determining if the lower ends of the ossified
PLL are visible on all selected radiographs. If the x-ray
films met all four criteria, the respective patient was finally included in the study. This procedure was repeated until
10 patients were chosen at each institute.
All radiographic and clinical data were sent to and compiled by the investigation team that consisted of four independent board-certified orthopedic surgeons. Morphology
of the ossified lesions was classified according to the classification of the Investigation Committee on the Ossification of the Spinal Ligaments, another historical study group
that was funded by the Japanese Ministry of Public Health
and Welfare (Fig. 3)17 and progression in terms of length
and thickness of the ossified lesions were assessed using
the new computer-assisted method in which images obtained at 1 and 2 years postoperatively were compared with
those obtained immediately after surgery. Progression was
defined as the following: 1) an increase of 2 mm or more in
existing lesions at any level, in any direction; 2) appearance
of a new lesion of 2 mm or greater; and 3) bridging between separate lesions to form a continuous lesion.
Because the progression in OPLL is considered an irreversible event and because in some patients radiographs
obtained 5 years postoperatively were available, a Kaplan–Meier life table analysis was performed to estimate
the rate of progression at 5 years. To elucidate the possible risk factors for progression, cases were stratified ac19
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TABLE 1

Summary of demographic and operative data obtained in
133 patients with OPLL
Factor

FIG. 3. Classification of the types of OPLL. The ossified PLL
was classified into four types according to the classification established by the Investigation Committee on Ossification of the Spinal
Ligaments of the Japanese Ministry of Public Health and Welfare
(now the Japanese Ministry of Health, Labor and Welfare): A: continuous, a long lesion extending over several VBs; B: segmental,
one or several separate lesions behind the VBs; C: mixed, a combination of continuous and segmental types; and D: circumscribed,
mainly located posterior to a disc space

cording to age or OPLL type, and the estimated adjusted
ORs (with 95% confidence intervals) were calculated.
Statistical significance among different subgroups was
evaluated using a multiple logistic model. All analyses
were performed using SAS software (Version 8.2J; SAS
Institute, Cary, NC).
Results
Of 994 patients who underwent posterior decompression at the participating institutions, the radiographs of
416 patients were assessed and 131 cases were selected to
form the basis of the current study. The demographic data
are summarized in Table 1. Because these data corresponded well with those reported in previous studies,3,4,6
the present population was considered to reflect the overall OPLL population.
One hundred thirty-one plain radiographs acquired immediately after surgery, 126 radiographs at 1 year, and 131
radiographs at 2 years were available for analysis. Although optional, 44 x-ray films obtained 5 years postoperatively were also available. Because the progression of
OPLL is considered an irreversible event, once progression was evidenced in a patient, it was supposed that the
lesion would be present at later time points in the same
patient even if its size could not be measured due to poor
radiographic quality.
The incidence of postoperative progression was 38.9% at
1 year (in 126 cases) and 56.5% at 2 years (in 131 cases).
The mean progression at the upper and lower ends of the
ossified lesions was 1.5 6 2.2 mm and 1.3 6 2.3 mm at 1
year, and 2.4 6 3.7 mm and 2.4 6 7 mm at 2 years postoperatively, respectively; the mean progression in terms of
thickness was 1.1 6 1.1 mm at 1 year and 1.4 6 1.3 mm at
20

total no. of cases
sex
M
F
age at op (yrs)
39–49
50–59
60–69
70–83
median
previous op
yes
no
op technique
laminoplasty
laminectomy
type of OPLL at op
segmental
continuous
mixed
circumscribed

No. of Cases (%)

131
99 (75.6)
32 (24.4)
20 (15.3)
40 (30.5)
53 (40.5)
18 (13.7)
60
3 (2.3)
128 (97.7)
119 (90.8)
12 (9.2)
11 (8.4)
60 (45.8)
55 (42.0)
5 (3.8)

2 years postoperatively, respectively. There were five patients in whom the type of ossified PLL changed during the
2-year follow-up period. One mixed-type ossified PLL was
judged to be a continuous-type PLL at 1 year postoperatively, and two mixed-type and one each of segmental- and
circumscribed-type lesion transformed to the continuous
type.
At 1 year postoperatively, the incidence of progression in
patients younger than 59 years of age was higher than that
in those older than age 60 years; however, at 2 years the difference became less obvious (Fig. 4 upper). Because radiographs were available only for 44 patients, the Kaplan–
Meier life table analysis was conducted to provide a rough
estimate of the 5-year incidence of postoperative progression, which was 71%. When the patients were divided into
four groups according to the types of OPLL, a higher incidence of progression was demonstrated in those with
continuous- and mixed-type ossifications than those with
segmental-type ossification at both 1 and 2 years postoperatively (Fig. 4 lower).
Multiple logistic model analysis to determine the impacts of age and type of OPLL on postoperative progression of the ossified lesion revealed a statistical significance
in the odds for progression between patients younger than
59 and those older than 60 years of age with high ORs for
the younger patients at both 1 and 2 years, and that in patients with mixed-type ossification the odds for progression
were significantly higher than in those with the segmental
type at 2 years. Likely, patients harboring continuous-type
ossifications had higher odds for progression than those
with segmental type at 2 years, although the difference was
nearly but not significant (Table 2).
No statistical significance could be detected when cases
were stratified by other parameters such as sex and different surgical techniques (laminectomy or laminoplasty; data not shown).
J. Neurosurg: Spine / Volume 3 / July, 2005
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FIG. 4. Bar graphs. Upper: The incidences of postoperative progression in different age groups and in the entire population. Patients were divided into two age groups, those younger than 59 and those older than 60 years of age. In younger
patients the incidence of disease progression was higher than in older patients at both time points. Lower: The incidences
of postoperative progression in patients with different types of OPLL. In patients with a mixed-type OPLL the incidence of
disease progression was highest at both time points, and this was followed by those with continuous-type OPLL.

Discussion
There are a number of studies involving the progression
of OPLL. Most of their results, however, were derived from
investigations at a single institution; the results of nationwide multicenter studies have not been reported to date.
Furthermore, the methods used for the measurement differed among the different studies, making comparisons and
interpretations of the data difficult.3,6–9,13,14,16 The current
investigation was the first nationwide multicenter study, in
which the precise occurrence of progression of the ossified
J. Neurosurg: Spine / Volume 3 / July, 2005

PLL after posterior decompression was investigated using
the standardized method in a large patient population.
The incidence of ossification progression after 2 years
was 56.5% and the estimated rate of progression by Kaplan–Meier life table analysis was 71%, both values being
comparable with other studies.9,14 The stratified analysis of
ORs by patient background factors revealed especially
higher risks of progression after surgery in patients younger
than 59 years of age compared with those older than age 60
years and those with mixed- or continuous-type OPLL
(Fig. 4 and Table 2), whereas the impacts of sex and oper21
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TABLE 2
Summary of risk factors for progression of an ossified PLL*
Adjusted ORs
Risk Factor

1 yr postop
age ,59 vs .60 yrs
2 yrs postop
age ,59 vs .60 yrs
type of OPLL
continuous/segmental
mixed/segmental

p Value

OR (95% confidence limits)

0.0004

4.22 (1.96–9.62)

0.020

2.40 (1.16–5.08)

0.093
0.008

2.78 (0.88–10.00)
5.26 (1.64–20.00)

* Risk factors were evaluated using multiple validation logistic analysis
with stepweide methods (selection entry 0.2; stay 0.1).

ative procedures were not significant. The results of the
present study may serve as a basis for future studies to elucidate correlations between the extent of progression and
clinical outcomes as well as the influence of various factors
on progression and the clinical outcomes.
In previous reports,16 the rate of OPLL progression was
significantly greater in patients undergoing surgery than
those treated conservatively. This may partly be due to biological stimulations after decompression such as changes in
biomechanics of the cervical spine or changes in microcirculatory environment within the spinal canal.4,5 Such
progression may eventually lead to deterioration of neurological function in patients, sometimes requiring salvage
surgery. Accordingly, the development of a new drug to
inhibit the high incidence of postoperative OPLL progression is expected.
Establishment of accurate and reliable assessments is
essential to test the efficacy of a drug. In this regard, we
have successfully developed the novel method by which to
quantify the progression of OPLL with high accuracy and
reliability, taking advantage of recent advances in computer- and image-processing technologies. The difference in
the measured values at two different time points made by
the same observer who used our method was less than 2 mm
in 98% of occasions, indicating that this method is precise
enough to differentiate a 2-mm difference, which is the current criterion for progression of an ossified lesion proposed
by the Investigation Committee, with 98% reliability.14,18
Because the ossification progresses very slowly in
OPLL, a long-term clinical study is necessary to assess the
efficacy of a drug against such progression. On the other
hand, an excessively long study period may spoil the overall quality of the investigation, mainly due to a decrease in
the size of the study population, which is attributable to an
increase in the number of patients who drop out and violations of the protocol. It is, therefore, very important to
set an appropriate study period to safeguard its quality.
The results of the present study demonstrated that most
progression of the ossified lesion occurs within the first 2
years after surgery (incidence 56.5%) and increases by
less than 15% thereafter until 5 years postoperatively (incidence 71%). Two years are, therefore, considered to be
an appropriate duration for assessment of efficacy of the
drug to prevent progression of the ossified PLL.
Because the primary purpose of this study was to establish the precise incidence of the progression, we did not
investigate the relationship between the disease progres22

sion and the clinical symptoms; however, based on our results, a clinical trial is underway to elucidate the relationship between the disease progression and the clinical symptoms as well as that to assess the efficacy of a new drug to
prevent postoperative progression. The results may benefit
the patients who are at risk of recurrent myelopathy after
decompressive surgery for OPLL in the near future.14
Recently, CT volume scanning has become available,
which may provide an accurate volume of ossified lesions.
The volumetric CT scanning was one of the candidates for
the measurement modalities in the present study, but, it
was abandoned for several reasons: 1) The standard measurement protocol was not available at the beginning of
the study. 2) The difference in the grade of CT scanners
can be a significant source of errors in the measured values. 3) Unlike an x-ray machine, CT scanners are not
available in every clinic and institution. 4) The cost of
scanning and patients’ exposure to radiation during multiple measurements can be significant, possibly affecting
the cost effectiveness and safety. Until these issues of the
volumetric CT scanning are resolved, the continued use of
plain radiographic measurement is justified.
Conclusions
This is the first multicenter study to investigate incidence of progression of ossified PLLs after posterior
decompression using a validated and standardized measurement method. The 1- and 2-year incidences of postoperative progression were 38.9 (in 126 cases) and 56.5%
(in 131 cases); the values were comparable with the results of other studies. In younger patients and those with
mixed- and continuous-type ossifications, the risk of postoperative progression was higher. Because the 5-year incidence of postoperative progression was estimated to be
71% (Kaplan–Meier life table analysis), 2 years may be an
appropriate duration in which to allow for the assessment
of a drug’s efficacy to prevent progression of OPLL.
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The safety and efficacy of anterior versus posterior
decompression surgery in degenerative cervical
myelopathy: a prospective randomized trial
Nasser M. F. El-Ghandour, MD, Mohamed A. R. Soliman, MD, Ahmed A. M. Ezzat, MSc,
Amr Mohsen, MD, and Mostafa Zein-Elabedin, MD
Department of Neurosurgery, Faculty of Medicine, Cairo University, Cairo, Egypt

OBJECTIVE The safety and efficacy of anterior and posterior decompression surgery in degenerative cervical myelopathy (DCM) have not been validated in any prospective randomized trial.
METHODS In this first prospective randomized trial, the patients who had symptoms or signs of DCM were randomly
assigned to undergo either anterior cervical discectomy and fusion or posterior laminectomy with or without fusion. The
primary outcome measures were the change in the visual analog scale (VAS) score, Neck Disability Index (NDI), and
Nurick myelopathy grade 1 year after surgery. The secondary outcome measures were intraoperative and postoperative
complications, hospital stay, and Odom’s criteria. The follow-up period was at least 1 year.
RESULTS A total of 68 patients (mean age 53 ± 8.3 years, 72.3% men) underwent prospective randomization. There
was a significantly better outcome in the NDI and VAS scores in the anterior group at 1 year (p < 0.05). Nurick myelopathy grading showed nonsignificant improvement using the posterior approach group (p = 0.79). The mean operative duration was significantly longer in the anterior group (p < 0.001). No significant difference in postoperative complications
was found, except postoperative dysphagia was significantly higher in the anterior group (p < 0.05). There was no significant difference in postoperative patient satisfaction (Odom’s criteria) (p = 0.52). The mean hospital stay was significantly
longer in the posterior group (p < 0.001).
CONCLUSIONS Among patients with multilevel DCM, the anterior approach was significantly better regarding postoperative pain, NDI, and hospital stay, while the posterior approach was significantly better in terms of postoperative
dysphagia and operative duration.
https://thejns.org/doi/abs/10.3171/2020.2.SPINE191272

KEYWORDS cervical spondylotic myelopathy; degenerative cervical myelopathy; anterior cervical discectomy and
fusion; cervical laminectomy; lateral mass fusion

D

egenerative cervical myelopathy (DCM) is the
most common cause of dysfunction of the spinal cord in adults worldwide.1 DCM can be due
to structural changes such as degenerative disc disease,
ligamentum flavum hypertrophy, facet joint hypertrophy,
vertebral body osteophytes, and ossification of the posterior longitudinal ligament (OPLL) that cause spinal cord
compression. It can also be due to increased mobility of the
vertebrae injuring the spinal cord or abnormal spinal alignment causing spinal cord tension.2 All of these causes lead
to ischemia, endothelial cell impairment, neuroinflamma-

tion, spinal cord–blood barrier disruption, and neuronal
and oligodendrocyte apoptosis. All of these pathophysiological consequences of compression will lead to irreversible nerve cell damage and subsequent neurological
impairment.3
Patients with DCM can present with radicular symptoms as well as symptoms and signs of neurological dysfunction. Common symptoms are decreased hand dexterity, paresthesia, weakness of the upper and lower extremities, gait impairment, and Lhermitte’s sign.1
There are many retrospective studies, systematic re-

ABBREVIATIONS ACDF = anterior cervical discectomy and fusion; DCM = degenerative cervical myelopathy; NDI = Neck Disability Index; OPLL = ossification of the
posterior longitudinal ligament; VAS = visual analog scale.
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INCLUDE WHEN CITING Published online May 1, 2020; DOI: 10.3171/2020.2.SPINE191272.
©AANS 2020, except where prohibited by US copyright law
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views, and meta-analyses that compare anterior and posterior approaches in the treatment of multilevel DCM in
terms of complication rate and/or patient-reported outcomes.4,5 However, there is still no strong evidence whether multilevel DCM is best managed via an anterior or
posterior approach, and because of this uncertainty, there
is a substantive need for several prospective randomized
trials. This is the first prospective randomized trial that
compares anterior and posterior approaches to determine
which procedure is superior in the management of DCM
regarding effectiveness and safety.

Methods

TABLE 1. Inclusion and exclusion criteria
Inclusion criteria
Age >30 yrs
DCM caused by multisegmental spinal stenosis (≥2 segments) on
MRI
Symptoms & signs of myelopathy (at least 1 symptom & 1 positive
physical examination finding)
Two senior spine professors (from different training schools) agreed
that the case is debatable to be approached anteriorly or posteriorly
Medically fit for surgery
Compliance of the patient w/ the required follow-up
Exclusion criteria
DCM caused by single-segment spinal stenosis
Cases undergoing combined anterior & posterior approaches
History of previous cervical operations
Medically unfit for surgery
Associated OPLL
Lesions extending posteriorly to the vertebral body requiring
corpectomy

Study Design
In this prospective randomized study, patients who had
DCM were assigned randomly in a 1:1 ratio to undergo
either anterior cervical discectomy and fusion (ACDF)
or cervical laminectomy with or without fusion. We enrolled patients older than 30 years of age who were diagnosed with DCM and met the inclusion criteria (Table
1). Patients were assessed for DCM before they were randomized. Patient assessment was conducted by a neurosurgical specialist in the form of history taking, complete
clinical examination, and radiological workup (dynamic
radiographic views and MRI of the cervical spine). The
DCM diagnosis was based on the presence of signs and
symptoms of myelopathy as well as the MRI findings of a
stenotic segment at two or more cervical vertebral levels.
The randomization procedure, potential surgical approaches, and required follow-up evaluations and imaging
were explained in detail by the neurosurgical specialist
to the potential study candidates. Upon agreement of the
candidate to participate, informed consent was signed, and
the candidate was randomized to one of the two surgical
approaches. The procedure selection was performed by
the study coordinator using a sealed envelope. In patients
who were randomized to the posterior approach, fusion
was added if there were any signs of instability (i.e., radiographic dynamic views showed a cervical angulation >
20°, subluxation > 3.5 mm, or a motion > 1–2 mm between
the adjacent spinous process tips6), loss of the lordotic
curve (< 10° lordotic curvature6), or kyphotic deformity,
and the decision was made by two senior spine professors
with the assistance of a radiology consultant.

sion rate (radiographic evidence [cervical spine dynamic
radiographic views] of complete bone union at the interface between the bone and graft; trabeculation progression at the interface between bone and graft without signs
of graft lytic lesions; the trabeculae continuity; bridging
bone, especially at the facet joints in the posterior fusion
group; absence of halo or lucency surrounding the graft;
and gross bony trabeculation reported by a radiology consultant as well as reviewed by a neurosurgery professor);
hospital length of stay; Odom’s criteria (patient satisfaction with the outcome using a scale of excellent, good, fair,
and poor); and reoperation rate.
Patients were followed up in the outpatient clinic at 2
weeks, 3 months, 6 months, 9 months, and 1 year. Plain
radiographs were performed within 72 hours from surgery
and every 3 months for a year. Close observation of the
enrolled patients was performed by the study coordinator, and the above follow-up information was immediately
placed in a Microsoft Excel spreadsheet once it was recorded.

Data Collection and Outcomes
We used patient-reported questionnaires including the
visual analog scale (VAS) for neck pain, Neck Disability
Index (NDI), and Nurick myelopathy grade to assess outcomes in this study. The questionnaires were completed
preoperatively upon admission and were completed postoperatively in the outpatient clinic without the assistance
of any person involved in the study.
The primary outcome measures were the scores on
the NDI (range 0–50), VAS (range 0–10), and Nurick myelopathy grading scale (grade range 0–5). The secondary
outcome measures were intraoperative complications (dural tear and vascular injury); postoperative complications
(hematoma, infection, neurological deficit, dysphagia,
hoarseness of voice, and mortality); operative duration; fu-

Interventions
All patients underwent either ACDF (anterior decompression group) or posterior laminectomy with or without fusion (posterior decompression group). Anterior
decompression was performed through anterior cervical
discectomy, posterior longitudinal ligament excision, and
foraminotomy, followed by polyetheretherketone cage interbody fusion (a titanium plate was added in 4- and 5-level ACDFs only). Patients in the posterior decompression
group underwent a cervical laminectomy with or without
lateral mass titanium screws and rods across the stenotic
levels, with a harvested bone graft from the removed lamina. All surgeons involved in the trial routinely perform
both approaches.
This trial was approved by the local ethical committee
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FIG. 1. Flowchart showing the enrollment, randomization, treatment, and 1-year follow-up. Figure is available in color online only.

of the neurosurgery department of Cairo University, and
all enrolled patients signed written informed consent. The
trial was conducted in accordance with the protocol.
Statistical Analysis
We estimated the sample size based on the prospective study that was performed by Kadanka et al. in 2002
and Ghogawala et al. in 2011.7,8 The NDI was used as the
primary outcome endpoint. Based on the observed means
and standard deviations in our sample, the post hoc analysis revealed that the observed effect size was large (Cohen’s d = 0.65). The observed power using a 2-tailed alpha
of 0.05 and an equally divided sample of 68 participants
was 0.75. Our analysis included randomized patients who
completed the 1-year follow-up. The baseline demographics (age, sex ratio, and levels involved), clinical characteristics (preoperative NDI score, VAS score, and Nurick
myelopathy grade), and clinical outcomes (postoperative
complications; postoperative NDI, VAS, and Nurick myelopathy grade; and patient satisfaction) were evaluated
using descriptive statistics. Continuous variables were
presented in the form of means ± standard deviations and

compared using independent t-tests. The categorical variables were presented in the form of numbers and percentages and were compared using Fisher’s exact or chi-square
tests. We analyzed the variations over a period of time using the paired Student t-test. The statistical significance
was set at p < 0.05.

Results

Patients
From January 2017 through June 2018, a total of 68 patients were enrolled in the study (Fig. 1), with a mean age of
53 ± 8.3 years. There were no significant differences in the
patient demographics, general health, and baseline characteristics between the treatment groups (Table 2). A total
of 34 patients were assigned to the anterior decompression
group, and 2 of those patients were lost to follow-up; 34 patients were assigned to the posterior decompression group,
and 1 of those patients died during the first year after surgery from myocardial infarction. Therefore, the per-protocol analysis included 65 patients: 32 in the ACDF group
and 33 in the posterior decompression group (26 laminectomies and 7 laminectomies with lateral mass fusion).
J Neurosurg Spine May 1, 2020
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TABLE 2. Patient demographics
Parameter
No. of patients
Mean age, yrs
Male sex
No. of comorbidities
Diabetes
Hypertension
Hepatic
Rheumatoid arthritis
Smokers
No. of levels involved
2
3
4
5
No. of patients w/ kyphosis, loss of lordosis, or
signs of instability
Presenting symptoms
Neck pain
Radiculopathy
Myelopathy
Bladder dysfunction
Weakness
Sensory deficit
Spasticity
Hyperreflexia
Babinski sign
Hoffman sign
Clonus
Mean preop pain (VAS)
Mean preop disability (NDI)
Mean preop Nurick grade

Anterior
Decompression (%)

Posterior
Decompression (%)

p Value

32
52.7 ± 6.7
22 (68.8)

33*
53.4 ± 9.6
25 (75.8)

0.73
0.53

9
4
4
0
15

8
5
2
1
11

0.72
0.76
0.37
0.32
0.27

8 (25)
16 (50)
7 (21.9)
1 (3.1)
9

9 (27.3)
12 (36.4)
9 (27.3)
3 (9.1)
7

0.83
0.27
0.61
0.32
0.52

25 (78.1)
19 (59.4)
23 (71.9)
13 (40.6)
30 (93.8)
16 (50)
14 (43.8)
26 (81.3)
24 (75)
9 (28.1)
19 (59.4)
5 ± 2.6
27.2 ± 9.1
2.8 ± 0.9

24 (72.7)
14 (42.4)
26 (78.8)
14 (42.4)
29 (87.9)
17 (51.5)
19 (57.6)
28 (84.8)
23 (69.7)
7 (21.2)
20 (60.6)
4.3 ± 2.1
28.2 ± 9.3
2.8 ± 1

0.61
0.17
0.52
0.88
0.41
0.9
0.26
0.7
0.63
0.52
0.92
0.24
0.69
>0.99

Values are presented as the number of patients (%) unless indicated otherwise. Mean values are reported as the mean
± SD.
* Twenty-six with laminectomy and 7 with lateral mass.

Primary Outcome Measures
At 1 year after surgery, there was no significant difference between the two treatment groups in the Nurick
myelopathy grade; the mean Nurick myelopathy grade at 1
year was 2.13 ± 0.96 in the anterior decompression group
and 2.06 ± 1.10 in the posterior decompression group (p =
0.79; Table 3). The Nurick grade had improved from baseline by 0.63 ± 0.96 in the anterior decompression group
and by 0.79 ± 1.09 in the posterior decompression group
(p = 0.53). However, the VAS score and NDI were significantly better in the anterior decompression group at 1
year. The mean VAS score at 1 year after surgery was 2.6
± 1.7 in the anterior decompression group and 3.7 ± 2.1 in
the posterior decompression group (p < 0.05). The VAS
score had improved from baseline by 2.4 ± 2.6 in the ante4

rior decompression group and by 0.6 ± 2.4 in the posterior
decompression group (p < 0.05). The mean NDI at 1 year
after surgery was 13.6 ± 5.7 in the anterior decompression
group and 17.5 ± 6.3 in the posterior decompression group
(p < 0.05). The NDI had improved from baseline by 13.8 ±
8.3 in the anterior decompression group and by 10.8 ± 7.2
in the posterior decompression group (p = 0.13; Fig. 2) On
subgroup analysis, we found the same results comparing
the anterior and posterior fusion groups in terms of mean
improvement from baseline in Nurick myelopathy grade
(p = 0.45), VAS score (p < 0.05), and NDI (p = 0.12). Also,
in the subgroup analysis of the posterior decompression
group, no significant differences were found in the mean
improvement from baseline on the Nurick myelopathy
grade, VAS score, and NDI between the cervical lami-
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TABLE 3. Patient outcomes
Parameter

Anterior
Decompression (%)

Posterior
Decompression (%)

p Value

5 (15.6)
2 (6.3)
1 (3.1)
2 (6.3)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
2.6 ± 1.7
13.6 ± 5.7
2.13 ± 0.96

0 (0)
0 (0)
3 (9.1)
3 (9.1)
3 (9.1)
2 (6.1)
1 (3)
0 (0)
0 (0)
0 (0)
3.7 ± 2.1
17.5 ± 6.3
2.06 ± 1.10

<0.05
0.14
0.32
0.67
0.08
0.16
0.32
>0.99
>0.99
>0.99
<0.05
<0.05
0.79

5 (15.6)
15 (46.9)
8 (25)
4 (12.5)
3.5 ± 1.4
62.7 ± 9.2

3 (9.1)
15 (45.5)
10 (30.3)
5 (15.2)
5.2 ± 2.4
33.5 ± 6.8

0.42
>0.99
0.63
0.76
<0.001
<0.001

Postop complications
Dysphagia
Laryngeal nerve palsy
Transient C5 palsy
Transient weakness
Superficial wound infection
Dural tear
Deep infection
Hematoma
Vascular injury
Mortality
Postop mean pain score (VAS) at 1-yr FU
Postop mean disability score (NDI) at 1-yr FU
Postop mean Nurick grade at 1-yr FU
Odom’s criteria
Excellent
Good
Fair
Poor
Mean hospital length of stay, days
Mean operative duration/level, mins

FU = follow-up.
Values are presented as the number of patients (%) unless indicated otherwise. Mean values are reported as the mean
± SD. Boldface type indicates statistical significance.

nectomy group and the cervical laminectomy and lateral
mass fusion group (p > 0.05; Table 4).
Secondary Outcome Measures
There was no significant difference in the complication
rate between the groups other than dysphagia, which was
significantly higher in the anterior decompression group
(p < 0.05). Dysphagia occurred in 5 patients (15.6%) in the
anterior group and none in the posterior group. Hoarseness of voice occurred in 2 patients (6.3%) in the anterior
group and none in the posterior group. A transient C5 palsy occurred in 3 patients (9.1%) in the posterior group and
in 1 patient (3.1%) in the anterior group. A transient motor
deficit was found in 3 patients (9.1%) in the posterior group
and in 2 patients (6.3%) in the anterior group. Failure of
fusion occurred in 4 patients (12.5%) in the anterior group
(none required further surgery) and in none of the posterior group. Three patients (9.1%) with superficial wound
infections treated with antibiotics only and 1 patient (3%)
with deep wound infection treated with debridement and
antibiotics occurred in the posterior group, and none in the
anterior group. Dural tears occurred in 2 patients (6.1%) of
the posterior decompression group and none in the anterior group. None of the patients had vertebral artery injury,
nerve or spinal cord injury, postoperative hematoma, or
perioperative mortality (Table 3). According to Odom’s

criteria for clinical outcome, 62.5% of the anterior decompression group had excellent or good outcomes compared
to 54.5% in the posterior decompression group (p = 0.52).
The mean operative duration per level was significantly
longer in the anterior group (62.7 ± 9.2 minutes) compared
to the posterior group (33.5 ± 6.8 minutes; p < 0.001). Finally, the mean hospital length of stay was significantly
longer in the posterior group (5.2 ± 2.4 days) compared to
the anterior group (3.5 ± 1.4 days; p < 0.001; Fig. 2).

Discussion

DCM is the most common cause of myelopathy in
adults over 55 years old, causing progressive disability
and impairing the quality of life. Many retrospective studies, systematic reviews, and meta-analyses have attempted
to evaluate and compare the safety and effectiveness of
anterior versus posterior approaches for decompression of
multilevel DCM, aiming to determine which approach is
more superior.4,5 Unfortunately, given the heterogenicity
of complications and outcome reporting and the paucity of
well-designed studies, it is impossible to define a superior
approach. The safety and efficacy of anterior and posterior
decompression surgery in DCM have not been validated
in any prospective randomized trial.
The comparative safety and efficacy of anterior versus
posterior decompression in DCM was the issue examined
J Neurosurg Spine May 1, 2020
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FIG. 2. Bar graphs depicting mean preoperative and 1-year postoperative neck pain scores (A; VAS), Nurick grades (B), and disability (NDI) scores (C) in each treatment group, as well as mean operative duration per level (D), number of complications (E), and
hospital length of stay (F). Figure is available in color online only.

in this study, which screened 131 patients for eligibility:
79 patients were enrolled, and 68 patients were randomly
assigned. The primary outcome measures were NDI, VAS
score, and Nurick myelopathy grade at 1 year. The 1-year
follow-up period is similar to the previously published
prospective nonrandomized trials by Fehlings et al. and
Ghogawala et al.7,9 Although the Nurick myelopathy grade
did not differ significantly between the treatment groups
at 1 year after surgery, the anterior approach was associated with significantly better scores on the VAS and NDI
at 1 year after surgery. Regarding the secondary outcome
measures, the intra- and postoperative complications did
not differ significantly between the two groups, except the
rate of subjective complaint of dysphagia was significantly
6

higher in the anterior group. Concerning the mean operative duration per level, it was significantly higher in the
anterior group as well; however, the mean hospital length
of stay was significantly higher in the posterior group.
Although 4- or 5-level ACDF is generally not accepted
by many spine surgeons, these approaches are performed
in our center whenever it is feasible. There are many studies that have reported good outcomes with such surgeries.10–14 In this study, if a long-segment anterior approach
was not feasible, the patient was excluded from randomization. Furthermore, despite the fact that 25% of the anterior group patients underwent ≥ 4-level ACDF, the clinical
outcomes were better than in the posterior group.
There is a lot of controversy regarding the long-term
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TABLE 4. Subgroup analysis of primary outcomes of the posterior group
Parameter

Cervical Laminectomy
(n = 26)

Cervical Laminectomy & Lateral
Mass Fusion (n = 7)

p Value

Mean preop pain (VAS)
Mean postop pain (VAS)
Change in mean pain (VAS)
Mean preop disability (NDI)
Mean postop disability (NDI)
Change in mean disability (NDI)
Mean preop Nurick grade
Mean postop Nurick grade
Change in mean Nurick grade

4.1 ± 2.1
3.3 ± 2
0.8 ± 2.6
26.8 ± 10
15.8 ± 5.4
11 ± 7.7
2.7 ± 1
2 ± 1.1
0.7 ± 1

5.1 ± 1.8
5 ± 1.9
0.1 ± 0.8
33.3 ± 2.3
23.4 ± 5.9
9.9 ± 5
3.3 ± 0.9
2.1 ± 1.1
1.1 ± 1.5

0.23
0.07
0.25
<0.05
<0.05
0.66
0.16
0.84
0.52

Values are reported as the mean ± SD. Boldface type indicates statistical significance.

outcomes of cervical laminectomy (especially progressive
kyphosis and instability) among spine surgeons. In North
America, most surgeons add fusion to the laminectomy
procedure, regardless of the preoperative spine stability
and curvature, to avoid these complications.15–17 However,
this is not the case in our center; the decision to fuse or
not is made according to the preoperative dynamic radiographic images (e.g., signs of instability, loss of normal
cervical lordotic curve, or kyphotic deformity), and during
the laminectomy, medial facet resection greater than 25%
is avoided. This concept was adopted in many other studies.18–23
Primary Outcome Measures
In the present study, there was a significant improvement in the Nurick grade in both groups, with no significant difference between either approach (p = 0.79). Our
results are similar to the results reported by Edwards et
al.24 and Fehlings et al.;9 however, Kristof et al.25 reported
that there was no significant improvement after surgery in
either group using this measure, while Cahueque Lemus
et al. observed a significant improvement in both groups
but which was significantly better in the anterior group.26
Regarding the patient-reported pain score (VAS), an overall significant improvement in neck pain in both groups
was observed but was significantly better in the anterior
decompression group at 1 year after surgery (p < 0.05).
This is not similar to the results reported by Kristof et al.,
who reported no significant difference in the VAS score
between groups.25 Finally, we observed an overall significant improvement in the NDI in both groups, which was
significantly better in the anterior decompression group.
These results were similar to those of Audat et al.27 and
Ghogawala et al.,7 who showed a significantly better improvement in the anterior group, while Asher et al.28 observed a nonsignificantly better improvement in the anterior group and Fehlings et al.9 observed a nonsignificantly
better improvement in the posterior group.
Secondary Outcome Measures
In the present study, a nonsignificantly better outcome
was observed in the anterior decompression group ac-

cording to Odom’s criteria (p = 0.52). These results are
different from those of Cabraja et al.,29 which showed a
nonsignificantly better outcome in the posterior decompression group (p = 0.71). We observed dysphagia only
in the anterior approach group (15.6%), and all cases resolved at the 6-month follow-up (none required a gastric
feeding). This rate was nearly similar to that of Ghogawala
et al.7 (14.3%), slightly higher than the rate found by Liu et
al.30 (8%), Asher et al.28 (6.1%), and Kristof et al.25 (7.1%),
and was lower than the rate reported by Edwards et al.24
(30.8%). Hoarseness of voice was only observed in the anterior group (6.3%), which is nearly similar to that reported
in the series by Liu et al.30 (8%) and Kristof et al.25 (7.1%),
higher than in the study by Asher et al.28 (0%), and lower
than the series of Edwards et al.24 (15.6%). All of the cases
with hoarseness of voice resolved within the first week
after surgery. Furthermore, we observed a higher rate of
transient C5 palsy in the posterior group (9.1%) compared
to the anterior group (3.1%), which was similar to the studies of Liu et al.30 (7.4% vs 0%), Ghogawala et al.7 (13.6%
vs 0%), and Shibuya et al.31 (10% vs 9%), while Yonenobu
et al.32 showed a higher rate of C5 palsy in the anterior
decompression group (7% vs 10%). The fusion failure rate
was only observed in 12.5% of the anterior decompression group and in none of the posterior group, which is
very similar to the rates reported by Benzel et al.33 (11.8%
vs 0%), higher than the rates reported by Liu et al.30 (4%
vs 0%) and Edwards et al.24 (7.7% vs 0%), and lower than
those of Yonenobu et al.32 (83.4% vs 0%), Shibuya et al.31
(17.6% vs 0%), and Kristof et al.25 (16.6% vs 6.5%). The
infection rate in our study was 12.1% (9.1% superficial and
3% deep) in the posterior group and none in the anterior
group. Similarly, a higher rate of infection in the posterior
group was observed by Kristof et al.25 (6.5% vs 2%), Asher
et al.28 (1.2% vs 0.6%), and Fehlings et al.9 (4.2% vs 0.6%),
while Benzel et al.33 observed a higher rate of infection
in the anterior group (0% vs 5.9%). The dural tear rate in
our study was 6.1% in the posterior group and none in the
anterior group; Audat et al.27 (2.8% vs 0%) and Asher et
al.28 (1.2% vs 0%) also found a higher rate of dural tear in
the posterior group. The mean operative duration per level
in the present study was significantly longer in the anterior
group compared to the posterior group (p < 0.001), which
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is similar to other series.24,25,28,30,31 Finally, the mean hospital stay was significantly longer in the posterior group
compared to the anterior group (p < 0.001), which is also
similar to other series.7,24,28
There were nonsignificant, marginal differences between patients in both groups in the baseline variables.
These baseline differences might be attributed to some of
the observed outcome differences rather than to the randomized approach. Other studies are required to validate
the findings noted in this study.
Study Limitations
Among the limitations of this study is the lack of computerized randomization of the patients; however, this
limitation was addressed by randomization of patients by
a person blinded to the study. We did not use the modified
Japanese Orthopaedic Association score for assessing myelopathy improvement and were limited only to the Nurick
myelopathy grade. There were no laminoplasty patients in
our cohort due to the high financial burden on the patients
to undergo laminoplasty in our country (the laminoplasty
instrumentation was much more expensive at the time of
the study). Furthermore, segmental and global sagittal balance measures were not compared in this study. Larger
studies with longer follow-up periods are required for
proper evaluation of the best method of DCM treatment.

Conclusions

Surgery for treating DCM from both anterior and
posterior approaches was associated with significant improvements in the Nurick myelopathy grade, VAS score,
and NDI at 1 year after surgery. Greater improvement in
NDI and VAS score at 1 year after surgery and shorter
hospital stay was observed in the anterior decompression
surgery. Posterior decompression surgery was associated
with longer operative duration per level and a lower rate
of dysphagia. Therefore, anterior decompression surgery is
associated with better functional outcome, but the higher
surgery-related complication rate with the anterior approach should be taken into consideration. Further prospective randomized clinical studies with a larger number
of patients and longer follow-up duration are required to
validate our results.

Acknowledgments

Special thanks to Prof. Maher El-Masri and Dr. Amany
Ahmed for their help with the study statistical analysis.

References

1. Tracy JA, Bartleson JD. Cervical spondylotic myelopathy.
Neurologist. 2010;16(3):176–187.
2. Nouri A, Tetreault L, Singh A, et al. Degenerative cervical
myelopathy: epidemiology, genetics, and pathogenesis. Spine
(Phila Pa 1976). 2015;40(12):E675–E693.
3. Karadimas SK, Erwin WM, Ely CG, et al. Pathophysiology
and natural history of cervical spondylotic myelopathy. Spine
(Phila Pa 1976). 2013;38(22)(suppl 1):S21–S36.
4. Lawrence BD, Jacobs WB, Norvell DC, et al. Anterior versus posterior approach for treatment of cervical spondylotic
myelopathy: a systematic review. Spine (Phila Pa 1976).
2013;38(22)(suppl 1):S173–S182.

8

5. McCormick WE, Steinmetz MP, Benzel EC. Cervical spondylotic myelopathy: make the difficult diagnosis, then refer
for surgery. Cleve Clin J Med. 2003;70(10):899–904.
6. Epstein NE. Laminectomy for cervical myelopathy. Spinal
Cord. 2003;41(6):317–327.
7. Ghogawala Z, Martin B, Benzel EC, et al. Comparative effectiveness of ventral vs dorsal surgery for cervical spondylotic
myelopathy. Neurosurgery. 2011;68(3):622–631.
8. Kadanka Z, Mareš M, Bednaník J, et al. Approaches to spondylotic cervical myelopathy: conservative versus surgical
results in a 3-year follow-up study. Spine (Phila Pa 1976).
2002;27(20):2205–2211.
9. Fehlings MG, Barry S, Kopjar B, et al. Anterior versus posterior surgical approaches to treat cervical spondylotic myelopathy: outcomes of the prospective multicenter AOSpine
North America CSM study in 264 patients. Spine (Phila Pa
1976). 2013;38(26):2247–2252.
10. Houten JK, Weinstein GR, Collins M. Long-term fate of C3-7
arthrodesis: 4-level ACDF versus cervical laminectomy and
fusion [published online October 2, 2018]. J Neurosurg Sci.
doi:10.23736/S0390-5616.18.04563-0
11. Kim S, Alan N, Sansosti A, et al. Complications after 3- and
4-level anterior cervical diskectomy and fusion. World Neurosurg. 2019;130:e1105–e1110.
12. Koller H, Hempfing A, Ferraris L, et al. 4- and 5-level anterior fusions of the cervical spine: review of literature and
clinical results. Eur Spine J. 2007;16(12):2055–2071.
13. Kreitz TM, Hollern DA, Padegimas EM, et al. Clinical outcomes after four-level anterior cervical discectomy and fusion. Global Spine J. 2018;8(8):776–783.
14. Wang S-J, Ma B, Huang Y-F, et al. Four-level anterior cervical discectomy and fusion for cervical spondylotic myelopathy. J Orthop Surg (Hong Kong). 2016;24(3):338–343.
15. Kode S, Kallemeyn NA, Smucker JD, et al. The effect of
multi-level laminoplasty and laminectomy on the biomechanics of the cervical spine: a finite element study. Iowa Orthop
J. 2014;34:150–157.
16. Kumaresan S, Yoganandan N, Pintar FA, et al. Finite element
modeling of cervical laminectomy with graded facetectomy.
J Spinal Disord. 1997;10(1):40–46.
17. Subramaniam V, Chamberlain RH, Theodore N, et al. Biomechanical effects of laminoplasty versus laminectomy: stenosis and stability. Spine (Phila Pa 1976). 2009;34(16):E573–
E578.
18. Kim BS, Dhillon RS. Cervical laminectomy with or without
lateral mass instrumentation: a comparison of outcomes. Clin
Spine Surg. 2019;32(6):226–232.
19. Laiginhas ARA, Silva PA, Pereira P, Vaz R. Long-term clinical and radiological follow-up after laminectomy for cervical
spondylotic myelopathy. Surg Neurol Int. 2015;6:162.
20. Li Z, Xue Y, He D, et al. Extensive laminectomy for multilevel cervical stenosis with ligamentum flavum hypertrophy:
more than 10 years follow-up. Eur Spine J. 2015;24(8):1605–
1612.
21. Löfgren H, Osman A, Blomqvist A, Vavruch L. Sagittal
alignment after laminectomy without fusion as treatment
for cervical spondylotic myelopathy: follow-up of minimum
4 years postoperatively [published online June 26, 2019].
Global Spine J. doi:10.1177/2192568219858302
22. Nurboja B, Kachramanoglou C, Choi D. Cervical laminectomy vs laminoplasty: is there a difference in outcome and
postoperative pain? Neurosurgery. 2012;70(4):965–970.
23. van Geest S, de Vormer AMJ, Arts MP, et al. Long-term
follow-up of clinical and radiological outcome after cervical
laminectomy. Eur Spine J. 2015;24(suppl 2):229–235.
24. Edwards CCI II, Heller JG, Murakami H. Corpectomy versus
laminoplasty for multilevel cervical myelopathy: an independent matched-cohort analysis. Spine (Phila Pa 1976).
2002;27(11):1168–1175.

J Neurosurg Spine May 1, 2020
Brought to you by AOSpine | Unauthenticated | Downloaded 06/26/20 01:13 PM UTC

El-Ghandour et al.

25. Kristof RA, Kiefer T, Thudium M, et al. Comparison of ventral corpectomy and plate-screw-instrumented fusion with
dorsal laminectomy and rod-screw-instrumented fusion for
treatment of at least two vertebral-level spondylotic cervical
myelopathy. Eur Spine J. 2009;18(12):1951–1956.
26. Cahueque Lemus MA, Cobar Bustamante AE, Ortiz Muciño
A, Caldera Hernandez G. Clinical outcome of anterior vs
posterior approach for cervical spondylotic myelopathy. J
Orthop. 2016;13(3):123–126.
27. Audat ZA, Fawareh MD, Radydeh AM, et al. Anterior versus
posterior approach to treat cervical spondylotic myelopathy,
clinical and radiological results with long period of followup. SAGE Open Med. 2018;6:2050312118766199.
28. Asher AL, Devin CJ, Kerezoudis P, et al. Comparison of
outcomes following anterior vs posterior fusion surgery
for patients with degenerative cervical myelopathy: an
analysis from Quality Outcomes Database. Neurosurgery.
2019;84(4):919–926.
29. Cabraja M, Abbushi A, Koeppen D, et al. Comparison between anterior and posterior decompression with instrumentation for cervical spondylotic myelopathy: sagittal alignment
and clinical outcome. Neurosurg Focus. 2010;28(3):E15.
30. Liu T, Yang H-L, Xu Y-Z, et al. ACDF with the PCB cageplate system versus laminoplasty for multilevel cervical spondylotic myelopathy. J Spinal Disord Tech. 2011;24(4):213–
220.
31. Shibuya S, Komatsubara S, Oka S, et al. Differences between
subtotal corpectomy and laminoplasty for cervical spondylotic myelopathy. Spinal Cord. 2010;48(3):214–220.
32. Yonenobu K, Hosono N, Iwasaki M, et al. Laminoplasty
versus subtotal corpectomy. A comparative study of results
in multisegmental cervical spondylotic myelopathy. Spine
(Phila Pa 1976). 1992;17(11):1281–1284.

33. Benzel EC, Lancon J, Kesterson L, Hadden T. Cervical laminectomy and dentate ligament section for cervical spondylotic myelopathy. J Spinal Disord. 1991;4(3):286–295.

Disclosures

The authors report no conflict of interest concerning the materials or methods used in this study or the findings specified in this
paper.

Author Contributions

Conception and design: El-Ghandour, Soliman, Ezzat, ZeinElabedin. Acquisition of data: Ezzat. Analysis and interpretation
of data: Soliman, Mohsen. Drafting the article: Soliman. Critically revising the article: all authors. Reviewed submitted version of manuscript: all authors. Approved the final version of the
manuscript on behalf of all authors: Soliman. Statistical analysis:
Soliman. Administrative/technical/material support: El-Ghandour,
Ezzat. Study supervision: El-Ghandour, Mohsen, Zein-Elabedin.

Supplemental Information
Previous Presentations

This study was given as an oral presentation (late-breaking
abstract) at the CNS Annual Meeting on October 21, 2019, in
San Francisco, California.

Correspondence

Mohamed A. R. Soliman: Cairo University, Cairo, Egypt.
moh.ar.sol@kasralainy.edu.eg.

J Neurosurg Spine May 1, 2020

9

Brought to you by AOSpine | Unauthenticated | Downloaded 06/26/20 01:13 PM UTC

THIEME

GLOBAL SPINE JOURNAL

Review Article

195

Ossiﬁcation of the Posterior Longitudinal
Ligament: Etiology, Diagnosis, and Outcomes of
Nonoperative and Operative Management
Paul Rubery2

Addisu Mesﬁn2

1 Department of Orthopaedic Surgery, University of Wisconsin School

of Medicine, Madison, Wisconsin, United States
2 Department of Orthopaedic Surgery, University of Rochester School
of Medicine, Rochester, New York, United States

Address for correspondence Addisu Mesﬁn, MD, Department of
Orthopaedic Surgery and Oncology, University of Rochester School of
Medicine and Dentistry, 601 Elmwood Avenue, Box 665, Rochester, NY
14642, United States (e-mail: Addisu_mesﬁn@urmc.rochester.edu).

Global Spine J 2016;6:195–204.

Abstract

Keywords

► ossiﬁcation of the
posterior longitudinal
ligament
► OPLL
► diagnosis
► management
► outcomes
► complications
► surgery
► natural history

Study Design Narrative review.
Objective To provide an overview on the diagnosis, natural history, and nonoperative
and operative management of ossiﬁcation of the posterior longitudinal ligament (OPLL).
OPLL is a multifactorial condition caused by ectopic hyperostosis and calciﬁcation of the
posterior longitudinal ligament. Familial inheritance and genetic factors have been
implicated in the etiology of OPLL. The cervical spine is most commonly affected
followed by the thoracic spine. The clinical manifestations range from asymptomatic to
myelopathy or myeloradiculopathy.
Methods Using PubMed, studies published prior to October 2014 with the keywords
“OPLL, etiology”; “OPLL, genetics”; “OPLL, spinal cord injury”; “OPLL, natural history”;
“OPLL, non-surgical management”; OPLL, surgical management”; “OPLL, surgical
complications” were evaluated.
Results The review addresses the etiology, epidemiology, classiﬁcation, clinical
presentation, imaging ﬁndings, and nonoperative and operative management of
OPLL. Complications associated with surgical management of OPLL are also discussed.
Conclusions OPLL commonly presents with myelopathy and radiculopathy. Spine
providers should consider OPLL in their differential diagnosis and when reviewing
images. If surgical intervention is pursued, imaging-based measurements and ﬁndings
can help in choosing an anterior versus posterior surgical approach.

Introduction
Ossiﬁcation of the posterior longitudinal ligament (OPLL) is a
hyperostotic condition that results in ectopic calciﬁcation of
the posterior longitudinal ligament.1 Although most of the
studies on OPLL are from East Asia, OPLL can be encountered
in any patient population. We performed this review to
update spine surgeons on the current state of the art on the
etiology, diagnosis, and management of OPLL. PubMed was
used to conduct electronic searches for studies published
prior to October 2014 with the following key works: “OPLL,
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etiology”; “OPLL, genetics”; “OPLL, spinal cord injury”; “OPLL,
natural history”; “OPLL, non-surgical management”; OPLL,
surgical management”; “OPLL, surgical complications.”

Etiology
The pathogenesis of OPLL is poorly understood. Some have
suggested it is a variant of diffuse idiopathic skeletal hyperostosis.2 A multifactorial etiology has been suggested due to
associations with both genetic and environmental factors.3
Familial inheritance (genes including BMP4, BMP9, and
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COL6A1) has been associated with the development of
OPLL.3–5 A recent genomewide association study comparing
1,130 patients with OPLL and 7,135 controls found six loci to
be more frequent in patients with OPLL than controls.6 HAO1A
was the gene most commonly associated with OPLL in this
study. It is a gene commonly expressed in the liver and
pancreas. Further analysis of the loci indicates HAO1,
RSPO2, and CCDC91 may promote OPLL via endochondral
ossiﬁcation. Meanwhile, the genes RSPH9 and STK38L may
promote OPLL via membranous ossiﬁcation. There are no
other known systemic manifestations of OPLL, although some
studies have noted increased bone mineral density in patients
with OPLL.7

Classiﬁcation
The most common classiﬁcation of cervical OPLL is from the
Investigation Committee on OPLL of the Japanese Ministry of
Health and Welfare. A lateral radiograph is used to classify
OPLL into four subtypes: continuous, segmental, mixed, and
localized or other.8 The continuous type is an ossiﬁed mass
that spans several vertebral bodies and the intervening disk
spaces (►Fig. 1). The segmental type involves ossiﬁcation
behind each vertebral body (►Fig. 2). The mixed type is a
mixture of both continuous and segmental types. The localized or other type has been described as a variant pattern
such that the ossiﬁcation is localized to the intervertebral disk
space without involvement of the vertebral body. The mixed
and continuous types are most frequently associated with
progression to myelopathy. A recent study of ligamentum
ﬂavum taken from patients undergoing surgery for cervical
OPLL revealed differences in osteogenic differentiation based
upon the classiﬁcation of OPLL. Increased bone morphogenetic protein-2 (BMP-2) expression was noted in continuous
and mixed types in comparison with less BMP-2 expression in
the segmental and other types.9 Additional studies are need-

ed to determine if the increased BMP-2 expression in the
continuous and mixed types of OPLL can result in future
progression of OPLL even after decompression surgery.
OPLL of the thoracic spine is further subclassiﬁed as ﬂat or
beak type (►Fig. 3). The beak type is a segmental OPLL with a
sharp protrusion behind the disk space.10 The ﬂat type is
either continuous or mixed OPLL with a ﬂat shape.

Epidemiology
OPLL is traditionally thought to be more common in Japan
with a prevalence of 2 to 4% as compared with 0.01 to 2% in
non-Asian populations.11 Among patients with myelopathy,
the prevalence of OPLL is 27% in Japan and 20 to 23% in the
United States.12 OPLL commonly presents in the ﬁfth or sixth
decade, and a male-to-female ratio of 2:1 has been reported.13 OPLL of the cervical spine is more common than
thoracic OPLL, which was conﬁrmed in a survey of 1,058
patients with OPLL, of whom 3.2% demonstrated involvement
of the cervical spine and 0.8%, the thoracic spine.14

Clinical Presentation
A careful history and physical are important in diagnosing
OPLL. Although 5% of diagnosed patients are asymptomatic,
varying degrees of neurologic symptoms can be present
including both radiculopathy and myelopathy.14 Myelopathy
is caused by a decrease in the space available for the spinal
cord due to the OPLL. The severity of myelopathy symptoms
may be exacerbated by coexisting congenital cervical stenosis. Patients with myelopathy often give a history of changes
in balance and ﬁne motor skills (worsening handwriting,
difﬁculty buttoning buttons). As myelopathy progresses,
patients may require ambulatory aids or a wheelchair. During
the physical examination, the clinician should assess both the
Rhomberg and tandem gait tests to identify early signs of gait

Fig. 1 (A) Sagittal computed tomography (CT) demonstrating continuous ossiﬁcation of the posterior longitudinal ligament (OPLL) from C2 to
C4. (B) Axial CT of C3 vertebral body demonstrating a continuous OPLL.
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Fig. 2 (A) Sagittal computed tomography (CT) demonstrating segmental ossiﬁcation of the posterior longitudinal ligament (OPLL) at C5 and C6.
(B) Axial CT demonstrating segmental OPLL. (C) Sagittal T2-weighted magnetic resonance imaging demonstrating the segmental OPLL at C5 and
C6.

or balance dysfunction. Brisk reﬂexes as well as clonus may be
present in the upper and lower extremities. Pathologic reﬂexes such as Hoffman reﬂex and the inverted radial reﬂex
suggest an upper motor neuron lesion. A hyperactive scapulohumeral reﬂex can be seen with cord compression above

C3.15 Dysdiadochokinesia or difﬁculty with rapid supination
and pronation of the hand can be found in myelopathy. In
some cases of OPLL, the patient may complain of radicular
symptoms and may demonstrate radicular signs such as a
positive Spurling test.

Fig. 3 (A) Sagittal and axial computed tomography (CT) of the thoracic spine demonstrating beak ossiﬁcation of the posterior longitudinal
ligament (OPLL) in a patient with diffuse idiopathic skeletal hyperostosis. (B) Sagittal and axial CT of the thoracic spine demonstrating ﬂat OPLL.
(Images courtesy of Hideki Murakami, MD, Kanazawa University, Kanazawa, Japan.)
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The rate of progression of symptoms in OPLL has been
linked to the age at presentation. Presentation in the fourth
decade or younger is associated with progressively symptomatic OPLL and subsequent myelopathy. Presentation in the
ﬁfth and sixth decades is less frequently associated with
progression to myelopathy.16–18

Spinal Cord Injury and OPLL
OPLL and the subsequent cervical stenosis can predispose to
spinal cord injury (SCI) following minor trauma (►Fig. 4). In a
series of 106 patients with OPLL and cervical SCI, 88.7% (94/
106) suffered a central cord syndrome and did not have a
concurrent fracture.19 The average age was 66 years and the
most common mechanism was a fall (74%). Only 25% of the
patients were previously aware that they had OPLL. In a
smaller series of patients (n ¼ 28) with OPLL and cervical
SCI, the average age was 63 years and 61% were due to a
ground-level fall.20 Eight patients had a continuous type of
OPLL, 6 had a mixed type, and 14 had a segmental type. The
authors noted that in the group with continuous OPLL, SCI
occurred at the caudal end of the OPLL analogous to an
ankylosed spine. In the segmental OPLL group, SCI occurred
most commonly at the disk level. With segmental OPLL, a
hyperextension mechanism can cause compression of the
spinal cord and subsequent SCI.
Risk factors for OPLL and SCI were recently reported in a
study comparing 34 patients with OPLL and SCI to 32 patients
with OPLL and cervical myelopathy.21 Ground-level falls
(79%) were the most common risk factor. The OPLL and SCI
group was signiﬁcantly older than the OPLL and cervical
myelopathy group (71.5 versus 63.3 years, p < 0.02). Ossiﬁcation of the anterior longitudinal ligament demonstrated by
CT was present in 56% of the OPLL and SCI group, whereas
only 22% of the OPLL and cervical myelopathy group had
ossiﬁcation of the anterior longitudinal ligament (p < 0.002).
Thus, patients with OPLL and SCI tend to be older and have
ossiﬁcation of the anterior longitudinal ligament.

Imaging Diagnosis
Radiographs are helpful in the diagnosis of OPLL, particularly
when located in the cervical region. However, low inter- and
intraobserver reliability for diagnosing OPLL with radiographs has been demonstrated as compared with computed
tomography (CT).22 CT scan sagittal sequences can help
classify the type of OPLL and have been associated with
higher intraobserver reliability than radiographs.22 The axial
sequences localize the lesion to a central or paracentral
location, which can aid in the preoperative planning. Some
groups have used three-dimensional CT to quantify the
volume of OPLL as well as for classiﬁcation purposes.23
Dural ossiﬁcation can be detected using a bone window on
CT scans. Dural defects are associated with the nonsegmental
type of OPLL.5 The double-layer and single-layer signs on CT
indicate OPLL penetration into the dura. The single-layer sign
describes a mass of uniformly hyperdense OPLL.24 The double-layer sign describes anterior and posterior rims of hyperdense regions separated by a hypodense area.24 The doublelayer sign is more predictive of a dural defect than the singlelayer sign.24–26 Magnetic resonance imaging (MRI) is useful in
detecting myelomalacia as a result of compression from OPLL
as well as detecting the extent of spinal cord compression.
MRI is also useful to assess for foraminal stenosis that could be
contributing to radiculopathy.

Radiographic Risk Factors for Symptomatic
Progression
Occupancy ratio, deﬁned as the anterior-to-posterior ratio of
the OPLL to the spinal canal, can be calculated on lateral
radiographs or CT sagittal images (►Fig. 5A). A ratio of 30 to
60% is predictive of the development of myelopathy.27,28
Studies found that 100% of patient with occupancy ratio
> 60% developed myelopathy.29,30 In addition, OPLL fragments on axial CT that were more laterally deviated resulted
in higher rates of myelopathy as compared with those that

Fig. 4 An 82-year-old-man involved in a motor vehicle collision presented with left upper and lower extremity weakness. (A) Sagittal computed
tomography demonstrated a mixed type of ossiﬁcation of the posterior longitudinal ligament (OPLL; continuous at C3–C4 and segmental at C5).
(B) Sagittal T2 fat-suppressed sequence demonstrated cord signal change predominantly on the left side. (C) The patient underwent an urgent
laminectomy of C3 to C4 with instrumented posterior spinal fusion C2 to C4.
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Management
Nonoperative Management of Cervical OPLL
Nonoperative management of OPLL with cervical involvement includes observation, and if radicular symptoms are
present, physical therapy and oral analgesics are options.
Pham et al reviewed 11 studies with 480 patients with OPLL
treated nonoperatively.33 They concluded that patients without myelopathy are likely to remain progression-free, and
patients with myelopathy have a high rate of progression.
Therefore, prophylactic surgery is not recommended for
patients without myelopathy. A cohort study by Matsunaga
et al prospectively evaluated 450 patients and using KaplanMeier analysis predicted that 71% of patients would remain
free of myelopathy at 30 years.34 In this cohort, the average
age of presentation was 59.6 years and 72.6 years at latest
follow-up. Most were men (319; 71%). The most important
risk factor for developing myelopathy was canal
stenosis > 60%.

sued.38 The occupancy ratio is also important in deciding
between an anterior versus posterior approach. In patients
with occupancy ratio > 60% who underwent laminoplasty,
there was signiﬁcantly less (p < 0.03) improvement in neurologic recovery rate and Japanese Orthopaedic Association
scores compared with those who underwent an anterior
approach.39

Operative Techniques: Anterior Approach
Anterior approaches can include corpectomy and fusion or
anterior cervical diskectomy and fusion. Corpectomy is associated with greater neurologic recovery especially with stenosis greater than 50% but can be complicated by dural
tears.40 The anterior ﬂoating decompression method minimizes the chance of cerebrospinal ﬂuid (CSF) leak by allowing
the OPLL to stay attached to the dura, which in turn allows the
OPLL to migrate anteriorly after decompression. The method
is recommended in patients with an occupancy ratio of 60% or
higher.27,28 When performing one-level or multilevel corpectomies for the anterior ﬂoating method, a minimum of
20 mm of transverse decompression is needed, and the
OPLL should be thinned to 5 mm or less. The OPLL is next
transected horizontally at its cranial and caudal margins
followed by transecting the lateral margin that adheres to
the vertebral body, which allows the OPLL to be released and
“ﬂoat.” A minimum of 2 to 3 mm of space between the OPLL
and the lateral edge of the vertebral body is needed to allow
the OPLL to ﬂoat.27 Reconstruction can be performed with
ﬁbula strut allograft, iliac crest autograft, or cage depending
on the surgeon. A recent long-term follow-up of patients with
an occupancy ratio of 60% undergoing an anterior-based
decompression (n ¼ 12) or a posterior decompression
(n ¼ 15) noted signiﬁcantly better outcomes (p < 0.04) in
the anterior group.41 Complications rates were similar between the two groups.

Operative Management of Cervical OPLL
In a multicenter study of 4,589 patients undergoing cervical
spine surgery, 5% of the surgeries were performed in patients
with OPLL.35 Operative management of OPLL with cervical
involvement is reserved for patients with progressive myelopathy and myeloradiculopathy that has not responded to
nonoperative treatment. Patients presenting with SCI in the
setting of trauma and OPLL are also surgical candidates for
decompression and stabilization (►Fig. 4). Choices for surgical management include anterior, posterior, and circumferential approaches. Along with clinical ﬁndings, radiologic
ﬁndings are important in deciding the optimal surgical
approach.36 A straight line drawn from the posterior-inferior
aspect of the C2 vertebral body to C7 is used to assess effective
lordosis (►Fig. 5B). If osteophytes and hypertrophic calciﬁcation are present behind this line, then effective lordosis is
lost and an anterior approach is advised.37 The K-line is an
important radiographic marker to assess lordosis (►Fig. 5C).
A K-line is formed with a line drawn from the midpoint of the
C2 spinal canal to the midpoint of the spinal canal at C7. Kline-positive patients have OPLL anterior to this line. A
posterior approach is recommended for these patients. For
K-line-negative patients, an anterior approach can be pur-

199

Operative Techniques: Posterior Approach
Posterior surgical approaches include laminoplasty, laminectomy, and laminectomy and fusion. A positive K-line (OPLL
ventral to this line) is a radiographic indication for performing
a posterior-based decompression.38 When choosing the level
of decompression, in addition to the segments affected with
OPLL, one may consider decompressing above and below the
OPLL-affected levels to prevent spinal cord kinking as the
spinal cord drifts posteriorly. Laminoplasty is indicated with a
neutral cervical spine alignment and/or kyphosis up to 13
degrees. The open-door or French-door techniques of laminoplasty can be performed, and plates, sutures, or bone graft
can be used to maintain the lamina open. Laminoplasty can
provide adequate decompression but OPLL may progress in
over 70% of patients.42 Factors associated with OPLL progression were younger age at surgery and mixed and continuous
types of OPLL. However, only 2 of the 41 (4.9%) patients with
OPLL progression developed neurologic changes. Axial neck
pain is a postoperative concern of laminoplasty. Recent
modiﬁcations such as avoiding laminoplasty at C3 and C7
have led to a decrease in postlaminoplasty neck pain. Factors
associated with successful surgical outcomes for patients
Global Spine Journal
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were centrally based.29 The space available for cord is measured by subtracting the anterior to posterior distance of the
OPLL from the spinal canal. A space available for cord of 6 to
9 mm has also been associated with the development of
myelopathy.30
When myelomalacia is present on MRI along with an
occupancy ratio 60%, an anterior decompression approach
has been associated with improved surgical outcomes in
comparison with laminoplasty.31 Dynamic CT has also been
introduced in the evaluation of cervical OPLL. In 107 patients
with myelopathy, OPLL, and pre-existing kyphotic alignment,
extension resulted in increased narrowing at levels that were
already stenosed, and ﬂexion led to further spinal cord
compression.32
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Fig. 5 Measurements used in surgical planning of ossiﬁcation of the posterior longitudinal ligament (OPLL). (A) Occupancy ratio can be calculated
to decide on an anterior versus posterior decompression . It is calculated by dividing a (distance between largest width of OPLL to posterior spinal
canal) by b (spinal canal diameter) and multiplying by 100. Anterior decompression is recommended with a ratio of 60% and higher. (B). Effective
lordosis measured by a line from the dorsal-caudal aspect of the C2 vertebral body to the dorsal-caudal aspect of C7. Effective lordosis is
maintained in this case because no ventral structures such OPLL, vertebral body, or osteophytes are dorsal to the line. This patient would be a
candidate for a posterior-based surgery. (C) The K-line on the lateral radiographs connects the midpoints of the spinal canal at C2 and C7. In K-linepositive cases, the OPLL is ventral to the line and in K-line-negative cases, the OPLL is dorsal to the line. In K-line-positive cases, a posterior approach
is recommended. (D) Ossiﬁcation-kyphosis angle (α) is measured on sagittal thoracic magnetic resonance imaging by drawing a Cobb angle from
the cranial vertebrae to the caudal vertebrae that span the planned decompression site and centered over the largest OPLL fragment. An
ossiﬁcation-kyphosis angle > 23 degrees should undergo an anterior decompression.

with OPLL undergoing laminoplasty include occupancy ratio
< 60%, preoperative morbidity for less than 1 year, younger
age, and a smaller area of T2 cord signal change.43 Laminectomy alone is not routinely recommended for OPLL due to the
high rate of postlaminectomy kyphosis that can develop.
Laminectomy with instrumented fusion can prevent postsurgical kyphosis but may be associated with higher rates of
nerve root palsy. Eighty-three patients undergoing posterior
laminectomy and fusion for OPLL demonstrated signiﬁcant
Global Spine Journal
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improvements in JOA scores at latest follow-up (p < 0.01).44
Nerve root palsy included 7 cases at C5, 2 at C6, and 1 at C7.
The authors noted that patients who developed a nerve root
palsy had increased cervical lordosis, 13.5 degrees compared
with 3.9 degrees in the rest of the cohort.

Operative Approach: Combined Anterior-Posterior
Circumferential decompression for OPLL is limited to cases
with signiﬁcant preoperative kyphosis. There have been
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Complications following Surgical Management of Cervical
OPLL
Surgical complications are a particular concern in patients
with OPLL. In a review of 27 studies with a total 1,558 patients
undergoing surgery for OPLL, the complication rate was
21.8%.40 CSF leaks (5.1%), implant complications (3.5%), and
hoarseness, dyspnea, and dysphagia (0.3%) were more common with anterior approaches. C5 nerve palsy (4.2%) and
axial pain (3.5%) were more common with posterior approaches.40 In a single-institution study of 1,994 patients
undergoing cervical spine surgery, a 1% prevalence of CSF leak
was noted. In this series, patients with OPLL were 13.7 times
more likely to have a CSF leak compared with patients
without OPLL.46 Pseudarthrosis had a frequency of 3 to 6%
for a one-level corpectomy and 17 to 30% for three-level
anterior fusions.47–49 Intraoperative neuromonitoring consisting of transcranial motor evoked potentials and somatosensory evoked potentials may be useful in increasing the
safety of operating on the myelopathic spine with OPLL.

Thoracic OPLL
Nonoperative Management of Thoracic OPLL
Thoracic OPLL is rare, and symptoms of myelopathy are more
severe than in cervical OPLL due to the narrow canal, rigidity
of the thoracic spine, tenuous blood supply, and inability of
the spinal cord to withstand much compression. Surgical
intervention is usually indicated due to the severity of clinical
presentation.

Intraoperative ultrasound has been used by some surgeons
to determine adequacy of decompression for thoracic OPLL.
An echo-free space between the OPLL and anterior portion of
the spinal cord can be determined from an intraoperative
ultrasound. A positive echo-free space is a good indicator of
adequate decompression.51 An ossiﬁcation kyphosis angle
that is less than 23 degrees correlates with an echo-free
space.51

Posterior Decompression
For posterior-based procedures, a laminoplasty is recommended for ﬂat OPLL and posterior decompression and fusion
is recommended for a beak type.9 For upper thoracic OPLL, a
dorsal shift of the spinal cord can be expected by posterior
decompression alone and laminoplasty.52 Using an intraoperative ultrasound, the adequacy of decompression can
be evaluated. One can look for an echo-free space anterior to
the spinal cord after ﬁlling the extradural space with physiologic saline.50,51
Posterior-based decompression and fusion via transpedicular or costotransversectomy approaches are options for
thoracic OPLL. In 18 patients in whom intraoperative ultrasound was used to assess the adequacy of decompression via
laminectomy, 12 were deemed not to have adequate decompression.53 These 12 patients underwent transpedicular decompressions successfully with one neurologic deﬁcit and
two durotomies. Kato et al described their posterior-based
transpedicular decompression and ligation of bilateral thoracic nerve roots to perform decompression for thoracic
OPLL.54 The ligation of the nerve roots allowed for better
visualization of the OPLL and manipulation of the dura to aid
in its removal, which was followed by instrumentation and
fusion.54 The advantages of this technique are better visualization and better kyphosis correction along with the beneﬁts
of an all-posterior approach. However, there is a risk of
potential disruption of blood supply to the spinal cord. This
approach is recommended for three consecutive levels or less.
Neuromonitoring is recommended with this approach, and
some groups clamp the nerve roots prior to nerve root
ligation to ensure there is no change in spinal cord
neuromonitoring.55

Operative Management of Thoracic OPLL
Surgical options for thoracic OPLL include laminoplasty,
laminectomy and fusion, anterior decompression through a
posterior approach (transpedicular, costotransversectomy),
and circumferential decompression via staged anterior and
posterior approaches. The ossiﬁcation-kyphosis angle is an
MRI-based measurement that can assist in planning for an
anterior versus posterior approach for thoracic OPLL
(►Fig. 5D).50 On a sagittal MRI, it is the angle formed by
the line connecting the most cranial vertebral body of the
decompression site to the maximum prominence of the OPLL
and the most caudal vertebral body of the decompression site
to the maximum prominence of the OPLL. An ossiﬁcationkyphosis angle of 23 degrees is a critical point for effective
posterior decompression. With an angle greater than 23
degrees, an anterior decompression is recommended.50

201

Anterior and Posterior Decompression
Circumferential decompression in two stages is also an
option for severe thoracic OPLL. In a series of 15 patients,
11 had posterior-based decompression followed by an
anterior approach. Initially, a transpedicular approach is
created to create “gutters” adjacent to the dura.56 This
technique frees the lateral edges of the OPLL and allows
for removal of the OPLL during the anterior approach. A
trans-sternal approach can be used for T2 and above, and a
thoracotomy for T3 and below. The remaining OPLL can be
removed via this approach, and anterior column reconstruction is performed depending on the extent of the
corpectomy. There were three cases of CSF leak with this
approach and one case of neurologic deterioration in a beak
OPLL.
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limited reports of circumferential surgery for OPLL. In a series
of 12 patients with multilevel OPLL and spinal cord signal
change, multilevel open-door laminoplasty was performed
followed by anterior corpectomy at the most stenotic level.45
The laminoplasty was performed ﬁrst to allow the spinal cord
to drift back and decrease the risk associated with anteriorbased decompression.45 If corpectomy of two or more levels is
performed, then a posterior-based instrumentation and fusion should also be performed to minimize the risk of graft or
cage complications.
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Surgical Outcomes
Baaj et al reviewed 16 published case series on thoracic OPLL
with a total of 460 patients.57 The authors concluded that
there was no signiﬁcant difference in outcomes in regards to
surgical approaches. However, patients with instrumented
fusion had better outcomes as there was a decreased rate of
progressive kyphosis postoperatively. CSF leaks were noted in
22.1% of cases (34 patients), and 11.7% (18 patients) had
neurologic deterioration. A review of these cases demonstrated that surgeons favored posterior approaches. Anterior and
circumferential approaches were technically more demanding and associated with higher complication rates.

Complications following Surgical Management of
Thoracic OPLL
The most common complications associated with anterior
approaches were CSF leaks.51 Postoperative kyphotic deformity and postoperative paraparesis were more common with
uninstrumented posterior approaches and were managed
with instrumentation and fusion.5,53 Beak OPLL has a higher
association with neurologic deterioration than the ﬂat
type.9,57
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Abstract
Background: The purpose of this study was to compare the surgical outcomes of anterior decompression and fusion
(ADF) with that of posterior laminoplasty (LAMP) for cervical myelopathy caused by ossification of posterior longitudinal
ligament (OPLL). Methods: We retrospectively assessed the medical records of patients who underwent surgery for
cervical myelopathy owing to OPLL between 2007 and 2016 at our institution. Fifty patients were included in this study,
including 17 patients in ADF group and 33 patients in LAMP group. Surgical outcomes were assessed under the
Japanese Orthopaedic Association (JOA) score. The radiologic and clinical data were compared between two groups.
Results: There was no significant difference in age, follow-up time, operation time, blood loss, length of stay, preoperative
JOA score, occupying ratio of OPLL, diameter of spinal canal, preoperative and final follow-up C2-C7 Cobb angles, and the
change of C2-C7 Cobb angle before and after operation between ADF and LAMP groups. The final follow-up JOA score
and the neurological recovery rate were significantly higher in ADF group than in LAMP group, particularly in patients with
segmental-type OPLL. Cerebrospinal fluid leakage is a major complication after ADF, C5 paralysis, and axial pain frequently results from LAMP. Conclusion: Compared with LAMP, ADF shows better improvement of neurological
function in patients with cervical myelopathy due to OPLL, especially in patients with segmental-type cervical OPLL.
Keywords
anterior decompression and fusion, cervical myelopathy, JOA, laminoplasty, OPLL, recovery rate
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Introduction
Ossification of posterior longitudinal ligament (OPLL) is a
disease that is characterized by ectopic bone formation of
the spinal ligament. It is most commonly found in Asian
populations, especially in Japanese.1,2 The spinal cord can
be compressed due to progression of this lesion, which can
cause neurological deficits. The most common location is
at the cervical region of the spine, and OPLL has been
considered to be a common cause of cervical myelopathy.3,4 Conservative treatment is ineffective in relieving
neurological symptoms and preventing the progression of
ossification. Therefore, surgery is usually the recommended treatment option.5

Many surgical procedures have been developed for
treatment of cervical myelopathy due to OPLL, and surgery
can be performed through anterior, posterior, or combined
approaches.6,7 Both anterior decompression and fusion
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Figure 1. Study sample flow chart. OPLL: ossification of posterior longitudinal ligament.

(ADF) and laminoplasty (LAMP) are the widely used procedures in treating cervical OPLL. ADF can achieve direct
decompression of spinal cord by the removal of ossified
lesion and is in favor of restoring cervical spine alignment.
However, ADF is technically demanding and associated
with complications.8–11 LAMP can enlarge the available
space around spinal cord and allow back shift of spinal
cord, leading to indirect decompression of spinal cord.
Although LAMP is low technically demanding, it increases
the risk of local kyphotic deformity. Considerable controversy exists over the choice of surgical procedure for cervical myelopathy due to OPLL, ADF,12 and LAMP.13–15
The authors have performed either ADF or LAMP for
patients with OPLL. The purpose of this study was to compare the surgical outcomes between the two procedures for
the treatment of cervical myelopathy caused by OPLL.

Materials and methods
Patient population
A total of 82 patients underwent surgery for cervical myelopathy due to OPLL between 2007 and 2016 at the
authors’ hospital. Their medical records and data have been
retrospectively reviewed. Patients were included if they
met the following criteria: (1) cervical myelopathy due to
cervical OPLL; (2) received surgical treatment with ADF
or LAMP; (3) no trauma, infection, tumor, or previous
surgery; (4) more than 18 years; and (5) had complete
medical records. Patients were excluded if they met the
following criteria: (1) did not complete minimum of 1 year

of follow-up, (2) thoracic or lumbar OPLL, (3) yellow
ligament ossified, (4) no contact information, and (5) death
(not related to surgery). Of 82 patients, 32 were excluded
owing to received anteroposterior surgery (n ¼ 3), incomplete follow-up data (n ¼ 8), cervical tumor (n ¼ 1), thoracic or lumbar OPLL (n ¼ 9), yellow ligament ossified
(n ¼ 5), or cervical disc herniation (n ¼ 6). Finally, only
50 patients (17 patients underwent ADF, 33 patients
underwent LAMP) were included in this study. The specific screening process was presented in Figure 1. This
study has been approved by the authors’ institutional
review board

Clinical and radiographic assessment
Japanese Orthopaedic Association (JOA) scores (maximum
points of 17) and recovery rates were used to assess clinical
results.16 Each participant’s JOA (preoperative, immediate
postoperative, and final follow-up) was measured. The
recovery rate (%) was measured by the following formula:
(postoperative JOA score  preoperative JOA score)/
(17  preoperative JOA score).
On the basis of preoperative finding on standard lateral
radiographs, the OPLL type was classified as mixed, continuous, segmental, and isolated17 (Figure 2). The occupying ratio of OPLL in spinal canal and C2-C7 Cobb angle
were used as radiographic parameters. The occupying ratio
of OPLL was calculated using the following formula: the
maximum anteroposterior thickness of OPLL divided by
the anteroposterior diameter of the spinal canal at

Xu et al.

3

Figure 2. OPLL is divided into four types based on CT scan findings: (a) continuous-type, (b) segmental-type, (c) isolated-type, and
(d) mixed-type. OPLL: ossification of posterior longitudinal ligament; CT: computed tomography.

Figure 3. A 31-year-old man presented with bilateral upper limb numbness. Preoperative imaging studies demonstrated that obvious
OPLL at C5 level. After an anterior C5 corpectomy and fusion, he had a significant recovery. (a) Preoperative lateral radiograph
demonstrated a lordosis in cervical spine. (b) Preoperative CT demonstrated compression of spinal cord anteriorly. (c) Preoperative
T2-weighted MR image showed the obvious compression of spinal cord. (d) Postoperative lateral radiograph demonstrated C5
corpectomy and fusion. (e) Postoperative CT demonstrated sufficient decompression of spinal cord. OPLL: ossification of posterior
longitudinal ligament; CT: computed tomography; MR: magnetic resonance.

corresponding segment on a lateral radiographs. The C2-C7
Cobb angle was measured using the method described by
Cobb (the angle of intersection between lines parallel to the
inferior end plates of C2 and inferior endplate of C7).18 The
angle of 10 was recognized as lordosis, 5 but <10
as straight and <5 as kyphotic.18

Surgery treatment
Surgical procedure was selected based on individual
patient. Patients with cervical OPLL involving less than
three levels were treated with ADF procedure. Patients with
cervical myelopathy due to OPLL involving more three
levels were treated with LAMP procedure. The absolute
bed rest time is 1–3 days after surgery. The duration of
wearing neck collar is 8 weeks for patients with ADF and
2 weeks for individuals after LAMP.

Anterior surgery
ADF procedure was performed through a standard leftsided Robinson–Smith anterior approach (Figure 3). The
base of the uncinate process or lateral border of the disc
was used as a landmark for the width of the vertebral
body. Subtotal corpectomy was executed at 1–3 levels
as determined by the extent of neurologic involvement
and reconstructed CT images. This was accompanied by
total disectomy. When the posterior cortex of vertebra was
exposed, we used a diamond burr to shave the cortex and
ossified ligament, making the thickness of cortex and ossified ligament as uniform as possible. Ossified lesions
were dissected completely if they could easily be released,
but the partial removal of ossified lesion was performed if
the lesions strongly adhered to the dura or the dura itself
was ossified. The autologous bone was used for vertebral
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Figure 4. A 57-year-old man presented with bilateral upper limb numbness. After posterior C3-C7 laminoplasty, he had neurological
function improvement. (a) and (d) Preoperative and postoperative lateral radiograph showed that no significant change was found in
cervical alignment. (b) Preoperative CT showed obvious OPLL at C3-C7 levels. (c) Preoperative T2-weighted MR image demonstrated
severe compression of spinal cord anteriorly. (e) Postoperative T2-weighted MR image showed the enlarge of spinal canal and the
sufficiency of indirect decompression. CT: computed tomography; OPLL: ossification of posterior longitudinal ligament; MR: magnetic
resonance.

fusion in all patients along with the stability of anterior
titanium plate.

Posterior surgery
In the LAMP procedure, single-door LAMP was performed
through a standard posterior straight incision approach
(Figure 4). The paravertebral muscles were detached from
spinous processes on both sides. After the exposure of posterior elements, we used a piezosurgery to make bilateral
gutters. One side was kept open using spacers; meanwhile,
the other side was used as “door spindle.” Small bone chips
made from partial C7 spinous process were inserted into the
side of “door spindle.”

Statistical analysis
For statistical analysis of outcomes, the independent t-test
was performed using SPSS version 22.0. Significance was
considered when p value < 0.05.

Ethics approval
The study was approved by the Medical Ethics Committee of
the Nanfang Hospital, Southern Medical University, China.

Results
Patients’ demographics
There was no significant difference in age, follow-up time,
operation time, blood loss, length of stay, preoperative JOA
score, preoperative occupying ratio of OPLL, preoperative
anteroposterior diameter of spinal canal, and preoperative
C2-C7 Cobb angle between ADF and LAMP groups. However, the surgical segment in ADF group was less than that
in the LAMP group (ADF: 1.2 + 0.4 vs. LAMP: 4.1 + 0.6,
p < 0.05; Table 1).

Table 1. Patient background and postoperative data.
ADF
(mean + SD)

LAMP
(mean + SD) p-Value

No. of patients
17
33
Male
12
25
Female
5
8
Age
55.2 + 12.1
54.8 + 10.7
0.908
Follow-up (years)
3.5 + 1.4
4.5 + 2.9
0.086
Preoperative JOA
12.5 + 1.6
11.6 + 2
0.114
score
Occupying ratio of
37.5 + 12.4
40.8 + 8
0.362
OPLL (%)
Preoperative C2-C7
15.6 + 10.3
12.6 + 8.8
0.296
Cobb angle ( )
Operative time (min) 179.4 + 61.4 166.7 + 41.2
0.387
Blood loss (ml)
167.7 + 219.4 375.8 + 395.3 0.05
Length of stay (days)
13.8 + 5.7
16.6 + 7.6
0.178
Surgical segment
1.2 + 0.4
4.1 + 0.6
<0.05
Diameter of spinal
14.3 + 0.6
14 + 0.6
0.147
canal (mm)
Postoperative JOA
14.7 + 1.2
13.6 + 1.6
0.014
score
Final follow-up JOA
15 + 2.2
13.7 + 1.9
0.031
score
Final follow-up
59.9 + 33.8
35.8 + 35.3
0.025
recovery rate (%)
10.2 + 7.1
0.057
Final follow-up C2-C7 14.7 + 7.3
Cobb angle ( )
1.3 + 6.2
1.9 + 6.4
0.736
C2-C7 Cobb angle
decrease ( )
ADF: anterior decompression and fusion; LAMP: laminoplasty; JOA: Japanese Orthopaedic Association; OPLL: ossification of posterior longitudinal
ligament; SD: standard deviation.

OPLL was classified into four categories: continuoustype (ADF group ¼ 2, LAMP group ¼ 6), segmental-type
(ADF group ¼ 9, LAMP group ¼ 13), mixed-type (ADF
group ¼ 0, LAMP group ¼ 6), and isolated-type (ADF
group ¼ 6, LAMP group ¼ 8). The preoperative cervical
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Table 2. Preoperative cervical alignment and type of OPLL.

Type of OPLL (no.)
Mixed
Continuous
Segmental
Isolated
Sagittal alignment (no.)
Lordosis
Straight
Kyphotic

ADF (n ¼ 17)

LAMP (n ¼ 33)

0
2
9
6

6
6
13
8

12
5
0

17
16
0

OPLL: ossification of posterior longitudinal ligament; ADF: anterior
decompression and fusion; LAMP: laminoplasty.

sagittal alignment was lordosis in 12 ADF patients and 17
LAMP patients and straight in 5 ADF patients and 16
LAMP patients. No patients had cervical kyphosis (unintentional exclusion) before surgery (Table 2).

Clinical outcomes
The immediate postoperative JOA score was significantly
higher in ADF group than in LAMP group (14.7 + 1.2 vs.
13.6 + 1.6, p ¼ 0.014). The final follow-up JOA score
after ADF procedure was higher than that of after LAMP
procedure (15 + 2.2 vs. 13.7 + 1.9, p ¼ 0.031). Compared
with LAMP group, a better final follow-up recovery rate
was found in ADF group (59.9 + 33.8% vs. 35.8 + 35.3%,
p ¼ 0.025; Table 1).

Radiologic outcomes
The decrease of cervical lordosis after surgery was
observed by measuring the change of C2-C7 Cobb angle
in two groups. The final follow-up C2-C7 Cobb angle
wasn’t significantly different between ADF and LAMP
groups (14.7 + 7.3 vs. 10.2 + 7.1 , p ¼ 0.057). The
change of C2-C7 Cobb angle was similar between two
groups (1.3 + 6.2 vs. 1.9 + 6.4 , p ¼ 0.736; Table 1).

Table 3. Summary of surgical complications after ADF and LAMP.

CSF leakage
Dysphagia
Surgical site infection
Axial pain
C5 paralysis

ADF (n ¼ 17)

LAMP (n ¼ 33)

2
1
1
0
0

0
0
1
1
4

ADF: anterior decompression and fusion; LAMP: laminoplasty; CSF:
cerebrospinal fluid.

required revision surgery owing to the declining strength of
deltoid muscle, who achieved full recovery after revision
surgery. The C5 paralysis of the remaining three patients
and other complications were resolved by conservative
therapy.

Surgical outcomes of ADF and LAMP on basis
of the OPLL type
For continuous-type OPLL, the immediate postoperative
JOA score (15.5 + 0.7 vs. 13 + 1.5, p ¼ 0.078), final
follow-up JOA score (15.5 + 0.7 vs. 14.5 + 1.6,
p ¼ 0.453), and final follow-up recovery rate (54.2 +
29.5% vs. 56.8 + 27.9%, p ¼ 0.913) all showed no significant difference between ADF and LAMP groups. For
segmental-type OPLL, no significant difference was found
in immediate postoperative JOA score between two groups,
but a higher final follow-up JOA score (15.2 + 1.3 vs.
13.5 + 1.3, p ¼ 0.007) and recovery rate (65.1 + 24.4%
vs. 28.2 + 27.3%, p ¼ 0.004) were found in ADF group
compared with LAMP group. For isolated-type OPLL, the
immediate postoperative JOA score (14.7 + 1.5 vs. 13.6 +
1.5, p ¼ 0.224), final follow-up JOA score (14.5 + 3.4 vs.
13.6 + 3, p ¼ 0.62), and final follow-up recovery rate
(53.9 + 49.2% vs. 39.1 + 51.2%, p ¼ 0.611) all were
similar between ADF and LAMP groups. The above information is summarized in Table 4.

Discussion
Complications
Complications in the ADF group included cerebrospinal
fluid (CSF) leakage in two patients, dysphagia in one patient
and surgical site infection in one patient (Table 3). CSF
leakage developed because of dural tear which was attributed
to the dural ossification or severe adhesion with epidural
surface during the operation. After the surgery, the drainage
tube was placed for 1–2 days and local constant pressure to
wound was conducted. Generally, CSF leak stopped after
approximately 3–5 days after conservative treatment.
Recovery also be achieved in this patient with dysphagia
or surgical site infection after symptomatic treatment.
In this LAMP group, four patients had C5 paralysis, one
had axial pain, and one had surgical site infection (Table 3).
Of four patients with C5 paralysis, one C5 paralysis patient

Cervical OPLL has been known to be one of the common
causes of cervical myelopathy among the Asian population.1,3,4 No conservative treatment has been confirmed to
be effective for this disease, surgical treatment is usually
established. The aim of surgical treatment for cervical
OPLL is to relieve the compression of spinal cord and
nerve roots and achieve the stability of vertebral body at
lesion area. Therefore, the surgical options should take the
location and type of OPLL into consideration. LAMP provides indirect decompression by shifting the spinal cord
posteriorly. If OPLL patients had postoperative worsening
of cervical alignment, the spinal cord is less likely to shift
posteriorly after posterior LAMP, resulting in late neurologic deterioration. Some studies have reported segmentaltype OPLL are more likely to develop postoperative
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Table 4. Surgical outcomes of ADF and LAMP on basis of the
type of OPLL.
ADF
LAMP
(mean + SD) (mean + SD) p-Value
Continuous
Postoperative JOA
score
Final follow-up JOA
score
Final follow-up
recovery rate (%)
Segmental
Postoperative JOA
score
Final follow-up JOA
score
Final follow-up
recovery rate (%)
Isolated
Postoperative JOA
score
Final follow-up JOA
score
Final follow-up
recovery rate (%)

15.5 + 0.7

13 + 1.5

0.078

15.5 + 0.7

14.5 + 1.6

0.453

54.2 + 29.5

56.8 + 27.9

0.913

14.6 + 1

13.9 + 1.5

0.284

15.2 + 1.3

13.5 + 1.3

0.007

65.1 + 24.4

28.2 + 27.3

0.004

14.7 + 1.5

13.6 + 1.5

0.224

14.5 + 3.4

13.6 + 3

0.62

53.9 + 49.2

39.1 + 51.2

0.611

ADF: anterior decompression and fusion; LAMP: laminoplasty; OPLL: ossification of posterior longitudinal ligament; JOA: Japanese Orthopaedic
Association; SD: standard deviation.

kyphosis and induce late neurologic deterioration than
other types OPLL after posterior LAMP.19 Therefore, ADF
is often indicated in segmental-type OPLL rather than other
types of OPLL.5 The present study indicated that, compared with LAMP, ADF had a better neurological recovery
for treating cervical myelopathy owing to OPLL, especially
in patients with segmental-type cervical OPLL.
LAMP provides indirect decompression by a posterior
shift of spinal cord caused by the enlargement of spinal
canal. However, postoperative progression of kyphotic
deformity after LAMP often lead to inadequate spinal shift
and late neurological deterioration.20 Some studies have
reported that the cervical spinal cord is stretched 10–20%
more in a flexed position than in extended position.21,22
The healthy cord possesses an elasticity against deformity
caused by cervical flexion or extension.21,22 The degenerated spinal cord, however, may lose such feature and
become vulnerable to such dynamic factor. Different from
other types of OPLL, a good range of motion (ROM) of
cervical spine was maintained for a long time in patients
with segmental-type OPLL after LAMP.19 This may lead to
the repetitive deformity of cervical spinal cord and facilitate the development of late neurologic deterioration. With
regard to anterior surgery, ADF offers a direct decompression of the spinal cord by removing ossified substance and
maintains the stability and proper ROM of cervical spine,
which can relieve the dynamic stress on degenerated spinal
cord. Recent studies have reported that, compared with

ADF, LAMP is more likely to develop cervical kyphosis
and has a higher risk of late deterioration.23–25 In the present study, our results showed that ADF was superior to
LAMP in neurological recovery, especially in patients with
segmental-type OPLL.
In the current study, operation duration and blood loss
were all similar between ADF and LAMP group. Theoretically speaking, anterior surgery has high technique
demanding and need to complete the fusion of bone grafting in the area where the vertebral body was resected,
which may require longer operation time and result in
larger blood loss. However, when multiple cervical spine
is included in the exposed area of posterior surgery, where
the venous plexus is highly developed, increasing exposure
time and blood loss. But, previous studies have shown
opposite results to our study, that compared with LAMP,
ADF had longer operation time and larger blood loss.26–28
Therefore, further study with long follow-up, large-size,
and high-quality random trials should be performed to verify our results.

Limitations
There are some limitations in this study. First, it is a retrospective study at a single institution, which to some extent
limited the evidence level. Although this study formulated
strict inclusion criteria and detailed measurement of outcome indicators, the inherent evidence defect of retrospective study could not be nullified. Second, due to the lack of
sufficient data, it could not confirm the relationship
between cervical dynamic factors such as cervical ROM
and K-line and surgical results in treatment of cervical
myelopathy due to OPLL. Third, the number of involved
segment was different between ADF and LAMP groups,
which probably induces bias in this study. Fourth, the number of included patients with segmental-type OPLL was
small in our study. This may induce result bias, which
means that some patients who had bad neurological outcomes after surgery probably were missed.

Conclusion
In summary, this study indicated that, compared with
LAMP, ADF is associated with better neurological
improvement in treatment of cervical myelopathy caused
by OPLL, especially for patients with segmental-type
OPLL. Additional prospective study with high-quality,
long follow-up, and large-size is needed to confirm this
conclusion.
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CERVICAL SPINE

Long-Term Sustainability of Functional
Improvement Following Central Corpectomy for
Cervical Spondylotic Myelopathy and Ossification
of Posterior Longitudinal Ligament
Sauradeep Sarkar, MBBS and Vedantam Rajshekhar, MCh

Study Design. Retrospective study.
Objective. To examine predictors of long-term outcome and
sustainability of initial functional improvement in patients
undergoing corpectomy for cervical spondylotic myelopathy
(CSM) or ossification of the posterior longitudinal ligament
(OPLL).
Summary of Background Data. There are limited data on
the predictors of outcome and sustainability of initial functional
improvement on long-term follow-up after cervical corpectomy.
Methods. We studied the functional outcome at more than 1year follow-up after central corpectomy in 352 patients with
CSM or OPLL. Functional status was evaluated with the Nurick
grading system. Analysis was directed at identifying factors
associated with both improvement in functional status and the
achievement of a ‘‘cure’’ (improvement to a follow-up Nurick
grade of 0 or 1). A survival analysis was performed to identify
factors associated with sustained functional improvement in
patients with serial follow-up evaluations.
Results. Nurick grade improved from 3.2  0.1 to 1.9  0.1
over a mean follow-up period of 57.1 months (range 12–228
mo). On multivariate analysis, age 50 years (P ¼ 0.008) and
symptom duration 1 year (P < 0.001) were negatively associated with functional improvement by 1 Nurick grade. Independent factors negatively associated with ‘‘cure’’ after surgery
included age 50 years or older (P ¼ 0.005), preoperative Nurick
grade of 4 or higher (P < 0.001) and symptom duration of 1 or
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more years (P < 0.001). Early improvement in functional status
was maintained in 90.5% and 76.3% of patients at 5 and
10 years follow-up, respectively. On survival analysis, patients
with shorter preoperative symptom duration (<1 yr) were more
likely to demonstrate sustained improvement in functional status
after surgery (P ¼ 0.022).
Conclusion. Initial gains in functional status after central
corpectomy for CSM and OPLL are maintained in more than
75% of patients at 10 years after surgery. Overall, the most
favorable long-term outcomes are achieved in younger patients
who present early and with good preoperative functional status.
Key words: cervical spine, cervical spondylotic myelopathy,
corpectomy, myelopathy, ossification of the posterior
longitudinal ligament, outcomes, prognostic factors, spondylosis,
sustainability.
Level of Evidence: 4
Spine 2018;43:E703–E711
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ervical cord compression due to cervical spondylotic myelopathy (CSM) or ossification of the posterior longitudinal ligament (OPLL) frequently
results in debilitating symptoms that significantly impair
both neurological function and quality of life.1 The pathophysiology of degenerative cervical myelopathy is complex,
involving both static and dynamic processes that usually
result in progressive neurological dysfunction.2–5 Thus surgical decompression is recommended for the vast majority
of patients with CSM and OPLL who present with progressive functional impairment. Surgical decompression may be
accomplished by using a number of approaches, both anterior and posterior. Central corpectomy is an anterior decompressive procedure, which is ideally suited for multilevel
CSM or OPLL. It directly addresses the ventral compression
that is seen in more than 75% of patients with CSM and all
patients with OPLL.
Although most contemporary reports testify to excellent
outcomes after surgery, a small proportion of patients fail to
achieve a complete functional recovery.6–14 Most published
www.spinejournal.com
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studies on the prognostic predictors of surgical outcome in
patients with CSM and OPLL suffer from small patient
cohorts, multiple surgeon involvement, short follow-up
periods, or a heterogeneous choice of surgical
approaches.14–21 Even studies which report long-term outcomes often do not clarify whether there was a change in
function from the early postoperative period to late followup. Thus the proportion of patients who show a sustained
improvement of function is unclear.
The objective of this study was to determine the sustainability of initially favorable postoperative outcome over
long-term follow-up. We also planned to study the impact
of various preoperative clinical, imaging, and surgical factors on long-term functional outcomes in a large singlesurgeon cohort of patients undergoing the same surgical
procedure, namely cervical corpectomy for CSM or OPLL.

Long-Term Outcomes After Cervical Corpectomy  Sarkar and Rajshekhar

each follow-up visit. Fusion status was assessed at the upper
and lower ends of the graft, and stability was defined by lack
of sagittal translation on flexion-extension lateral cervical
spine radiographs. Patients unable to review in person were
periodically requested to send us postoperative radiographs
along with the follow-up questionnaire.

Functional Evaluation
Functional status before surgery and at all follow-up visits
was evaluated with the Nurick grading system. Follow-up
details in the majority of cases had been obtained from
evaluation in the outpatient clinic and in the remainder by a
self-administered postal questionnaire.

Outcome Measures and Prognostic Variables

The surgical technique has been described in detail in several
prior publications,24,25 and involved reconstruction of the
corpectomy defect with a tricorticate iliac bone or fibular
strut graft, without instrumentation or anterior cervical
plating. After confirming proper graft placement with an
immediate postoperative lateral cervical spine radiograph,
patients were mobilized and discharged on a cervical collar
that was maintained for 3 to 6 months.

The primary outcome measures for this study were: (1)
Functional improvement by at least one Nurick grade at
last follow-up and (2) ‘‘Cure’’ (defined as improvement to a
postoperative Nurick grade of 0 or 1). Patients with a
preoperative Nurick grade of 0 or 1 who retained their
Nurick grade after surgery were not considered ‘‘cured.’’
The prognostic variables studied were age at presentation,
preoperative Nurick grade, symptom duration, the presence
of diabetes mellitus, preoperative bladder dysfunction, preoperative and postoperative sagittal alignment, a primary
diagnosis of OPLL, number of levels decompressed, and the
occurrence of a perioperative complication.
We sought to study whether improvement in functional
status was sustained at long-term follow-up after CC for
CSM. We identified 218 patients in whom serial evaluations
of postoperative functional status (i.e., two or more assessments performed at least 12 months apart). We then
excluded patients who had initially failed to improve or
worsened after surgery (n ¼ 24) or in whom the first followup evaluation was performed >2 years after surgery
(n ¼ 19). In this subcohort of 175 patients, we defined
deterioration as a Nurick grade equal to or worse than that
before surgery or Nurick grade of 5 regardless of preoperative status, on serial follow-up. For example, a patient with a
preoperative Nurick grade of 3 who improved to Nurick
grade 1 at the first follow-up visit but later worsened to a
Nurick grade of 3 at a subsequent visit was considered to
have failed to sustain improvement in his/her functional
status.

Radiographic Evaluation

Statistical Analysis

Cervical spine curvature was classified by using a line drawn
from the posterior end of the inferior endplate of the C2
vertebral body to a similar point on C7. The spine was
described as lordotic if all the intervening vertebral bodies
were anterior to this line and straight if the intervening
vertebral bodies touched the line without crossing it. If the
vertebral bodies intersected the line, the spine was classified
as kyphotic.26 Preoperative cervical alignment was classified
before and after surgery in all patients in whom imaging was
available for review. Postoperative lateral neutral, flexion
and extension cervical spine radiographs were obtained at

Continuous and categorical variables are presented as mean
 standard error and frequencies, respectively. The Student t
test or ANOVA and the chi-squared test were used to study
differences between continuous and categorical variables,
respectively. A univariate analysis was performed to estimate the odds ratio and 95% confidence interval for each
variable. The logistic regression model was created by
selecting covariates that attained a P value less than
0.150 on univariate analysis. A P value less than 0.05
was considered statistically significant. The log-rank test
was performed to compare survival curves.

MATERIALS AND METHODS
Inclusion Criteria
We consider cervical corpectomy for all patients with CSM
or OPLL, regardless of cervical alignment, unless the compression extends across more than three vertebral bodies or
behind C2. We have been practicing uninstrumented fusion
with a bone graft for nearly 3 decades and have achieved
satisfactory neurological outcomes with acceptable graft
migration and donor site morbidity rates, encouraging us
to maintain this practice.22,23 Between 1991 and 2008, 482
patients underwent uninstrumented central corpectomy,
with all procedures performed by the senior author
(V.R.). For this study, we included only patients with a
primary diagnosis of CSM or OPLL and with >1 year
follow-up. Data were extracted from a prospectively
maintained database.
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TABLE 1. Preoperative Characteristics of the

Cohort (n ¼ 352)
Variable

Value

Mean age at presentation
Sex
Male
Female
Diabetes mellitus
Median duration of symptoms
(range)
Mean preoperative Nurick grade
Primary pathology
CSM
OPLL
Preoperative sagittal alignment
Lordotic
Straight
Kyphotic
Number of operated segments
One
Two
Threey
Perioperative morbidity

47.9  0.5 years
330 (93.8%)
22 (6.2%)
16 of 333 (4.8%)
8 (1–240) months

Forty-five patients (12.8%) suffered at least one complication after surgery, with two patients suffering more than one
complication. Perioperative morbidity comprised dural
tears (n ¼ 13), graft migrations (n ¼ 8), C5 radiculopathies
(n ¼ 6), recurrent laryngeal nerve palsy (n ¼ 1), severe dysphagia (n ¼ 3), superficial surgical site infections (n ¼ 5),
donor site morbidity (n ¼ 7), pulmonary complications
(n ¼ 3), and cardiac failure (n ¼ 1). Bony nonunion was seen
in 17.2% of patients and is discussed in more detail below.

Functional Outcomes at Last Follow-up

3.2  0.1
243 (69.0%)
109 (31.0%)
21 (6.4%)
260 (79.0%)
48 (14.6%)
112
214
26
45

Complications

(31.8%)
(60.8%)
(7.4%)
(12.8%)



Includes only patients with appropriate data.
Includes patients who underwent skip corpectomies.
CSM indicates cervical spondylotic myelopathy; OPLL, ossification of
posterior longitudinal ligament.
y

RESULTS
Preoperative Clinical Features of the Cohort
A total of 352 patients fulfilled the inclusion criteria for this
study. Table 1 summarizes their preoperative clinical and
imaging characteristics. The vast majority of patients
(93.8%) were men and 45.7% were 50 years or older at
the time of presentation. Axial pain was a significant symptom at presentation in 91 patients (25.8%), whereas 169
patients (48.0%) had features of bladder dysfunction. OPLL
was the primary diagnosis in almost a third of patients. Nine
patients had undergone prior surgery elsewhere for degenerative cervical spine disease. Seven of these patients had
undergone prior anterior approaches, whereas two patients
had undergone cervical laminectomy without fusion.

The mean follow-up period was 57.1 months (range 12–228
mo). Nurick grades at baseline and at last follow-up are
summarized in Table 2. Overall, the mean preoperative
Nurick grade improved significantly from 3.2  0.1 to
1.9  0.1 at last follow-up after surgery (P < 0.001) and
255 patients (72.4%) improved by at least one Nurick grade.
Postoperative improvement to a Nurick grade of 0 or 1 was
achieved in 126 patients (35.8%). Functional outcomes stratified by duration of follow-up are described in Table 3. The
mean change in Nurick grade and the proportion of patients
who achieved cure was similar in patients followed up for
different periods of time (P ¼ 0.054 and P ¼ 0.236, respectively). However, a slightly lower proportion of patients
followed up for between 5 and 10 years had improved by
one Nurick grade or more. By last follow-up, 14 patients
(3.9%) had symptomatic adjacent segment disease. All these
patients underwent reoperation, with the exception of three
patients, two of whom refused surgery, and one in whom
cardiac comorbidities rendered him unfit for general anesthesia. Reoperations consisted of ventral decompression in
six patients, and laminectomy in five patients.

Sustainability of Improved Functional Outcome
After Surgery
Sustainability of early postoperative improvement in functional status was assessed in 175 patients over a mean
follow-up period of 71.8 months (range 24–228 mo).
The proportions of patients who showed sustained improvement in functional status were 90.5% and 76.3% at 5 and
10 years’ follow-up, respectively (Figure 1A–D). Of all the
prognostic factors studied, only symptom duration was
associated with the likelihood of sustained improvement

TABLE 2. Preoperative Versus Last Follow-up Nurick grade for the Cohort (n ¼ 352)
Preoperative Nurick Grade
0
1
2
3
4
5
Total
Spine

0

1
1
5
18
13
7
1
45

0
7
21
39
14
6
87

Nurick Grade at Last Follow-up
2
3
4
0
1
36
54
44
8
143

0
0
2
8
7
3
20

0
0
2
6
33
15
56

5

Total

0
0
0
0
1
0
1

1
13
79
120
106
33
352
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TABLE 3. Outcomes Stratified by Duration of Follow-up
Total Follow-up Duration
Number of patients
Mean preoperative Nurick grade
Mean postoperative Nurick grade
Change in Nurick grade
Improved postoperative Nurick gradey
Nurick grade 0 or 1 at last follow-upz

1 and <5 yr

5 and <10 yr

10 yr

211
3.3  0.1
1.9  0.1
1.4  0.1
163 (77.3%)
76 (36.0%)

110
3.0  0.1
2.0  0.1
1.1  0.1
68 (61.8%)
35 (31.8%)

31
3.0  0.2
1.5  0.2
1.5  0.2
24 (77.4%)
15 (48.4%)



0.054.
P ¼ 0.011.
z
P ¼ 0.236.
y

in function (Figures 1 and 2A–D). Patients with shorter
preoperative symptom duration were more likely to demonstrate sustained improvements in functional status after
surgery (P ¼ 0.022; log-rank test).

significantly differ between patients in the curvature was lost
or preserved after surgery (P ¼ 0.238). Similarly, complete or
partial restoration of lordosis in patients with a preoperatively straight or kyphotic spine was not associated with mean
change in Nurick grade at last follow-up (P ¼ 0.953)

Cervical Alignment and Fusion
Data on preoperative and postoperative cervical alignment
were present in 329 patients. At last follow-up, 110 patients
(34.0%) had lordotic spines, 149 patients (45.0%) had straight
spines, and 65 patients (20.0%) had kyphotic spines. Data on
fusion were available in 314 patients. Bony fusion was
achieved at both ends of the graft in 260 (82.8%) of patients
and stable fibrous union at either end of the graft was seen in 51
patients (16.2%) Three patients (1.0%) demonstrated a pseudoarthrosis at the upper or lower end. None of the patients
with pseudoarthrosis were symptomatic for the same.
In a subset analysis of patients with a preoperatively
lordotic spine, the mean change in Nurick grade did not

Predictors of Functional Improvement
On univariate analysis, there were statistically significant
negative associations between age 50 years or older
(P ¼ 0.005) and symptom duration of 1 year or more
(P < 0.001) and functional improvement by at least 1 Nurick grade (Table 4). On multivariate analysis, both factors
retained their statistical significance.

Predictors of ‘‘Cure’’
On univariate analysis, age 50 years or older (P < 0.001),
preoperative Nurick grade of 4 or higher (P < 0.001), symptom duration of 1 year or more (P ¼ 0.001), preoperative

Figure 1. Kaplan-Meier plots showing proportion
of patients with sustained functional outcome
overall (A) and stratified by age (B), duration of
symptoms (C), and preoperative Nurick grade
(D). The log-rank test was used to determine statistical significance.

E706

www.spinejournal.com

June 2018

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CERVICAL SPINE

Long-Term Outcomes After Cervical Corpectomy  Sarkar and Rajshekhar

Figure 2. Kaplan-Meier plots showing proportion
of patients with sustained functional outcome
stratified by number of operated levels (A), primary diagnosis (B), preoperative kyphosis (C), and
postoperative kyphosis (D). The log-rank test was
used to determine statistical significance. CSM
indicates cervical spondylotic myelopathy; OPLL,
ossification of posterior longitudinal ligament.

bladder dysfunction (P ¼ 0.011), and the occurrence of a
complication after surgery (P ¼ 0.046) were negatively associated with outcome. On multivariate analysis, the only
independent factors negatively associated with ‘‘cure’’ after
surgery included age 50 years or older (P ¼ 0.005), baseline
Nurick grade of 4 or higher (P < 0.001), and symptom
duration 1 year or more (P < 0.001) (Table 5).

recovery rates tend to decline over time, most patients
continue to demonstrate the benefits of surgical decompression at long-term follow-up.12,19,28 The results of our study
are largely in agreement with these findings, with more than
70% of patients continuing to demonstrate quantifiable
gains in functional status over a mean follow-up period
of almost 5 years.

DISCUSSION

Is Initial Improvement in Functional Status
Sustained at Long-Term Follow-up?

Most contemporary reports describe favorable outcomes in
patients undergoing anterior or posterior approaches for
CSM and OPLL.6–11,27 Although functional outcomes and

A number of studies have described long-term outcomes
after anterior or posterior decompression for degenerative

TABLE 4. Univariate and Multivariate Analysis of Factors Associated With Improvement by At least 1

Nurick Grade at Last Follow-up (n ¼ 338)

Variable
Age 50 years
Preoperative Nurick grade 4/5
Symptom duration 1 yr
Diabetes mellitus
Preoperative bladder dysfunction
Preoperative kyphotic alignment
Presence of OPLL
Single versus multilevel corpectomy
Perioperative morbidity
Postoperative kyphotic alignment

Univariate Analysis
Odds Ratio; 95%
Confidence Interval
0.493;
1.150;
0.286;
1.548;
1.000;
0.959;
0.674;
1.042;
0.664;
0.701;

0.301–0.808
0.700–1.891
0.171–0.478
0.430–5.572
0.615–1.626
0.334–2.750
0.404–1.124
0.612–1.772
0.338–1.302
0.383–1.283

Multivariate Analysis
Odds Ratio; 95%
Confidence Interval

P
y

0.005
0.581
<0.001y
0.504
1.000
0.937
0.131y
0.881
0.233
0.701

P

0.502; 0.301–0.838

0.008

0.293; 0.174–0.493

<0.001

0.723; 0.422–1.238

0.237



Excludes 14 patients with a preoperative Nurick grade of 0 or 1.
Selected for multivariate analysis.

y
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TABLE 5. Univariate and Multivariate Analysis of Factors Associated With Nurick Grade 0 or 1 at

Last Follow-up (n ¼ 352)

Variable
Age 50 yr
Preoperative Nurick grade 4/5
Symptom duration 1 year
Diabetes mellitus
Preoperative bladder dysfunction
Preoperative kyphotic alignment
Presence of OPLL
Single versus multilevel corpectomy
Perioperative morbidity
Postoperative kyphotic alignment

Univariate Analysis
Odds Ratio; 95%
Confidence Interval
0.382;
0. 296;
0.449;
0.400;
0.562;
0.700;
0.744;
1.394;
0.470;
0.784;

0.241–0.605
0.181–0.485
0.285–0.708
0.112–1.432
0.361–0.876
0.264–1.855
0.460–1.204
0.878–2.213
0.225–0.986
0.440–1.397

Multivariate Analysis
Odds Ratio; 95%
Confidence Interval

P


<0.001
<0.001
0.001
0.159
0.011
0.473
0.228
0.159
0.046
0.409

P

0.492; 0.301–0.804
0.331; 0.192–0.573
0.408; 0.251–0.665

0.005
<0.001
<0.001

0.777; 0.473–1.279

0.321

0.524; 0.238–1.152

0.108



Selected for multivariate analysis.
OPLL indicates ossification of posterior longitudinal ligament.

cervical myelopathy. Japanese Orthopedic Association
(JOA) scores at 1 month and at final follow-up did not
change significantly in a group of 91 patients undergoing
laminectomy for long-segment cervical canal stenosis followed over a decade.15 In contrast, Kato et al report significant late deterioration in postoperative (JOA) scores and
recovery rates over serial follow-up in patients who underwent laminectomy for OPLL followed for a mean period of
14.1 years.29 Similar reports of decline in functional status
of patients over long-term follow-up after anterior decompression have also been noted.10,17,30
Most of the patients in our study demonstrated sustained
improvement in functional status on serial postoperative
evaluations performed more than 2 years after surgery.
However, in the 175 patients followed serially, 31
(17.7%) deteriorated to their preoperative functional status
or worse. This is similar to the late deterioration rates
reported by other studies.16,17,29 Long preoperative symptom duration was associated with failure to maintain initial
gains in functional status in our study, and may reflect a
phenomenon of transient improvement in a background of
chronic irreversible spinal cord dysfunction that finally
results in a late deterioration in neurological status.
Symptomatic adjacent segment disease remains a concern
in patients undergoing cervical fusion procedures, although
distinguishing the consequences of this phenomenon from
natural age-related degenerative changes remains difficult.10,31–33 A recent publication from our institution showed
a 3.9% incidence of clinical adjacent segment pathology at
long-term follow-up.34 Other causes of late deterioration in
patients with CSM or OPLL are myriad, and include lumbar
or thoracic canal stenosis, cerebrovascular accidents and hip
or knee osteoarthritis.13,19,29,35 The failure of our study to
identify additional factors associated with late deterioration
may therefore be attributed to the etiology of the deterioration itself, which in most cases appears to be unrelated to the
cervical spine. Nevertheless, information regarding late-onset
E708
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deterioration is important in counseling patients regarding
their expectations before surgery.

Predictors of Outcome
Advanced age, long symptom duration and poor preoperative myelopathy scores have been established by a number of
studies as predictors of suboptimal postoperative recovery
in patients with CSM and OPLL.10,17,18,36 –45 Age-related
loss of corticospinal tract, dorsal column, and gamma motor
neurons coupled with significantly higher comorbidity
scores may account for the association between age and
poor outcome.46–48 Furthermore, elderly patients often
have more severe myelopathy at presentation.49–51 Notably,
patients in our study were on average at least a decade
younger that those in most published reports. This suggests
that even middle-aged or ‘‘nonelderly’’ patients achieve less
favorable outcomes. Suri et al52 also made a similar observation. Advanced age also remains a risk factor for developing perioperative complications.21,53 Nevertheless,
Nagashima et al54 report favorable outcomes in patients
ages 80 years or older and recommend early surgery in view
of rapid disease progression in these patients.
The poorer outcome seen in patients with a long duration
of symptoms and worse preoperative functional scores has
been attributed to chronic and irreversible compressive
injury to the spinal cord. Most studies have reported significantly worse outcomes in patients who present more than
1 year after symptom onset, and our results also indicate
that beyond this time period, functional recovery is limited.
The design of our study does not allow us to comment on the
role of expectant or nonoperative treatment of patients with
CSM or OPLL. However, combined with the view that the
underlying disease process usually progresses over time, this
argues in favor of early and aggressive surgical decompression in patients with significant myelopathy.14
Preoperative functional status scores may also act as a
surrogate marker for disease severity. Patients with a poor
June 2018
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preoperative functional status are also at a significantly
higher risk for perioperative morbidity.55 Nevertheless, this
should not dissuade surgeons from offering surgery to poorgrade patients, because at least 75% of patients demonstrate
some degree of improvement and 60% achieve return-toemployment status.25
The presence of diabetes mellitus and the longitudinal
extent of cord compression did not influence outcomes in
our study. Some authors have reported poorer outcomes in
patients with diabetes, but with strict perioperative glycemic
control, diabetic patients may also achieve good functional
outcomes after surgery.56–58 Nakashima et al59 report similar 2-year outcomes in patients with OPLL versus those with
other forms of degenerative cervical myelopathy. A primary
diagnosis of OPLL was also not associated with long-term
outcomes in our study. Similarly, the number of levels
decompressed was unrelated to outcome, as has also been
reported by previous authors.7,17

Predictors of ‘‘Cure’’
Although a minimum clinically important difference for the
Nurick grading system has not been documented, unlike the
JOA score, a 1-point increase in grade in the former would
correspond to a substantial improvement in walking ability,
as per the design of this scale.21 In this regard, the best
possible outcome after surgery for degenerative cervical
spine disease would be a postoperative Nurick grade of 0
or 1 or its equivalent on other scales, which essentially
corresponds to complete resolution of symptoms related
to myelopathy with no residual difficulty in walking. This
was achieved in approximately 36% of our patients. This
outcome measure differs from simple assessment of change
in functional status, as has been highlighted by prior publications from our institution,25,60 and more recently by the
AOSpine CSM studies.14,61 One third of patients in our
study achieved this outcome. On multivariate analysis, age
50 years or older, symptom duration 12 months or more,
and poor preoperative Nurick grades were each individually
associated with failure to achieve a Nurick grade of 0 or 1 at
last follow-up. These prognostic factors might be associated
with irreversible or only partially reversible neural injury
that accounts for persistent postoperative deficits. This
group of patients will most likely be unable to return to a
‘‘normal’’ functional status postoperatively, despite improving significantly after surgery. Although this does not undermine the benefits of surgical decompression, it is essential
for patients to moderate their expectations before surgery.14
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and correction of the kyphosis might lead to better functional outcome after surgery. In a recent study employing
anterior, posterior, and combined approaches, Shamji et al
reported poorer outcomes in patients with preoperative
kyphosis, although correction of this deformity did not
impact outcomes.62 Ferch et al have recommended correction of preoperative kyphosis to a target local sagittal angle
of 0 to 4 degrees to enhance neurological recovery.63

Limitations of This Study
Aside from its retrospective nature and the fact that data
were lacking in a number of patients, this study suffers from
other limitations. We were unable to assess the impact of
cigarette smoking on outcomes because of difficulty in
quantifying the various forms of indigenous tobacco products used by our population. Furthermore, patients in our
study were overall younger and hence serious medical
comorbidities were less common. This did not allow us to
study the impact of coexisting illnesses on outcomes. Nevertheless, this study describes long-term outcomes and
adverse prognostic factors in the largest single-surgeon
cohort of patients undergoing cervical corpectomy for
CSM and OPLL described in literature.

CONCLUSION
Uninstrumented cervical corpectomy achieves excellent outcomes in patients with CSM and OPLL. Poor prognostic
factors include age 50 years or older, symptom duration of
1 year or more, and a baseline Nurick grade of 4 or higher.
Initial gains in functional status after surgery are maintained
in the majority of patients on long-term follow-up; however,
longer preoperative symptom duration is associated with a
failure to sustain these early improvements.

Key Points
Long-term outcome following corpectomy for CSM
or OPLL is good in more than 70% of patients.
Predictors of poor outcome included advanced
age, poor preoperative functional status, and long
symptom duration.
Initial gains in functional status are maintained in
more than 75% patients at 10 years after surgery.
Longer preoperative symptom duration (>1 year)
is associated with a failure to sustain early
improvement.

Significance of Sagittal Alignment
Preoperative and postoperative cervical alignment was largely
unrelated to outcomes in our cohort. A previous study from
our institution also found no impact of postoperative kyphotic
change on short-term outcomes after one-level or two-level
corpectomy.24 Preservation or restoration of cervical lordosis
was also unrelated to long-term outcome in this study.
However, other authors suggest that preoperative kyphosis might be associated with worse postoperative outcome
Spine
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National Trends and Complications in the
Surgical Management of Ossification of the
Posterior Longitudinal Ligament (OPLL)
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Study Design. A retrospective database analysis.
Objective. The aim of this study was to analyze US trends in
surgical approaches for ossification of the posterior longitudinal
ligament (OPLL); and to compare US patient and hospital
characteristics, length of stay, total charges, and 30-day complications by surgical approach in OPLL management.
Summary of Background Data. A robust literature on surgical management of OPLL in East Asian countries, where OPLL
has a higher prevalence, exists. However, there is a paucity of
literature evaluating the surgical management of OPLL in nonAsian countries.
Methods. Using the Nationwide Inpatient Sample (NIS), we
identified surgically treated OPLL patients from 2003 to 2014.
Data on patient characteristics, surgical approaches, complications, hospital characteristics, length of stay, and hospital charges
were extracted and analyzed. Analysis of variance (ANOVA) and
Chi-squared tests were used to assess variation across categorical
variables. Linear regression was used to evaluate the trend of
surgical management for OPLL over the study timeframe.
Results. Five thousand two hundred twelve patients fit our
inclusion criteria. The overall complication rate was 21.5%, but
the highest complication rate was for patients undergoing a
combined anterior-posterior decompression/fusion (44.7%).
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Patients undergoing a combined anterior-posterior decompression/fusion had a longer length of stay and higher total charges
(P < 0.01). Overall, surgical OPLL cases significantly increased
from 2003 to 2014 (336–920; P < 0.01).
Conclusion. To our knowledge, this is the largest study
examining the surgical treatment of OPLL in a non-Asian
country. OPLL surgical cases increased over the study timeframe
and the overall surgical complication rate was 21.5%. The
percentage of Asians or Pacific Islanders with OPLL undergoing
surgical intervention was 10.8%, which is higher than the
prevalence in the US population (4.9%). This suggests a
potential genetic component to OPLL. Future work is warranted
to determine how best to decrease the high complication rate.
Key words: complications, NIS, OPLL, surgical management,
trends.
Level of Evidence: 4
Spine 2019;44:1550–1557

A

lthough it is known that the ossification of the
posterior longitudinal ligament (OPLL) is a hyperostotic condition resulting in the progressive calcification of the posterior longitudinal ligament (PLL), the
pathogenesis remains poorly understood and is considered
multifactorial in nature.1,2 OPLL was first described in
Tsukimoto3 in 1960 in Japan, where the condition affects
1.9% to 4.3% of the population.2 Since then, a large
proportion of the literature on OPLL is from countries in
eastern and southeastern Asia. For example, epidemiological studies using national-level patient data have been
instrumental in illuminating trends of OPLL incidence,
prevalence, and therapeutic surgical approaches in countries
such as Japan, Taiwan, and Korea.4–6 However, OPLL is
increasingly being recognized as a condition affecting people
from across the world. Indeed, the prevalence of OPLL in
North American and European populations ranges from
0.1% to 2.5%,7–9 and in patients presenting with cervical
myelopathy, up to 25% have OPLL.10 However, outside of
East Asia, there remains limited insight into surgical trends

Copyright © 2019 Wolters Kluwer Health, Inc. All rights reserved.
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for OPLL over time, as well as limited understanding of
the patient population undergoing each type of surgical
intervention.
A review of the current OPLL literature demonstrates the
current gaps in knowledge. When analyzing the current
OPLL surgical literature available, one study demonstrated
overall complication rates to be 21.8% when operating on
patients with cervical OPLL.11 Of all surgical complications, incidental durotomy has been shown to be a common
complication following surgery for OPLL.12–14 In addition
to simply evaluating patient surgical outcomes following
surgery for OPLL in general, there has been a growing
number of studies comparing clinical outcomes between
different surgical approaches. In one study of Japanese
patients with cervical OPLL undergoing surgical intervention, patients undergoing an anterior decompression/fusion
were found to have a significantly higher Japanese Orthopaedic Association (JOA) score recovery rate than those
undergoing laminoplasty or posterior decompression/
fusion.15 Another study from Japan concluded that an
anterior decompression/fusion approach, though more technically demanding and associated with a higher rate of
surgery-related complications, was preferable to laminoplasty in terms of neurologic outcomes in cases with an
occupying ratio of OPLL 60%.16 However, to our knowledge, there is a paucity of similar work in the United States
(US) and greater insight into overall complication rates and
complication rates by surgical approach is warranted. Further, given the vast literature on OPLL in East Asia, understanding rates of surgical intervention in the US on patients
of Asian descent may help determine whether OPLL has a
potential genetic component underpinning it. With our
growing knowledge of the pathogenesis of OPLL and
increasing awareness that people across the world can be
affected, it is prudent and timely to investigate surgical
management of OPLL in the US. This study has two objectives: to analyze national (US) trends in surgical approaches
for OPLL from 2003 to 2014; and to compare national (US)
patient characteristics (including comorbidities), hospital
characteristics, length of stay, total charges, and 30-day
complications from 2003 to 2014 by surgical approach in
OPLL management.
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database. Because the data are publicly accessible, Institutional Review Board (IRB) approval was not needed.

Patient Population
NIS was queried from 2003 to 2014 for all patients 18
years of age with International Classification of Disease-9Clinical Modification (ICD-9-CM) code 723.7 (OPLL) in
the cervical region. Using procedural codes, patients were
divided into four groups based on the surgical approach: (1)
decompression only, including laminectomies and laminoplasties (03.09); (2) anterior decompression/fusion (81.02
and 03.09); (3) posterior decompression/fusion (81.03 and
03.09); and (4) anterior and posterior decompression/fusion
(81.02, 81.03, and 03.09). In clinical practice, the K-line is
useful in determining whether an anterior or posterior-based
approach would be best.18 In K-line positive patients, a
posterior-based approach can provide enough decompression. In K-line negative patients, an anterior-based approach
may be needed due to the extent of the decompression
needed. Lastly, in making the decision on posterior fusion
versus laminoplasty, preexisting neck pain and extent of
cervical kyphosis are important variables to consider. However, the NIS dataset is not granular enough to provide this
information. For all analyses except for the overall surgical
trend over time, the raw data were converted into national
estimates using the weight files provided with the database.
The following information was recorded: surgical
approach; age; gender; race; primary payer; admission
day (weekend vs. weekday); length of stay; hospital bedsize;
hospital location and teaching status; and hospital region. In
addition, the Elixhauser Comorbidities Index, which utilizes
ICD-9-CM codes, was used to identify 29 preexisting
patient comorbidities.19 Lastly, patient complications from
surgery (neurological, cervical-spine related, incidental durotomy, pulmonary, cardiac, renal, infectious, and urinary
tract infection) were recorded.

Statistical Analysis

MATERIALS AND METHODS

Across the four surgical approaches analyzed, continuous
and categorical variables were compared using analysis of
variance (ANOVA) and Chi-squared tests, respectively.
Surgical approach trends were analyzed over time with
the unweighted raw data using linear regression models.
Significance was set a priori at P < 0.05 for all analyses.

Data Source

RESULTS

The National Inpatient Sample (NIS, formerly Nationwide
Inpatient Sample), which is maintained by the Agency for
Healthcare Research and Quality (AHRQ), was used in this
study.17 NIS is the largest all payer national database in the
US. The database captures approximately 20% of all inpatient hospitalizations nationally and contains a wide array
of important health care information, including diagnoses
and procedures, patient demographics, institutional characteristics, lengths of stay, charges, and 30-day complications. The raw data for each year can be extrapolated to
national estimates using weight files provided as part of the
Spine

Patient and Hospital Characteristics by Surgical
Approach
In the US between 2003 and 2014, a total of 5212 adult
patients were hospitalized and received surgical treatment
for a diagnosis of OPLL. An anterior decompression/fusion
was the most common surgical intervention (48.5%), while
a combined anterior-posterior decompression/fusion was
the least common (7.1%).
Across the four surgical approaches, there was no difference in the following patient and hospital characteristics:
www.spinejournal.com
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age [decompression only: 57 years [range: 31–86] vs. anterior decompression/fusion: 56 years (range, 29–86) vs.
posterior decompression: 58 years (range, 32–90) vs. combined anterior-posterior decompression/fusion: 57 years
(range, 33–82); P ¼ 0.54], gender (decompression only:
36% women vs. anterior decompression: 46% women vs.
posterior decompression/fusion: 42% women vs. combined
anterior-posterior decompression/fusion: 51%; P ¼ 0.09),
primary payer (decompression only: 32% Medicare vs.
anterior decompression/fusion: 28% Medicare vs. posterior
decompression/fusion: 32% Medicare vs. combined anterior-posterior decompression/fusion: 36% Medicare;
P ¼ 0.09), and hospital bedsize (decompression only: 73%
large vs. anterior decompression/fusion: 71% large vs. posterior decompression/fusion: 72% large vs. combined anterior-posterior decompression/fusion: 74% large; P ¼ 0.93)
(Table 1).
Patients undergoing surgery for OPLL using a posterior
decompression/fusion approach had the highest mean Elixhauser comorbidities (Table 1).
A significantly greater percentage of white patients
underwent an anterior decompression/fusion (71%) compared with other surgical approaches (decompression only:
58%; posterior decompression/fusion: 55%; combined
anterior-posterior decompression/fusion: 50%; P < 0.01),
while a greater percentage of posterior decompression/
fusion occurred at urban teaching hospitals (81%) than
other surgical approaches (decompression only: 70%; anterior decompression/fusion: 62%; combined anterior-posterior decompression/fusion: 57%; P < 0.01) (Table 1).
Patients undergoing a posterior decompression/fusion were
more likely to be admitted on the weekend (6.1%) than
those undergoing other surgical approaches (decompression
only: 3.3%; anterior decompression/fusion: 3.6%; combined anterior-posterior decompression/fusion: 2.4%;
P < 0.01) and seek care at a hospital in the Northeast
(15%) (decompression only: 14%; anterior decompression/fusion: 11%; combined anterior-posterior decompression/fusion: 9.1%; P < 0.01) (Table 1).

Postoperative Complications by Surgical Approach
There was a significant relationship between complications
and surgical approach across all individual complications,
as well as total complications (P < 0.01) (Table 2). Across all
surgical approaches, the total complication rate was 21.5%.
The most common types of complications across all
approaches were pulmonary (23.7%), incidental durotomy
(23.2%), and cervical spine related (21.9%). A combined
anterior-posterior decompression/fusion led to the highest
percentage of incidental durotomies (9.4% of all complications), followed by an anterior decompression/fusion
(7.1%), decompression only (3.7%), posterior decompression/fusion (1.1%) (P < 0.01). The complication rate was
highest with a combined anterior-posterior decompression/
fusion (44.7%), followed by an anterior decompression/
fusion (21.0%), posterior decompression/fusion (20.0%),
and decompression only (16.2%).
1552
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Length of Stay and Total Charges by Surgical
Approach
There was a significant variation in length of stay by surgical
approach with a combined anterior-posterior decompression/fusion having the longest, on average, at 7.28 days
(range, 2–30 days) (Table 3). A posterior decompression/
fusion, decompression only, and an anterior decompression/
fusion averaged 6.50 (range, 1–51 days), 5.69 (range, 1–
103 days), and 3.38 (range, 0–106 days) days, respectively.
There was a significant variation in the total charges by
surgical a combined anterior-posterior decompression/
fusion having the highest, on average, at $178,674 (range,
$49,110–$689,828) (Table 3). A posterior decompression/
fusion, decompression only, and an anterior decompression/
fusion averaged $117,417 (range, $10,541–$1,174,024),
$68,884 (range, $13,899–$375,617), and $66,743 (range,
$10,026–$1,246,986), respectively.

Trends in Surgical Management of OPLL
Surgical cases of OPLL have significantly increased across the
US from 336 in 2003 to 920 in 2014 (P < 0.01) (Figure 1).

DISCUSSION
Likely because of the increased occurrence of OPLL in East
Asian countries, much of the prior research analyzing OPLL
management has come from that area of the world.4–6 Thus,
there is a paucity of literature on the topic from the US. To
our knowledge, the current manuscript is the largest study of
US patient data aimed at evaluating surgical trends and
comparing patient characteristics (including comorbidities),
hospital characteristics, length of stay, total charges, and 30day complications in OPLL surgical management. Overall,
we found a high rate of surgical complications (21.5%) in
our study sample with pulmonary complications being the
most common (23.7%). Of note, incidental durotomy
accounted for 5.0% of all complications in our study as
well, which is a complication commonly reported with
cervical OPLL surgery. A combined anterior-posterior
decompression/fusion had the highest complication rate
of the four surgical approaches at 44.7%. However, only
7.1% of all surgeries performed used a combined anteriorposterior decompression/fusion approach. In addition, the
percentage of Asians or Pacific Islanders with OPLL undergoing surgical intervention was 7.5% (389/5212), which is
higher than the 4.9% noted in the 2010 US census20; this
suggests a potential genetic component. The length of stay
and total charges were also significantly higher for patients
with OPLL undergoing a combined anterior-posterior
decompression/fusion approach than the other three surgical approaches. Lastly, we found that surgical cases for
OPLL management significantly increased from 2003 to
2014 (336 to 920) using the unweighted NIS data.

Key Postoperative Complications
Despite the increasing surgical rates for OPLL management,
there continues to be a notable percentage of patients who
have complications from surgical intervention. In a
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TABLE 1. Patient and Hospital Characteristics by Surgical Approach

Age (stdev) [range]
Gender (%)
Women
Men
Primary payer (%)
Medicare
Medicaid
Private Insurance,
self-pay, no charge,
other
Race/Ethnicity (%)
White
Black
Hispanic/Native
American/Other
Asian or Pacific Islander
Location/Teaching status
(%)
Rural, urban nonteaching
Urban teaching
Hospital bedsize (%)
Small, medium
Large
Hospital Region (%)
Northeast
Midwest
South
West
Admission day
(Weekend) (%)
Yes
No
Patient Elixhauser
comorbidities
0 (%)
1 (%)
2 (%)
3 (%)
4 or more (%)

D
788

ADy
2529

PDz
1524

APD§
371

57 (11) [31–86]

56 (11) [29–86]

58 (10) [32–90]

57 (11) [33–82]

285 (36.1)
504 (63.9)

1157 (45.7)
1372 (54.3)

632 (41.6)
888 (58.4)

189 (50.9)
182 (49.1)

249 (31.8)
73 (9.3)
462 (58.9)

703 (27.8)
158 (6.3)
1665 (65.9)

481 (31.6)
150 (9.9)
889 (58.5)

131 (35.8)
47 (12.8)
188 (51.4)

384 (58.4)
114 (17.4)
86 (13.1)

1557 (70.8)
307 (14.0)
206 (9.4)

741 (54.5)
286 (21.0)
188 (13.8)

168 (49.7)
111 (32.8)
20 (5.9)

73 (11.1)

130 (5.9)

147 (10.8)

39 (11.5)

P
0.54
0.09

0.09

<0.01

<0.01
233 (29.6)
555 (70.4)

965 (38.3)
1554 (61.7)

290 (19.0)
1235 (81.0)

159 (43.3)
208 (56.7)

215 (27.2)
574 (72.8)

721 (28.6)
1798 (71.4)

427 (28.0)
1097 (72.0)

97 (26.5)
269 (73.5)

106
222
252
208

284 (11.2)
538 (21.3)
1187 (46.9)
520 (20.6)

231
266
645
383

34 (9.1)
92 (24.7)
135 (36.3)
111 (29.8)

0.93

<0.01
(13.5)
(28.2)
(32.0)
(26.3)

(15.1)
(17.4)
(42.3)
(25.2)

<0.01
26 (3.3)
762 (96.7)

90 (3.6)
2439 (96.4)

93 (6.1)
1430 (93.9)

9 (2.4)
362 (97.6)

155
166
156
200
110

630
613
602
369
315

220
362
386
272
285

80
84
67
78
62

(19.7)
(21.1)
(19.8)
(25.4)
(14.0)

(24.9)
(24.2)
(23.8)
(14.6)
(12.5)

(14.4)
(23.8)
(25.3)
(17.8)
(18.6)

(21.6)
(22.6)
(18.1)
(21.0)
(16.7)

<0.01
0.67
0.29
0.03
0.10

Bold values are significant at p < .05 level.

Decompression only.
y
Anterior decompression and fusion.
z
Posterior decompression and Fusion.
§
Anterior and posterior fusion with decompression.

systematic review of 27 retrospective studies involving 1558
patients, Li et al11 found an overall incidence of surgical
complications to be 21.8% in cases involving cervical
OPLL. This is on par with our calculated surgical complication rate of 21.5%. Even though there is a high level of
complexity in such cases, our findings suggest additional
research that may help determine how best to decrease this
high complication rate. A valuable approach to
Spine

understanding specific clinical areas for improvement is
to evaluate the prevalence and types of complications
incurred based on surgical approach. Overall, we found
pulmonary complications to be the cause of the greatest
percentage of total complications (23.7%). In a small prospective cohort study, Bhagavatula et al21 demonstrated that
chronic compressive myelopathy, such as that caused by
OPLL, leads to respiratory dysfunction. A larger study of 94
www.spinejournal.com
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TABLE 2. Postoperative Complications by Surgical Approach
Complication Type (%)
Neurological
D (n ¼ 788)
ADy (n ¼ 2529)
PDz (n ¼ 1524)
APD§ (n ¼ 371)
Total
complications
P

30
52
19
28
129

Cervical spinerelated

Pulmonary

10 (1.3)
167 (6.6)
14 (0.9)
54 (14.6)
245 (21.9)

32 (4.1)
81 (3.2)
97 (6.4)
56 (15.1)
266 (23.7)

<0.01

<0.01

(3.8)
(2.1)
(1.2)
(7.5)
(11.5)

<0.01

Cardiac
20
73
86
29
208

(2.5)
(2.9)
(5.6)
(7.8)
(18.6)

<0.01

Incidental dur- Total complicaotomy
tions
29 (3.7)
179 (7.1)
17 (1.1)
35 (9.4)
260 (23.2)

128 (16.2)
531 (21.0)
300 (20.0)
162 (44.7)
1121 (100)

<0.01

<0.01

D ¼ Decompression.

Decompression only.
y
Anterior decompression and fusion.
z
Posterior decompression and fusion.
§
Anterior and posterior fusion with decompression.

TABLE 3. Length of Stay and Total Charges by Surgical Approach


D (n ¼ 788)
ADy (n ¼ 2529)
PDz (n ¼ 1524)
APD§ (n ¼ 371)
P

Length of Stay, d (stdev) [range]

Total Charges ($) (stdev) [range]

5.69 (9.24) [1–103]
3.38 (6.05) [0–106]
6.50 (6.55) [1–51]
7.28 (5.67) [2–30]
<0.01

68,884 (59,393) [13,899–375,617]
66,743 (69,352) [10,026–1,246,986]
117,417 (96,536) [10,541–1,174,024]
178,674 (111,140) [49,110–689,828]
<0.01

D ¼ Decompression.

Decompression only.
y
Anterior decompression and fusion.
z
Posterior decompression and fusion.
§
Anterior and posterior fusion with decompression.

Figure 1. An illustration of the number of patients with OPLL undergoing surgical intervention from 2003 to 2014. The number of such
surgeries significantly increased over the study timeframe.
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patients with chronic compressive myelopathy found similar
results.22 While improvement postoperatively has been
documented, Bhagavatula et al21 state that it is important
for respiratory function to be continually evaluated and
monitored to ensure the best possible surgical outcomes
without complications.
For spine surgeons, perhaps the most concerning complication in surgical intervention for OPLL are dural tears. In
one study of 90 patients, Du et al23 found the prevalence of
dural defects to be 13.3%. In a larger study of nearly 2000
patients, Hannallah et al24 found that while the overall rate
of dural tears was only 1%, those undergoing surgical
intervention for OPLL had a dural tear rate of 12.5%. Both
of these findings are higher than the 5.0% rate of incidental
durotomy, which likely falls within the dural defects or tears
category, found in our study. The difference is most likely
because dural defects include more than incidental durotomies. Indeed, O’Neill et al25 found that in a large study of
nearly 4000 patients, those undergoing cervical spine surgery for OPLL had an increased relative risk of dural tears
[Relative Risk ¼ 19.2, 95% confidence interval (95%
CI) ¼ 10.4–35.6]. Our findings are consistent with this prior
literature. Further, it is important to note that the combined
anterior-posterior decompression/fusion approach had a
significantly higher rate of incidental durotomy than other
surgical approaches. We feel that the decision to perform
such an extensive surgery is most commonly because of large
OPLLs with associated spinal cord compression that would
not be addressed successfully with a simpler anterior-only or
posterior-only approach. Nonetheless, additional work
aimed at determining the best way to reduce dural-related
complications would add value to the care of patients with
OPLL undergoing surgical intervention, including in nonAsian populations who also commonly have dural-related
complications.26

Key Trends in Surgical Management of OPLL
The increasing rates of a variety of spine surgeries in the US
over time are well documented for a number of conditions.27–31 Consistent with these previous findings, we
found that the rate of surgical cases for OPLL has also
significantly increased from 2003 to 2014 in the US. Surgical
intervention for OPLL is notably complex and successful
outcomes rely on a number of factors32; thus, the advancements in surgical and perioperative techniques paired with a
better understanding of the pathogenesis of OPLL have
likely played a role in the increasing surgical rate of OPLL
management in the US. Interestingly, the rate of Asian and
Pacific Islanders with OPLL undergoing surgical intervention in our data (7.5%) is higher than the 4.9% noted in the
US population from the 2010 US Census.20 This reflects the
trend of higher rates of OPLL in the East Asian population
and suggests a possible genetic etiology.

Limitations
Our study findings should be evaluated keeping the limitations of our work in mind. First, this study utilizes the NIS,
Spine
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which is an administrative database. Thus, our findings are
reliant on the quality of data. Many databases are commonly used for orthopedic research, including the NIS. Prior
research has demonstrated that NIS tends to have higher
complication rates than other commonly studied databases,
such as the American College of Surgeons’ National Surgical
Quality Improvement Program (ACS NSQIP) database.33
While differences have been shown between the databases,34 we feel that NIS is the best database for this research
because we sought to determine trends of OPLL surgical
management in the US on a large scale. Because NIS is
nationally representative data that can be estimated to the
full US population, the use of it for this analysis accomplishes our goal. Second, despite NIS being appropriate for
this study, it is not granular enough to provide insight into
symptom severity caused by OPLL. Symptom severity may
play an important role in outcomes; therefore, it would be of
value for future research to include such information. Third,
because of the lack of granularity of some elements of the
NIS database, we are unable to provide information on
patients undergoing laminoplasty for the management of
OPLL. Laminoplasty can be done with or without a posterior fusion, so this technique could have been included in
both the posterior decompression/fusion and decompression-only groups.35–37 Also, the decompression-only group
may include patients undergoing either laminoplasty or
laminectomies; again, due to constraints of NIS, we are
unable to further clarify. Nonetheless, the ability to note
broad trends in the surgical management of OPLL in the US
is crucial to our understanding of how this pathology is
treated in non-Asian countries; to date, this has been underreported in the literature.

CONCLUSION
There is a paucity of non-Asian literature evaluating surgical
trends and comparing patient characteristics (including
comorbidities), hospital characteristics, length of stay, total
charges, and 30-day complications in OPLL surgical management. This study offers the largest study, to date, of
North American patients undergoing surgical intervention
for OPLL management. Because of the high complication
rate in patients with OPLL undergoing surgical intervention,
a team-based approach may be warranted to optimize outcomes. For example, the fact that many patients have
respiratory complications paired with the knowledge that
OPLL-producing chronic compressive myelopathy may
cause respiratory dysfunction leads us to suggest that an
interdisciplinary team of surgeons, pulmonologists, and
respiratory therapists may lead to improved outcomes. A
team approach may be best in patients undergoing a combined anterior-posterior decompression/fusion because
these surgeries have a higher rate of pulmonary complications, which we feel is most likely secondary to extended
surgical time and the fact that patients may remain intubated postoperatively. A prospective study evaluating this
team-based approach is warranted and may lead to
improved care of patients with OPLL undergoing surgical
www.spinejournal.com
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intervention. Further, because dural-related complications
are relatively common and of notable concern to surgeons,
patient care teams should be aware of symptoms that
suggest such a complication (e.g., headache, nausea, vomiting), as quick recognition and treatment may ultimately lead
to better final outcomes. Lastly, it is likely that patient
comorbidities, myelopathy severity, OPLL severity, and
concurrent length of surgery in the setting of severe OPLL
are factors that lead to a higher rate of complications in this
patient population. Overall, this study provides insight for
surgeons in the US who take care of patients with OPLL, as
well as helps form the basis for future work on OPLL
surgical management outside of Asia.

Key Points
From 2003 to 2014, the overall complication rate
for US patients with OPLL undergoing surgical
intervention was 21.5%.
Nearly one-quarter of all complications were
incidental durotomies (23.2%), and a combined
anterior-posterior decompression/fusion led to the
highest rate of incidental durotomies of all
surgical approaches analyzed.
Overall, surgical OPLL cases significantly
increased from 2003 to 2014 (336–920; P < 0.01).
The percentage of Asians or Pacific Islanders with
OPLL undergoing surgical intervention was 7.5%,
which is higher than the prevalence in the US
population (4.9%); this suggests a potential
genetic component to OPLL.
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Five-year Follow-up Evaluation of Surgical
Treatment for Cervical Myelopathy Caused by
Ossification of the Posterior Longitudinal Ligament
A Prospective Comparative Study of Anterior Decompression and Fusion
With Floating Method Versus Laminoplasty
Kenichiro Sakai, MD, PhD, Atsushi Okawa, MD, PhD, Makoto Takahashi, MD, PhD, Yoshiyasu Arai, MD, PhD,
Shigenori Kawabata, MD, PhD, Mitsuhiro Enomoto, MD, PhD, Tsuyoshi Kato, MD, PhD, Takashi Hirai, MD,
and Kenichi Shinomiya, MD, PhD

Study Design. Prospective, comparative clinical study.
Objective. To compare the clinical outcome of anterior
decompression and fusion with floating method and laminoplasty
in the treatment of cervical myelopathy caused by ossification of the
posterior longitudinal ligament (OPLL).
Summary of Background Data. There have been no reports
that have accurately and prospectively compared surgical outcomes
after anterior decompression and posterior decompression.
Methods. For cervical myelopathy caused by OPLL, we performed
anterior decompression and fusion with floating method (ADF) in
1997, 1999, 2001, 2003, and 2004 and French-door laminoplasty
(LAMP) in 1996, 1998, 2000, and 2002 at one institution. Twenty
patients in the ADF group and 22 patients in the LAMP group
were evaluated for 5 years’ follow-up. The following criteria were
evaluated: operation time, blood loss, complications, and Japanese
Orthopedic Association score. For radiographic evaluation, canal
narrowing ratio of OPLL, lordotic angle at C2–C7, and postoperative
progression of the ossified lesion were measured.
Results. The operation time in the ADF group was longer than that
in the LAMP group. The average blood loss showed no statistical
difference between the 2 groups. Complications occurred in 5 cases
in the ADF group, but none occurred in the LAMP group. The
mean Japanese Orthopedic Association score system for cervical
myelopathy and the recovery rate in the ADF group were superior to
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those in the LAMP group, especially for cases with greater than 50%
of the spinal canal compromised by OPLL or kyphotic alignment of
the cervical spine, preoperatively. Postoperative progression of OPLL
was observed in 5% of the ADF group and 50% of the LAMP group.
Conclusion. ADF is considered especially suitable for cases with
massive OPLL and preoperative kyphotic alignment of the cervical
spine, although it leads to a higher incidence of surgery-related
complications compared with LAMP.
Key words: anterior decompression and fusion, anterior floating
method, laminoplasty, prospective study, ossification of the posterior
longitudinal ligament Spine 2012;37:367–376

S

ince it was first reported in 1960,1 ossification of the posterior longitudinal ligament (OPLL) has been recognized
as a common cause of cervical myelopathy, especially
in Japan. As OPLL of the cervical spine develops, the cervical cord is compressed from the anterior aspect, resulting
in myelopathy. Although the origins and pathophysiological
mechanisms of OPLL are not entirely understood,2–4 several
surgical options have been established to address the neurological sequelae.5
An anterior decompression and fusion method with floating method (ADF), especially the technique of anterior corpectomy and floating of the ossification of the OPLL introduced
by Yamaura,6 can provide an immediate decompression effect
on the spinal cord. Posterior decompression is achieved by
shifting the spinal cord posteriorly.7–11 Extensive cervical laminectomy and laminoplasty are used to decompress the neural
elements posteriorly when there is extensive involvement of
the cervical spine.
There have been many retrospective studies comparing
the surgical outcomes of anterior and posterior decompression.12–20 However, there is no report that has prospectively
compared the surgical outcomes of anterior decompression
and posterior decompression. Therefore, we performed a prospective study comparing ADF and laminoplasty (LAMP) for
cervical myelopathy caused by OPLL with a 5-year follow-up
by 1 surgical group at 1 institution.
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Figure 1. Preoperative and postoperative plain radiographs and computed tomographic images after myelography. Preoperative plain radiograph
(A), computed tomographic image after myelography at the C4/C5 level (B), and plain radiograph (C) and computed tomographic image at the C4/
C5 level (D) 2 weeks after a C3–C7 anterior decompression and fusion with floating method. Preoperative plain radiograph (E), plain computed
tomographic image at the C4 level (F), and plain radiograph (G) and plain computed tomographic image at the C4 level (H) 2 weeks after a C3–C7
French-door laminoplasty.

MATERIALS AND METHODS
Materials
This study was a prospective, comparative, single-institution
trial of 2 surgical procedures for the treatment of cervical
myelopathy caused by OPLL. Consecutive patients treated for
cervical myelopathy caused by OPLL at our hospital between
1996 and 2004 were included. Patients with myelopathy
caused by cervical disc herniation or spondylosis, patients
with a history of previous cervical spine surgery or injury, and
patients who had OPLL that extended to the C1/C2 level and
compressed the cervical cord were excluded.

Choice of Surgical Procedure
After informed consent was obtained from 51 patients, the
patients were divided into 2 groups on the basis of the year
of treatment. A total of 22 patients were enrolled in the ADF
group in 1997, 1999, 2001, 2003, and 2004, and 29 patients
were enrolled in the LAMP group in 1996, 1998, 2000, and
2002.

Operative Procedures
The level in the spinal cord where the injury occurred was
diagnosed by spinal cord–evoked potentials recorded from
an epidural electrode and radiographic findings before surgery. All surgeries were performed while monitoring spinal
cord–evoked potentials. In the ADF group, ADF, as described
by Yamaura,6 was performed (Figure 1A–D). After corpectomy was performed by removing discs and vertebral bodies,
368
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the OPLL was cut very thin and allowed to float away from
the dural sac without removal. The cervical spine was reconstructed using an autologous bone graft from the ilium or fibula, fixed internally by a plate and screw system, ambulated
after 2 postoperative days, and fixed externally using a collar
for 2 to 3 months. The decompression and fusion levels were
based on the findings of preoperative spinal cord–evoked
potentials and radiographic studies. The average decompression and fusion level was 3.1 intervertebral discs (range:
1–5). In the LAMP group, expansive French-door laminoplasty, as described by Miyazaki and Kirita,8 was performed
(Figure 1E–H). The paravertebral muscles were detached
from the spinous processes on both sides and the processes
at C3–C6 were removed. The laminae at C3–C6 were split at
the midline, and bilateral gutters were made by using a highspeed air-burr drill. The bilateral laminae were kept open by
anchor sutures to the capsule of the facet joint. Superior lamina at C7 was fenestrated. Small bone chips made from the
spinous processes were inserted into the bilateral gutters. For
patients who had OPLL extending to the C2/C3 level, inferior
lamina at C2 was fenestrated. The patients were ambulated
after 2 postoperative days and fixed externally using a collar
for 2 to 4 weeks. The average decompression level was 4.5
intervertebral discs (range: 4–5).

Outcome Measures
The operative procedures were evaluated for the time of
operation, blood loss, and perioperative complications.
Neurological recovery was evaluated using the Japanese
March 2012
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TABLE 1. Japanese Orthopedic Association Score System for Cervical Myelopathy
I Upper extremity motor function
0: Unable to feed oneself with any tableware including chopsticks, spoon, or fork, and/or unable to fasten buttons of any size
1: Can manage to feed oneself with spoon and/or fork but not chopsticks
2: Either chopsticks feeding or writing is possible but not practical, and/or large buttons can be fastened
3: Either chopsticks feeding or writing is clumsy but practical, and/or cuff buttons can be fastened
4: Normal
II Lower extremity motor function
0: Unable to stand up and walk by any means
0.5: Able to stand up but unable to walk
1: Unable to walk without a cane or other support on level ground
1.5: Able to walk without support but with a clumsy gait
2: Walks independently on level ground but needs support on stairs
2.5: Walks independently when going upstairs but needs support when going downstairs
3: Capable of walking fast but clumsily
4: Normal
III Sensory function
A. Upper extremity
0: Complete loss of touch and pain sensation
0.5: 50% or below of normal sensation and/or severe pain or numbness
1: Over 60% of normal sensation and/or moderate pain or numbness
1.5: Subjective numbness of a slight degree without any objective sensory deficit
2: Normal
B. Lower extremity
Same as A
C. Trunk
Same as A
IV Bladder function
0: Urinary retention and/or incontinence
1: Sensory of retention, dribbling, thin stream, and/or incomplete continence
2: Urinary retardation and/or pollakiuria
3: Normal
Total score for normal = (I + II + III + IV) = 17
Recovery rate = (postoperative score – preoperative score) × 100 / (17 – preoperative score)

Orthopedic Association score system for cervical myelopathy (C-JOA score; Table 1) and the recovery rate of the Japanese Orthopaedic Association Cervical Myelopathy (C-JOA)
score, which is calculated using Hirabayashi’s method.7
Radiological evaluations included measuring the canal narrowing ratio (CNR) of the OPLL (Figure 2), the lordotic angle
Spine

at C2–C7, and the postoperative progression of the OPLL
lesion in the lateral view of a plain radiograph.

Statistics
Statistical analyses were performed using the Student t test for
continuous variables, and the Mann-Whitney U test or the χ2
www.spinejournal.com
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Figure 3. Allocation of the study for cervical myelopathy caused by
ossification of the posterior longitudinal ligament (OPLL). Of the 51
patients, 42 completed the 5-year follow-up in this series. The remaining 9 patients could not be followed, and data are missing for these patients. There were 20 patients in the anterior decompression and fusion
with floating method group and 22 patients in the laminoplasty group.
Figure 2. Canal narrowing ratio. (A) Proper anteroposterior diameter
of the spinal canal. (B) Thickness of the ossification at the level of the
greatest canal narrowing. The canal narrowing ratio is defined as B
divided by A.

test for discrete variables. Significance was set at P < 0.01 or
P < 0.05.

RESULTS
Of the 51 patients, 42 completed the 5-year follow-up in this
series (follow-up rate, 82.4%). Data for every annual follow-up were available for these 42 patients. The remaining
9 patients could not be followed, and data are missing for
these patients. The patients included in the study presented
with continuous (n = 9), segmental (n = 12), or mixed (n
= 21) OPLL types. There were 33 males and 9 females. The
average age at the time of surgery was 59.5 years (range:
39–80 years). There were 20 patients in the ADF group and
22 patients in the LAMP group (Figure 3).
The preoperative surveys are shown in Table 2. The age,
CNR, and C-JOA score showed no statistically significant differences between the 2 groups.
The operative surveys between the 2 groups are shown in
Table 2. The average time of operation was 300.3 minutes
in the ADF group and 183.2 minutes in the LAMP group.
The time of operation in the ADF group was significantly
longer than that in the LAMP group (P < 0.01). The average
blood loss was 292.8 g in the ADF group and 289.6 g in the
LAMP group. The blood loss showed no statistical difference between the 2 groups. Complications that occurred in
the ADF included 2 cases of dislocation of the bone graft, 2
cases of delayed union, and 1 case of dyspnea by hematoma;
however, there were no complications in the LAMP group.
We performed salvage operations for 3 cases (2 cases of dislocation of bone graft and 1 case of dyspnea by hematoma)
out of the 5 cases with complications in the ADF group.
Neurological deterioration early after the operation, such as
370

www.spinejournal.com

spinal cord injury or C5 nerve root palsy, did not occur in
either group.
The postoperative changes in the mean C-JOA score and
the recovery rate of the C-JOA score between the 2 groups
are shown in Table 2 and Figure 4. The mean recovery rate of
C-JOA score at the 5-year follow-up time point was 71.4% in
the ADF group and 55.3% in the LAMP group. The C-JOA
score and the recovery rate of the C-JOA score in the ADF
group were superior to those in the LAMP group after the
4-year time point (P < 0.05).
To investigate the relationship between the CNR and neurological recovery, we divided the patients into 2 subgroups
on the basis of the CNR of the OPLL and then compared the
C-JOA score in the ADF group with that in the LAMP group
for each subgroup. The preoperative C-JOA score showed no
statistical difference between the ADF and the LAMP groups
in both subgroups. The postoperative change in the recovery
rate of C-JOA score between the 2 subgroups is shown in
Table 3 and Figure 5. In those patients with a CNR less than
50%, the mean recovery rate of C-JOA score at the 5-year
time point was 70.2% in the ADF group and 64.0% in the
LAMP group. In those patients with a CNR less than 50%,
the C-JOA score showed no statistical difference between the
ADF and LAMP groups. In contrast, in those patients with
a CNR equal to 50% or more, the mean recovery rate of
C-JOA score at the 5-year time point was 72.9% in the ADF
group and 41.2% in the LAMP group. In those patients with
a CNR equal to 50% or more, the recovery rate of C-JOA
score in the ADF group was superior to that in the LAMP
group after the 4-year time point (P < 0.05).
Next, to investigate the relationship between the preoperative cervical alignment and neurological recovery, we divided
these patients into 2 subgroups on the basis of the C2–C7 lordotic angle of the preoperative cervical spine: greater than 5°
(prelordosis subgroup), or 5° or less (prekyphosis subgroup).
We then compared the C-JOA score in the ADF group with
March 2012
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TABLE 2. Preoperative Surveys and Clinical

Outcomes in ADF and LAMP Group
ADF Group

LAMP
Group

20

22

Age (year), mean ± SD

59.5 ± 9.3
(42–80)

58.4 ± 9.6
(39–79)

ND

CNR (%), mean ± SD

43.4 ± 16.6
(17–71)

46.9 ±16.1
(23–79)

ND

Preoperative C-JOA
score (points),
mean ± SD

11.4 ± 2.8
(6.5–16)

10.9 ± 2.3
(6–14)

ND

Time of operation
(min), mean ± SD

300.3 ± 78.6*

183.2 ±
41.1

<0.01

Blood loss (g),
mean ± SD

292.8 ± 192.8

289.6 ±
215.8

ND

Number of cases

P

Dislocation of
bone graft (2)
Complications (cases)

Delayed union
(2)
Dyspnea by
hematoma (1)

C-JOA score (points)/
recovery rate (%)
1 year, mean ± SD

14.1 ± 2.9 /
54.0 ± 30.4

14.8 ± 1.4 /
62.6 ± 24.6

ND

2 years, mean ± SD

14.7 ± 2.6 /
64.8 ± 26.0

14.8 ± 1.2 /
62.2 ± 21.1

ND

3 years, mean ± SD

14.8 ± 2.1 /
62.7 ± 27.0

14.3 ± 1.5 /
54.1 ± 25.7

ND

4 years, mean ± SD

15.0 ± 2.3 /
68.0 ± 30.3**

13.8 ± 2.1 /
48.7 ± 21.7

<0.05

5 years, mean ± SD

15.1 ± 2.2 /
71.4 ± 26.0**

14.0 ± 2.6 /
55.3 ± 29.6

<0.05

*P < 0.01 versus LAMP group by the Student t test.
**P < 0.05 versus LAMP group by the Mann-Whitney U test.
ADF indicates anterior decompression and fusion with floating method; CJOA, Japanese Orthopedic Association for cervical myelopathy; CNR, canal
narrowing ratio of OPLL; LAMP, laminoplasty; ND, not significant difference.

that in the LAMP group for each subgroup. The preoperative C-JOA score showed no statistical difference between the
ADF and LAMP groups in both subgroups. The postoperative change in the recovery rate of C-JOA score between the
2 subgroups is shown in Table 3 and Figure 6. In the prelordosis subgroup, the mean recovery rate of C-JOA score
at the 5-year follow-up point was 67.2% in the ADF group
and 61.8% in the LAMP group. In the prelordosis subgroup,
the C-JOA score showed no statistical difference between the
ADF and LAMP groups. In contrast, in the prekyphosis subgroup, the mean recovery rate of C-JOA score at the 5-year
follow-up point was 76.6% in the ADF group and 42.4%
Spine

in the LAMP group. In the prekyphosis subgroup, the recovery rate of C-JOA score in the ADF group was superior
to that in the LAMP group after the 4-year follow-up point
(P < 0.05).
The average C2–C7 lordotic angle of the cervical spine was
increased from 11.7º preoperatively to 16.4º at the 5-year follow-up point in the ADF group, but it was decreased from
14.3º preoperatively to 8.7º at the 5-year follow-up point
in the LAMP group (Table 4). The lordotic angle of the cervical spine in the ADF group was larger than those in the
LAMP group after surgery (P < 0.05) and was maintained
for 5 years.
A postoperative kyphotic change of the cervical spine was
defined as a decrease in the C2–C7 lordotic angle greater than
5° at the 5-year follow-up point compared with that at the
preoperative period. This was not observed in the ADF group,
but it was observed in 11 cases (50.0%) in the LAMP group
(Table 4).
A postoperative progression of the ossified OPLL lesion
was defined as more than half of 1 vertebral body axially or
more than 2 mm in thickness at the 5-year follow-up point
compared with measurements taken just after the operation
in the lateral view of a plain radiograph. The postoperative
progression of the ossified OPLL lesion at the 5-year followup point was observed in 1 case (5.0%) in the ADF group, but
in 11 cases (50.0%) in the LAMP group (Table 4).
Immediately after surgery, none of our patients deteriorated in either group. During the 5-year follow-up period,
however, neurological deterioration, defined as a decrease in
the C-JOA score greater than 1 point at follow-up compared
with the patient’s maximum score, was not observed in the
ADF group compared with deterioration in 5 cases in the
LAMP group. Of these 5 cases, neurological deteriorated factors were postoperative progression of the OPLL in 2 cases,
postoperative instability or kyphotic change in 2 cases, and
unknown in 1 case (Table 5).

DISCUSSION
There have been many retrospective studies comparing the
surgical outcomes of anterior and posterior decompression surgery. Some reports have concluded that neurological recovery after anterior decompression was superior to
that after posterior decompression.15,16 In contrast, other
reports either have not shown any significant difference
in the surgical outcomes between anterior and posterior
decompression or suggested that posterior decompression
was superior.17,18 However, there has been no study that
has prospectively compared the surgical outcomes after
anterior or posterior decompression. Therefore, we performed a prospective study comparing ADF and LAMP for
the treatment of cervical myelopathy caused by OPLL by
1 surgical group at 1 institution. In our study, the overall
recovery rate in the C-JOA score in the ADF group was
superior to that in the LAMP group after the 4-year followup point.
For patients with CNR 50% to 60% or more, several reports said that neurological recovery after laminoplasty was
www.spinejournal.com
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Figure 4. Postoperative changes in the
Japanese Orthopaedic Association cervical
myelopathy (C-JOA) score (A) and the recovery rate of the C-JOA score (B) between the
2 groups. ̟: P < 0.05.

poor and that ADF yielded a better outcome.13,14,21,22 Similarly,
in our study, the C-JOA score in the ADF group was superior
to that in the LAMP group in the cases with a CNR equal

to 50% or more, but the C-JOA score showed no statistical
difference between the ADF and LAMP groups in the cases
with a CNR less than 50%. The posterior method can safely

TABLE 3. Comparisons With ADF and LAMP Group in Subgroups
CNR Less Than 50% Subgroup
ADF Group (n = LAMP Group (n =
11), Mean ± SD 13), Mean ± SD
Preoperative CJOA score (points)

CNR 50% or More Subgroup
P

ADF Group
(n = 9), Mean ± SD

LAMP Group
(n = 9), Mean ± SD

P

11.9 ± 2.2

10.5 ± 2.2

ND

10.9 ± 3.3

11.4 ± 2.3

ND

1 year

66.4 ± 31.6

68.1 ± 17.0

ND

42.1 ± 19.8

54.3 ± 32.6

ND

2 years

71.1 ± 28.1

73.7 ± 10.5

ND

53.8 ± 26.5

44.8 ± 21.5

ND

3 years

71.2 ± 27.6

61.3 ± 25.6

ND

56.3 ± 24.7

43.3 ± 23.4

ND

4 years

74.6 ± 30.6

54.9 ± 21.8

ND

63.5 ± 29.4*

38.2 ± 18.6

<0.05

5 years

70.2 ± 25.5

64.0 ± 30.7

ND

72.9 ± 28.1*

41.2 ± 22.8

<0.05

Recovery rate (%)

Prelordosis Subgroup
ADF Group (n = LAMP Group (n =
11), Mean ± SD 15), Mean ± SD
Preoperative CJOA score (points)

Prekyphosis Subgroup
P

ADF Group
(n = 9), Mean ± SD

LAMP Group
(n = 7), Mean ± SD

P

10.7 ± 3.2

11.4 ± 2.3

ND

12.3 ± 2.0

9.9 ± 2.1

ND

1 year

45.6 ± 34.6

66.7 ± 23.2

ND

56.8 ± 29.1

54.9 ± 27.1

ND

2 years

51.4 ± 32.9

62.7 ± 23.3

ND

73.5 ± 17.4

61.2 ± 17.9

ND

3 years

56.8 ± 33.5

55.5 ± 28.4

ND

70.8 ± 16.3

51.4 ± 21.6

ND

4 years

59.2 ± 36.2

52.5 ± 20.5

ND

78.9 ± 18.3*

42.4 ± 24.0

<0.05

5 years

67.2 ± 30.8

61.8 ± 25.1

ND

76.6 ± 19.3*

42.4 ± 35.6

<0.05

Recovery rate (%)

*P < 0.05 versus LAMP group by the Mann-Whitney U test.
†Prelordosis was defined as C2–C7 lordotic angle of the preoperative cervical spine more than 5°.
‡Prekyphosis was defined as C2–C7 lordotic angle of the preoperative cervical spine 5° or less.
C-JOA indicates Japanese Orthopedic Association for cervical myelopathy; CNR, canal narrowing ratio of OPLL; ND, not significant difference.
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Figure 5. Postoperative changes in the recovery rate of the Japanese Orthopaedic
Association cervical myelopathy (C-JOA)
score in the canal narrowing ratio (CNR)
less than 50% subgroup (A) and in the
CNR 50% or more subgroup (B) in the
anterior decompression and fusion with
floating method and laminoplasty groups.
̟: P < 0.05.

achieve the decompression of the spinal cord that results from
extensive OPLL, but there is a limitation. In particular, it does
not always produce the expected space for a locally protruded
OPLL, which causes a highly narrowed spinal canal. For patients with a more severely compromised spinal canal, especially CNR greater than 50%, our data suggest that ADF is
the better choice.
Regarding the influence of the preoperative cervical alignment, Suda et al23 reported that local kyphosis reduces the
outcome of expansive open-door laminoplasty for cervical
spondylotic myelopathy and that anterior decompression
or posterior correction of kyphosis as well as laminoplasty
should be considered when patients have local kyphosis exceeding 13°. In our study, the C-JOA score in the ADF group
was superior to that in the LAMP group with kyphotic alignment of the preoperative cervical spine, and the C2–C7 lordotic angle of the cervical spine was increased in the ADF
group after operation and maintained for 5 years. ADF is
a surgical procedure that could improve the cervical alignment; therefore, for cervical myelopathy caused by OPLL

with kyphotic alignment of the cervical spine, ADF should be
considered.
Postoperative kyphotic change after posterior decompression has been detected. Kato et al24 reported that 47% of patients after laminectomy demonstrated a change in cervical
alignment during 10 years. Iwasaki et al25 reported that postoperative progression of kyphotic deformity was observed in
8% of patients after laminoplasty during 10 years. In addition,
late neurological deterioration occurred because of progressive kyphosis during long-term follow-up of laminoplasty.22,26
In our study, the average angle of cervical lordosis decreased
after LAMP, and postoperative kyphotic changes were observed in 50% of the LAMP and caused late-term neurological deterioration in 1 case.
Postoperative progression of the ossified OPLL lesion after
surgery has been reported. Iwasaki et al25 reported that postoperative progression of the ossified lesion after laminoplasty
was observed in 70% of the patients across a 10-year followup, but only 3% of the patients were found to have related
neurological deterioration. Matsuoka et al27 reported that a

Figure 6. Postoperative changes in the recovery rate of the Japanese Orthopedic
Association score in the C2–C7 lordotic
angle more than 5° subgroup (prelordosis
subgroup) (A) and in the 5° or less subgroup (prekyphosis subgroup) (B) in the
anterior decompression and fusion with
floating method and laminoplasty groups.
̟: P < 0.05.
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TABLE 4. Radiological Evaluations in ADF and LAMP Group

C2–C7 angle (°), mean ± SD

ADF Group

LAMP Group

P

Preoperative

11.7 ± 11.1

14.3 ± 10.0

ND

2 years

16.1 ± 8.4*

9.2 ± 9.2

<0.05

5 years

16.4 ± 7.5*

8.7 ± 11.3

<0.05

0 (0%)**

11 (50.0%)

<0.01

1 (5.0%)**

11 (50.0%)

<0.01

Postoperative kyphotic change (cases [ratio])
Postoperative progression of OPLL (cases [ratio])
*P < 0.05 versus LAMP group by Mann-Whitney U test.
**P < 0.01 versus LAMP group by χ2 test.

†Postoperative kyphotic change was defined as a decrease in the C2–C7 lordotic angle greater than 5° at the 5-year follow-up point compared with that in the
preoperative period.
‡Postoperative progression of OPLL was defined as more than half of 1 vertebral body axially or more than 2 mm in thickness at the 5-year follow-up point
compared with that at just after operation.
JOA indicates Japanese Orthopedic Association; ND, not significant difference; OPLL, ossification of the posterior longitudinal ligament.

marked postoperative progression of the ossified lesion after
ADF was noted in 16.7% of the patients across a 10-year follow-up period. Tomita et al28 reported that postoperative progression of OPLL ossification after posterior surgery occurred
more frequently than after anterior surgery. In our study,
postoperative progression of the ossified OPLL at the 5-year
follow-up period was observed in 5.0% of the ADF group and
in 50.0% of the LAMP group. As in other reports, postoperative progression of OPLL ossification after posterior surgery
occurred more frequently than after anterior surgery, and it

caused late neurological deterioration in 2 cases. Postoperative progression of OPLL ossification, including new growth,
may be an important factor in the deterioration after posterior
surgery.
In our study, within a 3-year follow-up period, neurological recovery did not show a statistical difference between the
ADF and LAMP groups. After the 4-year time point, however,
we found that the neurological recovery of the ADF group
was superior to that of the LAMP group, especially for cases
with a massive OPLL and a preoperative kyphotic alignment

TABLE 5. Cases With Late-Term Neurological Deterioration*

Age

Sex

71

Male

61

Location,
Type of
OPLL
C3, C4,
C5–C6

CNR, Operative
%
Procedure

Prekyphosis†

Postoperative
Kyphotic
Change‡

Postoperative
Progression of
OPLL§

Follow-up
Time Point of
Neurological
Deterioration,
year

Neurological
Deteriorated
Factors

48

LAMP

–

–

+

4

Unknown

Female C5–C6

27

LAMP

+

–

+

3

New growth of
OPLL at C7/T1

56

Male

C2–C5

55

LAMP

–

+

–

2

Instability at C5/C6

63

Male

C4, C5–C6

38

LAMP

–

+

+

4

Instability at C4/C5
and postoperative
kyphotic change

58

Male

C3–C4,
C5–C6

69

LAMP

+

+

+

3

Postoperative
progression of
OPLL at C4/C5

*Late-term neurological deterioration was defined as a decrease in the C-JOA score at the follow-up point greater than 1 point compared with their maximum
point.
†Prekyphosis was defined as C2–C7 lordotic angle of the preoperative cervical spine 5° or less.
‡Postoperative kyphotic change was defined as a decrease in the C2–C7 lordotic angle greater than 5° at the 5-year follow-up point compared with that in the
preoperative period.
§Postoperative progression of OPLL was defined as more than half of 1 vertebral body axially or more than 2 mm in thickness at the 5-year follow-up point
compared with that at just after operation.
CNR indicates canal narrowing ratio of OPLL; LAMP, laminoplasty; OPLL, ossification of the posterior longitudinal ligament.
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of the cervical spine. One reason for such a late time difference of clinical outcome is thought to be long-term neurological recovery. In the ADF group, the C-JOA score showed a
trend to increase year after year slightly, but not in the LAMP
group. To obtain this long-term neurological recovery, it may
be important to improve the environment around the cord by
stabilization with fixation and improvement of cervical alignment and prevention of the progression of the ossified lesion.
Another reason for such a late time difference in clinical outcomes is thought to be late-term neurological deterioration.
During the 5-year follow-up period, neurological deterioration was not observed in the ADF group but was evident in
the LAMP group. Therefore, our data suggest that ADF is a
more favorable approach, at least within the first 5 years in
view of late neurological deterioration.
ADF, however, was found to have less satisfactory outcomes with the incidence of nonunion, graft trouble, and
other complications, and this technique has a long and difficult learning curve.29–32 Therefore, posterior decompression is
recognized as a comparatively safe procedure. Given that the
ADF group had a longer operating time and more complications than the LAMP group, the posterior surgery could safely
achieve the decompression of the spinal cord for patients who
have preservation of cervical lordosis and a small OPLL. In
addition, Houten and Cooper33 reported case series of laminectomy and lateral mass fusion for CSM and OPLL, resulting in neurological recovery equal to ACDF without serious
complications. The systematic review also indicated that laminectomy and fusion demonstrated significant improvement
of neurological function without postoperative deformity.34
Posterior decompression with fusion should be enrolled as
another surgical option in a future study.
Both anterior and posterior decompressive techniques have
merit and may be considered to be appropriate in certain
clinical situations. From the results of this prospective comparative study, ADF is indicated in cases with more significant
canal compromise and can be used effectively in patients with
reduced cervical lordosis. This technique is, however, associated with the risk of nonunion, graft displacement, and in this
series, around a 15% chance of requiring revision surgery.

➢ Key Points
 We performed a prospective study comparing ADF
and LAMP for cervical myelopathy caused by OPLL
with a 5-year follow-up by 1 surgical group at 1
institution.
 ADF had a longer operating time and more complications than LAMP.
 For cervical myelopathy caused by OPLL with more
than 50% of the canal compromised, the neurological
recovery after ADF was superior to that after LAMP.
 For cervical myelopathy caused by OPLL with kyphotic alignment of the preoperative cervical spine,
the neurological recovery after ADF was superior to
that after LAMP.
Spine
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Multilevel Cervical Oblique Corpectomy in the Treatment
of Ossified Posterior Longitudinal Ligament in the
Presence of Ossified Anterior Longitudinal Ligament
Ari G. Chacko, MCh, and Roy T. Daniel, MCh

Study Design. Clinical study.
Objective. To highlight the value of the oblique corpectomy in managing patients with cervical myelopathy
caused by extensive ossified posterior longitudinal ligament (OPLL) who also have a coexisting ossified anterior
longitudinal ligament (OALL).
Summary of Background Data. OPLL, OALL, and diffuse idiopathic skeletal hyperostosis (DISH) may coexist,
and the surgical treatment is varied. Patients with cervical
myelopathy who are asymptomatic for the OALL may be
managed by either anterior or posterior approaches,
while those with dysphagia are best managed by an anterior approach that can deal with both pathologies simultaneously. The OALL resection is indicated only if symptomatic. The central corpectomy, while a good option for
anterior decompression, requires complex reconstruction
procedures. The oblique corpectomy preserves the ventral half of the vertebral body and does not require stabilization.
Methods. In a series of 135 patients undergoing multilevel oblique corpectomy for cervical myelopathy, 3
had OPLL with massive OALL that was asymptomatic.
The OPLL was removed using microdrills while preserving the OALL. Preoperative and postoperative MR
imaging assessed cord compression and spinal alignment, whereas dynamic plain roentgenography assessed stability. Patients were assessed clinically for
signs of dysphagia and dysphonia.
Results. The cervical myelopathy improved in all 3
patients at a follow-up of 3 years, 1 year, and 6 months,
respectively, with no development of dysphagia. One patient had a Horner’s syndrome that improved by 6 months
and another had a C5 radiculopathy that was improving
by 6 months. Imaging showed good decompression of
the spinal cord, with no kyphosis or instability.
Conclusion. The oblique corpectomy is a surgical
option in patients with asymptomatic OALL in the setting of progressive myelopathy due to OPLL with intrinsic stability as a result of their OALL. This technique
avoids a multilevel central corpectomy that is associated with significant instability often requiring reconstructive procedures.
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Cervical myelopathy due to spondylosis or ossified posterior longitudinal ligament (OPLL) is currently managed by anterior or posterior decompressive procedures.
The posterior procedures are cervical laminectomy with
or without fusion1,2 and laminoplasty.3– 6 The anterior
approaches are the central corpectomy and bone grafting
with7–9 or without instrumentation10,11 and the oblique
corpectomy.12–15 Ossified anterior longitudinal ligament
(OALL) and diffuse idiopathic skeletal hypertrophy
(DISH) are terms that have been used interchangeably,
are usually asymptomatic, but may rarely present with
dysphagia. The simultaneous occurrence of OPLL,
OALL, and DISH has been reported previously, and
treatment depends on whether the patient has myelopathy with or without dysphagia. An ideal strategy would
address the coexisting pathologies through the same surgical approach16; however, staged surgeries in which a
cervical laminectomy is followed by an anterior approach for excision of the OALL has also been described.17 We illustrate the use of the multilevel oblique
cervical corpectomy without grafting in the management
of such patients in which this anterolateral approach
allows removal of the OPLL while preserving the OALL.
Methods
Between 2001 and 2006, we performed oblique corpectomies
on 135 patients with either cervical spondylotic myelopathy or
OPLL. In this series, there were 3 patients with massive OALL,
none of whom complained of dysphagia or dysphonia.

Surgical Technique of Oblique Corpectomy. George et
al13 have earlier described the procedure in detail. Briefly, the
patient is placed supine with the head on a ring and turned to
the left side for a right-sided approach. The skin incision is
along the anterior border of the sternocleidomastoid muscle.
The carotid sheath is retracted medially, exposing the longus
colli muscle with the sympathetic chain lying on it. The latter is
retracted laterally. The level is confirmed with the image intensifier and the longus colli cut transversely onto the costotransverse bars at the appropriate levels and resected. The costotransverse bars are drilled down with diamond burrs to identify
the periosteum covering the vertebral artery. From the vertebral artery, which forms the lateral boundary for further drilling, an 8-mm-wide trough is created in the vertebral bodies
extending vertically down to the PLL. The trough is on the
E575
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lateral edge of the OALL and the drilling does not disturb the
latter structure. Drilling then continues obliquely across to
the contralateral side of the canal just ventral to the PLL. The
OPLL is thinned with a diamond burr and excised with rongeurs
if the dura is not involved in the ossification process. On the other
hand, with extensive dural calcification and ossification, it becomes necessary to disconnect the OPLL from the sides of the
canal leaving it “floating” to avoid a cerebrospinal leak. No bone
grafting or instrumentation is performed. Patients are mobilized
on the same day of surgery and advised to use a cervical collar for
3 months. Dynamic plain radiographs are done at 6 months and
annually thereafter and 1 MRI is done at 6 months and subsequently if clinically warranted.

Case Reports
Case 1. This 55-year-old man presented with tightness and
paresthesiae in all 4 limbs for 8 months before hospitalization.
He was able to walk with support, had a Nurick grade of 3, and
had a Japanese Orthopedic Association score (JOA) of 12. He
did not have dysphagia or dysphonia. The plain radiographs of
the cervical spine showed OALL at C1 and from C5 to the
upper thoracic spine (Figure 1a). The T2-weighted sagittal
MRI of the cervical spine revealed an OPLL from C4 –C6 with
intramedullary hyperintensities at C4 –C5 (Figure 1b). His flexion and extension radiographs showed no significant mobility
from C4 to T1. He underwent a C4 –C6 oblique corpectomy
when the OPLL was drilled away preserving the OALL. At his
3-year follow-up, he was walking unaided and had rejoined
work, but still complained of mild tightness in the lower limbs.

Figure 1. Case 1. OALL from C5 to T1 (a) and cord compression
from an OPLL on the T2 weighted MR (b) from C4 –C6. Three years
after C4, C5, C6 oblique corpectomy: new OALL at C2, C3, and C4
on plain radiograph (c) and good cord decompression on MRI (d).

The paresthesiae had improved. He did not have Horner’s syndrome and had not developed dysphagia or dysphonia. Early
new development of OALL at C2–C3 and C4 is visible on the
plain radiographs of the cervical spine with no increase in the
dimensions of the rest of the OALL (Figure 1c). There was no
kyphosis or instability on the dynamic views. The cervical MRI
showed good decompression of the spinal cord (Figure 1d).

Case 2. This 53-year-old man presented with progressive spastic quadriparesis for 2 months. Although he could walk without help, he was unable to continue his work as a computer
professional on account of clumsiness of both hands. He had
tingling in all 4 limbs but no features to suggest a radiculopathy. He had no dysphagia or dysphonia. His Nurick grade was
3 and the JOA score was 11. The preoperative CT scan of the
cervical spine showed an OALL at C1 and then from C4 to the
upper thoracic vertebrae and a mixed variety of OPLL from C2
to T1. T2-weighted MR images of the cervical spine showed
that the main compression of the cord was behind the bodies of
C5, C6, and C7 and the lower half of C4. There were hyperintensities within the cord at the C5 and C6 levels (Figure 2a). He
underwent a C5–C7 and part C4 oblique corpectomy when the
OPLL was drilled away, preserving the OALL. The dura was
also involved in the ossification process; and after adequately
thinning down the OPLL and disconnecting it from both sides
of the canal, the PLL floated up, effecting a good decompression from C5–C7. However, while drilling the OPLL at C4, a
dural tear precluded further bone removal. After surgery, he
had some improvement in the tightness of the hands and in the
lower limbs, but he had persistent paresthesiae, though of a
lesser degree. He had a right-sided Horner’s syndrome that
improved by 6 months. The CT scan of the cervical spine with
sagittal reconstruction showed that the corpectomy extended
from C5–C7 with a residual OPLL behind C4, although this
had been “floated off” at surgery (Figure 2c, e). We considered
a completion corpectomy at C4; but after a discussion with the
patient, intervention was decided against since he felt significantly better. At 6 months, he had resumed his professional life
with remarkable improvement in his typing and the paresthesiae were not bothering him. At 1 year, the improvement plateaued off and he had a Nurick grade of 2 and a JOA score of 14
with no dysphagia or dysphonia. The MRI of the cervical spine
showed good cord decompression from C5–C7; however, there
was a residual obliteration of the subarachnoid space and mild
cord compression behind C4 (Figure 2b, f). The plain radiographs of the cervical spine showed no kyphosis, and the range
of movement in the cervical spine was the same as that seen
before surgery.
Case 3. This 56-year-old man presented with progressive
weakness and spasticity in all 4 limbs, posterior column dysfunction for 1 year, and frequency of micturition and repeated
urinary tract infections for 6 months. He had a Nurick grade of
3 and a JOA score of 11. The plain radiographs of the cervical
spine showed an OALL from C2 to T1 (Figure 3a), and the
MRI showed marked compression of the cord from the middle
of C4 to the lower border of C6 (Figure 3b, d). The cord compression was maximum at the C4 –C5 disc level with a “pincer”
effect on the cord from buckling of the ligamentum flavum at
that level; there was no ossification of the ligamentum flavum
seen on the CT scan. He underwent an oblique corpectomy of
C5–C6 and the lower half of C4. After surgery, he developed a
right C5 radiculopathy with weakness of the right shoulder,
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Figure 2. Case 2. Extensive
OALL, preserved disc heights
and OPLL with cord compression
from C4 –C7 (a, d) MR 1 year after
C4 –C7 oblique corpectomy (b),
CT scan with sagittal reconstruction (c) show residual OPLL at C4
and preserved OALL. Axial CT (e)
and MRI (f) show oblique corpectomy and decompressed
cord.

but the myelopathy improved markedly and he was able to
walk unaided. There was no Horner’s syndrome and no dysphagia or dysphonia. At 6 weeks, his radiculopathy was improving and the power in the shoulder was Grade 3. At 6
months, the power in the shoulder had improved to Grade 4.
Although he felt better than before the surgery, he still had not
resumed his work (Nurick Grade 3). His JOA score was 13 and
he had no dysphagia or dysphonia. The 6-month postoperative
MRI showed good decompression of the spinal cord with no
kyphosis (Figure 3c, e).

Discussion
We report a good outcome in 3 patients with DISH who
underwent multilevel oblique corpectomies to relieve
spinal cord compression from OPLL that was coexistent
with OALL. The OALL was asymptomatic; and by virtue of the anterolateral approach to the vertebrae, the

oblique corpectomy effectively addressed the compression on the spinal cord without disturbing the OALL.
Oblique Corpectomy
George et al13 described the multilevel oblique corpectomy for cervical spondylotic myelopathy and reported
progressive kyphosis and instability in only 3% of patients. The main advantage of the oblique corpectomy
over the central corpectomy is that no stabilization with
bone graft or instrumentation is required since more
than 50% of the vertebral body and discs are left intact
and the anterior longitudinal ligament is not dissected.14,15 Biomechanical cadaveric studies comparing
multilevel cervical oblique corpectomy and standard uninstrumented central corpectomy with graft corroborate
this finding.18 Drawbacks to the oblique corpectomy in-

Figure 3. Case 3. OALL from
C2–T1 (a), OPLL with cord compression from lower half of
C4 –C6 and buckling of ligamentum flavum (b, d); 6 months after
C5, C6 oblique corpectomy, MR
(c, e) and CT (f) show good canal
decompression with wide anterior and posterior subarachnoid
spaces but atrophic cord.
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clude a potential risk of vertebral artery injury and early
Horner’s syndrome in 57% that improves in the majority
but is still present, though not bothersome, in 9% of
patients.13 One of the patients in our study (Case 2)
developed Horner’s syndrome, which improved by 6
months. The occurrence of postoperative C5 radiculopathy noted after cervical corpectomy may be related to
the anatomy of the C5 root and width of the corpectomy.11 It is usually temporary and resolves by about 3
to 6 months as occurred in Case 3.
DISH, OPLL, and OALL
DISH, earlier known as Forestier’s disease, is a term
coined by Resnick et al19 for a systemic disease characterized by flowing calcification/ossification of ligaments,
particularly along the anterolateral aspect of the axial
skeleton across 4 contiguous vertebral bodies, with preservation of intervertebral disc height.19 –22 The absence
of apophyseal joint ankylosis and sacroiliac joint sclerosis differentiates it from ankylosing spondylitis.19 The
spinal form of DISH is characterized by OALL with involvement of the cervical spine in about 76% of patients.20,21 Anterior osteophytes secondary to degenerative cervical disc disease are common in the elderly but
rarely extend across 4 contiguous vertebral levels, are
usually associated with reduction in disc height, and
rarely cause dysphagia or potential life-threatening airway obstruction.23
Patients with DISH largely remain asymptomatic but
may present with dysphagia.19,21,23 From the point of
view of esophageal compression, analysis of a series of
254 patients who had dysphagia revealed DISH as the
cause in only 3% to 4%.24 One of our cases (Case 1)
showed development of new OALL 3 years after surgery
in the previously uninvolved vertebrae cranial to the segments fused by previous disease without producing dysphagia (Figure 1f). The rate of progression of OALL may
be related to increased cervical motion25,26; however, its
high incidence in the thoracic spine, which is a relatively
immobile segment, suggests that other mechanisms are
involved.23 Indeed, DISH is a multifactorial pathogenic
processes in which genetic and environmental factors interact; involvement of growth factors such as bone morphogenic proteins and tumor growth factor-␤ has also
been suggested.27
Although only 3 of our 135 patients undergoing
oblique corpectomies had coexistent OPLL and OALL,
this occurrence is not rare, with up to 50% of patients
having both diseases,16,17,28 although the association in
Asia may be slightly lower.29 OPLL has varying grades of
involvement, ranging from a segmental type to a more
diffuse continuous variety extending across several segments.30 Radiologic progression of OPLL in long-term
follow-up studies has been documented in the axial plane
(42%) and in the sagittal planes (86%).31 Clinically, at
least 55% of patients with OPLL managed conservatively become myelopathic at long-term follow-up, with

the risk of progression being higher in those patients with
mild preexisting myelopathy.32
Anterior or Posterior Surgery for OPLL
Current surgical procedures for spondylotic myelopathy
and OPLL, namely, laminoplasty or laminectomy (with
or without lateral mass plates) and central corpectomy
with grafting, are comparable with each other with regard to clinical improvement that is excellent regardless
of the procedure.1–5,33–37 Generally, the central corpectomy is recommended for the segmental variety of
OPLL, but it has limited application in the continuous
variety extending over more than 3 segments, the limiting factor being the length of strut graft required.30 In
these situations, posterior approaches have been used;
however, postoperative kyphosis is reported to be approximately 21% following cervical laminectomy, particularly when there is loss of cervical lordosis, 38
prompting some authors to advocate instrumentation
with lateral mass plates in such patients.33 While reports
of kyphotic deformity with laminoplasty procedures
vary from 9% to 28%,39,40 newer, less invasive laminoplasty techniques reportedly change spinal alignment in
only 3% and cause vertebral slippage in only 6%.41
There are concerns that, since laminoplasty and laminectomy do not directly deal with the OPLL, the latter
can progress at a faster rate than that explained by the
natural course, observed in up to 50% of cases.42,43
However, the clinical significance of this radiologic progression of the OPLL is not known, with some authors
reporting concomitant worsening of myelopathy in less
than 10% of patients.44 Dural ossification and an intraoperative dural tear prevented an optimal OPLL excision
in Case 2 in our report; however, since he showed clinical
improvement on follow-up, we decided against a completion corpectomy or laminectomy. OPLL progression
is reportedly less with the anterior floatation technique
and fusion where after a corpectomy a thin layer of
OPLL is left adherent to the dura but disconnected from
the sides of the canal. The decreased rate of progression
may be related to 2 factors: elimination of segmental
motion through fusion or disruption of blood supply to
the ossification process, although the exact reason is not
clear.27
Surgical Strategy for OPLL in the Presence of OALL
When a patient with DISH has coexistent OPLL and
OALL, the presence or absence of dysphagia and the
extent of the OPLL determine the surgical approach.
Only patients with dysphagia need resection of the
OALL.17 There is some evidence that chronic esophageal
compression may result in inflammation and fibrosis in
the esophageal wall that delay the improvement of symptoms after surgery, an argument in favor of early surgery
for mild dysphagia.23 In the presence of dysphagia, central corpectomy is favored when the OPLL is segmental
and the spine kyphotic, while more extensive and continuous OPLL in a lordotic spine may be managed by
laminectomy or laminoplasty followed by an anterior
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approach for excision of the OALL.17 The central corpectomy, being a midline approach, demands the excision of the OALL regardless of whether it is symptomatic
to provide access for neural decompression. Considering
that the calcification and ossification of ligaments in
DISH and degenerative spondylotic disease tend to stabilize the spine,25,45,46 it seems unnecessary to excise an
asymptomatic OALL in order to perform a central corpectomy for coexistent OPLL. Interestingly, patients undergoing simple excision of OALL for dysphagia noticed
improved cervical spinal mobility, indicating that the
OALL had caused some spinal fusion.23
There are 2 prior reports of patients presenting with
cervical myelopathy due to OPLL with a coexistent
OALL.16,17 The first included a patient who had a successful outcome after a central corpectomy and a combined excision of a symptomatic OALL and segmental
OPLL with grafting and instrumentation.16 The other
report, also by the same author,17 described 2 cases, 1 of
which had an asymptomatic OALL. The asymptomatic
patient had a cervical laminectomy alone while the patient with dysphagia initially underwent a cervical laminectomy for a continuous OPLL and later an anterior
DISH resection. The advantage of the oblique corpectomy in this context is that it is inherently nondestabilizing, can be performed over multiple vertebral levels, and
provides access to the OALL should removal be necessary to relieve compression on the esophagus or pharynx. This would obviate the need for staged anteroposterior surgery and instrumentation.
Conclusion
The oblique corpectomy is an alternative technique for
patients with asymptomatic OALL in the setting of progressive myelopathy due to OPLL with intrinsic stability
as a result of their OALL. This technique avoids a multilevel central corpectomy that is associated with significant instability often requiring reconstructive procedures.
Key Points
● DISH, OPLL, and OALL rarely coexist in patients with cervical myelopathy.
● Oblique corpectomy provides good neural decompression without destabilizing the spine.
● OALL excision is indicated only if dysphagia is a
preoperative symptom.
● In the setting of coexistent OPLL, asymptomatic
OALL, and cervical myelopathy, oblique corpectomy has advantages over the central corpectomy
and laminectomy/laminoplasty.
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Abstract
Purpose Although anterior and posterior decompression surgery are both reported to treat patients with myelopathy caused
by ossification of the posterior longitudinal ligament (OPLL). The surgical strategy of the disease is still controversial when
the OPLL is multilevel and severe. This present study reports the preliminary clinical results of a novel technique named
anterior controllable antidisplacement and fusion (ACAF) for the treatment of multilevel-severe OPLL with myelopathy.
Methods A series of 15 patients with cervical myelopathy caused by compression of multilevel severe OPLL were enrolled.
All the patients underwent ACAF after thorough surgical designing based on preoperative imaging. The patients were followed for a mean follow-up duration of 9 months in this study. The main surgical procedures include discectomy of the
involved levels, thinning of the anterior part of the involved vertebrae, intervertebral cages, anterior plate and screws installation, bilateral osteotomies of the vertebrae, and antedisplacement of the vertebrae-OPLL complex (VOC). The Japanese
Orthopaedic Association (JOA) scales, Visual Analog Scale (VAS) were studied. And the pre- and postoperative radiological
parameters, and surgical complications were also investigated.
Results Postoperative CT and MRI showed complete decompression of the cord by antidisplacement of the VOC. Restoration of neurological defects was confirmed at the last follow-up assessment. Bone fusion was confirmed by CT at 6 months
follow-up. No specific complications were identified that were associated with this technique.
Conclusions The present study demonstrates that excellent postoperative outcome can be achieved with the use of the ACAF.
Though further study is required to confirm the conclusion, this novel technique has the potential to serve as an alternative
surgical technique for the treatment of cervical OPLL.
Graphical abstract These slides can be retrieved under Electronic Supplementary Material.

Key points

[Place your key figure or table here]

[List your key words here]
1. OPLL; 2. antedisplacement; 3. cervical myelopathy; 4. multilevel; 5. ACAF

Take Home Messages
[List your Take Home Messages here]
1.Anterior controllable antedisplacement and fusion (ACAF) surgery can
achieve anterior direct decompression without cutting the OPLL.
2. Excellent postoperative outcome can be achieved with the use of ACAF
for the treatment of multilevel severe OPLL without specific complications.
3. Compared with the anterior decompression with floating method, the
antedisplacement of OPLL in ACAF is immediate feedback to and fully
controlled by the surgeon.
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Introduction
Ossification of the posterior longitudinal ligament (OPLL)
is frequently related to cervical myelopathy [1]. The incidence of OPLL among Chinese people is reported to be
about 3% [2]. The two main surgical strategies used for the
treatment of OPLL are anterior decompression, via anterior cervical corpectomy and fusion (ACCF) or anterior
decompression and fusion with floating method (ADF),
and posterior decompression, via laminoplasty or laminectomy [3, 4]. Although anterior decompression and posterior
decompression surgery are both reported to treat patients
with myelopathy caused by OPLL. The shortcomings of the
two techniques are both obvious [5, 6].
Anterior decompression surgery directly relieves the cervical spinal cord that has been invaded by OPLL, while at
the same time restoring the spinal cord to its original morphology. Its satisfactory clinical outcome has been proven
by a large clinical study [7, 8]. However, when dealing with
severe OPLL, the anterior decompression becomes a technical challenge. The incidence rate of complications includes
cerebrospinal fluid (CSF) leakage, hardware failure, neural
injury, or insufficient decompression was reported higher
than posterior decompression surgery. And the complications increase with the number of involved segments when
anterior surgical approaches are used [9, 10].
Posterior decompression surgery is safer than the anterior
decompression surgery for it needs no resection of the ventral compression component [7]. The effect of the indirect
posterior decompression relies much on the cervical lordosis alignment to allow the spinal cord floating away from
ventral compression. In cases with bad cervical lordosis or
severe OPLL lesion, the neurological improvement is always
diminished [11, 12].
To combine the advantages and avoid shortcomings of
anterior and posterior decompression surgery, we have
designed a novel technique named anterior controllable antidisplacement and fusion (ACAF) surgery that can achieve
anterior direct decompression without cutting the OPLL.
This present report is to introduce and demonstrate the primary clinical result of the novel technique.

Materials and methods
Patient population
Fifteen multilevel severe OPLL patients with myelopathy
admitted to the Second Department of Spine Surgery at
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the Changzheng Hospital in Shanghai were prospectively
identified and managed from July 2016 to January 2017.
All patients underwent ACAF by the same surgical team.
The inclusion criteria: (1) OPLL involved three or more
than three vertebrae; (2) OPLL occupation ratio more
than 60% [13]; (3) the patient with myelopathy caused by
OPLL. The exclusion criteria: (1) patients with myelopathy caused by other diseases such as disc herniation or
ossification of the ligamentum flavum; (2) with a history of
injury; (3) with a history previous surgery. This study was
approved by the institutional review board of our institution, and all patients signed informed consent.

Clinical evaluation
Follow-up was conducted in all patients for at least
6 months. A Visual Analog Scale (VAS) was used to
measure neck pain and arm pain. Japanese Orthopaedic
Association (JOA) score were used to assess the degree
of disability. An improvement rate (IR) of neurologic
function was calculated as IR = (postoperative JOA
score − preoperative JOA score/17 − preoperative JOA
score)/100%. Surgical outcome was defined by the IR as
follows: excellent (IR ≥ 75%), good (75% > IR ≥ 50%),
fair (50% > IR ≥ 25%), and poor (IR < 25%).

Radiologic evaluation
All patients had preoperative and postoperative plain
radiographs, computed tomography (CT) scans and threedimensional reconstruction, and magnetic resonance
images (MRI). The parameters described as follows were
investigated: (1) cervical lordosis was measured as the
angle between a line parallel to the posterior aspect of the
C2 vertebral body and that of the C7 body; (2) the rate
of narrowing in the spinal canal is calculated by occupation ratio (OR) and space available for the cord (SAC).
OR was defined as the thickness of OPLL divided by the
anteroposterior diameter of the spinal canal on the axial
CT images; (3) extent and type of OPLL was also investigated in the CT sagittal reconstruction images; (4) fusion
was determined by CT. CT criteria for fusion includes
bridging bone inside or outside the graft and no lucencies
extending > 50% of the graft-host interface. Flexion and
extension views of lateral plain X-ray were performed to
ensure that no pseudoarthrosis exists. (5) MRIs are used to
evaluate the compression to the neural elements.
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Preoperative design
The preoperative design should be performed according
to patient’s symptoms, signs, and preoperative images.
The thickness of the OPLL mass in each level is measured to determine how much of the corresponding anterior
vertebral body will be resected. The width of the vertebrae–OPLL complex (VOC) to be created is determined
by measuring the widest part of the OPLL mass (Figs. 1,
2). In most of the cases, the widest part of the OPLL mass
is no wider than the distance between the uncovertebral
joints. Therefore, we always chose uncovertebral joints as
the bilateral border of VOC. The computed tomography
angiography (CTA) was conducted preoperatively to evaluate the anatomic variation of vertebral artery. The anterioposterior diameter of the involved vertebrae is measured

Fig. 1  A 59-year-old male presented with clumsiness bilateral hands
and spastic gait. Preoperative imaging studies demonstrated a segmental type multilevel severe OPLL at C3–C7 levels. The occupation ratio was 75%. After an ACAF from C3 to C6, he had a significant neurologic recovery, and JOA score increased from 7 to 15
points with an improvement rate of 80%. a Preoperative CT sagittal
reconstruction demonstrated a kyphotic alignment in the cervical
spine. The dash line square indicates the VOC levels. b Postoperative
CT sagittal reconstruction demonstrated satisfactory antedisplacement of VOC from C3 to C6. Cervical lordosis and space available
for the cord were restored. c Postoperative CT coronal reconstruc-
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to choose the optimal length of vertebral screw during the
hoisting procedure.

Surgical technique
Anesthesia, positioning, and exposure
After general endotracheal anesthesia, patient was placed in
a supine position appropriately padded under the shoulders
and neck. Neurophysiologic monitoring involving somatosensory-evoked potentials (SSEPs) and motor-evoked
potentials (MEPs) is utilized to predict the postoperative
neurologic deficit. Exposure may be obtained through a
right- or left-sided Smith–Robinson approach. Once the
anterior surface of the cervical spine is exposed, subperiosteal dissection of the longus colli muscle of the involved

tion demonstrated the bilateral osteotomies conducted at the inner
border of uncovertebral joints. d Preoperative CT demonstrated the
OPLL at C4. e Postoperative CT demonstrated complete decompression occupation ratio decreased to 10%. f Preoperative T2-weighted
MRI demonstrated severe compression of the spinal cord anteriorly.
g Postoperative T2-weighted MRI showed the decompression. OPLL
ossification of the posterior longitudinal ligament, ACAF anterior cervical corpectomy and fusion, JOA Japanese Orthopedic Association,
CT computed tomography, VOC vertebrae-OPLL complex, MRI magnetic resonance images
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Fig. 2  Illustration of the procedures of the Bridge Crane technique.
a Axial plane of level of huge OPLL mass (#). b Bilateral border of
the OPLL mass (dashed lines). c Osteotomy in the contralateral side
to the surgeon. d Installation of the “bridge”. e Osteotomy in the ipsi-

lateral side to the surgeon. Dash lines indicates the VOC. f Antedispacement of the VOC. OPLL ossification of the posterior longitudinal
ligament, VOC vertebrae-OPLL complex

segments is performed to the lateral to expose the uncovertebral joint. It is helpful to note or mark the midline before
elevating the longus to maintain symmetric dissection.

levels, the resection of posterior longitudinal ligament is
required to facilitate the later hoisting of the VOC. In cases
that the OPLL excess the caudal or cranial border of the
VOC, transection of OPLL is required. After discectomy,
the OPLL was meticulously separated from the PLL using
the microdissector and then transected by 1–2 mm Kerrison
rongeur in a piecemeal pattern. On the contrary, no resection
of the posterior longitudinal ligament is needed in the levels
of VOC (Figs. 2, 3).

Discectomy of the involved levels
Routine discectomies are carried out in the involved levels.
The involved levels are defined as the discs with OPLL and
one disc superior and one disc inferior to the OPLL. Kerrison rongeurs and high-speed burrs can be used to remove the
overhanging osteophytes in the anterior and posterior endplates to gain a parallel roof and floor to avoid any obstacles
in the hoisting procedure of the VOC. All bony resection and
dissection should be extended laterally to the uncovertebral
joints. In the discs, most caudal and cranial of the involved
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Resection of the anterior vertebral bodies
of the VOC
Resection of the anterior vertebral bodies of the VOC is
performed by a Leksell rongeurs or a high-speed burr as

European Spine Journal (2018) 27:1469–1478

1473

Fig. 3  Illustration of the idea of
the Bridge Crane technique. a
Demonstration of the preoperative sagittal plane CT of
the OPLL. The C2–C7 are the
involved levels in this case. And
C3–C6 are the levels of VOC.
b installation of the “bridge” c
antedispacement of the VOC.
d The VOC is hoisted by the
anterior plate and screw as the
way of Bridge Crane hoisting a
container. CT computed tomography, VOC vertebrae-OPLL
complex

preoperative planning. During the procedure, a prebent anterior cervical plate can be temporarily placed to evaluate if
the space between the plate and remaining vertebral body is
enough for the hoisting of the OPLL.

Installation of the intervertebral cages and anterior
cervical plate (installation of the “bridge”)
Intervertebral carbon fiber cages with a lordosis of 7° filled
with autogenic bone harvested from the previous procedure
were then inserted at involved levels for further fusion. The
height of each intervertebral cage should be based on the
disc space heights to avoid excessive friction generated
between the endplate of VOC and adjacent endplates during the hoisting procedure. The prebent anterior cervical
titanium alloy plate is then placed. The screws are installed
after proper drilling and taping on the remaining vertebral
bodies. The screws used in this procedure should not be too
short for enough purchase of the vertebral body. No attempt
should be made on hoisting the VOC in this procedure. After
the placement of the intervertebral cages, anterior cervical
plate and screws (serve as the bridge for further hoisting of
the VOC), the VOC is temporarily stabilized for the next
procedure, bilateral osteotomies for the complete isolation
of the VOC from the surrounding bone (Figs. 2, 3).

Bilateral osteotomies of the VOC
Bilateral troughs are created among the widest edge of the
OPLL. We use a 2-mm high-speed cutting burr or piezosurgery to thin the corticocancellous bone first and 1–2 mm
Kerrison rongeurs to remove the posterior vertebral wall on
the bottom of the troughs. Osteotomy can be done in the

contralateral side to the surgeon before the installation of
the “bridge” to avoid the interruption of the surgeon’s operation from the “bridge” (Figs. 1, 2). After the removal of the
posterior vertebral wall, we have reached the dorsal side of
the lateral posterior longitudinal ligament, with OPLL to the
medial, nerve roots to the ventral, pedicles and intervertebral
foramens to the lateral. We suggest not resecting the lateral
posterior longitudinal ligament on the bottom of the troughs
for three reasons. First, the lateral posterior longitudinal ligament is quite thin and will not hinder the hoisting of VOC.
Second, reserving the lateral posterior longitudinal ligament
reduced the risk of injury to the nerve roots. Last but not
least, by leaving the lateral posterior longitudinal ligament
along, the main blood supply to the VOC is reserved to facilitate further fusion [14]. Intraoperative CT reconstruction
can be done with O-arm to confirm the VOC is fully isolated
from the spine.

Hoisting (controllable antidisplacement) of the VOC
This procedure termed the “Bridge Crane technique,” is
illustrated in Fig. 2. The VOC is hoisted via gradually tightening the screws in each vertebra at the same pace with
screw drives (Fig. 2c). The hoisting, or we called it controllable antidisplacement, of the VOC can be directly observed
as the remaining vertebral bodies are getting closer to the
“bridge”. If the antidisplacement is not observed, surgeon
should stop tightening the screws and check if the VOC is
completely isolated from the surrounding bone by detecting
with a nerve hook or taking an intraoperative CT image.
The antidisplacement of the VOC should not be too much
to prevent tear of the dura mater. Excessive blood loss is
usually encountered after the antidisplacement of the VOC,
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which can be easily controlled by the usage of hemostasis
materials. Before the closure of the wound, autogenous or
allograft bone pieces were graft into the bilateral troughs to
obtain further fusion of the VOC with the surrounding bone.
The bilateral longus colli were reconstructed to the anterior
plate by 3-0 silk sutures to cover the graft bones.

Postoperative immobilization
A halo vest is routinely used postoperatively for external
bracing for 3 months. The halo vest maintains the alignment
of the cervical spine to prevent failure of the internal fixation
and enables early mobility of the patients.

Statistical analysis
Statistical analysis was performed using SPSS [15]. Preoperative and follow-up data such as JOA score, VAS score,
OR, and SAC were compared using paired t test. The level
of significance was set at p < 0.05.

Results
Clinicopathologic characteristics
The study group included nine male patients and six female
patients with a mean age of 62 years (range 52–78 years).
The mean duration of follow-up was 9 months (range
6–12 months). The spinal level of severe OPLL involvement was C3–C5 for three patients, C3–C6 for six, C4–C6
for four, and C4–C7 for two. The mean time of symptom
duration was 36 months (range 2–214 months).
The mean operative time was 173 min (range
120–230 min), with the mean blood loss of 326 ml (range
250–800 ml). The mean JOA score increased from 9.1 ± 1.4
(range 5–14) at preoperation to 14.5 ± 1.2 (range 9–16) at
the 6-month follow-up (p < 0.05). The average improvement
rate (IR) was 65.2 ± 9.8%. Five (33.3%) patients were graded
as excellent, seven (46.7%) as good, and three (20%) as fair.
The average VAS was 5.2 ± 1.6 (range 2–7) preoperatively,
2.4 ± 1.6 (range 0–5) at the 6-month follow-up (p < 0.05).
All the patients felt immediate release of numbness in upper
limbs. The clinical data is summarized in Table 1.

Radiological results
The radiological outcomes are shown in Table 2. The OR
decreased from 67.3 ± 5.1% preoperatively to 16.4 ± 6.5%
postoperatively, which was statistically significant
(p < 0.05). SAC increased from 4.5 ± 2.1 mm preoperatively to 11.6 ± 2.7 mm postoperatively, which was statistically significant (p < 0.05). Postoperative cervical lordosis
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Table 1  Clinical pre and postoperative data of the patients
Item

Value

Age
Sex
Symptom duration, months
Follow-up period, months
Levels with severe OPLL number of
patients
C3–C5
C3–C6
C4–C6
C4–7
Operative time, min
Blood loss, ml
JOA score
Before surgery
6 months after surgery
IR 6 months after surgery, %
VAS
Before surgery
6 months after surgery
Complication, number of patients
C5 nerve root palsy
Postoperative hematoma
CSF leakage
Implant complications

62.6 ± 6.2 (52–78)
Male 9, female 6
36.5 ± 12.3 (2–240)
9.2 ± 1.6 (6–12)

3
6
4
2
173.2 ± 21.5 (120–230)
325.8 ± 43.5 (250–800)
9.1 ± 2.5 (5–14)
14.5 ± 1.2 (9–16)*
65.2 ± 9.8 (44.4–88.9)
5.2 ± 1.6 (2–7)
2.4 ± 1.6 (0–5)*
1
0
1
0

Values are expressed as the mean ± standard deviation (range)
JOA Japanese Orthopaedic Association, IR improvement rate, VAS
Visual Analog Scale, CSF cerebrospinal fluid
*p < 0.05, compared with the data before surgery

Table 2  Radiological results of the patients
Item
OR, %
Before surgery
After surgery
SAC, mm
Before surgery
After surgery
Cervical lordosis, °
Before surgery
After surgery
Classification of OPLL (cases)
Continuous type
Segmental type
Mixed type

Value
67.3 ± 5.1 (60 to 90)
16.4 ± 6.5 (0 to 56)*
4.5 ± 2.1 (1 to 7.5)
11.6 ± 2.7 (6 to 16)*
3.7 ± 4.2 (− 7.5 to − 14)
18 ± 4.7 (15 to 28)*
5
3
7

Values are expressed as the mean ± standard deviation (range)
OR occupation ratio, SAC space available for the cord, OPLL ossification of the posterior longitudinal ligament
*p < 0.05, compared with the data before surgery
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was 18° ± 4.7° compared with preoperative 3.7° ± 4.2°. A
fusion rate of 100% was achieved at 6-month follow-up. No
pseudoarthrosis exists were ensured by flexion and extension
views of lateral plain X-ray 6 months after the surgery. The
imaging of a typical case is shown in Figs. 1 and 4.

Surgical complication
Transient minor neurological deterioration, manifesting with
the weakness of right arm occurred in one case (6.7%) after
operation due to the irritation of the nerve root when dealing with the massive ossification mass on the very lateral of
C4/5 segment. The weakness in right arm improved significantly 2 weeks following the surgery. The muscle strength of
the right arm was improved to 4+ at the 6 months follow-up.
The CSF leak occurred in one case (6.7%) during transecting

Fig. 4  A 57-year-old female presented with walking disturbance and
dysfunction of sensation of lower limbs without other complains.
After ACAF from C3 to C6, She had neurologic improvement and
JOA score increased from 13 to 16 points with an improvement rate
of 75%. a Preoperative sagittal CT image (left) shows a massive
mixed type OPLL at C2–5 and C6, and postoperative sagittal CT
image (right) shows the ossification was transected behind the C2,
and the C3–7 VOC was hoisted and fused to an antedisplaced location. Preoperative axial CT image (up) and postoperative axial CT
image (down) shows the massive OPLL mass and antedisplacement
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the continuous OPLL in the cranial margin. In that case,
lumbar drainage is performed at the second postoperative day and the CSF leak is then controlled and recovered
1 week after drainage. There was no occurrence of postoperative hematoma. No instrumented failure was observed
during follow-up. No specific complications were identified
that were associated with this technique.

Discussion
Although anterior and posterior decompression surgery are
both reported to treat patients with myelopathy caused by
OPLL, controversy still exists over the surgical options.
The posterior decompression surgery can safely achieve the
decompression of the spinal cord that results from extensive

of the VOC at C3 (b), C5 (c), and C6 (d). e Preoperative sagittal MRI
(left) shows severe compression of the spinal cord from C3 to C6, and
postoperative sagittal MR image (right) shows sufficient decompression of the spinal cord. f Preoperative axial MRI (up) and postoperative axial MRI (down) shows decompression of the spinal cord. g
Preoperative (left) and postoperative (right) lateral tomograph. ACAF
anterior cervical corpectomy and fusion, JOA Japanese Orthopedic
Association, CT computed tomography, OPLL ossification of the
posterior longitudinal ligament, VOC vertebrae-OPLL complex, MRI
magnetic resonance images
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OPLL. However, there are limitations in posterior decompression surgery, it does not always produce the expected
space for cases with a highly narrowed spinal canal or a bad
lordosis [16, 17]. Furthermore, the posterior decompression
surgery is accused of higher incidence of C5 palsy, postoperative kyphotic change, and postoperative progression of
the ossified OPLL lesion in many studies [18–20]. Anterior corpectomy and resection of OPLL can achieve direct
decompression and gain satisfactory results, especially in
cases with highly narrowed spinal canal and short segmental
OPLL [21]. However, in this high technically demanding
surgery, the risks of excessive hemorrhage, iatrogenic damage to neural tissue, and CSF leakage are reported as frequently occurring complications [22, 23]. In 1999, Yamaura
et al. reported the anterior decompression surgery with floating method for cervical OPLL [24]. The method minimizes
surgical invasion and the risk of hemorrhage, spinal cord
damage, and leakage of CSF in traditional anterior decompression surgery. However, the anteriorly migration of the
OPLL in floating method is not controlled by surgeon and
much owing to the pressure of the CSF, which requires as
long as 8 weeks for the ossification to complete the migration [25]. Thus, the impingement between OPLL and the
surrounding bone cannot be foreseen during the procedure
and often results in incomplete floating of the OPLL [26].
Intraoperative CT scan was used to ensure that the VOC
was isolated prior to the hoist. Intraoperative CT scan was
also used in the floating method to avoid insufficient decompression [26]. However, the intraoperative CT scan is not the
only way to know if the VOC is fully isolated, surgeon could
also use a nerve hook to detect the border of the VOC. The
space for hoist can also be measured using a depth detector
when bridge was set. So the intraoperative CT scan is not a
must-have in any procedure in the ACAF technique. The use
of the O-arm was useful in initial cases but was omitted from
subsequent cases in a bid to reduce radiation for the patient.
The idea of ACAF is to isolate and “actively transport”
the OPLL ventrally to restore the space of the spinal canal
and thus achieve direct decompression of the neural elements with their location unchanged. The remaining vertebral body and OPLL mass are then served as an autogenous
bone for the reconstruction of the anterior column. Different
from the floating method, in ACAF the antidisplacement of
the OPLL is achieved under the gradual hoisting force of the
anterior plate and screws with an immediate feedback. The
Bridge Crane device is vital in this technique, for it stabilizes
the VOC in the procedure of osteotomy and gives the surgeon full control in the procedure of VOC antidisplacement.
As shown in the results, the patients who underwent
ACAF have all gained satisfactory outcome. The anatomic
basic for the clinical effect of ACAF lays in the director decompression for spinal cord and nerve roots. The
procedure of bilateral osteotomies of the vertebrae gives
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enough decompression to the bilateral nerve roots. The
antidisplacement of the VOC further lead to direct and
thorough decompression of the spinal cord. The outcome
of the ACAF relies on the complete isolation and antidisplacement of the VOC, which require thorough preoperative designing, proper selection and installation of
internal fixation devises, and intraoperative evaluation and
trimming of the VOC. Goel et al. reported that stand-alone
fixation resulted in dramatic and sustained neurological
recovery of OPLL. The authors proposed that instability plays a role in the pathogenesis and development of
symptoms related to myelopathy of OPLL. As in ACAF,
the satisfactory clinical recovery may also come from the
stabilization and fusion of the spinal segments [27].
CSF leakage is one of the most frequently met complications of the anterior decompression surgery for OPLL
[28]. In the ACCF surgery, the direct decompression is
accomplished by resecting the OPLL in a piecemeal or
enbloc pattern. During the resection of OPLL, the adhesion or ossified dura is vulnerable and dural tear is always
encountered. Especially when there is a big area of ossified
dura, the direct resection will lead to a big absence of dura
and refractory postoperative CSF leak. The advantage of
ACAF is that it does not need to deal with the adhesion of
the dura and OPLL or ossified dura. Isolation of the VOC
is conducted on the lateral side of the OPLL. In cases that
the OPLL excess the lateral or caudocranial border of the
VOC, separation of the dura and OPLL is required. But
in this circumstance, the separation of dura and OPLL
is safer because it is near the border of OPLL where the
adhesion and compression are both mild. There were 6.7%
patients with CSF leakage in this study, which was lower
than that in anterior decompression and higher than the
posterior decompression [29, 30].
Many studies have reported that the blood loss is larger
in anterior decompression surgery than that in posterior
decompression surgery. The massive compression in the spinal canal obstructs the vein drainage and lead to excessive
blood loss, which is one of the reasons for unclear surgical
view and inadequate decompression [31].
In our practice, the average blood loss is 328 ml in average and no postoperative hematoma occurred. In ACAF, the
VOC provides as an ideal anchor site for hemostatic materials such as bone wax and gel foam. Another important fact
is that the present of VOC occupies the potential space for
the formation postoperative hematoma.
The current study has several limitations. Neurologic
recovery, occurrence of complications, blood loss, and
operative time of ACAF could not be directly compared
with those associated with other anterior decompression surgery or posterior decompression surgery. Prospective, randomized, controlled studies may be required to adequately
investigate these issues. And long-term follow-up is needed
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to evaluate the long-term outcome and progression of the
ossification.
Our current study has shown that multilevel severe OPLL
with myelopathy can obtain a safe and sufficient decompression using the novel ACAF technique. The antidisplacement
procedure is controlled using a “bridge crane” device, which
eliminates the need for direct resection of the OPLL, therefore, reducing the risk of injury to the dura and spinal cord.
No specific complications were identified that were associated with this technique. As the procedure described in this
technique is not technically demanding, it should be considered when dealing with cases of multilevel severe OPLL.
Acknowledgements The technique is designed and performed by the
corresponding author Dr. Jiangang Shi. We express deep thanks to the
illustrator Xiaomu Zhao. We thank Zhen Huang and Qi Zhang for their
technical support of intraoperative CT.
Funding This study was supported by Grants from the National Natural
Science Foundation of China (No. 81650031) and Shanghai Municipal
Commission of Health and Family Planning (No. 201640262).

Compliance with ethical standards
Conflict of interest None of the authors has any potential conflict of
interest.
Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecomm
ons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided you give appropriate credit
to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made.

References
1. Epstein N (2002) Diagnosis and surgical management of cervical ossification of the posterior longitudinal ligament.[J]. Spine J
2(6):436
2. Liu S, Zhang D, Jia P et al (1995) Epidemiology research of ossification of posterior longitudinal ligament of cervical spine. J Jilin
Univ 4:411–413
3. Nd EC, Heller JG, Murakami H (2002) Corpectomy versus laminoplasty for multilevel cervical myelopathy: an independent
matched-cohort analysis. Spine 27(11):1168
4. Jain SK, Salunke PS, Vyas KH et al (2005) Multisegmental cervical ossification of the posterior longitudinal ligament: anterior vs
posterior approach. Neurol India 53(3):283–285 (discussion 286)
5. Cardoso MJ, Koski TR, Aruna G et al (2011) Approach-related
complications after decompression for cervical ossification of the
posterior longitudinal ligament. Neurosurg Focus 30(3):285–293
6. Chen Y, Guo Y, Lu X et al (2011) Surgical strategy for multilevel
severe ossification of posterior longitudinal ligament in the cervical spine[J]. J Spinal Disord Tech 24(1):24
7. Tomita K, Nomura S, Umeda S et al (1988) Cervical laminoplasty
to enlarge the spinal canal in multilevel ossification of the posterior longitudinal ligament with myelopathy. Arch Orthop Trauma
Surg 107(3):148–153

1477
8. Chen Y, Yang L, Liu Y et al (2014) Surgical results and prognostic
factors of anterior cervical corpectomy and fusion for ossification
of the posterior longitudinal ligament. PLoS One 9(7):e102008
9. Shinomiya K, Matsuoka T, Kurosa Y et al (2006) Anterior cervical decompression for cervical myelopathy caused by ossification
of the posterior longitudinal ligament (OPLL). Springer, Tokyo,
pp 209–218
10. Pitzen T, Chrobok JJ, Ruffing S et al (2009) Implant complications, fusion, loss of lordosis, and outcome after anterior cervical
plating with dynamic or rigid plates: 2-year results of a multicentric, randomized, controlled study. Spine 34(7):641–646
11. Hirabayashi K, Watanabe K, Wakano K et al (2001) Expansive
open-door laminoplasty for cervical spinal stenotic myelopathy.
Spine 8(7):693
12. Iwasaki M, Kawaguchi Y, Kimura T et al (2002) Long-term results
of expansive laminoplasty for ossification of the posterior longitudinal ligament of the cervical spine: more than 10 years follow
up. J Neurosurg 96(2 Suppl):180
13. Fujimori T, Iwasaki M, Okuda S et al (2014) Long-term results
of cervical myelopathy due to ossification of the posterior longitudinal ligament with an occupying ratio of 60% or more. Spine
39(1):58
14. Petty P (1997) Surgical anatomy of the anterior cervical spine:
the disc space, vertebral artery, and associated bony structures.
Neurosurgery 41(1):769–776
15. SPSS (Computer program) (2009) Version 18.0. SPSS Inc,
Chicago
16. Baba H, Furusawa N, Chen Q et al (1995) Cervical laminoplasty
in patients with ossification of the posterior longitudinal ligaments. Paraplegia 33(1):25–29
17. Lee DH, Joo YS, Hwang CJ et al (2016) A novel technique to
correct kyphosis in cervical myelopathy due to continuous-type
ossification of the posterior longitudinal ligament. J Neurosurg
Spine 26(3):1
18. Sakaura H, Hosono N, Mukai Y et al (2003) C5 palsy after decompression surgery for cervical myelopathy: review of the literature.
Spine 28(21):2447–2451
19. Lee SE, Chung CK, Jahng TA et al (2013) Long-term outcome of
laminectomy for cervical ossification of the posterior longitudinal
ligament. J Neurosurg Spine 18(5):465–471
20. Kato Y, Iwasaki M, Fuji T et al (1998) Long-term follow-up
results of laminectomy for cervical myelopathy caused by ossification of the posterior longitudinal ligament. J Neurosurg
89(2):217–223
21. Onari K, Akiyama N, Kondo S et al (2001) Long-term follow-up
results of anterior interbody fusion applied for cervical myelopathy due to ossification of the posterior longitudinal ligament.
Spine 26(5):488
22. Chen Y, Liu X, Chen D et al (2012) Surgical strategy for ossification of the posterior longitudinal ligament in the cervical spine.
Orthopedics 35(8):e1231
23. Shin JH, Steinmetz MP, Benzel EC et al (2011) Dorsal versus
ventral surgery for cervical ossification of the posterior longitudinal ligament: considerations for approach selection and review
of surgical outcomes. Neurosurg Focus 30(3):E8
24. Yamaura I, Kurosa Y, Matuoka T et al (1999) Anterior floating
method for cervical myelopathy caused by ossification of the posterior longitudinal ligament. Clin Orthop Relat Res 359(359):27
25. Matsuoka T, Yamaura I, Kurosa Y et al (2011) Long-term results
of the anterior floating method for cervical myelopathy caused
by ossification of the posterior longitudinal ligament. Spine
26(3):241–248
26. Yoshii T, Hirai T, Yamada T et al (2017) Intraoperative evaluation using mobile computed tomography in anterior cervical
decompression with floating method for massive ossification of
the posterior longitudinal ligament. J Orthop Surg Res 12(1):12

13

1478
27. Goel A, Nadkarni T, Shah A et al (2015) Is only stabilization
the ideal treatment for ossified posterior longitudinal ligament?
Report of early results with a preliminary experience in 14
patients. World Neurosurg 84(3):813–819
28. Cho JY, Chan CK, Lee SH et al (2012) Management of cerebrospinal fluid leakage after anterior decompression for ossification
of posterior longitudinal ligament in the thoracic spine: the utilization of a volume-controlled pseudomeningocele. J Spinal Disord
Tech 25(4):E93
29. Belanger TA, Roh JS, Hanks SE et al (2005) Ossification of
the posterior longitudinal ligament Results of anterior cervical

European Spine Journal (2018) 27:1469–1478
decompression and arthrodesis in 61 North American patients. J
Bone Jt Surg 87(3):610 (American Volume)
30. Hannallah D, Lee J, Khan M et al (2008) Cerebrospinal fluid
leaks following cervical spine surgery. J Bone Jt Surg Am
90(5):1101–1105
31. Lin D, Ding Z, Lian K et al (2012) Cervical ossification of the posterior longitudinal ligament: anterior versus posterior approach.
Indian J Orthop 46(1):92

Affiliations
Jingchuan Sun1 · Jiangang Shi1 · Ximing Xu1 · Yong Yang1 · Yuan Wang1 · Qingjie Kong1 · Haisong Yang1 ·
Yongfei Guo1 · Dan Han1 · Jingjing Jiang2 · Guodong Shi1 · Wen Yuan1 · Lianshun Jia1
* Jiangang Shi
shijiangang616@163.com
1

Department of Spine Surgery, Changzheng Hospital, 601
Room, 415# Fengyang Road, Huangpu District, Shanghai,
China

13

2

Department of Anaesthesiology, Changzheng Hospital,
Shanghai, China

