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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,

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 hyper-
ostosis.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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Abstract Study Design Narrative review.
Objective To provide an overview on the diagnosis, natural history, and nonoperative
and operativemanagement 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.
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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
bemore frequent in patientswith OPLL than controls.6HAO1A
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 bonemineral 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 local-
ized 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 morphoge-
netic protein-2 (BMP-2) expression was noted in continuous
andmixed types in comparisonwith 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 re-
ported.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 steno-
sis. 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 awheelchair. 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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or balance dysfunction. Brisk reflexes aswell as clonusmay be
present in the upper and lower extremities. Pathologic re-
flexes such as Hoffman reflex and the inverted radial reflex
suggest an upper motor neuron lesion. A hyperactive scap-
ulohumeral 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. 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.

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 associatedwith progressively symptom-
atic 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) followingminor 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). Ossifi-
cation 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 radio-
graphs 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 bonewindowon
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 dou-
ble-layer sign describes anterior and posterior rims of hyper-
dense regions separated by a hypodense area.24 The double-
layer sign is more predictive of a dural defect than the single-
layer sign.24–26Magnetic 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 frag-
ments 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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were centrally based.29 The space available for cord is mea-
sured 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

Management

Nonoperative Management of Cervical OPLL
Nonoperative management of OPLL with cervical involve-
ment 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 with-
out 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 Kaplan-
Meier 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%.

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 mye-
lopathy 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 surgi-
cal management include anterior, posterior, and circumfer-
ential 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 calcifi-
cation 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 formedwith a line drawn from the midpoint of the
C2 spinal canal to the midpoint of the spinal canal at C7. K-
line-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-

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 neu-
rologic 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 asso-
ciated with greater neurologic recovery especially with ste-
nosis greater than 50% but can be complicated by dural
tears.40 The anterior floating decompression method mini-
mizes 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 patientswith an occupancy ratio of 60% or
higher.27,28 When performing one-level or multilevel corpec-
tomies 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 be-
tween the two groups.

Operative Techniques: Posterior Approach
Posterior surgical approaches include laminoplasty, laminec-
tomy, 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 indicatedwith a
neutral cervical spine alignment and/or kyphosis up to 13
degrees. The open-door or French-door techniques of lam-
inoplasty 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 progres-
sion 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
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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 Laminec-
tomy alone is not routinely recommended for OPLL due to the
high rate of postlaminectomy kyphosis that can develop.
Laminectomy with instrumented fusion can prevent postsur-
gical kyphosis but may be associated with higher rates of
nerve root palsy. Eighty-three patients undergoing posterior
laminectomy and fusion for OPLL demonstrated significant

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

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-line-
positive 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.
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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 anterior-
based decompression.45 If corpectomyof two ormore levels is
performed, then a posterior-based instrumentation and fu-
sion should also be performed to minimize the risk of graft or
cage complications.

Complications following Surgical Management of Cervical
OPLL
Surgical complications are a particular concern in patients
with OPLL. In a reviewof 27 studieswith 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 com-
mon with anterior approaches. C5 nerve palsy (4.2%) and
axial pain (3.5%) were more common with posterior ap-
proaches.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 con-
sisting of transcranial motor evoked potentials and somato-
sensory 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.

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 themost caudal vertebral body of the decompression site
to the maximum prominence of the OPLL. An ossification-
kyphosis 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

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 recom-
mended 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 intra-
operative 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 physio-
logic saline.50,51

Posterior-based decompression and fusion via transpedic-
ular or costotransversectomy approaches are options for
thoracic OPLL. In 18 patients in whom intraoperative ultra-
sound was used to assess the adequacy of decompression via
laminectomy, 12 were deemed not to have adequate decom-
pression.53 These 12 patients underwent transpedicular de-
compressions successfully with one neurologic deficit and
two durotomies. Kato et al described their posterior-based
transpedicular decompression and ligation of bilateral tho-
racic 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 visuali-
zation 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

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 recon-
struction 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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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 leakswere noted in
22.1% of cases (34 patients), and 11.7% (18 patients) had
neurologic deterioration. A reviewof these cases demonstrat-
ed that surgeons favored posterior approaches. Anterior and
circumferential approaches were technically more demand-
ing 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 defor-
mity and postoperative paraparesis were more commonwith
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

Conclusion

OPLL is a multifactorial hyperostosis disorder that leads to
ectopic calcification of the posterior longitudinal ligament.
OPLL can occur throughout the spine; however, the cervical
spine ismore commonly affected. There are four types of OPLL
based on sagittal CT: segmental, continuous, mixed, and
localized or other. OPLL can be asymptomatic or can present
with myelopathy or myeloradiculopathy. Imaging studies
including radiographs, CT, and MRI can aid in assessment
of severity and preoperative planning. For cervical OPLL, an
initial trial with nonoperative management should be at-
tempted for patients without myelopathy. Operative inter-
vention is recommended for patients with myelopathy or
those who fail conservative management. If the occupancy
ratio is greater than 60, there is a high likelihood of myelopa-
thy developing and surgery can potentially be offered in
advance. Effective lordosis, K-line measurements, and occu-
pancy ratio calculations can aid in deciding between anterior
or posterior cervical approaches for decompression. Duroto-
mies are a common complication during anterior decom-
pressions; however, the floating island technique can be used
to minimize CSF leaks. Posterior decompressive procedures
such as laminoplasty or laminectomyand fusion can also be of
used if lordosis of the cervical spine is maintained and in K-
line-positive patients with occupancy ratio < 60%. Axial neck
pain and C5 nerve root palsy are common complications of
posterior-based approaches. Although rare, thoracic OPLL is
more severe than cervical OPLL and usually requires operative
intervention. The ossification kyphosis angle can be used to
determine surgical approach. Decompression can be achieved
via posterior-based approaches as well as anterior ap-
proaches. Posterior upper thoracic OPLL decompressions
supplemented with instrumentation are associated with
the best outcomes.

Disclosures
Rasheed Abiola, none
Paul Rubery, none
Addisu Mesfin, none

References
1 Matsunaga S, Sakou T. Ossification of the posterior longitudinal

ligament of the cervical spine: etiology and natural history. Spine
(Phila Pa 1976) 2012;37(5):E309–E314

2 Resnick D, Guerra J Jr, Robinson CA, Vint VC. Association of diffuse
idiopathic skeletal hyperostosis (DISH) and calcification and ossi-
fication of the posterior longitudinal ligament. AJR Am J Roent-
genol 1978;131(6):1049–1053

3 Ren Y, Liu ZZ, Feng J, et al. Association of a BMP9 haplotype with
ossification of the posterior longitudinal ligament (OPLL) in a
Chinese population. PLoS ONE 2012;7(7):e40587

4 Ren Y, Feng J, Liu ZZ, Wan H, Li JH, Lin X. A new haplotype in BMP4
implicated in ossification of the posterior longitudinal ligament
(OPLL) in a Chinese population. J Orthop Res 2012;30(5):748–756

5 Tanaka T, Ikari K, Furushima K, et al. Genomewide linkage and
linkage disequilibrium analyses identify COL6A1, on chromosome
21, as the locus for ossification of the posterior longitudinal
ligament of the spine. Am J Hum Genet 2003;73(4):812–822

6 Nakajima M, Takahashi A, Tsuji T, et al; Genetic Study Group of
Investigation Committee on Ossification of the Spinal Ligaments. A
genome-wide association study identifies susceptibility loci for
ossification of the posterior longitudinal ligament of the spine. Nat
Genet 2014;46(9):1012–1016

7 Sohn S, Chung CK. Increased bone mineral density and decreased
prevalence of osteoporosis in cervical ossification of the posterior
longitudinal ligament: a case-control study. Calcif Tissue Int 2013;
92(1):28–34

8 Tanaka M, Kanazawa A, Yonenobu K. Diagnosis of OPLL and OYL:
overview. In: Yoneobu K, Nakamura K, Toyama Y, eds. OPLL:
Ossification of the Posterior Longitudinal Ligament. 2nd ed. Tokyo,
Japan: Springer; 2006:111–114

9 Kudo H, Furukawa K, Yokoyama T, et al. Genetic differences in the
osteogenic differentiation potency according to the classification
of ossification of the posterior longitudinal ligament of the cervical
spine. Spine 2011;36(12):951–957

10 Matsuyama Y, Yoshihara H, Tsuji T, et al. Surgical outcome of
ossification of the posterior longitudinal ligament (OPLL) of the
thoracic spine: implication of the type of ossification and surgical
options. J Spinal Disord Tech 2005;18(6):492–497, discussion 498

11 Matsunaga S, Sakou T. OPLL: disease entity, incidence, literature
search and prognosis. In: Yoneobu K, Nakamura K, Toyama Y, eds.
OPLL: Ossification of the Posterior Longitudinal Ligament. 2nd ed.
Tokyo, Japan: Springer; 2006:11–17

12 Epstein NE. Ossification of the posterior longitudinal ligament:
diagnosis and surgical management. Neurosurg Q 1992;2(3):
223–241

13 Maeda S, Koga H, Matsunaga S, et al. Gender-specific haplotype
association of collagen alpha2 (XI) gene in ossification of the
posterior longitudinal ligament of the spine. J Hum Genet 2001;
46(1):1–4

14 Ohtsuka K, Terayama K, Yanagihara M, et al. An epidemiological
survey on ossification of ligaments in the cervical and thoracic
spine in individuals over 50 years of age. Nippon Seikeigeka Gakkai
Zasshi 1986;60(11):1087–1098

15 Shimizu T, Shimada H, Shirakura K. Scapulohumeral reflex (Shi-
mizu). Its clinical significance and testing maneuver. Spine (Phila
Pa 1976) 1993;18(15):2182–2190

16 Chiba K, Yamamoto I, Hirabayashi H, et al. Multicenter study
investigating the postoperative progression of ossification of the
posterior longitudinal ligament in the cervical spine: a new

Global Spine Journal Vol. 6 No. 2/2016

Ossification of the Posterior Longitudinal Ligament Abiola et al.202



computer-assisted measurement. J Neurosurg Spine 2005;3(1):
17–23

17 Hori T, Kawaguchi Y, Kimura T. How does the ossification area of
the posterior longitudinal ligament progress after cervical lam-
inoplasty? Spine (Phila Pa 1976) 2006;31(24):2807–2812

18 Hori T, Kawaguchi Y, Kimura T. How does the ossification area of
the posterior longitudinal ligament thicken following cervical
laminoplasty? Spine (Phila Pa 1976) 2007;32(19):E551–E556

19 Chikuda H, Seichi A, Takeshita K, et al. Acute cervical spinal cord
injury complicated by preexisting ossification of the posterior
longitudinal ligament: a multicenter study. Spine (Phila Pa 1976)
2011;36(18):1453–1458

20 Koyanagi I, Iwasaki Y, Hida K, Imamura H, Fujimoto S, Akino M.
Acute cervical cord injury associated with ossification of the
posterior longitudinal ligament. Neurosurgery 2003;53(4):
887–891, discussion 891–892

21 Onishi E, Sakamoto A, Murata S, Matsushita M. Risk factors for
acute cervical spinal cord injury associatedwith ossification of the
posterior longitudinal ligament. Spine (Phila Pa 1976) 2012;37(8):
660–666

22 Kudo H, Yokoyama T, Tsushima E, et al. Interobserver and intra-
observer reliability of the classification and diagnosis for ossifica-
tion of the posterior longitudinal ligament of the cervical spine.
Eur Spine J 2013;22(1):205–210

23 Izumi T, Hirano T, Watanabe K, Sano A, Ito T, Endo N. Three-
dimensional evaluation of volume change in ossification of the
posterior longitudinal ligament of the cervical spine using com-
puted tomography. Eur Spine J 2013;22(11):2569–2574

24 Min JH, Jang JS, Lee SH. Significance of the double-layer and
single-layer signs in the ossification of the posterior longitudi-
nal ligament of the cervical spine. J Neurosurg Spine 2007;6(4):
309–312

25 Hida K, Iwasaki Y, Koyanagi I, Abe H. Bone window computed
tomography for detection of dural defect associated with cervical
ossified posterior longitudinal ligament. Neurol Med Chir (Tokyo)
1997;37(2):173–175, discussion 175–176

26 Min JH, Jang JS, Lee SH. Significance of the double- and single-layer
signs in the ossification of the posterior longitudinal ligament of
the thoracic spine. Neurosurgery 2007;61(1):118–121, discussion
121–122

27 Yamaura I, Kurosa Y, Matuoka T, Shindo S. Anterior floating
method for cervical myelopathy caused by ossification of the
posterior longitudinal ligament. Clin Orthop Relat Res 1999;
(359):27–34

28 Matsuoka T, Yamaura I, Kurosa Y, Nakai O, Shindo S, Shinomiya K.
Long-term results of the anterior floating method for cervical
myelopathy caused by ossification of the posterior longitudinal
ligament. Spine (Phila Pa 1976) 2001;26(3):241–248

29 Matsunaga S, Nakamura K, Seichi A, et al. Radiographic predictors
for the development of myelopathy in patients with ossification of
the posterior longitudinal ligament: a multicenter cohort study.
Spine (Phila Pa 1976) 2008;33(24):2648–2650

30 Matsunaga S, Kukita M, Hayashi K, et al. Pathogenesis of myelopa-
thy in patients with ossification of the posterior longitudinal
ligament. J Neurosurg 2002;96(2, Suppl):168–172

31 Kim B, Yoon H, Shin HC, et al. Surgical outcome and prognostic
factors of anterior decompression and fusion for cervical com-
pressive myelopathy due to ossification of the posterior longitu-
dinal ligament. Spine J 2015;15(5):875–884

32 Ito K, Yukawa Y, Ito K, et al. Dynamic changes in the spinal cord
cross-sectional area in patients with myelopathy due to cervical
ossification of posterior longitudinal ligament. Spine J 2015;15(3):
461–466

33 Pham MH, Attenello FJ, Lucas J, He S, Stapleton CJ, Hsieh PC.
Conservative management of ossification of the posterior longi-
tudinal ligament. A review. Neurosurg Focus 2011;30(3):E2

34 Matsunaga S, Sakou T, Taketomi E, Komiya S. Clinical course of
patients with ossification of the posterior longitudinal ligament: a

minimum 10-year cohort study. J Neurosurg 2004;100(3, Suppl
Spine):245–248

35 Zeidman SM, Ducker TB, Raycroft J. Trends and complications in
cervical spine surgery: 1989–1993. J Spinal Disord 1997;10(6):
523–526

36 Shin JH, Steinmetz MP, Benzel EC, Krishnaney AA. Dorsal versus
ventral surgery for cervical ossification of the posterior longitudi-
nal ligament: considerations for approach selection and review of
surgical outcomes. Neurosurg Focus 2011;30(3):E8

37 GwinnDE, Iannotti CA, Benzel EC, SteinmetzMP. Effective lordosis:
analysis of sagittal spinal canal alignment in cervical spondylotic
myelopathy. J Neurosurg Spine 2009;11(6):667–672

38 Fujiyoshi T, Yamazaki M, Kawabe J, et al. A new concept for making
decisions regarding the surgical approach for cervical ossification
of the posterior longitudinal ligament: the K-line. Spine (Phila Pa
1976) 2008;33(26):E990–E993

39 IwasakiM, Okuda S, Miyauchi A, et al. Surgical strategy for cervical
myelopathy due to ossification of the posterior longitudinal liga-
ment: Part 1: clinical results and limitations of laminoplasty. Spine
(Phila Pa 1976) 2007;32(6):647–653

40 Li H, Dai LY. A systematic review of complications in cervical spine
surgery for ossification of the posterior longitudinal ligament.
Spine J 2011;11(11):1049–1057

41 Fujimori T, Iwasaki M, Okuda S, et al. Long-term results of cervical
myelopathy due to ossification of the posterior longitudinal liga-
ment with an occupying ratio of 60% ormore. Spine (Phila Pa 1976)
2014;39(1):58–67

42 IwasakiM, Kawaguchi Y, Kimura T, Yonenobu K. Long-term results
of expansive laminoplasty for ossification of the posterior longi-
tudinal ligament of the cervical spine: more than 10 years follow
up. J Neurosurg 2002;96(2, Suppl):180–189

43 Matsumoto M, Chiba K, Toyama Y. Surgical treatment of ossifica-
tion of the posterior longitudinal ligament and its outcomes:
posterior surgery by laminoplasty. Spine (Phila Pa 1976) 2012;
37(5):E303–E308

44 Chen Y, Guo Y, Chen D,Wang X, Lu X, YuanW. Long-term outcome
of laminectomy and instrumented fusion for cervical ossification
of the posterior longitudinal ligament. Int Orthop 2009;33(4):
1075–1080

45 Son S, Lee SG, Yoo CJ, Park CW, KimWK. Single stage circumferen-
tial cervical surgery (selective anterior cervical corpectomy with
fusion and laminoplasty) for multilevel ossification of the poste-
rior longitudinal ligament with spinal cord ischemia on MRI. J
Korean Neurosurg Soc 2010;48(4):335–341

46 Hannallah D, Lee J, KhanM, DonaldsonWF, Kang JD. Cerebrospinal
fluid leaks following cervical spine surgery. J Bone Joint Surg Am
2008;90(5):1101–1105

47 Mizuno J, Nakagawa H. Outcome analysis of anterior decompres-
sive surgery and fusion for cervical ossification of the posterior
longitudinal ligament: report of 107 cases and review of the
literature. Neurosurg Focus 2001;10(4):E6

48 Epstein NE. Evaluation and treatment of clinical instability associ-
ated with pseudoarthrosis after anterior cervical surgery for
ossification of the posterior longitudinal ligament. Surg Neurol
1998;49(3):246–252

49 Shinomiya K, Okamoto A, Kamikozuru M, Furuya K, Yamaura I. An
analysis of failures in primary cervical anterior spinal cord de-
compression and fusion. J Spinal Disord 1993;6(4):277–288

50 Tokuhashi Y, Matsuzaki H, Oda H, Uei H. Effectiveness of posterior
decompression for patients with ossification of the posterior
longitudinal ligament in the thoracic spine: usefulness of the
ossification-kyphosis angle on MRI. Spine (Phila Pa 1976) 2006;
31(1):E26–E30

51 Tokuhashi Y, Matsuzaki H. Surgery for thoracic myelopathy due to
ossification of ligaments with intraoperative ultrasonography and
ultrasonic osteotome. Spinal Surgery 1999;13:281–288

52 MatsumotoM, Chiba K, Toyama Y, et al. Surgical results and related
factors for ossification of posterior longitudinal ligament of the

Global Spine Journal Vol. 6 No. 2/2016

Ossification of the Posterior Longitudinal Ligament Abiola et al. 203



thoracic spine: a multi-institutional retrospective study. Spine
(Phila Pa 1976) 2008;33(9):1034–1041

53 Tian W, Weng C, Liu B, et al. Intraoperative 3-dimensional naviga-
tion and ultrasonography during posterior decompression with
instrumented fusion for ossification of the posterior longitudinal
ligament in the thoracic spine. J Spinal Disord Tech 2013;26(6):
E227–E234

54 Kato S, Murakami H, Demura S, Yoshioka K, Hayashi H, Tsuchiya H.
Novel surgical technique for ossification of posterior longitudinal
ligament in the thoracic spine. J Neurosurg Spine 2012;17(6):
525–529

55 Eleraky MA, Setzer M, Papanastassiou ID, et al. Role of motor-
evoked potential monitoring in conjunction with temporary clip-
ping of spinal nerve roots in posterior thoracic spine tumor
surgery. Spine J 2010;10(5):396–403

56 Kawahara N, Tomita K, Murakami H, et al. Circumspinal decom-
pression with dekyphosis stabilization for thoracic myelopathy
due to ossification of the posterior longitudinal ligament. Spine
(Phila Pa 1976) 2008;33(1):39–46

57 Baaj AA, Smith DA, Vale FL, Uribe JS. Surgical approaches to
thoracic ossification of the posterior longitudinal ligament. J
Clin Neurosci 2012;19(3):349–351

Global Spine Journal Vol. 6 No. 2/2016

Ossification of the Posterior Longitudinal Ligament Abiola et al.204


