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Is Only Stabilization the Ideal Treatment for Ossified Posterior Longitudinal Ligament?
Report of Early Results with a Preliminary Experience in 14 Patients
Atul Goel1,2, Trimurti Nadkarni1, Abhidha Shah1, Survendra Rai1, Vithal Rangarajan1, Abhijit Kulkarni1
-BACKGROUND AND OBJECTIVE: Surgical treatment of
ossified posterior longitudinal ligament (OPLL) continues
to be wrought with confusion, debate, and arguments. We
report our experience with an alternative form of treat-
ment that involves only fixation of the involved spinal
segments. We report and put on record our remarkably
gratifying clinical experience in 13 of 14 patients having
OPLL after surgery that involved only facetal fixation and
aimed at arthrodesis of involved spinal segments. No
direct bone, ligament, or disc resection was done for
decompression of the spinal dural tube or root canal. The
OPLL was not directly handled during the surgical
procedure. The rationale of the proposed treatment is
discussed.

-METHODS: During the period June 2012 to August 2014,
14 patients having OPLL were treated by facetal trans-
articular screw fixation technique. The Japanese Ortho-
paedic Association score, visual analogue scale, and
Odom’s criteria were used as indices to monitor the clin-
ical status.

-RESULTS: The procedure resulted in firm stabilization
and fixation of the spinal segments and provided a ground
for arthrodesis. During an average follow-up period of 17
months, there was immediate postoperative and progressive
recovery in symptoms in 13 patients. There were no surgery
or implant-related mechanical or infective complications.

-CONCLUSIONS: Instability could be the defining phe-
nomenon in pathogenesis of clinical symptoms related to
OPLL. The clinical outcome in our patients suggests that
only fixation of the spinal segments can be a simple, safe,
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and rationale form of treatment for the complex pathology
of OPLL.
INTRODUCTION
ssification of posterior longitudinal ligament (OPLL)
is frequently encountered spinal compressive lesion
O(6, 35, 42). Several factors have been implicated that

predispose formation of such a pathologic lesion (22, 30, 40), but
the final answer to this issue remains elusive. The role of instability
in the pathogenesis of OPLL and in the development of clinical
symptoms has been analyzed (6, 8, 34, 42). The present evaluation
is based on an alternative form of treatment of patients having
OPLL that involved only stabilization by facetal fixation and aimed
at arthrodesis of the spinal segments. On the basis of our encour-
aging experience with such patients, we re-evaluated the patho-
genesis of OPLL and assessed the role of only stabilization as a form
of treatment. Despite our enthusiasm due to gratifying clinical re-
sults, a long-term assessment of these patients will bemandatory to
assess whether stabilization assists in reversing only the dynamic
component of the disease process or it also participates in affecting
the growth characteristics or growth potential of OPLL. In addition,
a scientific research protocol will need to be adopted in a double-
blinded analysis that will evaluate the superiority of the proposed
form of treatment versus the other conventional methods.

METHODS

During the period June 2012 to August 2014, we treated 14 patients
having cervical OPLL by using only facetal fixation as the method of
treatment. These patients were analyzed retrospectively. All pa-
tients were men and their ages ranged from 43e75 years (mean, 60
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Table 2. Grading of Myelopathy by the Japanese Orthopaedic
Association Score

Score
Preoperative

(No. of patients)
Postoperative

(No. of patients)

<7 6 1

8e12 7 4

>13 1 8

16e17 — 1
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years). The clinical symptoms and review of radiologic data at the
time of presentation are elaborated in Tables 1 and 2. The type of
OPLL as assessed on imaging is specified in the Table 1. All
patients had characteristic multilevel OPLL that resulted in
varying degrees of cervical myelopathy leading to crippling
symptoms and severe neurological deficits. All patients had
progressive neurological symptoms. The patients were
investigated with dynamic (flexion and extension views) plain
radiography, computerized tomography scan, and magnetic
resonance imaging before and after surgery (Figure 1). The
presenting clinical symptoms, radiologic features, and the
outcome are enumerated in Tables 1e4. The Japanese Orthopae-
dic Association score (7), Odom’s criteria (35) and visual analogue
scale (VAS) (21) were used to evaluate the patients before and after
surgery and at follow-up.

Operative Technique
The patient was placed in the standard prone position with the
head placed in a cervical Gardner Wells traction, which kept the
head in a “floating” position. The surgical position was adopted
from our earlier described position used for craniovertebral fixa-
tion (14, 16). Traction was deployed essentially to keep the head
and neck stable during surgery and the face off the head holder
Table 1. Demographics of the Patients, Types of OPLL, and the
Number of Spinal Levels Affected

Characteristics Data

Male 14

Mean age (range; years) 60 (40e75)

Levels involved

C1-2 1

C2-3 1

C3-4 11

C4-5 13

C5-6 11

C6-7 4

C7-T1 1

No. of levels fixed

One level 2

Two levels 4

Three levels 4

Four levels 5

Type of OPLL

Continuous 6

Mixed 3

Segmental 3

Unclassified 2

OPLL, ossified posterior longitudinal ligament.
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avoiding any pressure injury to the eyes and facial skin. The
traction was meant to stabilize the head in an optimum position
during the period of surgery. A midline incision was done and
using a subperiosteal dissection the articular joints and facets were
exposed widely on both sides. The articular capsule was opened
and using varying sizes of osteotomes, which were introduced
with their flat-sharp edge and then turned 90 degrees to affect
denuding of the articular capsule and the end plate cartilage. The
screwing motion of the osteotome and a micro-drill, whenever
necessary, were used. Bone graft pieces harvested from the
spinous process or the iliac crest were jammed into the articular
cavity. The interspinous process ligaments are then widely
removed. The spinous process was sectioned along its base. The
surgical procedure involved transarticular facet fixation using a
technique described earlier by Roy-Camille and Saillant (39). For
the transarticular method of fixation, the screws used were of 14
mm length and 2.8 mm in diameter. In 3 patients, 2 screws
were used at each articular joint. Two screws were used
whenever they were considered safe and possible. However, no
strict criteria were followed regarding the use of 1 or 2 screws
and essentially depended on the discretion of the surgeon. Such
a “double insurance” screw implantation added remarkable and
reassuring stability to the implant (15). Bone graft obtained after
sectioning of the adjoining spinous processes was placed over
the appropriately prepared host bone area of laminae. In
8 patients, bone graft was additionally harvested from the iliac
crest and placed in the region. The patient is then advised to
limit cervical movement using external orthosis for a period of
8 weeks. After this healing period, and confirmation of spinal
fusion, all routine activities were permitted.
RESULTS

The follow-up period ranged from 3e28 months (average, 17
months). The clinical outcome of surgery is elaborated in
Tables 2e4. Thirteen patients improved in symptoms in the
immediate postoperative period after surgery to varying extent.
One patient did not improve in his neurological condition after
surgery to satisfaction. An anterior decompression comprising an
oblique corpectomy was done at about 3 months after the first
surgery. He has continued to show only marginal improvement
after the second surgery. The clinical evaluation included the
location and degree of preoperative and postoperative pain and
myelopathy symptoms using an analogue scale, subjective and
objective alteration in sensation and weakness, walking difficulty,
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.017
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Figure 1. Images of a 52-year-old man. (A) Computerized tomography scan
shows ossified posterior longitudinal ligament (OPLL) severely
compromising the spinal canal diameter. The OPLL is more prominently
observed at C2-3, C3-4, and C4-5 levels. (B) T1-weighted magnetic
resonance imaging (MRI) shows the spinal cord compression related to

the OPLL. (C) T2-weighted MRI shows the OPLL and cord compression.
(D) Postoperative lateral radiograph showing the transarticular fixation at
C2-3, C3-4, C4-5, and C5-6 levels. (E) Anteroposterior view of radiograph
showing the transarticular screws.
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and bowel or bladder changes. All the 13 patients are “remarkably”
satisfied with the surgery. During the period of follow-up, there
has been no need for any additional surgical maneuver in these
patients. All patients underwent evaluation using static and
dynamic cervical spine radiographs, computerized tomography
scans, and magnetic resonance imaging. Static neutral lateral
WORLD NEUROSURGERY 84 [3]: 813-819, SEPTEMBER 2015
radiographs were used to assess cervical sagittal balance, whereas
anteroposterior radiographs were used to exclude preoperative
abnormal coronal alignment (Figure 1). The lordotic angle was
measured using Cobb’s method of measurement. All patients
had loss of cervical lordosis and the preoperative lordotic angle
ranged from 6e15 degrees. After surgery there was a mild
www.WORLDNEUROSURGERY.org 815
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Table 3. Visual Analogue Scale (VAS; 0¼ no pain, 10¼maximum
pain)

VAS score Preoperative Postoperative Postoperative (3 months)

Neck pain 5.7 (4e8) 1.5 (0e2) 0.5 (0e1)
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decrease in the lordotic angles with the postoperative angles
ranging from 4e12 degrees. There was no significant difference
between the preoperative and postoperative values.
There were no wound infections or implant-related failure or

complication. Fusion of the spinal segment was defined as pres-
ence of bone formation across the facet joints and absence of all
kinds of motion between the spinous processes and the inter-
vertebral body distances on flexion-extension using computerized
tomography images (26). With these criteria, successful bone
fusion was observed in all cases at follow-up assessment.

DISCUSSION

Although identified worldwide, literature survey suggests that
OPLL is more prevalent in Asian countries (29). Its pathogenetic
relationship with cervical spondylotic myelopathy is a subject of
intense analysis (24, 27). It remains unclear whether OPLL is
only an advanced variant of cervical spondylosis. Epstein (5, 6)
reported that more than 25% of patients having cervical spondy-
losis have some degree of OPLL. Although there are some recent
articles that relate the pathogenesis of degenerative spondylosis
entirely to “vertical spinal instability” (10, 11, 12), a similar cor-
relation between instability and OPLL has not been analyzed. The
influence of dynamic factors on the pathogenesis of OPLL and on
their effects on myelopathy has been relatively infrequently eval-
uated in the literature. In general, the treatment of OPLL is riddled
with controversies and opinions, and the search for the optimum
form of surgery continues.
Although several theories have been put forth with regard to the

pathogenesis of OPLL, the exact hypothesis is only at the speculation
level (31). It does appear that OPLL is a complex and multifactorial
disease process that combines environmental, genetic, metabolic,
and degeneration related or unrelated mechanical factors (29). It
has been observed that there is an increased prevalence of OPLL
in patients with hypoparathyroidism, acromegaly, and diabetes
(28). OPLL has been identified in association with other
musculoskeletal diseases such as diffuse idiopathic skeletal
hyperostosis, ankylosing spondylitis, and spondyloarthropathy (37,
38). The role of instability in the development and progression of
Table 4. Outcome According to Odom’s Criteria

Outcome Number of Patients Percentage

Excellent 10 72

Good 3 21

Fair 1 7

Poor — —
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the OPLL and in the maturation of clinical symptoms is not entirely
clear. Some investigators point out that the mechanical stress in-
duces a biochemical response that leads ultimately to osteogenic
induction in the ligament cells and formation of OPLL (41). OPLL
frequently presents itself at an advanced stage when it occupies a
significant dimension of the canal (3). OPLL can be segmental or
continuous and sometimes extends over multiple spinal levels. The
natural history of untreated OPLL has been evaluated by some
investigators and in most patients the ossification grows in
dimensions over time and symptoms are progressive. OPLL can
lead to crippling neurological deficits (29, 32).
A number of strategies for surgical treatment have been put

forth. However, there is no gold standard treatment that is
universally accepted, or is applicable for all patients having OPLL.
Surgical considerations vary on the nature, location, and on the
extent of OPLL. Described methods of surgical treatment essen-
tially aim at decompression of the neural structures from
compressive effect of the OPLL. Surgical treatment is dictated by
the extent and physical nature of the OPLL. Presence or absence of
lordosis indicates the preference for anterior or posterior surgery.
Some surgeons consider the percentage of occupancy of the canal
by OPLL as a factor in determining the surgical strategy (24).
Patient age and comorbidities influence the decision regarding
the surgical approach. The discussion regarding the superiority
of the anterior versus the posterior surgical approach has been
the subject of several articles. The philosophy of “anterior
compression needs anterior decompression” has been more
popular in this regard (1, 2, 36). Due to the relative ease and
safety, posterior surgical approaches have been gaining increasing
ground (23).
Some investigators believe that the indirect surgical strategy of

posterior decompression by laminectomy or laminoplasty does not
alter the continued growth of anteriorly located OPLL and there-
fore can be delayed after an initial improvement (27). Epstein (5)
reported that in comparison to stand-alone posterior pro-
cedures, anterior procedures produce better short-term and
long-term improvements in neurological outcomes.
The twin operative strategy that involves decompression and

fixation, either by the anterior or the posterior surgical route, has
been generally adopted. However, despite the surgical experience
and expertise of the surgeon, such a surgical procedure and
the maneuver of resection of the OPLL can be tedious, time
consuming, and potentially hazardous. One or more level cor-
pectomies from the anterior cervical route or laminoplasty by the
posterior route followed by instrumented or noninstrumented
fixation can be formidable surgical endeavours. Some surgeons
even recommend circumferential decompression (5). We had
recommended oblique corpectomies for exposure and resection
of the OPLL and had suggested that such a conservative surgical
procedure does not affect the stability of the spine and
additional stabilization procedures can be avoided (17). Removal
of the ossified ligament can be tedious and sometimes wrought
with danger of dural tear and subsequent cerebrospinal fluid
leak. As a number of complications related to dural tears have
been observed, some surgeons recommend leaving a thin OPLL
sheath “floating” over the dura (25, 33). Despite the extensive-
ness of the surgical procedures, the outcome is unpredictable and
devastating neurological deficits have been frequently identified.
ROSURGERY, http://dx.doi.org/10.1016/j.wneu.2015.05.017
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OPLL is classified into the local, segmental, continuous, and
mixed types based on imaging findings (29). Considering that the
ossification extends over affected spinal segments and frequently
courses through the mobile transition zone, the opinion is that
the ossification by itself participates in adding to spinal
stabilization. Although instability has been considered an issue in
the management of OPLL, it is more related to instability that
possibly accrues after the wide bone decompression that is
generally necessary to remove the entire OPLL. Issues of kyphosis
and spinal instability have been discussed on several occasions
after anterior and posterior decompressive surgery (4, 20).
On the basis of our surgical experience with OPLL during 3

decades, we identified instability as the defining factor in the
pathogenesis of OPLL and in the development of symptoms related
to myelopathy. The treatment aimed at stabilization of the spinal
segments resulted in remarkable clinical recovery. With our expe-
rience where the patient did not improve after stabilization surgery,
it appears that the number of fixation levels should be extended
superiorly to involve the atlantoaxial joint whenever the ossification
extends up to or above the second cervical level. Although, it is not
possible to compare the results of only stabilization with the other
more conventional forms of treatment, we are convinced that our
results are far superior. Although we do not have a long-term
evaluation of the effect of stabilization on the course of physical
structure of OPLL, our preliminary results indicate the viability of
such a treatment option, at least as an initial or primary stage
operation. Despite the intimidating presence of OPLL, images
show that the facets are active, functional, and never ossified and
fused. Although there are some recent studies that attempt to
analyze the effects of dynamic movements in cases with OPLL, the
status of facet joints has not been appropriately analyzed. Our
25-year experience with handling of facets for craniovertebral
instability (9, 13, 14, 16) and about 10-year experience of handling
facets of subaxial spine for spinal stabilization (18, 19) reveals that
the facets are not only functional and mobile, but seem to be
pathologic and hypermobile. The remarkably gratifying immediate
postoperative and relatively short-term outcome clearly suggests
that instability has a prime role in generation of symptoms and
possibly in the pathogenesis of OPLL. We have included Japanese
Orthopaedic Association score, Odom’s criteria, and VAS score for
measuring standard outcome. Although Odom’s criteria is not
considered helpful by some investigators, other similar criteria are
not appropriately validated. All of our patients who improved after
surgery were remarkably satisfied with the outcome. We did not
evaluate this fact on the basis of “patient satisfaction” scores as
discussed in the literature. In our earlier studies, we identified the
role of instability with basilar invagination and degenerative spinal
spondylosis in general (9, 13). We observed that more than physical
deformation of the neural structures, it is the instability and
repeated “micro” trauma that plays a major role in the generation of
symptoms. The remarkable plasticity of neural structures despite
gross physical deformation is obvious on several occasions. The
tumor-like presence, space occupation, and physical appearance of
OPLL attracts the attention of the treating surgeon. Multilevel
ossification has the potential of diverting the attention from the
facets and from the issue of instability. Dynamic images did not
demonstrate any gross instability that could be observed only on
direct visualization and handling of the facets.
WORLD NEUROSURGERY 84 [3]: 813-819, SEPTEMBER 2015
Only fixation, as we propose, is a relatively straightforward form
of treatment. As opposed to the forms of treatment that involve
wide bone removal from the anterior or posterior spinal
perspective, we propose retaining all bone and aim at arthrodesis.
Because removal of the OPLL by itself is not done, the entire
surgical procedure is relatively safe and danger of direct injury to
the dura or to neural structures are avoided. We used the trans-
articular method of screw implantation. The significantly large
size of facets frequently permitted the use of 2 screws at each level,
providing a reassuring stability. Although there are no biome-
chanical studies that suggest superiority of transarticular when
compared to pedicle screw fixation, we used this technique for its
relative ease of deployment and safety of the vertebral artery.
Although complications can occur and have been reported, we did
not encounter any nerve root, cord, or vertebral artery injury
related to transarticular screw insertion. The instability of the
facets could be gauzed by direct observation. However, the
instability was not as pronounced as is observed with degenerative
spondylosis. The facets were visibly functioning and mobile, and
the articular cartilage was intact. The fixation was done depending
on the spinal levels of the extension of OPLL. The number of levels
of fixation was extended on the basis of direct observation of the
status of facets during surgery. The extension of level of fixation
was relatively straightforward and quick when compared with
other anterior or posterior surgical techniques.
We performed only fixation in all of our patients, irrespective of

the nature and extent of extension of the OPLL. No bone resection
was done. Our operation was aimed at arthrodesis of the involved
spinal segments. The articular cartilage of the facet joint was
widely denuded before the surgery for fixation. Bone graft was
jammed into the articular space adjoining the spacer or around the
screw. In addition, bone graft was overlaid on the appropriately
prepared host bone of laminae. For this purpose, bone graft was
harvested either from the iliac crest or from the spinous processes,
or both of these graft materials were simultaneously used. The
interspinous process and interlaminar ligaments were widely
removed in preparation of host bone for bone grafting and to limit
any movements that could affect bone fusion.
Fixation of the facets resulted in dramatic and sustained

neurological recovery. This fact suggests that instability could be
the defining factor in both the pathogenesis of neurological
symptoms and also possibly of OPLL itself.
Laminectomies were not performed in any of our patients. This

is because of our poor past experience with this surgical strategy
for treatment of OPLL-related cord compression. In addition, with
the present experience it appears that instability may be the prime
cause of pathogenesis of the disease and the possible cause of
genesis and progression of symptoms. Laminectomy can be safely
avoided. Our follow-up ranges from 3e28 months. We did not
observe regression of the OPLL in any case during this relatively
short period of follow-up. More important, we did not observe an
increase in the dimensions of the OPLL in any case during that
follow-up period. It is clear that the hypothesis that OPLL will be
resolved with a fusion surgery has not been resolved with our
study and will probably need a long-term clinical and radiologic
evaluation based on rigid follow-up parameters. Even our radio-
logic magnetic resonance imaging evaluation did not satisfactorily
show clear evidence of resolution of the ossification of the
www.WORLDNEUROSURGERY.org 817
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posterior longitudinal ligament, reduction of cord compression,
or resolution of altered signals in the cord. The remarkable re-
covery of pain as a symptom, in the short-term postoperative
period, as judged by VAS scores, suggests that instability of the
spinal segments may play a major role in generation of this
symptom. It is impossible to clearly define the biomechanical role
of instability in the generation and progression of OPLL. Even if
the positive effects of segmental fixation are presumed to be
temporary, we believe that stabilization can be considered as the
primary form of treatment. In case of recurrence of symptoms
related to growth of OPLL, the subsequent operation can be aimed
only at midline decompression, which can by itself be a relatively
simpler form of surgery. One patient in the series did not improve
to satisfaction. In retrospective review of the case it may be that
noninclusion of the unstable spinal segment at the atlantoaxial
joint could be the possible cause.
The drawback of the presented evaluation is the heterogeneous

nature of patient population and the relatively short follow-up of
the patients treated. In addition, a scientific study involving a
818 www.SCIENCEDIRECT.com WORLD NEU
double-blinded patient-based protocol is mandatory. Considering
the relative rarity of such cases, adoption of an appropriate
scientific protocol seems relatively difficult. Future studies on the
subject can involve a number of institutions so that the patient
sample size is significantly more. It is clear that additional studies
with larger cohorts are necessary to determine the validity of our
hypothesis and results of treatment. Long-term evaluation is also
mandatory to assess the degree of continued clinical improve-
ment, alignment of spine stability, and curvatures.
CONCLUSIONS

Although our results after the surgical strategy of only fixation
have been gratifying and encouraging, a longer follow-up with a
larger number of cases will be required to convincingly theorize
the validity of the procedure. It remains to be seen if the dy-
namic factor of instability has a role in the genesis of OPLL or
only participates in the generation of symptoms related to the
mass.
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