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Abstract
Aims: The aim of the study was to retrospectively evaluate the neurological outcome in operated 
patients of ossified posterior longitudinal ligament  (OPLL) of cervical and/or dorsal spine using 
modified Japanese orthopedic association (mJOA) score and find out the factors affecting the outcome. 
Settings and Design: The study design was a retrospective study. Materials and Methods: Forty 
operated patients of cervical and/or dorsal spine OPLL were included in the study. Neurological 
examination was conducted and analyzed using mJOA score pre‑  and postoperatively at 1, 6, 
and 12 months. Improvement in the mJOA score based on age, sex, type of OPLL, duration of 
symptoms, type of surgical procedure, and radiological parameters were calculated, analyzed, and 
compared with previous records of the patient. Results: Significant improvement in mJOA scores 
with mean preoperative being 12.27  ±  1.95 with 1‑year postoperative 13.85  ±  2.02  (P  <  0.0001) 
noted. There is a significant difference in mean mJOA scores in posterior approach with 
instrumentation  (P  <  0.0001) as compared with laminoplasty group  (P  <  0.005). Patients with 
occupancy ratio  <60% had better results  (P  <  0.0001) as compared to those with occupancy ratio 
of  >60%  (P  =  0.003). Patients with duration of symptoms  >1  year had poorer results compared to 
those of <1 year duration. Mean ossification kyphosis angle was 19.4° ± 5.73°. Conclusion: OPLL 
is a progressive disease which causes severe neurological deficit if left untreated. OPLL in a young 
patient with short duration of symptoms, low occupancy ratio, and low ossification kyphosis had 
better chances of neurological recovery. Type of OPLL and sex of patient do not affect the recovery. 
OPLL managed early and surgically has better results irrespective of anterior or posterior approach 
with significant improvement in mJOA score. Decompression with fusion has better results than 
decompression alone.
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Introduction
Ossification of posterior longitudinal 
ligament is a multifactorial disease 
characterized by calcification of posterior 
longitudinal ligament, leading to narrowing 
of spinal canal. Cervical spine is the most 
common region affected followed by dorsal 
spine [Figures 1 and 2]`5.  Tsuteimoto first 
described ossified posterior longitudinal 
ligament  (OPLL) of cervical spine in 
1960  [Figure  1]. OPLL is a common 
cause of cervical myelopathy in Asian 
population with incidence of 1.9%–4.3% 
as compared to western population of 
0.1%–1.7%. It is rarely seen before third 
decade of life.[1] According to Epstein, the 
distribution of OPLL is 70% in cervical 

spine, 15% in upper and mid‑thoracic, 
and 15% in upper lumbar spine. Cause 
of OPLL has been attributed to genetic 
and environmental  factors.[2,3] It has been 
classified based on pattern of ossification 
into segmental, continuous, mixed, and 
focal types  [Figure  3]. Dorsal spine 
OPLL is of two types: flat type and beak 
type  [Figure  4]. Symptoms are progressive 
due to stenosis, and early intervention 
is fruitful. Surgical decompression is 
frequently indicated in patients with 
cervical myelopathy due to OPLL. 
Anterior decompression typically consists 
of discectomy or corpectomy along with 
direct removal of the OPLL mass. Posterior 
approaches use an indirect decompression 
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through either laminoplasty or laminectomy.[4-7]. Anterior 
decompression and direct removal of OPLL seem to be 
radical, because the major pathomechanism of OPLL is 
anterior compression of the spinal cord; moreover, some 
authors have shown the benefit of anterior decompression 
in cases with a high occupying ratio of OPLL. However, 
the procedure is more complicated and prone to high risk 
of complications. Posterior decompression is the preferred 
choice of surgical treatment for cervical OPLL in many 
institutes. For it is a relatively safer procedure and can 
provide extensive decompression of segments more easily. 
However, such an approach has a risk of OPLL progression 
and limited effectiveness in cases of OPLL with severe 
kyphotic deformity.[8-10] The purpose of the study is 
to evaluate the neurological improvement in operated 
patients of OPLL using modified Japanese Orthopaedic 
Association (mJOA) score [Figure 5].

Materials and Methods
This study is a single‑center retrospective analysis of forty 
patients of cervical and/or dorsal spine OPLL operated 

and were followed up postoperatively for at least 1  year. 
The neurological recovery was serially evaluated using 
modified JOA scores during immediate postoperative 
period, at 1 month, 6 months, and 1 year successively and 
compared with preoperative mJOA scores. Patients with 
inadequate follow‑up and cases of myelopathy other than 
OPLL were excluded from the study. Plain X‑ray, computed 
tomography  (CT), and magnetic resonance imaging  (MRI) 
scans were taken preoperatively and were analyzed 
for K‑line, occupancy ratio, and Ossification‑Kyphosis 
angle  [Figure  6]. Dynamic lateral flexion‑extension X‑rays 
were taken in all patients preoperatively to look for signs of 
instability and to decide on instrumentation. Postoperatively, 
radiological assessment was done using X‑rays taken 
immediate postoperative, at 1 month, 3 months, 6 months, 
and 1  year and were analyzed for fixation status, loss of 
correction, and worsening of kyphosis. Postoperatively, if 
required CT and MRI scans were repeated in cases of no 
improvement or worsening of symptoms. All participants 
of the study have given written consent to participate in 
the study. The study was in accordance with the ethical 

Figure  1: X‑ray showing cervical spine ossified posterior longitudinal 
ligament

Figure  2: Computed tomography scan showing ossified posterior 
longitudinal ligament of dorsal spine

Figure 4: Types of thoracic ossified posterior longitudinal ligamentFigure  3: Types of cervical ossified posterior longitudinal ligament (a)  
continuous type. (b) segmental type. (c) mixed type.  (d) others
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standards of our institutional ethics committee and with 
the Helsinki declaration of 1975 and has been approved 
by the institutional review board and institutional ethics 
committee (ref no: 019020/2019).

Surgical technique

Anterior approach to cervical spine

Anterior approach was considered in patients who are 
K‑line negative with high occupancy ratio. All patients 
were operated by Smith‑Robinson anterior approach 
technique from left side. Anterior corpectomy or discectomy 
was done as per the severity of OPLL, thorough cord and 
root decompression was done. In cases with double dura 
sign, resection of OPLL mass was attempted using surgical 
burr. In cases where OPLL mass was found to be adherent 
to dura, OPLL mass was released from surrounding 

structures and left as floating islands. Reconstruction was 
done in most cases using iliac crest autograft, and in few 
cases, Titanium cages were used, and stabilization was 
achieved using locking anterior cervical plate of appropriate 
length.[11-12]

Posterior approach to cervical and dorsal spine

Posterior approach was considered in patients with a positive 
K‑line and low occupancy ratio. In dorsal spine, posterior 
approach was done in those with Ossification‑Kyphosis 
angle of  <23°. All of our dorsal OPLL patients were 
qualified for posterior approach. Standard mid‑line 
posterior approach was used after elevating the paraspinal 
muscles and achieving hemostasis screws were inserted 
in indicated cases which was decided based on instability 
seen on preoperative lateral flexion‑extension X‑rays. Open 
door laminoplasty and cord decompression were done in 
all patients and laminoplasty was fixed using bone graft 
harvested from iliac crest and local graft.[13,14] Mobilization 
was done after drain removal on day 3.

Results
In the above study of forty patients, 35 were male 
and 5  female presenting with OPLL of cervical spine 
in 40  patients, OPLL of cervical and dorsal spine in 
eight patients. The mean preoperative mJOA score was 
12.27  ±  1.95 and mean postoperative mJOA score of 
12.8  ±  2.04 at 1 month postoperative, 13.85  ±  2.02 at 
6 months, and 13.85  ±  2.02 at 1  year postoperative. 
The improvement in mJOA scores at 1‑year 
postoperative compared to preoperative is statistically 
significant  (P  <  0.0001). Among various types of OPLL, 
mixed type constituted 52.5% followed by segmental 
type  35%, continuous 7.5%, and focal type  5%. Mean 
occupancy ratio was 59.85  ±  9.02. Mean ossification 

Figure 5: Modified Japanese Orthopedic Association score

Figure 6: Radiological parameters used in ossified posterior longitudinal 
ligament.  (a) Occupancy ratio.  (b) K‑line positive ossified posterior 
longitudinal ligament.  (c) K‑line negative ossified posterior longitudinal 
ligament.  (d) Ossification Kyphosis angle used in dorsal spine ossified 
posterior longitudinal ligament
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kyphosis angle was 19.4° ± 5.73° with mean mJOA score 
of 12.63  ±  2.44 preoperatively, 13  ±  2.56 at 1 month 
postoperative, 14  ±  1.85 at 6 months, and 14  ±  1.85 at 
1‑year postoperative  (P  =  0.073). Of the forty patients, 26 
had K‑line positive OPLL and 14 K‑line negative.

Out of forty patients, ten were operated by anterior 
approach and thirty patients by posterior approach. Of 
those operated by posterior approach, eight patients had 
coexisting cervical and dorsal spine OPLL and 22  patients 
had isolated cervical spine OPLL. All 10 patients operated 
by anterior approach had isolated cervical spine OPLL. 
All patients with dorsal spine OPLL qualified for posterior 
approach and hence none of them required anterior 
transthoracic approach.

Decompression with instrumented fusion was done in 
25  patients and isolated decompression was performed 
in 15  patients. Mean mJOA scores in those operated by 
anterior approach were 12.9  ±  0.99 preoperatively and 
14.3  ±  2.21 on 1‑year postoperative  (P  <  0.021). Mean 
mJOA score in posterior approach with instrumentation 
was 11.87  ±  2.06 preoperatively and 13.8  ±  1.89 at 
1‑year follow‑up  (P  <  0.0001), whereas in posterior 
approach without instrumentation mean mJOA score 
was 12.27  ±  2.28 preoperatively and 13.6  ±  2.09 at 
1‑year follow‑up  (P  =  0.005). However, we could not 
find significant difference in postoperative mJOA scores 
between laminoplasty and instrumented group (P = 0.786). 
Out of forty patients of OPLL, eight had OPLL of cervical 
and dorsal spine with mean ossification kyphosis angle 
being 19.4° ± 5.73°. Mean preoperative mJOA score was 
12.63  ±  2.44, and mean scores at 1‑year postoperative 
were 14  ±  1.85. There was no statistically significant 
recovery  (P  =  0.073). All the patients were operated by 
posterior decompression. Mean mJOA score in those with 
occupancy ratio of  <60% was 12.63  ±  1.89 preoperatively 
and 14.36  ±  2.06 at 1‑year follow‑up  (P  <  0.0001), and 
in those with occupancy ratio  >60% mean mJOA score 
was 11.83  ±  1.97 preoperative and 13.22  ±  1.83 at 1‑year 
follow‑up  (P  =  0.003). The above shows that there are 
better results in those with low occupancy ratio. There 
is a significant improvement in mJOA scores in those 
with short duration of symptoms  <1  year  (P  <  0.0001) 
as compared to those with longer duration of 
symptoms >1 year (P = 0.002).

The statistical analysis was performed by SPSS 23.0 
version. Continuous variables were described as mean and 
variation of each observation from the mean value (standard 
deviation) represented as mean  ±  standard deviation 
categorical variables were described by taking percentages. 
Independent t‑test was used for finding out the association 
between continuous variables. Paired t‑test was used to find 
out association at different intervals in the same patients. 
P < 0.05 was considered statistically significant.

Discussion
In the above study of forty patients, cervical and/or dorsal 
OPLL was selected, of which 35 were male and 5  female. 
In accordance with a study by Choi et  al.,[15] OPLL is 
more common in men compared to women, the prevalence 
in their studies is male‑to‑female ratio of 2:1, but in our 
study, the ratio is 7:1 indicating that, in Indian population, 
OPLL is far more common in men.

Of the forty patients, 32 had OPLL of cervical spine and 
eight patients had OPLL of cervical and dorsal spine. In 
our study, the prevalence of OPLL in cervical spine is 
80% and in dorsal spine is 20% which goes in accordance 
with other studies. In the study conducted by Hirai et al.,[16] 
it was found that 56.2% had coexistence of OPLL cervical 
and dorsolumbar spine, while in our study, the prevalence 
was 20%. Cervical OPLL is more common in men, 
whereas OPLL in multiple regions is more common in 
female population.[16] Whereas in our study, it was found 
that OPLL in multiple regions was more common in men 
than women, out of eight patients with OPLL in multiple 
regions, seven were male and one female.

On preoperative clinical examination, it was found that, 
out of forty patients, all forty had paresthesia of upper 
and lower limbs, neck pain in 39  (97.5%), radiculopathy 
in 11 patients  (27.5%), and spasticity in 24 patients  (60%) 
and none had bowel or bladder involvement. From our 
study, it is seen that paresthesia is common finding in a 
patient of OPLL. In a study conducted by Raykar et  al.,[1] 
neck pain was found to be more common complaint than 
radiculopathy. Postoperatively, there was symptomatic relief 
in all forty patients with improvement in paresthesia, neck 
pain, and radiculopathy seen by 3 months and spasticity 
was relieved by 6 months in all 40  patients. No bowel 
bladder involvement was seen pre and postoperatively.

Among the types of OPLL, it was seen that, out of 
40 patients of cervical OPLL, mixed type of OPLL was seen 
in 21 patients (52.5%), segmental type in 14 patients (35%), 
and continuous type in three patients (7.5%) and focal type 
in two patients (5%). This goes in accordance with a study 
conducted by Raykar et  al.[1] who also found that mixed 
type of OPLL is more common followed by segmental, 
continuous, and focal type.

Among the radiological parameters, K‑line was positive in 
26 patients (65%) and negative in 14 patients (35%). K‑line 
measures the lordosis of cervical spine by line drawn from 
mid‑point of C2 spinal canal to mid‑point of C7 spinal 
canal. K‑line helps to decide the approach to be used 
and also chances of developing postoperative kyphosis. 
Out of 26  patients with K‑line positive, 22 were operated 
by posterior approach and 4 were operated by anterior 
approach. Out of 14 patients with K‑line negative, six were 
operated by anterior approach and eight were operated 
by posterior approach. In accordance with the study 
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conducted by Mehdi SK et al.,[17]  it was found that patients 
with K‑line positive needs to be operated by posterior 
approach and had higher postoperative mJOA scores 
when supplemented by fusion. Anterior approach can also 
be used in patients with K‑line positive. K‑line‑negative 
patients had significant neurological recovery when 
operated by anterior and posterior fusion surgery and had 
worse outcomes when treated by laminoplasty line. The 
study found that, for patients with K‑line −ve OPLL, which 
indicates thick ossification foci and/or kyphotic alignment, 
the bowstringing effect of laminoplasty is ineffective and 
results in insufficient decompression. They also found 
progression of kyphosis in patients with K‑line negative 
treated by laminoplasty.

Mean occupancy ratio in our study was 59.85% ± 
9.02%  (range  =  44%–76%). Out of forty patients, 
22  patients had occupancy ratio  <60% and 18  patients 
having occupancy ratio ≥60%. It was found that prevalence 
of myelopathy in patients with occupancy ratio of >60% was 
found to be 100% in a study by Abiola et al.[18] In patients 
with occupancy ratio  <60%  (n  =  22), mean preoperative 
mJOA score was 12.63  ±  1.89, and mean postoperative 
scores at 3 months were 14.36  ±  2.06. The recovery 
was found to be statistically significant  (P  <  0.0001). In 
patients with occupancy ratio ≥60%, the mean preoperative 
mJOA score was 11.83  ±  1.97 and score at 3 months 
postoperative was 13.22  ±  1.83. The recovery was found 
to be statistically significant  (P  =  0.003). From the above, 
it is seen that patients with preoperative occupancy ratio 
of  <60% had better neurological recovery as compared to 
those with occupancy ratio ≥60%. This goes in accordance 
with the study conducted by Li et  al.[19] where they found 
that patients with higher occupancy ratio, higher residual 
ratio had poor outcome.

Out of forty patients, 18 had duration of symptoms ≤1 year 
and 22 had duration of  >1  year. Mean preoperative 
mJOA score in patients with duration  ≤1  year was 
12.83  ±  1.42 and mean score at 6 months postoperative 
was 14.83  ±  1.75. The recovery rate was found to be 
statistically significant  (P  <  0.0001). Mean preoperative 
mJOA score in patients with duration  ≤1  year was 
11.82 ± 2.22, and mean score at 3‑month postoperative was 
13.04 ± 1.89. The recovery rate was found to be statistically 
significant  (P  =  0.002). It was found from our study that 
patients with duration of symptoms  ≤1  year had more 
recovery compared to those presenting late with  >1‑year 
duration of symptoms. This goes in accordance with the 
study conducted by  Baaj AA et al.[20] where they reviewed 
poor prognostic factors in OPLL and found that longer the 
duration of symptoms poorer are the results.

The mean preoperative mJOA score of forty patients 
was 12.27  ±  1.95, mean postoperative mJOA score was 
12.8  ± 2.04 at 1 month and 13.85  ± 2.02 at 6 months and 
13.85  ±  2.02 at 1  year postoperative. The above scores 

are irrespective of the approach and type of surgery done. 
Severity of myelopathy according to mJOA score is graded 
as mild if score is 15 or more, moderate if scores between 
12 and 14, and scores  <12 as severe myelopathy. In our 
study, it was found that eight patients had scores below 
12.28  patients had scores between 12 and 14 and four 
patients above 15. Mean postoperative mJOA score was 
12.8  ±  2.04 at 1 month and 13.85  ±  2.02 at 6 months 
postoperative. The improvement in the mJOA score 
was statistically significant at 6 months postoperative when 
compared with the preoperative mJOA score (P < 0.0001).

Of the forty patients, thirty were operated by posterior 
approach and ten by anterior approach. In the anterior 
approach group, the mean preoperative mJOA score was 
12.9  ±  0.99 and mean postoperative mJOA score was 
14.3  ±  2.21 at 1  year. The improvement in mJOA score 
was found to be statistically significant  (P  =  0.021). Of 
the 10 operated by anterior approach, all of the 10 were 
treated by corpectomy and fusion by anterior cervical 
plating and bone grafting. Single level corpectomy in two 
patients, two level corpectomy in seven patients, and three 
level corpectomy in one patient.  The above results are 
in accordance with the study conducted by Feng et  al.[21] 
where they found significant improvement in the neurology 
in patients operated by anterior corpectomy and fusion.

Out of thirty patients operated by posterior approach, 
15  patients were treated by laminoplasty and 15  patients 
were treated by laminectomy supplemented by fusion by 
instrumentation. The mean preoperative mJOA score was 
12.06 ± 2.15 and 13.7 ± 1.96 at 6 months and 13.7 ± 1.96 
at 1  year postoperative. There was significant neurological 
recovery postoperatively (P < 0.0001).

In patients operated by laminoplasty, mean preoperative 
mJOA score was 12.27  ±  2.28 and the scores at 1  year 
postoperative was 13.6  ±  2.09. The neurological recovery 
was found to be significant (P = 0.005).

In patients operated by laminectomy and fusion by 
instrumentation, mean preoperative mJOA score was 
11.87  ±  2.06 and scores at 1  year postoperative was 
13.8  ±  1.89. The neurological recovery was found to be 
significant (P < 0.0001).

From the above, it can be seen that the neurological 
recovery as calculated by mJOA is more in instrumented 
group as compared to laminoplasty group. This goes in 
accordance with studies conducted by Feng et  al.[5] and 
Mehdi et  al.[17] where they found higher recovery with 
instrumented group when compared with laminoplasty 
group.

Out of forty patients of OPLL, 8 had OPLL of cervical 
and dorsal spine with mean ossification kyphosis angle 
being 19.4° ± 5.73°. Mean preoperative mJOA score was 
12.63  ±  2.44 and mean scores at 1‑year postoperative 
was 14  ±  1.85. There was no statistically significant 
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recovery  (P  =  0.073). All the patients were operated 
by posterior decompression in accordance with a study 
conducted by Uei et  al.,[22] Abiola et  al.,[18] and Baaj 
et  al.[20] where they found that ossification kyphosis angle 
of  ≤23° must be operated by posterior decompression and 
angle  >23° needs anterior decompression. They found 
better recovery and lower recurrence rates with posterior 
decompression and fusion as compared to decompression 
alone. Results of surgical treatment of dorsal spine OPLL 
are poorer as compared to that of cervical spine. Factors 
responsible for poorer outcome as described by Kalb 
et al.[23] are:
a.	 Natural kyphosis of dorsal spine prevents posterior 

translation of the spinal cord after laminectomy, thereby 
decreasing its effectiveness

b.	 Poor vascularity of the spinal cord at the site of 
compression.

The neurological recovery in forty operated patients of 
OPLL of cervical and/or dorsal spine was found to be 
poor in 13 patients, fair in 11 patients, good in 10 patients, 
and excellent in six patients. Neurological recovery is 
calculated using the formula used by Li et  al.[19] in their 
study on potential risk factors for poor outcome after 
anterior surgery in patients of OPLL. In their study, they 
found that many factors were accounting for poor outcome 
such as age, duration of symptoms, type of OPLL, location 
of OPLL, number of segments involved, coexistence of 
other degenerative conditions, comorbidities, preoperative 
neurology, type of approach used, and instrumented fusion.
[24,25]

Conclusion
Based on our retrospective study, the results were satisfactory 
in terms of postoperative mJOA scores irrespective of 
surgical approach. We could not find significant difference 
in postoperative mJOA scores between instrumented and 
laminoplasty group. Studies show that decompression 
alone led to increase in kyphosis and progression of OPLL. 
Outcome in our study was found to be dependent on 
preoperative mJOA score, duration of symptoms, occupancy 
ratio, and surgical techniques. Factors not affecting the 
outcome were sex of the patient, type of OPLL, and number 
of levels involved. Ossification of posterior longitudinal 
ligament is a progressive disease with variable presentation 
which if tackled early has better outcomes.
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