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Analysis of Postoperative Clinical Outcomes
in Cervical Myelopathy due to Ossification of
Posterior Longitudinal Ligament Involving C2

Ajoy Prasad Shetty, Neerav Anand Singh, Guna Pratheep Kalanjiyam,
Jalaj Meena, Shanmuganathan Rajasekaran, Rishi Mugesh Kanna

Department of Spine Surgery, Ganga Medical Centre and Hospitals, Coimbatore, India

Study Design: Retrospective study.

Purpose: To investigate the radiological phenotype, patient and surgery-related risk factors influencing postoperative clinical out-
come for cervical myelopathy caused by ossification of the posterior longitudinal ligament involving C2 following posterior instru-
mented laminectomy and fusion.

Overview of Literature: Ossified posterior longitudinal ligament (OPLL) is caused by ectopic ossification of the posterior longitudinal
ligament. It can cause neurological impairment and severe disability. For multilevel cervical OPLL, studies have shown good neurologi-
cal recovery following cord decompression via either an anterior or posterior approach. There is, however, a lacunae in the literature
regarding the outcomes of patients with OPLL extending to C2 and above (C2 [+]).

Methods: We retrospectively studied 61 patients with C2 (+) OPLL who had posterior instrumented laminectomy and fusion at Ganga
Hospital, Coimbatore between July 2011 and January 2021, with a minimum follow-up of 2 years. Data on demographics, clinical out-
comes, radiology, and post-surgical outcomes were gathered.

Results: Among 61 patients, 56 were males and five were females. The OPLL pattern was mixed in 32 cases (52.5%), continuous in
26 cases (42.6%), segmental in two cases (3.3%), and circumscribed in one patient (1.6%). All of our patients showed signs of neu-
rological improvement after a 24-month follow-up. The mean preoperative modified Japanese Orthopaedic Association (mJOA) score
was 10.6 (range, 5—11) and the postoperative mJOA score was 15.8 (range, 12—18). The recovery rate was >75% in 27 patients (44.6%),
>50% in 32 patients (52.5%), and >25% in two patients (3.3%). The average recovery rate was 71% (range, 33%—100%). The inde-
pendent risk factor for predicting recovery rate is the preoperative mJOA score.

Conclusions: In C2 (+) OPLL, posterior instrumented decompression and fusion provide a relatively safe approach and satisfactory
results.
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Introduction

Ossified posterior longitudinal ligament (OPLL) is a type
of degenerative cervical myelopathy caused by ectopic
ossification in the posterior longitudinal ligament [1].
The subaxial cervical spine is the most common location
for OPLL in the Asian population [2-5]. Spinal decom-
pression procedures, either anterior or posterior, benefit
symptomatic patients. However, due to complex anatomi-
cal structures, anterior decompression is risky in patients
with OPLL extending above the C2 level (C2 [+] OPLL).

When approaching posteriorly, C2 is the key insertion
point for the erector spinae muscle, which, along with
the posterior tension band, aids in posture maintenance.
Hence, concerns about muscle stripping at C2 lead-
ing to an increased risk of postoperative kyphosis and
postoperative axial neck pain persist. In C2 (+) OPLL
patients, surgical management with posterior surgeries
like instrumented laminectomy [6], extended lamino-
plasty [7], and double dome laminoplasty [8] has been
described. However, the literature on C2 (+) OPLL, is
limited by a small number of patients. Furthermore, it is
unclear whether C2 (+) OPLL differs from subaxial OPLL
in terms of radiological characteristics and postoperative
outcomes.

OPLL involving C2 and above is managed in our insti-
tute with posterior instrumented laminectomy and fusion
when symptomatic, and in this study, we retrospectively
analyzed the C2 (+) OPLL patients for radiological pat-
terns, post-surgical outcomes, and complications with
long-term follow-up.

Materials and Methods

From July 2011 to January 2018, we retrospectively ob-
tained data on patients with symptomatic cervical my-
elopathy with C2 (+) OPLL who underwent posterior
instrumented laminectomy with fusion at Ganga Hospi-
tal, Coimbatore. The endorsement from the institutional
ethics review board of Ganga Hospital, Coimbatore was
obtained (IRB approval no.,2019/06/02). The study ex-
cluded patients with cervical infection, cervical trauma,
revision surgery, or incomplete radiological data. In-
formed consent was obtained from all individual partici-
pants included in the study.

A cervical spine computed tomography (CT) scan and
cervical magnetic resonance imaging (MRI) with whole-
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spine screening were performed to confirm OPLL. OPLL
was identified using CT-reconstructed axial and sagittal
images. OPLL involving the cranial to the inferior end-
plate of C2 was defined as (C2 [+] OPLL). In the picture
archiving and communication system, all radiological im-
aging was individually evaluated by two spine surgeons.

Age, gender, disease duration, body mass index, co-
morbidities, cervical lordosis, anteroposterior diameter of
ossification, number of levels, the maximum level of ossi-
fication, occupancy ratio, and presence or absence of high
intensity signal (HIS) in T2 weighted (T2W) MRI were
all obtained. The relationship between the OPLL mass
and to K line was discovered by Fujiyoshi et al. [9]. Surgi-
cal details including duration of the surgery, total blood
loss, and complications were evaluated. According to the
Japanese Ministry of Public Health and Welfare’s Investi-
gational Committee on Ossification of Spinal Ligaments,
OPLL is classified as continuous, segmental, mixed, and
localized [10].

For pre- and postoperative neurological function as-
sessment, the modified Japanese Orthopaedic Association
(mJOA) scoring system was used. Neurological recov-
ery rate (RR) calculated as=(final mJOA-preoperative
mJOA)/18-preoperative mJOA. RR >75% was considered
excellent, 50%-75% good, 25%-49% fair, and <25% poor.
The Visual Analog Scale (VAS) was used to quantify the
pre- and postoperative axial neck pain.

1. Surgical procedure

Using the standard posterior midline approach, all pa-
tients underwent posterior cervical laminectomy with
instrumentation and fusion. Complete laminectomy was
conducted at all engaged levels. C2 laminectomy was con-
ducted in all our patients as there was substantial stenosis
at C2 (Fig. 1). Significant stenosis at C2 was defined as the
obliteration of the anterior or anterior with posterior sub-
arachnoid space. A pedicle screw was used at C2, and lat-
eral mass screws were used from C3 to C6. Pedicle screws
were used in instances where instrumentation was ex-
tended to C7. For fusion, morselized autografts obtained
locally were used. Postoperatively, patients were mobilized
with a rigid cervical collar for about 6 weeks.

2. Statistical analysis

Mean and standard deviations were calculated for age,
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Fig. 1. (A, B) Anteroposterior and lateral cervical spine radiographs showing ossification behind the upper cervical vertebral bodies. (C, D) Midsag-
ittal and axial computed tomography scan images showing ossified posterior longitudinal ligament mass C2 to C5 with canal narrowing. (E, F) T2
weighted midsagittal and axial magnetic resonance imaging sections showing significant cord compression at C2 level. (G, H) Postoperative cervi-

cal spine radiographs C2—C6 posterior instrumented laminectomy.

follow-up years, length of symptoms, preoperative mJOA
score, postoperative mJOA score, RR, intraoperative
blood loss, and surgical duration. Preoperative and post-
operative parameter distinctions were decided by the
independent-sample t-test. Univariate and multivariate
linear regression analyses were conducted to assess the
independent predictors of RR and mJOA score. Statistical
analysis was conducted using IBM SPSS ver. 20.0 (IBM
Corp., Armonk, NY, USA) and p<0.05 was deemed statis-
tically significant.

Results

1. Demographic and radiological data

A total of 380 cervical OPLL patients were operated on at
our institute during the study period. Seventy-one patients
(18.7%) with C2 (+) OPLL were retrospectively identified.
During the follow-up period, seven patients died from
medical causes, and three patients were lost. The final
study cohort included 61 patients (56 males and five fe-

males). The mean age was 58.2 years (range, 39-79 years).
The OPLL was classified as a mixed pattern in 32 cases
(52.5%), continuous type in 26 cases (42.6%), segmental
type in two cases (3.3%), and circumscribed in one case
(1.6%). The average number of involved vertebral bodies
was 4.9 (range, 2-7). The average preoperative cervical lor-
dosis (C2-C7 angle) was —15.9° (range, 3.2° to —21.3°). In
50 cases (82%), the distribution of maximum ossification
was found between C2-C5 levels. The most stenotic level
was the C3-C4 level in 26 cases (42.6%), the C4-C5 level
in 13 cases (21.3%), and, C2-C3 in 11 cases (18%) (Fig. 2).
The average occupancy ratio was 40.5% (range, 29%-62%).
Within 61 patients, 53 patients were classified as K line (+),
while eight patients have classified as K line (-) category.
Preoperative T2W MRI revealed HIS within the cord (HIS
[+]) in 44 patients (72.1%) and in 17 patients (27.9%) HIS
absent (HIS [-]) (Table 1, Fig. 3).

2. Surgical data

All patients had standard posterior instrumented laminec-
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Fig. 2. (A, B) Lateral cervical radiograph and midsagittal computed tomography (CT) scan showing C2 (+) ossified posterior longitudinal ligament
mass extending till C4 level. (C) T2 weighted midsagittal magnetic resonance imaging (MRI) showing significant spinalcord compression. (D, E)
Axial CT and MRI scan images showing severe stenosis of the spinal canal at C3—C4 level.

Table 1. Demographic and clinical data of patients with C2 (+) OPLL

Characteristic Value

Age (yr) 58.21(39-79)
Sex
Male 56
Female 5
OPLL type
Mixed 32(52.5)
Continuous 26 (42.6)
Segmental 2(33)
Circumscribed 1(1.6)
No. of levels involved 4.9(2-7)

Maximum stenotic level

C3-C4> C4-C5>C2-C3

K line
Kline (+) 53(86.9)
K line (-) 8(13.1)
HIS
HIS+ 44(72.1)
HIS - 17 (27.9)

Values are presented as mean (range) or number (%).
OPLL, ossified posterior longitudinal ligament; HIS, high intensity signal.

tomy and fusion procedures. The average blood loss dur-
ing surgery was 288.5 mL (range, 200-430 mL), and the
average surgical time was 130.3 minutes (range, 88-195
minutes). Surgical complications, including dural tears
and neurological deterioration, were observed in nine
patients (14.8%) of the 61 successful procedures (Table 2).

Table 2. Surgical outcomes in the included patient cohort

Variable Value

Mean preoperative JOA score 10.6 (5-11)
Mean postoperative JOA score 15.8 (12-18)
Neurological recovery rate (%)

>75 (excellent) 27 (44.6)

50-74 (good) 32 (52.5)

25-49 (fair) 2(33)
Mean surgical time (min) 130.3 (88-195)
Mean total blood loss (mL) 288.5 (200-430)
Surgery related complications (total) 9(14.8)
Cerebrospinal fluid leak 4(6.6)
Transient neurological worsening 3(4.9)
Postoperative C5 palsy 2(3.3)

Values are presented as mean (range) or number (%).
JOA, Japanese Orthopaedic Association.

Four patients (6.6%) had an intra-operative dural tear re-
paired with 5-0 prolene and duragen. There were no fur-
ther complications in three of these cases. A late-onset ce-
rebrospinal fluid (CSF) pseudomeningocele was surgically
repaired in one patient. Three patients (4.9%) experienced
transient neurological worsening. All three patients had
a Medical Research Council (MRC) grade 5/5 preopera-
tive neurology. Two patients’ postoperative motor power
was reduced to MRC grade 3/5, while the third patient’s
neurology was reduced to MRC grade 1/5. The first two
patients recovered completely within 48 hours, and the
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Fig. 3. (A, B) Lateral cervical radiograph and midsagittal computed tomography scan showing ossified posterior longitudinal ligament (OPLL) ex-
tending from C2 to C4 level. (C, D) T2 weighted image and short-tau inversion recovery magnetic resonance imaging (MRI) images showing high
intensity signal (HIS) at C2—C3 level (HIS [+] type). (E) Axial MRI images showing severe cord compression by the OPLL mass. (F, G) Anteroposterior
and lateral postoperative radiographs following C2—C6 posterior instrumented laminectomy.

third recovered completely after 3 months of follow-up.
Two patients (3.3%) developed postoperative C5 palsy.

3. Follow-up and clinical outcomes

The average follow-up period was 3.2 years (range, 2 -5
years). Neurology improved in all of our patients at the fi-
nal follow-up, including those who experienced transient
neurological worsening after surgery (Table 2). The aver-
age preoperative mJOA score was 10.6 (range, 5-11), and
the average postoperative mJOA score was 15.8 (range,
12-18). The RR was >75% in 27 patients (45%), >50% in
32 patients (52%), and >25% in two patients (3%). The
average RR was 71% (range, 33%-100%), with pre- and
postoperative VAS of 7 (range, 5-8) and 3 (range, 2-4),
respectively. The mean cervical lordosis was —12.2° (range,

—2.8° to —20.8°) at follow-up.

Out of 61 patients, 53 were classified as K line (+) and
eight patients were classified as K line (-). There was no
statistically significant difference between the two groups
in terms of preoperative mJOA scores. The K line (+)
group had a mean preoperative mJOA of 10.6+2.4 and
a postoperative mJOA of 15.8+1.5 (p<0.05). The mean
mJOA score of the K line (-) group preoperatively was
10.3£3.2 and 15.9+1.1 at the final follow-up, which was
statistically significant (p<0.05). The RR for the K line (+)
group was 70.7%=15.1% and 69.5%+14% for the K line (-)
group, with no statistical difference (p>0.05).

Among 61 patients, 44 patients were classified as HIS
(+) and 17 as HIS (-) group. The HIS (+) group had a
lower preoperative mJOA score than the HIS (-) group,
but the difference was statistically not significant (p=0.42).
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Table 3. Postoperative clinical outcomes in the different subgroups

Kline cohort HIS cohort

Variable

Kline (+) Kline (-) HIS (+) HIS (-)
No. of patients 53 7 44 17
Age (yr) 59.34+846  50.75¢9.93 57.30:9.23 60.59+8.41
Preoperative mJOA 106424 10.3+3.2 105+2.4 10.7+2.5
Postoperative mJOA 15.8+15 15.9+1.1 15.6+15 16.2+1.2
Recovery rate (%) 70.7+15.1 69.5+14 68.8+14.3  75.3+15.7

Values are presented as number or meanzstandard deviation.
HIS, high intensity signal; mJOA, modified Japanese Orthopaedic Association.

Table 4. Multivariate linear regression analysis of mJOA score recovery rate

Variable B p-value
Age 0.120 0.21
Duration of symptoms -0.500 0.18
Occupancy ratio -0.051 0.70
Preoperative mJOA score -3.817 <0.001
Postoperative mJOA score 11.246 <0.001
Surgical time -0.090 0.27
Blood loss 0.042 0.30

mJOA, modified Japanese Orthopaedic Association.

The HIS (+) group had a mean preoperative mJOA score
of 10.5%2.4 and a postoperative mJOA score of 15.6£1.5
(p<0.05). The mJOA score in the HIS (-) group was
10.7+2.5 preoperatively and 16.2+1.2 postoperatively
(p<0.05). The RR in the HIS (+) group was 68.8%+14.3%,
while it was 75.3%+15.7% in the HIS (-) group, which was
statistically insignificant (p=0.06) (Table 3).

After adjusting for confounding factors, multivariate
linear regression analysis revealed that the preoperative
m]JOA score (B=-3.187, p<0.001) and final mJOA score
(B=11.246, p<0.001) were the independent predictors of
RR (Table 4).

Discussion

Early diagnosis and prompt surgical intervention for pa-
tients with cervical myelopathy have resulted in improved
quality of life and longevity. Because the literature on C2
(+) OPLL is limited, the radiological specifics and postop-
erative clinical outcomes are still unknown. In our study,
we reviewed data from 61 patients with C2 (+) OPLL who
underwent standard posterior laminectomy with instru-

mented fusion and were followed for at least 24 months.

The primary goal of decompressive surgery for cervi-
cal OPLL is to adequately decompress the spinal cord
from ongoing pressure to halt the progression and im-
prove symptoms of spinal cord dysfunction. According
to research, even after laminectomy and laminoplasty,
there may be a slow increase in OPLL mass because these
decompressive surgeries increase the range of motion in
the cervical segments, causing biomechanical strain in
the PLL [11-13]. Morphologically, continuous and mixed
OPLL have been linked to an increased risk of OPLL pro-
gression [14]. Hence, several authors advocate for instru-
mented fusion surgeries to reduce the risk of progression
[15,16]. Because cases majority (93.4%) in our study be-
longed to the continuous and mixed types, we performed
instrumented laminectomy with fusion on all of our pa-
tients. No patients in our study group underwent C1 arch
resection because the CSF signal was seen clearly in the
MRI at the C1 level both anterior and posterior to the spi-
nal cord. The following major findings concerning C2 (+)
OPLL phenotyping and surgical outcomes are revealed in
this study. First, in OPLL with C2 (+), the space available
for the cord (SAC) from C2-C5 is minimal. Secondly,
in approximately 97% of cases, posterior instrumented
laminectomy provides excellent to a good recovery. Third,
there was no difference in outcome between the K line (+)
and K line (-) groups. Finally, preoperative mJOA score
and final mJOA were discovered to be independent pre-
dictors of mJOA RR among all parameters.

In the current study, 50.8% of C2 (+) OPLL had a mixed
pattern, 42.6% had a continuous pattern, 3.3% had a seg-
mental pattern, and one had a circumscribed pattern. The
distribution of maximum ossification was found between
C2-C5 in 82% of cases. The highest stenotic level was
C3-C4, followed by C4-C5 and C2-C3, with an average
of 4.9 vertebral bodies. The average occupancy ratio was
40.47% overall. Our findings are consistent with previous
research on C2 (+) OPLL by Lee et al. [17] and Wang et
al. [6]. In the study by Lee et al. [17], SAC was narrowest
from C2-C4 with an average of 4.4 segment involvement
in 40 cases with C2 (+) OPLL. The mixed type of OPLL
predominated in their series, with the most common level
being C4-C5. Wang et al. [6] studied 45 cases of C2 (+)
OPLL, mixed type OPLL being the recurring pattern with
mean segments involvement 5.1, and the thinnest spinal
canal was found at C3-C4 level followed by C3 (Table 5).

We discovered that 53 patients (86.9%) were K line
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Table 5. Review of literature

Variable Lee et al. [17] (2016)
No. of C2 (+) OPLL patients 40

Type: mixed (%) 715

No. of segments involved 4414153
Occupancy ratio (%) 55.19+10.74

HIS (+) (%) 45

Kline (- (%) -

Preoperative mJOA 12.83£2.71
Postoperative mJOA 15.65+1.44
Recovery rate (%) 67.58+32.68

Surgery performed (%)

Wang et al. [6] (2018)

Our study (2022)

45 61
733 52.5

51 49
65.28 (47.6-87.2) 40.5+7.6
733 72.1
1.1 131
10316 10624
156.0+1.3 15.8+1.4
70.7£16.0 70.6+14.9

Posterior (72.5) (procedure not mentioned)  Posterior open door laminoplasty and instrumented fusion  Posterior instrumented laminectomy (100.0)

Values are presented as number or meansstandard deviation.

OPLL, ossified posterior longitudinal ligament; HIS, high intensity signal; mJOA, modified Japanese Orthopaedic Assaciation.

(+) and, 8 (13.1%) were K line (-). In K line (+) patients,
posterior decompression and stabilization are universally
accepted. However, several studies have found conflicts
between the anterior and posterior approaches still exist
for K line (-) cases. According to Fujiyoshi et al. [9] and
Koda et al. [18], adequate posterior shift of the spinal cord
and neurological improvement were not obtained follow-
ing posterior decompression surgery in K line (-) patients.
However, Koda et al. [18] discovered no significant differ-
ence in JOA score between anterior decompression with
fusion (ADF) and posterior instrumented decompression
and fusion (PDF). They discovered a significant difference
in the RR between the ADF and PDF groups. In K line
(-) cases, posterior decompression outperformed lamino-
plasty in terms of JOA score improvement. However, nei-
ther study was limited to C2(+) OPLL patients. The mJOA
score improved statistically significantly in both the K line
(+) and (-) groups. The RR was 71%=+15% and 69%+14%
in the K line (+) and K line (-) groups, respectively, with-
out statistical variation (p>0.05). In a study by Wang et al.
[6], the RR was 7419 in the K line (+) group and, 70+17
among the K line (-) without significance (p=0.59). Saito
et al. [19], also reported that in K line (-) patients, PDF
provide moderate JOA score recovery of 44%.
Intramedullary HIS on T2 weighted image (T2WI) was
associated with myelopathic symptoms in cervical OPLL
cases. Choi and Hum [20] discovered a link between HIS
and occupancy ratio. It has already been demonstrated that
the presence of signal intensity change in TIWT is associ-
ated with poor surgical outcomes [21]. In T2W images, we
found 44 cases with HIS (+) (72.1%) and 17 cases with HIS

(-). Wang et al. [6] discovered a HIS (+) incidence of 73.3%
in T2WI-MRI. They discovered a RR of 69%+16% in the
HIS (+) group and 74%+16% in the HIS (-) group (p=0.44),
which was comparable to our findings.

In our study, four patients had dural tears repaired dur-
ing surgery using 5-0 prolene and duragen. However, at
6 months of follow-up, one of these developed pseudo-
meningocele and required surgical repair. It is critical to
avoid dural tears because they increase the likelihood of
patient-related adverse outcomes and impede postopera-
tive care and rehabilitation. According to previous reports,
the most common step leading to a dural tear is using the
Kerrison punch for decompression. When we perform
a laminectomy for cervical OPLL, we can only barely
retract the cord, which can result in spinal cord injury. It
is even more difficult with thick OPLL and narrow SAC,
where the dura tightly adheres to the lamina. Therefore, it
is difficult to identify the footplate of the Kerrison punch
when it is inserted beneath the lamina, and the chances of
a dural tear are increased during this step. Dural tears, in
our experience, mostly occurred during our initial learn-
ing phase of using an ultrasonic bone scalpel. Particularly
in thick eccentric OPLL with limited space between the
lamina and OPLL mass.

There is currently agreement in the literature that multi-
level cervical OPLL is best treated via a posterior approach.
Lee et al. [8] recently reported positive results with the
double-door laminoplasty technique in patients with C2 (+)
OPLL. Wu et al. [22], discovered in a meta-analysis that
overall surgical interventions (anterior or posterior) signif-
icantly (p<0.00001) improved the JOA score at the latest
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follow-up without affecting cervical lordosis. However due
to the complex anterior neck anatomy of the upper cervi-
cal spine, C2 (+) OPLL is quite difficult to approach and
requires meticulous surgical skills. Hence, in C2 (+) OPLL
patients, the posterior approach is preferred [6,17]. Axial
neck pain is a symptom of degenerative multilevel cervi-
cal cord compression. Hence, performing decompression
with fusion is recommended. The addition of instrumen-
tation improves biomechanical stability, thereby increas-
ing fusion rates. Long-segment fusions, however, have a
few long-term complications such as adjacent segment
disease (ASD) and junctional kyphosis. The long-term
incidence of ASD after long-segment cervical fusions has
been estimated to be as high as 20%-30% [23,24]. How-
ever, no patients developed ASD or junctional kyphosis in
our study, which had a mean follow-up of 3.2 years. ASD
and junctional kyphosis have been linked to a variety of
causes, including poor bone quality, excessive paraspinal
muscle dissection, and instrumentation failure. According
to research, the length of the fusion construct itself is not
consistently associated with the occurrence of adjacent
segment pathology or junctional kyphosis [25,26].

Our study has the hereunder limitations. First, it was a
retrospective study with a small number of cases recruit-
ed. For all cases, only one standard surgical technique was
conducted, and no comparisons between various surgical
techniques could be made. Our center did not routinely
perform postoperative CT/MRI scans unless the patient
developed new symptoms, so the progression of OPLL
in our patients after surgery could not be documented. A
prospective study comparing clinical outcomes for C2 (+)
and C2 (-) OPLL groups would aid in the pathology’s un-
derstanding.

Conclusions

C2 (+) OPLL are typically mixed or continuous types with
thicker diameters and long segments. The narrowest SAC
is located between C2-C5 with the most stenotic area as
C3-C4. The most significant independent risk factor for
predicting RR is the preoperative mJOA score, and poste-
rior instrumented decompression with fusion is a relative-
ly safe approach with satisfactory functional outcomes.
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