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ORIGINAL ARTICLE

The cutoff value of ossification of posterior longitudinal
ligament (OPLL) for early diagnosis of myelopathy using
somatosensory evoked potential in cervical OPLL patients

SY Yoon!, TH Park?, NL Eun? and YG Park?

Study design: Retrospective study.

Objectives: The objective of this study was to find out whether ossification of posterior longitudinal ligament (OPLL) characteristics,
including size, shape and subtype, can be used to diagnose myelopathy using somatosensory evoked potential (SEP) in cervical OPLL
patients.

Setting: Yonsei University College of Medicine, Seoul, Korea.

Methods: We retrospectively reviewed the medical records of 153 cervical OPLL patients who underwent SEP study. OPLL anterior—
posterior (AP) diameter, area and involved longitudinal vertebral level were measured. OPLL was classified into subtypes according to
longitudinal continuity and shape. Correlation analysis and receiver operating curve were used.

Results: Tibial SEP latency was significantly correlated with OPLL AP diameter (P=0.001), diameter occupying ratio (P=0.019),
area (P=0.007), area occupying ratio (P=0.008), involved longitudinal vertebral level (P=0.028) and space available for the spinal
cord (P=0.019). The cutoff values that were diagnostic for SEP prolongation suggesting myelopathy were 4.91 mm for OPLL AP
diameter, 6.02 mm for space available for the spinal cord, 44.5% for diameter occupying ratio, 63.4 mm? for area, 36.1% for area
occupying ratio and level 2 for the involved longitudinal vertebral level.

Conclusions: Our results revealed that tibial SEP latency was significantly correlated with OPLL size and suggested cutoff values of
OPLL diameter (4.91 mm, 44.5%) and area (63.4 mm?2, 36.1%) for early diagnosis of myelopathy. These results can help to establish
treatment plans.
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INTRODUCTION

Ossification of posterior longitudinal ligament (OPLL) is pathological
calcification of the posterior longitudinal ligament. This condition can
compress the spinal cord and lead to myelopathy. The prevalence of
cervical OPLL is known to be higher in Asians than other races, and it
has recently shown an increase in prevalence due to greater detection
on computed tomography (CT) compared with plain radiographs.!

the relationship between SEP and OPLL have focused on intraopera-
tive SEP monitoring.

SEP is a noninvasive electrophysiological study used to monitor
somatosensory pathways, including spinal cord integrity. It has been
used to monitor neurological conditions in spinal cord and brain
injuries.”"!> SEP has also been widely used for vertebral and brain
surgery to monitor spinal cord integrity during operative treatment

The pathomechanism of myelopathy of the OPLL remains obscure.
Myelopathy can be diagnosed when there are neurological symptoms,
abnormal findings on imaging studies such as magnetic resonance
imaging (MRI) or electrodiagnostic studies, such as somatosensory
evoked potential (SEP). Some trials have investigated the correlation
between OPLL characteristics, such as anterior—posterior (AP)
diameter and subtype, and intramedullary high signal change on
T2-weighted MRL?? Other studies have focused on the correlation
between OPLL characteristics and clinical symptoms, such as weak-
ness, sensory change, pain and postoperative outcomes.*8 However,
there have been no trials to demonstrate the correlation between
preoperative SEP and OPLL characteristics. Almost all studies about

and to predict postoperative outcomes.!>!* Some previous studies
suggested that SEP could predict later compressive myelopathy earlier
than other methods, such as neurological symptom or MRI finding.>!>
Thus to find out the correlation between SEP and OPLL characteristics
and to suggest cutoff value of OPLL size would be helpful for early
detection of myelopathy in cervical OPLL characteristics.

To our knowledge, no prior studies have investigated the correlation
between OPLL characteristics and preoperative SEP. Therefore, the
objective of this study was to demonstrate the correlation between size,
shape, subtype of OPLL and SEP in cervical OPLL patients and to
suggest the cutoff value of OPLL size to predict myelopathy on
SEP study.
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MATERIALS AND METHODS

Study participants

We retrospectively reviewed the medical records of 153 cervical OPLL patients
who underwent SEP study between January 2012 and October 2014 at our
University Hospital. The diagnosis of OPLL was confirmed by CT. All patients
underwent cervical plain radiography, CT and MRI. Exclusion criteria were as
follows: (1) a previous history of cervical operation; (2) a combined diagnosis
of ossification of the ligament flavum; (3) combined thoracic OPLL; and
(4) insufficient radiological or medical records. Demographic data, including
age, sex, neurological symptoms and electrodiagnostic findings, were recorded.
This study was approved by the Institutional Review Board for Clinical Studies
at our institution.

OPLL size measurement and OPLL type classification

The AP diameter of the spinal canal and OPLL were measured on CT at the
maximal compression level (Figure 1a). The OPLL AP diameter occupying ratio
was calculated with the following equation: OPLL AP diameter/spinal canal AP
diameter x 100. The spinal canal area and OPLL area were measured at the

a

Figure 1 Measurement of OPLL. (a) a: OPLL AP diameter; b: space available
for the spinal cord; c: spinal canal AP diameter, (b) d: OPLL area; e: spinal
canal area. A full color version of this figure is available at the Spinal Cord
journal online.
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maximal compression level (Figure 1b). The OPLL area occupying ratio was
calculated with the following formula: OPLL area/spinal canal area x 100. The
OPLL size, including diameter and area, was measured with a Picture archiving
and communication system (Centricity PACS Radiology RA1000 Workstation,
GE Healthcare, Barrington, IL, USA). An experienced radiologist interpreted
the radiological findings and measured the diameter and area of the OPLL three
times; the values were then averaged. The extent of the OPLL level was
measured at levels 1-7 on sagittal-view CT. The type of OPLL was classified as
continuous, segmental, mixed or localized according to longitudinal continuity,
and the shape of OPLL was classified as plateau or hill on sagittal-view CT by
the criteria of previous studies.»!® Axial shape was classified as single-layer sign,
double-layer sign or ¢ sign on axial-view CT by the criteria of previous
studies.>16

Electrophysiological evaluation—SEP
SEP of the median and tibial nerves was performed when patients were
diagnosed with cervical OPLL by radiological evaluation. Patients were
positioned supine and relaxed on a secured bed in a silent examination room
kept at 2224 °C. Skin temperature was maintained at 32-36 °C. The skin was
cleansed and covered with electrolyte gel. SEP was recorded by stimulation of
the bilateral median nerves at the wrist and bilateral posterior tibial nerves at
the ankle by using bar electrode. Recordings were performed via needle
electrodes from the scalp at C3 (right median nerve stimulation), C4 (left
median nerve stimulation) and Cz (right and left tibial nerve stimulation)
positions and from a reference electrode at Fz according to the 10-20
international EEG system. The stimulation intensity was arranged to produce
minimal twitching movement in the thumb for the median nerve and in the
first toe for the tibial nerve. The cortical parietal response N20 for the median
nerve and the cortical P40 response for the tibial nerve were recorded. The
process was repeated at least twice, and the results were averaged for each
recording session. The EMG equipment (Medelec Synergy; Oxford Instruments
Medical Ltd., Surrey, UK) used for SEP evaluation included a built-in monitor,
bipolar stimulator and discoid electrodes. The following settings were used:
0.05-ms stimulation duration, 3 Hz repetition rate, 250 repetitions, 20-2000 Hz
band filter width, 2 pV per division sensitivity, and 10 ms per division
sweep speed.

To find the cutoff value for deteriorated spinal cord integrity, we calculated
abnormal tibial SEP separately for each patient, considering the patient’s height,
using our laboratory tibial SEP data on the basis of previous research.!”

Statistical analysis

Statistical analysis was performed with SPSS 20.0 for Windows. Simple
correlation analysis was used to assess the relationships between OPLL size,
including AP diameter, area, involved longitudinal vertebral level and SEP.
Student’s #-tests and analysis of variance were used to compare means between
different OPLL types. To identify the predictive value of OPLL size for the risk
of SEP prolongation, which suggests myelopathy, receiver operating character-
istic (ROC) curves were used with analysis of the area under the curve (AUC)
and determination of sensitivity and specificity, as well as identification of a
cutoff value of the highest sensitivity and specificity. Student’s t-test was used to
compare means of OPLL size between symptomatic and asymptomatic patients.
A P-value of less than 0.05 was considered statistically significant.

RESULTS

Demographic data

Study patients included 119 men and 34 women with a mean age of
54+ 10 years. Mean median SEP latency was 20.41 +2.41 ms, and
tibial SEP latency was 43.97 £6.50 ms. Mean OPLL AP diameter
was 5.75+1.80 mm, space available for the spinal cord (SAC)
was 6.30+2.02mm and OPLL diameter occupying ratio was
47.88 +13.77%. Mean OPLL area was 61.62 +30.83 mm?, residual
canal area was 143.14 +41.26 mm? and OPLL area occupying ratio
was 30.27 +13.85%. The involved longitudinal vertebral level was
4.1+1.5 level. The type of OPLL by continuity was classified as
follows: segmental, n=46 (30%); continuous, n=41 (27%), mixed,
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n=>58 (40%); and localized, n=8 (5%). The OPLL shape was a
plateau in 138 patients (90%) and a hill in 18 patients (10%). Axial
shape was distributed as a single-layer sign in 122 patients (80%),
double-layer sign in 21 patients (14%) and ¢ sign in 10 patients (7%).
The demographic data and types of OPLL of the 153 patients with
cervical OPLL are summarized in Table 1.

Analysis of the relationship between OPLL characteristics and SEP
Correlation analysis revealed that tibial SEP latency was positively
correlated with both the OPLL AP diameter (r=0.264, P=0.001) and
OPLL AP diameter occupying ratio (r=0.251, P=0.019) weekly.
The OPLL area (r=0.218, P=0.007) and OPLL area occupying ratio
(r=0.215, P=0.008) were also weekly positively correlated with tibial
SEP. The involved longitudinal vertebral level of the OPLL was
significantly associated with tibial SEP prolongation (r=0.178,
P=0.028). In addition, SAC was negatively correlated with SEP
prolongation (r=-0.190, P=0.019) (Table 2, Figure 2). However,
the correlation between OPLL size and median SEP was not significant.

The SEP latency did not differ significantly between plateau- and
hill-shape patients. Analyses of variance revealed no significant
differences in SEP latency between patients classified by longitudinal
continuity (segmental, continuous, mixed and localized types) or axial
shape (single layer, double layer and c sign).

Cutoff value of OPLL size that were diagnostic for SEP prolongation
suggesting myelopathy

The ROC curve analysis showed that the cutoff value of OPLL AP
diameter to predict deteriorated spinal cord integrity, suggesting

Table 1 Clinical characteristics of cervical OPLL patients

No. of patients 153
Sex (M/F) 119/34
Age (years) 54+10
Median SEP latency (ms) 20.41+2.41
Tibial SEP latency (ms) 43.97 +6.50
Spinal canal diameter (mm) 12.06+1.77
OPLL AP diameter (mm) 5.75+1.80
SAC (mm) 6.30+2.02
OPLL diameter occupying ratio (%) 47.88+13.77
Spinal canal area (mm?) 204.76 +40.35
OPLL area (mm2) 61.62+30.83
Residual spinal canal area (mm?) 143.14+41.26
OPLL area occupying ratio (%) 30.27+13.85
Involved longitudinal vertebral level 40+1.5
OPLL type by continuity
Segmental 46 (30%)
Continuous 41 (27%)
Mixed 58 (40%)
Localized 8 (5%)

Shape on saggital view
Plateau shape
Hill shape

138 (90%)
18 (10%)

Shape on axial view
Single-layer sign
Double-layer sign
C sign

122 (80%)
21 (14%)
10 (7%)

Abbreviations: AP, anterior—posterior; F, female; M, male; OPLL, ossification of posterior
longitudinal ligament; SAC, space available for spinal cord; SEP, somatosensory evoked
potential. Values are mean +s.d.
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myelopathy was 4.91 mm. AUC was established at the level of 0.624.
Sensitivity was 78.12%; and specificity, 44.64%. The cutoff value of
SAC was 6.02mm. The AUC was detected at the level of 0.607.
Sensitivity was 59.38%; and specificity, 69.64%. The cutoff value of the
OPLL AP diameter occupying ratio was 44.5%. The AUC was detected
at the level of 0.63. Sensitivity was 65.62%; and specificity, 60.71%.
The cutoff value of OPLL area was 63.4 mm? (AUC, 0.592; sensitivity,
48.96%; specificity, 67.86%). The cutoff value of the OPLL area
occupying ratio was 36.1% (AUC, 0.603; sensitivity, 44.79%;
specificity, 80.36%). The cutoff value of the involved longitudinal
vertebral level was 2 (AUC, 0.622; sensitivity, 90.62%; specificity,
28.57%; Figure 3).

Comparison of OPLL size between symptomatic and asymptomatic
cervical OPLL patients

The OPLL diameter and area were significantly different between
symptomatic and asymptomatic patients with cervical OPLL (Table 3).
The mean values of OPLL size in symptomatic patient group were
higher than the cutoff value of OPLL size for myelopathy diagnosis
using SEP.

DISCUSSION

Our results demonstrated that OPLL AP diameter, OPLL AP diameter
occupying ratio, OPLL area, OPLL area occupying ratio and involved
longitudinal vertebral level were significantly positively correlated with
tibial SEP latency. In addition, SAC was significantly negatively
correlated with tibial SEP latency. ROC curve analysis showed that
the cutoff values that were diagnostic for SEP prolongation were
4,91 mm for OPLL AP diameter, 6.02 mm for SAC, 44.5% for OPLL
AP diameter occupying ratio, 63.4 mm? for OPLL area, 36.1% for
OPLL area occupying ratio and level 2 for the involved longitudinal
vertebral level. These findings suggest that OPLL size, including
diameter, area and length, is important predictive factor to
detect myelopathy, and SEP is recommended for evaluation of
OPLL-induced myelopathy even without neurological deficit at the
time of OPLL diagnosis.

The pathomechanism of OPLL-induced myelopathy remains
unclear. Some patients who have a large OPLL do not exhibit
myelopathy for long periods; in contrast, some patients with a small
OPLL have neurological symptoms. Thus it is very difficult to predict
the natural course of OPLL, future neurological deficits and
myelopathy. So the decision regarding whether or not to operate
and the confirmation of operative timing are also difficult, and the
indications and timing of surgical treatment remain controversial.!8
There have been some trials to find out the correlations between OPLL
characteristics, including size and myelopathy, using the neurological
symptoms or MRI finding. Previous research focusing on the real
diameter of the OPLL and SAC suggests that less than 6 or 8 mm of
SAC is associated with poor outcomes while >14 mm of SAC is
correlated with good outcomes.>® A 10-year long-term follow-up
study found that an OPLL AP diameter occupying ratio of >60% is
predictive of poor outcomes.* Other authors have suggested that an
MRI finding of intramedullary high-signal intensity on T2-weighted
images is correlated with the OPLL occupying ratio, and patients with
abnormal MRI findings had an OPLL occupying ratio of about 50%.>
Our results demonstrate that the cutoff value of SAC is 6 mm, and the
cutoff value of the AP diameter occupying ratio is 44%. These values
are smaller than those reported in previous studies, which suggests
that SEP can predict myelopathy earlier than neurological symptoms
or MRI findings.



Table 2 Correlation analysis of OPLL size and tibial SEP latency

Pearson coefficient: r P-value
OPLL AP diameter 0.264 0.001
SAC -0.190 0.019
OPLL AP diameter occupying ratio 0.251 0.019
OPLL area 0.218 0.007
OPLL area occupying ratio 0.215 0.008
Involved longitudinal vertebral level 0.178 0.028

Abbreviations: AP, anterior—posterior; OPLL, ossification of posterior longitudinal ligament;
SAC, space available for spinal cord; SEP, somatosensory evoked potential.

On our results, tibial SEP is significantly correlated with OPLL size,
but the correlation between OPLL size and median SEP was not
significant. SEP study is a noninvasive means of assessing somatosen-
sory system including peripheral nerve, spinal cord and cerebral
cortex. At the central nervous system level, SEP signals propagate
rostally via the dorsal column pathway, where tibial SEP passes
through the gracile fasciculus and median SEP passes through the
cuneate fasciculus. On an anatomical basis, the gracilis fasciculus arises
from the fibers medial to the cuneate fasciculus. This anatomical
difference in pathway could be the reason for different results between
tibial and median SEP. Tibial SEP passes through more medial and
central dorsal column pathway, and it would be more susceptible to
compression by OPLL.

SEP has been used to monitor myelopathy for several cervical spinal
cord diseases.”!> A study of presymptomatic spondylolytic spinal cord
compression patients reported that SEP and motor evoked potential
(MEP) monitoring can predict later compressive myelopathy and that
electrodiagnostic monitoring is superior to MRI for early detection of
myelopathy. These results are similar to our findings. However, this is
the first study to report the correlation between OPLL and SEP in
OPLL patients. A previous study used evoked spinal cord potentials
(ESCPs) to detect spinal cord dysfunction in cervical OPLL patients,
and the authors suggested that ESCPs could detect myelopathy that
could not be observed with other methods, including roentgenogram,
myelopathy and CT.!® Their results are consistent with our findings
that electrophysiological methods are appropriate for identifying spinal
cord deterioration; however, ESCP is a more invasive monitoring
method for spinal cord dysfunction than SEP.

The natural course of OPLL has not been determined vyet.
Prediction for future progression to myelopathy has been studied,
but demographic predictors, such as age, family history, and OPLL
subtype, remain controversial.'® However, many previous studies that
considered OPLL size in myelopathy prediction reported a meaningful
correlation between these two parameters. In our study, we suggest
OPLL size to diagnose pmyelopathy earlier than previous studies
with SEP, thus it can help to establish treatment plans for
cervical OPLL patients with conservative or operational options.
We recommend preoperative SEP monitoring to find myelopathy
earlier in presymptomatic cervical OPLL patients. If SEP study is not
available, the physician can assume that an OPLL AP diameter
>5mm, SAC<6 mm, AP diameter occupying ratio >45% and area
occupying ratio >36% are indicators of myelopathy in cervical OPLL
patients.

Our study has several limitations. The primary limitation is that we
used 1-dimensional (1D) and 2-dimensional (2D) methods to
measure OPLL size. Almost all previous studies used 1D or 2D
methods to measure OPLL size. However, one recent study used a
3-dimensional (3D) method to measure OPLL, and they found a
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Figure 2 Correlation analysis of OPLL size and tibial SEP latency.

Scatterplot of the correlation between (a) tibial SEP and OPLL AP diameter
and (b) tibial SEP and the space available for the spinal cord.

significant relationship between OPLL 3D volume and Japanese
Orthopedic Association Score.?? They suggested that the 3D method
is superior to the 1D method. However, that study only compared
OPLL size and neurological symptoms, and the number of included
patients was relatively small. Further research on the correlation
between SEP and OPLL size measurement with a 3D method is
needed. The second limitation is that we only used SEP for the
electrodiagnostic test. Some previous research has shown that
combined SEP and MEP monitoring of cervical spondylotic
myelopathy and orthopedic surgery is meaningful and sometimes
superior to MEP or SEP monitoring alone. Thus further studies with
combined SEP and MEP should be performed. Finally, we did not
consider dynamic factors and spine alignment for the development of
myelopathy. These two factors have been reported to correlate with
myelopathy. However, this is a retrospective study, and there was no
sufficient data to consider those factors. Future prospective research
about the correlation between SEP and OPLL including dynamic
factors and alignment is recommended.

Despite these limitations, this is the first study to investigate the
relationship between OPLL characteristics and SEP. Our results
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Figure 3 ROC curve for (a) OPLL AP diameter (cutoff value, 4.91 mm; AUC, 0.624; sensitivity, 78.12%; specificity, 44.64%); (b) space available for the
spinal cord (cutoff value, 6.02 mm; AUC, 0.607; sensitivity, 59.38%,; specificity, 69.64%); (c) AP diameter occupying ratio (cutoff value, 44.5%; AUC,
0.630; sensitivity, 65.62%; specificity, 60.71%); (d) OPLL area occupying ratio (cutoff value, 36.1%; AUC, 0.603; sensitivity, 44.79%; specificity,
80.36%). A full color version of this figure is available at the Spinal Cord journal online.

Table 3 Comparison of OPLL size between symptomatic and asymptomatic cervical OPLL patients

Symptomatic patients (N=71) Asymptomatic patients (N = 18) P-value
OPLL AP diameter (mm) 6.08+0.82 5.46+1.74 0.033
OPLL diameter occupying ratio (%) 50.50+13.72 4556+ 13.48 0.026
OPLL area (mm?) 67.09+33.38 56.76 +27.69 0.038
OPLL area occupying ratio (%) 37.01+14.33 27.77+12.98 0.017

Abbreviations: AP, anterior—posterior; OPLL, ossification of posterior longitudinal ligament.

demonstrated meaningful early diagnosis of myelopathy after OPLL by =~ DATA ARCHIVING

using SEP and suggest cutoff values of OPLL diameter and area. These ~ There were no data to deposit.
results can help to establish the appropriate treatment plan, including

surgical timing. Further research with a larger sample size and a more ~ CONFLICT OF INTEREST

precise OPLL measurement method are needed. The authors declare no contlict of interest.
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