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Objective: Using segmental dynamic and static factors, we aimed to elucidate the pathogen-
esis and relationship between ossification of the posterior longitudinal ligament (OPLL) and
the severity of cervical myelopathy.

Methods: Retrospective analysis of 163 OPLL patients' 815 segments. Imaging was used to
evaluate each segmental space available for the spinal cord (SAC), OPLL diameter, type,
bone space, K-line, the C2-7 Cobb angle, each segmental range of motion (ROM), and to-
tal ROM. Magnetic resonance imaging was used to evaluate spinal cord signal intensity. Pa-
tients were divided into the myelopathy group (M group) and the without myelopathy group
(WM group).

Results: Minimal SAC (p = 0.043), (C2-7) Cobb angle (p = 0.004), total ROM (p = 0.013),
and local ROM (p = 0.022) were evaluated as an independent predictor of myelopathy in
OPLL. Different from the previous report, the M group had a straighter whole cervical
spine (p < 0.001) and poorer cervical mobility (p <0.001) compared to the WM group. To-
tal ROM was not always a risk factor for myelopathy, as its impact depended on SAC, when
SAC > 5 mm, the incidence rate of myelopathy decreased with the increase of total ROM.
Lower cervical spine (C5-6, C6-7) showing increased “Bridge-Formation,” along with spi-
nal canal stenosis and segmental instability (C2-3, C3-4) in the upper cervical spine, could
cause myelopathy in M group (p < 0.05).

Conclusion: Cervical myelopathy is linked to the OPLLs narrowest segment and its segmen-
tal motion. The hypermobility of the C2-3 and C3-4, contributes significantly to the devel-
opment of myelopathy in OPLL.

Keywords: Ossification of the posterior longitudinal ligament, Degenerative spondylosis,
Segmental compression, Segmental range of motion, Increased signal intensity
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INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL) of
the cervical spine is a common cause of spinal cord dysfunc-
tion, which is characterized by progressive spinal stenosis and
spinal cord compression.'* In the elderly, OPLL can lead to se-
vere neurological dysfunction, which may manifest as hyperre-
flexia, clumsy gait, paresthesia, decreased strength, and signs of
radiculopathy.® Some patients with OPLL-caused degenerative
cervical spinal stenosis never had symptoms or signs of my-
elopathy; in a cadaver study that included both myelopathy and
OPLL, 9% of patients over 70 years old had evidence of obvious
cervical spinal stenosis after death.”” Despite the high preva-
lence rate, clinical experience indicates that only a small num-
ber of patients with these findings have symptomatic myelopa-
thy and require surgical decompression. Despite the low degree
of ossification, some patients develop myelopathy. OPLL-in-
duced spinal canal stenosis can affect multiple vertebral seg-
ments, and the degree of compression in each segment influ-
ences the severity of myelopathy."

Myelopathy is caused by several factors, including (1) the for-
mation of the spinal canal and intervertebral foramen, (2) path-
ological invasion, (3) biomechanical effects, and (4) circulatory
dysfunction. Furthermore, inflammation is a mechanism of disc
degeneration in patients with cervical spondylosis (CSD)." "
The pathogenesis of OPLL-induced myelopathy cannot be ex-
plained solely by static spinal cord compression in OPLL pa-
tients; dynamic factors amplify the static effect of spinal canal
stenosis caused by ligament ossification.'*"” According to Mat-
sunaga et al.,' pathological compression of the ossified ligament
causes myelopathy above a certain critical point, while dynamic
factors cause it below that critical point. Previous research has
investigated the effect of OPLL on myelopathy severity, but
mainly static factors, or analysis from the whole cervical level,
make it difficult to identify the clinical factors that best predict
the severity of myelopathy.”

In this study, we aimed to examine the relationship between
imaging data and clinical symptoms of cervical OPLL patients,
as well as to assess the morphology, thickness, stability, and oth-
er pathogenic factors of ossification foci at each cervical seg-
ment. The association of dynamic and static factors with re-
sponsible segments of OPLL-induced myelopathy was investi-
gated. Furthermore, we investigated whether the classification
of increased signal intensity (ISI) by magnetic resonance imag-
ing (MRI) in OPLL patients reflects the severity of symptoms.
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MATERIALS AND METHODS

1. Patient Demographics

This study reviewed 389 patients with cervical OPLL diag-
nosed in the clinic from 2012 to 2014. Initially, the findings of
radiographs and computed tomography (CT) scans of the cer-
vical spine were used to diagnose all patients at our university
hospital. Demographic information, such as gender and age,
was obtained from electronic medical records. The exclusion
criteria are listed as follows: (1) Patients suffering from stroke
or neurological disease, cardiovascular disease, or thromboem-
bolic disease. (2) Patients with a history of spinal and nervous
system trauma, spinal deformity, cervical spine surgery, bone
fractures, or cancer. (3) The absence of imaging data or clinical
data was excluded. Therefore, the study eventually included 163
patients (108 men and 55 women; mean age, 66.5 years; range,
37-90 years). Ossification type: continuous in 26 cases, segmen-
tal in 29 cases, mixed in 81 cases, and localized in 27 cases. The
Toyama University Hospital’s Ethics Committee reviewed and
approved the human-participant studies (R2015003). The pa-
tients/participants provided written informed consent to par-
take in this study.

2. Radiological Measurements and Clinical Results

Based on a lateral plain radiograph of the cervical spine, the
K-line and the C2-7 Cobb angle were evaluated as static factors
(Fig. 1A). The K-line was characterized as a straight line con-
necting the midpoints of the spinal canal at C2 and C7 on later-
al radiographs.”” The Cobb angle was calculated by drawing
parallel lines from the lowest endplate of the most superior ver-
tebral level (C2) to the lowest endplate of the lowest vertebral
level (C7). The parallel lines were then perpendicularly drawn,
with the angle of intersection equal to the Cobb angle.” We ex-
amined the cervical spine’s physiological curvature as well as
the relationship between the ossified ligament and the spinal
canal.

In the midline section of sagittal CT, we measured OPLL di-
ameter, space available for the spinal cord (SAC), and occupa-
tion ratio (OPLL thickness/osseous anteroposterior diameter)
of each segment from C2-7."” OPLL distribution at each verte-
bral body and intervertebral disc level was recorded to quantify
posterior longitudinal ligament hyperostosis, and the number
of levels where OPLL was present was calculated to calculate
the ossification index (OP-index). Furthermore, we measured
the OPLL angle, which is defined as the angle formed by 2 tan-
gents to the ossification foci (Fig. 1B). The axial ossified pattern
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Fig. 1. Static compression factors. (A) The red line represents
the K-line, which was defined as the midpoint of the C2 and
C7 spinal canals. The yellow line signifies the C2-7 Cobb an-
gle. Pane B depicts the relevant computed tomography (CT)
parameters measured in OPLL patients. a=the OPLL diame-
ter. a/b=occupying ratio. b-a=space available for the spinal
cord. c=OPLL angle. (C) Measurement of CT transverse sec-
tion of the cervical spine. The left panel represents the central
type, while the right panel represents the lateral differentiated
type; the red area represents the space available for the spinal
canal's transverse section. OPLL, ossification of the posterior
longitudinal ligament.

can be divided into 2 types: central and lateral. The central type
was defined as having the most occupied portion of the OPLL
tip within the middle one-third of the width of the vertebral ca-
nal, while the lateral type had the most occupied portion of the
OPLL tip outside the middle one-third of the width. Further-
more, we measured the available space in the narrowest axial
image, which we defined as the minimum axial bone space (Fig.
1C). Ossification of the intervertebral space was characterized
as “Bridge-Formation” and the number and proportion of bridg-
es formed per segment were measured. Furthermore, all pa-
tients underwent high-resolution MRI at the same time. In sag-
ittal T2 images, the ISI of the spinal cord at the narrowest level
was classified into 3 groups according to Yukawa et al.*: grade 0,
none; grade 1, light (obscure); and grade 2, intense ISI was de-

https://doi.org/10.14245/ns.2346124.062

Grade 1 Grade 2
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Fig. 2. Sagittal T2-weighted magnetic resonance imaging re-
veals increased signal intensity (ISI) of the spinal cord in 3
different groups (grade 0; grade 1; grade 2). Arrows indicate
the site of ISL.

fined to be similar to the signal from the cerebrospinal fluid
(Fig. 2).

Based on static factors, we used previous criteria to categorize
ossification into the following types: (a) continuous, (b) segmen-
tal, (c) mixed, and (d) localized based on cervical spine lateral
radiography™ (Fig. 3A). Based on the morphology of different
segments in patients, we classified them into 6 types based on
whether they were stable or not. The stable form is shown as fol-
lows: (a) nonbridge formation, (b) stable plate, (c) stable beak;
and unstable forms included (d) unstable upper-plate, (e) unsta-
ble lower-plate, (f) unstable-beak (Fig. 3B).

Dynamic factors were assessed using the angle between each
segment of the lower edge of C2 to C7 on a plain radiograph,
and the differences between the maximum flexion and exten-
sion positions were obtained and expressed as negative exten-
sion and positive flexion values. The angle between the lower
endplates of the vertebrae at the peak of the OPLL in the flex-
ion-extension lateral view was defined as the segmental range
of motion (ROM). Then, in the sagittal position, we defined the
local angle as the ROM at the narrowest segment (Fig. 4). Fi-
nally, the Japanese Orthopaedic Association (JOA) score was
used to determine the severity of OPLL-induced myelopathy.**
OPLL patients were divided into 2 groups: those with myelopa-
thy (M) (JOA score < 17) and those without myelopathy (WM)
(JOA score=17) based on the JOA score. Based on the severity
of symptoms, the M group was divided into 2 groups: mild my-
elopathy (12 <JOA score < 17) and moderate myelopathy (JOA
score < 12). Two independent raters performed all radiographic

and measurement procedures twice in a 1-month interval.
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Type a: 29.7%

ﬁ( Type d: 37.3%
B Type f: 28.8%
Q Type a: 34.7%

Q Type a: 22.0%

Fig. 3. Cervical OPLL type. (A) Ossification categorization of
the posterior longitudinal ligament into continuous (a), seg-
mental (b), mixed (c), and other types (d) based on lateral ra-
diographs of the cervical spine. (B) A classification system for
ossification of the cervical spine's posterior longitudinal liga-
ment based on the morphology of the motor segment’s ossifi-
cation block. (a) Nonbridge formation. (b) Stable plate. (c) Sta-
ble beak. (d) Unstable upper-plate. (e) Unstable lower-plate.
(f) Unstable-beak. OPLL, ossification of the posterior longitu-
dinal ligament.

3. Statistical Analysis

Data are presented in the form of the mean (standard devia-
tion [SD]; range) or mean (SD). Continuous data were com-
pared using the unpaired t-test, while categorical data were
compared using Fisher exact test. Variables associated with
p <0.05 on univariate analysis were considered candidate risk
factors in multivariate analysis. A multivariate logistic regres-
sion analysis was used to identify factors associated with OPLL

patients’ myelopathy.

RESULTS

1. Patient Demographics and Clinical Characteristics
Patients were divided into the M group (n=118) and the WM
group (n=45) based on the JOA score. The JOA score in the M
group was 12.4+3.0 and 17 in the WM group. Age, sex, and
body mass index (BMI) had no significant effect on clinical out-
comes. Our findings revealed that the OPLL type (p=0.153) and

654 Www.e-neurospine.org

Flexion

Segmental ROM
C2-C3: -6.74-(-15.83)=9.09°
C3-C4: 2.63-(-4.26)=6.89°

Fig. 4. Cervical dynamic factors. Measure C2-7 for each seg-
ment angle and motion range. Range of motion (ROM) was
evaluated as the angular change between corresponding spi-
nal segments in flexion and extension positions on a cervical
X-ray.

morphological type (p=0.533) were similar in the 2 groups (Ta-
ble 1). No statistical difference was found between the 2 groups
with ossification, the OP-index of the cervical spine was 7.4 +2.3
in the M group and 7.8+2.7 in the WM group (p=0.310). The
proportion of lateral types was significantly higher in the M
group (41.5%) than in the WM group (24.4%) (p=0.043). K-
line (-) patients were more prevalent in the M group (27.1%)
than in the WM group (15.6%), while there was no statistical
significance between the 2 groups (p=0.152). Among the 2
groups, group M had more “Bridge-Formation” of the interver-
tebral spaces in the lower cervical spine, with C5/6 (57.6% vs.
40.0%) and C6/7 (49.2% vs. 28.9%) segments demonstrating
statistical significance (p <0.05). Furthermore, there were no
statistically significant correlations found between other clinical

outcome scales and imaging parameters.

2. Comparison of Radiological Measurements of the

Cervical Spine Between the M and WM Groups

Table 2 summarized the contrast measured by x-ray and CT
images of the 2 groups respectively. The results showed that
among the static factors, the M group’s minimum SAC (5.3 +
1.7 mm) was significantly lower than the WM groups (6.5+ 1.9
mm) (p<0.001), and the M groups minimum axial bone space
(155.3 +34.7 mm®*) was also lower than the WM group’s (183.7
+47.6 mm®) (p<0.001). Although the maximum occupied ra-
tio was higher in the WM group (p=0.005), there was no sig-
nificant difference in the maximum diameter of OPLL or the
minimal sagittal angle between the 2 groups (p=0.085). The
C2-7 Cobb angle of the cervical spine in the M group (10.3°+ 8.4°)
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Table 1. Patient demographics and imaging analyses

Mgroup WM group

Variable (n=118) (n=45) p-value
Age (yr) 66.2+11.3 66.5+10.1 0.864
Sex
Male 81(68.6) 27 (60) 0.297
Female 37 (31.4) 18 (40)
BMI (kg/m?) 25.7+4.6 239+2.7 0.084
JOA score 124+£3.0 17.0£0.0 <0.001*
OP-index of the cervical spine ~ 7.4+23  7.8+2.7 0.310
OPLL type 0.153
Continuous 22 (18.6) 4(8.9)
Segmental 24 (20.3) 5(11.1)
Mixed 54 (45.8) 27 (60)
Localized 18 (15.3) 9 (20)
Morphological type 0.533
Nonbridge formation 134 (30.8)  59(35.3)
Stable plate 30 (6.9) 14 (15)
Stable beak 30(6.9) 6(3.6)
Unstable upper-plate 66 (15.2) 25(8.4)
Unstable lower-plate 44(10.1)  19(11.4)
Unstable-beak 131 (30.1) 44 (26.3)
Axials type 0.043*
Central 69 (58.5) 34 (75.6)
Lateral 49 (41.5) 11 (24.4)
K-line (+) 86(729)  38(844)  0.152
K-line (-) 32(27.1)  7(15.6)
Bridge-formation
C2/3 51(432) 26(57.8)  0.096
C3/4 69 (58.5)  25(55.6) 0.736
C4/5 63(53.4) 21(46.7) 0.443
C5/6 68 (57.6) 18 (40.0) 0.044*
ce/7 58(49.2)  13(28.9)  0.020*

Values are presented as mean * standard deviation or number (%).
M group, myelopathy group; WM group, without myelopathy group;
BMI, body mass index; JOA, Japanese Orthopaedic Association; OP-
index, ossification index; OPLL, ossification of the posterior longitu-
dinal ligament.

*p <0.05, statistically significant differences.

was less than that in the WM group (16.8°+11.5°), indicating
that the effects of ossification straightened the cervical physio-
logical curvature in myelopathy patients (p <0.001). Among the
dynamic factors, the total ROM of patients in the M group (27.0°
+13.4°) was lower than that of the WM group (35.7° £ 14.6°)
(p<0.001), and the local ROM was lower as well (p=0.034).

https://doi.org/10.14245/ns.2346124.062

Table 2. Comparison of OPLL total measurements between
the myelopathy group and the without myelopathy group

M group WM group

Variable (n2118) (n =45) p-value
Minimal SAC (mm) 53+1.7 6.5+1.9 <0.001*
Maximum diameter of OPLL, mm  6.0+1.8 55+1.7 0.085

Maximum occupation ratio (%) 51.3+14.0 44.2+13.6 0.005*

Minimum axial bone space (mm?) 155.3+34.7 183.7+47.6 <0.001*
131.5+£20.7 131.4+194 0.979
10.3+84 16.8+11.5 <0.001*

27.0+13.4 35.7+14.6 <0.001*

58+4.1 73148 0.034*

Minimal sagittal angle (°)
(C2-7) Cobb angle (°)
Total ROM (°)

Local ROM (°)

Values are presented as mean + standard deviation.

OPLL, ossification of the posterior longitudinal ligament; M Group,
myelopathy group; WM Group, without myelopathy group; SAC,
space available for the spinal cord; ROM, range of motion.

*p<0.05, statistically significant differences.

Table 3. Multivariate analysis between the myelopathy group
and the without myelopathy group in the training cohort

Variable OR 95% CI p-value
Axials type (lateral) 1.084 0.439-2.675 0.861
Minimal SAC 0.006 0.000-0.853 0.043*
Maximum occupation ratio 0.005 0.000-2.126 0.086
(C2-7) Cobb angle 0.936 0.895-0.980 0.004*
Total ROM 0.958 0.926-0.991 0.013*
Local ROM 0.888 0.802-0.983 0.022*
Minimum axial bone space 0.987 0.974-1.000 0.051

OR, odds ratio; CI, confidence interval; SAC, space available for the
spinal cord; ROM, range of motion.
*p <0.05, statistically significant differences.

Following the multivariate analysis, minimal SAC (odds ratio
[OR], 0.006; 95% confidence interval [CI], 0.000-0.853; p=
0.043), (C2-7) Cobb angle (OR, 0.936; 95% CI, 0.895-0.980;
p=0.004), total ROM (OR, 0.958; 95% CI, 0.926-0.991; p=
0.013), and local ROM (OR, 0.888; 95% CI, 0.802-0.983; p=
0.022) were measured as independent predictors of myelopathy
(Table 3).

3. Comparison of Radiological Measurements of Each
Segment Between the M and WM Groups
We compared the measurements of the 2 groups of patients at
each segment of the cervical spine. The distribution of morpho-
logical type differed significantly among the 815 segments (Fig.
3B). In the M group, C2-3 (37.3%) are mostly of the unstable
upper-plate type, C3-4 are mostly of the unstable-beak type
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Table 4. Comparison of OPLL cervical spine segmental measurements between the M and the WM groups

Minimal SAC (mm) Maximum occupation ratio (%)  Minimum axial bone space (mm?) Maximum local ROM (°)
M group WM p-value ~ Mgroup WM group p-value Mgroup WM group p-value M group M p-value
group group

C2 3.0+0.1 - - 51.8+21.4 3.9 - 1152+£3.9 - - - - -
C2/3 52+12 7.7+19  0.024* 482+87 434+93 0.345 195.5+13.6 213.8+26.8 0.174 3.6+44 3.6+40 0.896
C3 53+1.8 6.8+23 0282 322+7.6 353%+18.0 0.792 136.9+19.9 187.7+£33.1 0.015* - - -
C3/4 47+1.1 65%+12 <0.001* 588+9.6 49.5+54 0.018* 152.9+31.8 171.5+394 0.112 72+42 55+3.6 0.140
C4 50+£23 68+3.0 0271 50.8+14.0 43.1+17.5 0.326 159.0£27.96 175.1£70.8 0.554 / / /
C4/5 48+15 53x0.7 0444 552+142 498+84 0.399 139.4+£32.7 189.5+26.7 0.007* 72+38 94+49 0.126
C5 6.2+25 4.6+0.7 0411 399+16.0 37.8+11.4 0.816 179.8+43.2 140.8+0.6  0.235 - - -
C5/6 54+13 58+1.6 0503 53.2+13.4 48.0+4.6 0.464 150.2+£30.2 167.0£21.8 0.180 6.0+3.9 9.1+4.7 0.015*
Cé6 6.5+1.6 7.6+2.6 0564 455+17.8 422+31.5 0.829 170.8+£33.5 227.4+753 0.266 - - -
C6/7 64+2.7 - - 55.3+16.0 - - 154.0+49.7 - - 42+44 - -
C7 7.8 6.5 - 456+£6.0 37.1x11.9 0.078 169.1 115.2 - - - -

Values are presented as mean + standard deviation.

OPLL, ossification of the posterior longitudinal ligament; M group, myelopathy group; WM group, without myelopathy group; SAC, space

available for the spinal cord; ROM, range of motion.
*p<0.05, statistically significant differences.
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Fig. 5. A scatterplot depicting the relationship between SAC and ROM in OPLL patients' cervical spines. Open circles indicate
no myelopathy; blue circles indicate mild myelopathy; and red circles indicate moderate myelopathy. The percentage represents
the number of myelopathy patients in each square. SAC, space available for the spinal cord; ROM, range of motion; OPLL, ossi-

fication of the posterior longitudinal ligament.

(28.8%); C4-5, C5-6, and C6-7 are mostly of the nonbridge
formation type, whereas in the WM group, C3-4 is mostly of
the nonbridge formation type (32.4%). Interestingly, we discov-
ered that in the M group, the minimum SAC (4.7 £ 1.1 mm) of
C3/4 was significantly lower than in the WM group (6.5+1.2
mm) (p<0.001). Furthermore, the minimum axial bone space

656 Www.e-neurospine.org

of C3 was less than that of the WM group (p=0.018). The max-
imum occupation ratio was greater than that of the WM group
(p=0.015), indicating a statistically significant difference. The
ROM in the C3/4 segment M group (7.2°+4.2°) was greater
than that in the WM (5.5°+3.6°) group (p=0.140). In the M
group, the minimum SAC of the C2/3 segment is smaller than

https://doi.org/10.14245/1ns.2346124.062
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Table 5. Patient demographics and radiographic measurements in each grade of increased signal intensity on sagittal T2-weight-

ed magnetic resonance imaging

Variable Grade 0 Grade 1 Grade 2 p-value
No. of patients <0.001*
M group 45 (54.9) 63 (90.0) 10 (90.1)
WM group 37 (45.1) 7 (10.0) 1(9.1)
Age (yr) 65.5+11.5 67.3£10.5 65.5+8.7 0.596
Sex

Male:female 52 (49.5):30 (51.7) 49 (46.7):21 (36.2) 4(3.8):7 (12.1) 0.092
BMI (kg/m?) 259+4.6 24.6+3.9 26.0£5.1 0.283
JOA score 14.7£2.9 12.8+3.2 10.7£3.8 <0.001*
(C2-7) Cobb angle (°) 13.0£10.5 124489 102+8.8 0.651
Minimal SAC (mm) 6.3+1.8 5015 4.5+2.2 <0.001*
Maximum occupation ratio (%) 44.1+12.7 53.8+13.3 58.6+16.2 <0.001%
Minimum axial bone space (mm?) 176.3+43.7 150.1+32.5 148.1+33.0 <0.001*
Total ROM (°) 30.5+14.6 259+13.7 32.8+15.7 0.092
Local ROM (°) 6.4+4.1 5847 6.9+4.1 0.560

Values are presented as number (%) or mean * standard deviation.

M Group, myelopathy group; WM Group, without myelopathy group; BMI, body mass index; JOA, Japanese Orthopaedic Association; SAC,

space available for the spinal cord; ROM, range of motion.
*p<0.05, statistically significant differences.

that of the WM group (p=10.024), and the minimum axial bone
space of the C4/5 segment in the M group is smaller than that of
the WM group (p=0.007). Furthermore, the C5/6 segmental
ROM is smaller than that of the WM group (p=0.015). It means
that in the M group, the upper cervical spine has greater ROM
than the WM group, while the lower cervical spine is more sta-
ble than the WM group (Table 4).

4. Correlation Between Static and Dynamic Factors of the

Cervical Spine and Clinical Outcomes

According to their JOA level, we divided 163 patients into 3
groups: those without myelopathy, those with mild myelopathy,
and those with moderate myelopathy. A positive correlation
trend was observed between the minimum SAC and total ROM
(Fig. 5). The slope of the without myelopathy group was the
largest (R*=0.1650; p=0.006), followed by patients with mild
myelopathy (R*=0.052; p=0.054) and patients with moderate
myelopathy had the lowest slope (R*=0.03173; p=0.236). The
incidence of myelopathy increased with increasing ROM at a
minimum SAC of less than 5 mm, with 73.4% incidence at 0°~
20° compared to 90.9% at 20°-40°, and 100% at 40°-60°. When
the SAC was greater than 5 mm, the incidence rate of myelopa-
thy decreased with increasing total ROM, with 81.0% incidence
at 0°-20° compared to 72% at 20°-40° and 45.5% at 40°-60°.
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5. MRI Signal Intensity Classification in Cervical OPLL

Out of the M group patients, 73 were found to have ISI on the
MRI scan, with 63 patients (53.4%) in grade 1 and 10 patients
(8.5%) in grade 2. There were 7 patients (15.6%) in grade 1 and
1 patient (2.2%) in grade 2 among the WM group (p <0.001).
The JOA score (grade 0, 14.7+2.9; grade 1, 12.8 £3.2; grade 2,
10.7 £3.8 points) decreased with increasing ISI grade (p <0.001).
Simultaneously, as ISI increased, the minimal SAC (p <0.001)
and minimum axial bone space (p <0.001) gradually decreased,
while the maximum occupation ratio (p <0.001) gradually in-
creased. However, age, gender, BMI, (C2-7) Cobb angle, total
ROM, and local ROM were not different in patients in the 3 grades
(Table 5).

DISCUSSION

A variety of factors, including static compression and dynam-
ic factors, affect OPLL patients who develop myelopathy. Static
compression of the spinal cord by the OPLL is the most impor-
tant factor contributing to the development of myelopathy, and
from the sagittal section, the degree of stenosis of the spinal ca-
nal determines the severity of the myelopathy. It is also similar
in the axial section, the proportion of lateral type in the axial
image was found to be negatively correlated with the incidence
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of myelopathy in this study. Therefore, the lateral type may in-
dicate that patients with cervical OPLL are more likely to devel-
op severe myelopathy. Our findings also showed that the amount
of available space in the sagittal and transverse sections of the
spinal canal (minimum SAC, minimum axial bone space, max-
imum occupation ratio) was an influential factor affecting the
occurrence of myelopathy in OPLL patients.

Although larger ROM may theoretically be more likely to
cause myelopathy, numerous factors may influence the patient’s
flexion and extension activities during a clinical examination,
including symptoms, curvature of cervical spine, cervical mus-
cle group, degeneration of cervical small joints, etc.”** Mixed
factors can result in different manifestations in patients, as our
findings show. Matsunaga et al.”” examined the cervical spines
of OPLL patients and discovered that all patients with SAC be-
low 6 mm developed myelopathy, but none with SAC above 14
mm. This suggests that the static compression factor preferen-
tially promotes the development of myelopathy. They also
found that when SAC was between 6 mm and 14 mm, ROM
was positively related to the development of myelopathy, indi-
cating that this dynamic factor played a role. A national multi-
center prospective study with clear inclusion criteria was de-
signed, and they discovered that more than 60% of spinal canal
stenosis caused by OPLL was associated with myelopathy.”®
However, in contrast to previous studies, we found that patients
with myelopathy had less total and local ROM than patients
without myelopathy. This difference was statistically significant
after multivariate logistic regression. According to Luo et al.,””
ossification of the spinal intervertebral space will limit the ver-
tebral body’s ROM. Furthermore, patients with OPLL will also
have reduced cervical flexion and extension activities due to
myelopathy. This may result in a reduction in total ROM and
local ROM.

Cervical spine mobility does not always increase the risk of
myelopathy. Although the spinal canal had been severely in-
vaded, some patients did not exhibit symptoms of myelopa-
thy.”**! Fujiyoshi et al."” studied 27 patients with OPLL of the
cervical spine but no clinical symptoms of myelopathy, possibly
related to severely limited cervical mobility. In contrast to pre-
vious findings, there was no clear boundary on the map be-
tween the M and WM groups. We examined total ROM about
minimal SAC in patients with myelopathy, using linear regres-
sion suggesting that the more severe the myelopathy, the lower
the slope. Although total ROM was lower in the M group com-
pared to the WM group, the incidence of myelopathy was posi-
tively correlated with total ROM when the minimum SAC <5
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mm, while when SAC >5 mm, the incidence rate of myelopa-
thy decreased, which may be affected by the confounding fac-
tors of the overall ossification level of the cervical spine. The
cervical spine may gain more from increased mobility when
the minimum SAC is >5 mm in our patients.

Because OPLL is a 3-dimensional (3D) disease rather than a
2-dimensional disease, segmental factors can influence myelop-
athy development.*> According to Saito et al.,”” segmental ROM
at the site of preoperative OPLL is an independent predictor of
adverse outcomes. Therefore, we investigated the relationship
between C2-7 myelopathy incidence and the morphology of
each segment, the degree of spinal stenosis, and the ROM of
each segment. As a result, C3/4 segment patients had more se-
vere spinal canal stenosis and a greater ROM than asymptom-
atic patients. This suggested that dynamic and static compres-
sion at C3/4 could contribute to myelopathy pathogenesis. Ac-
cording to Yi et al.,* CSD with dizziness is more prevalent
among patients with grade C3/4 CSD, instability on C3/4, and
Miyazaki grade IV on C3/4. Tomii et al.** also considered pa-
tients with cervical spondylotic myelopathy (CSM) to be elder-
ly, and dynamic factors (hypermobility) at the C3/4 level con-
tribute more to the main cause of CSM than static factors. In
general, the C5-6 level receives the most load during cervical
exercise. In older patients, cervical and/or lower cervical spine
mobility is already limited, resulting in an overload of the upper
cervical spine. The M group had less cervical ROM (C5/6,
C6/7) than the WM group and more ranges of motion (C2/3,
C3/4) in the high cervical region. This suggests that upper cer-
vical region instability may contribute to the development of
OPLL myelopathy.

ISI of the spinal cord on T2-weighted MRI is frequently seen
in OPLL patients. The relationship between ISI classification
and myelopathy severity is still debatable. Some studies have
found that the postoperative prognosis of ISI patients is poor,
but others have found no link between these factors.****” The
study’s findings show that ISI grading is related to the severity
of myelopathy and the static factors of the spinal canal (mini-
mum SAC, maximum occupancy ratio, minimum axial bone
space), indicating that ISI is related to long-term spinal cord
compression. According to the data, mild ISI is associated with
mild neuropathological changes in the spinal cord, indicating a
higher recovery potential, whereas severe ISI is associated with
severe changes and a lower recovery potential. As the disease
progresses, spinal cord signal intensity increases from none to
mild ISI and then to severe ISL.***

The current study had several limitations. The study was ret-
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rospective and cross-sectional, with a small number of patients
from a single institute participating. To validate our findings, a
prospective study with larger sample size, frequent observation
periods, and multiple time points may be required. Secondly,
we did not include 3D-CT, dynamic CT, or MRI for retrospec-
tive reasons, and we need to use spinal cord-evoked potentials
to diagnose and classify the level of responsibility, which will
improve our accuracy. Third, the disease course of the patients
must be considered in the study, in addition to prospective fol-
low-ups. More research into this topic is planned for the near
future. However, the current study may offer a more compre-
hensive understanding of the segmental factors that contribute
to myelopathy caused by cervical OPLL.

CONCLUSION

Our findings show that minimal SAC, maximum OPLL di-
ameter, total ROM, and local ROM are related to the severity of
OPLL myelopathy. The development of myelopathy in OPLL

is linked to upper cervical instability and stenosis, specifically

C2-3, and C3-4. The incidence rate of myelopathy does not al-
ways increase with the increase of ROM. It is more profitable
when the minimum SAC >5 mm. To provide better clinical
treatment for asymptomatic or minimally symptomatic OPLL
patients we must improve our understanding of the risk factors
for myelopathy in OPLL patients.
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