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A New Classification for Cervical Ossification of the Pos-
terior Longitudinal Ligament Based on the Coexistence 
of Segmental Disc Degeneration
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Objective : Classification systems for cervical ossification of the posterior longitudinal ligament (OPLL) have traditionally focused 
on the morphological characteristics of ossification. Although the classification describes many clinical features associated with the 
shape of the ossification, including the concept of spondylosis seems necessary because of the similarity in age distribution.
Methods : Patients diagnosed with OPLL who presented with increase signal intensity (ISI) on magnetic resonance imaging 
were surgically treated in our department. The patients were divided into two groups (pure versus degenerative) according to the 
presence of disc degeneration.
Results : Of 141 patients enrolled in this study, more than half (61%) were classified into the degenerative group. The pure group 
showed a profound male predominance, early presentation of myelopathy, and a different predilection for ISI compared to the 
degenerative group. The mean canal compromise ratio (CC) of the ISI was 47% in the degenerative group versus 61% in the pure 
group (p<0.0000). On the contrary, the global and segment motions were significantly larger in the degenerative group (p<0.0000 
and p=0.003, respectively). The canal diameters and global angles did not differ between groups.
Conclusion : Classifying cervical OPLL based on the presence of combined disc degeneration is beneficial for understanding the 
disorder’s behavior. CC appears to be the main factor in the development of myelopathy in the pure group, whereas additional 
dynamic factors appear to affect its development in the degenerative group.
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INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL) 

is a disease in which ectopic bone formation occurs in the lig-

ament due to hyperostotic changes11). Progression of OPLL 

sometimes leads to neural compression, which can cause seri-

ous symptoms or signs such as myelopathy and radiculopathy 

that require clinician attention. The pathogenesis of OPLL is 

multifactorial and involves both genetic and environmental 

factors, but it largely remains unclear6,17,18).

Like other musculoskeletal systems, the cervical spine expe-

riences local biological stress and acquires degenerative chang-
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es with aging. These changes are frequently comorbid in OPLL 

patients since the predilection of age and site are similar in 

both conditions. There is no doubt that the accompanying 

spondylosis and combined degeneration will probably affect 

the course of disease progression in various ways, but no such 

study has reported on this to date. Although numerous classi-

fication systems exist, most focus on the morphological char-

acteristics of ligament ossification and show limited ability in 

describe the behavior and predict the progression of the disor-

der. Thus, this study aimed to determine whether comorbid 

segmental disc degeneration affects the disorder’s progression 

and behavior. Furthermore, we suggest a new perspective on 

the classification of OPLL.

MATERIALS AND METHODS

This study was approved by the Institutional Review Board 

(K2020-0564-001). To evaluate the characteristics of our new 

classification method, we retrospectively reviewed the charts 

and radiographs of patients treated in our hospital. 

Patient population
Between September 2009 and August 2019, a total of 216 

patients who were diagnosed with cervical OPLL with my-

elopathy and underwent various decompressive surgeries with 

or without fusion in our department were retrospectively re-

viewed. The inclusion criteria were radiological confirmation 

of OPLL by 2-dimensional (2D) computed tomography (CT) 

and the presence of myelopathy on magnetic resonance imag-

ing (MRI), such as increase signal intensity (ISI), with corre-

sponding clinical symptoms and neurological signs. Patients 

were excluded if surgery was previously performed on the cer-

vical spine (n=6). Patients who visited the emergency room 

with trauma-induced myelopathy (n=46), or who showed ISI 

in the segment other than OPLL (n=23) were also excluded. 

Finally, 141 patients were enrolled. Anterior discectomy/cor-

pectomy and fusion was done in 13 patients. Laminoplasty 

was done in 44 patients. Remaining 84 patients underwent 

laminoplasty with posterior instrumented fusion. 

Fig. 1. Four representative cases showing the features of degenerative ossification of the posterior longitudinal ligament, including degenerative 
narrowing at the segment presenting myelopathy (asterisks) in mid-sagittal 2-dimensional reconstruction computed tomography image (left), lateral 
radiograph (middle), and sagittal T2-wighted magnetic resonance imaging (right).
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Radiographic assessments
Radiographic measurements were performed using the Pa-

tient Archiving Communication System software (PiViewS-

TAR, Seoul, Korea). Disc height and Cobb angle were mea-

sured in the neutral position on the lateral view of the 

preoperative cervical spine. Global and segmental ranges of 

motion (ROM) were measured on dynamic lateral radio-

graphs. The anteroposterior diameter (APD) and canal com-

promise ratio (CC) of the level presenting ISI (index level) on 

MRI were measured in sagittal images of 2D CT at the plane 

parallel to the end plates of the vertebrae.

We classified the type of OPLL into two groups (pure and 

degenerative) based on the degenerative changes in the disc of 

index level using simple lateral radiographs. Disc height was 

measured along a straight line passing through the central 

points of the adjacent vertebral bodies. A disc height less than 

10% lower than the reference disc height (usually C2/C3 disc) 

was considered normal, a 10–20% reduction was deemed mild 

degeneration, and a more than 20% reduction was deemed se-

vere16,19). The reference disc was changed occasionally to the 

tallest one in the cervical spine if the C2/C3 disc was degener-

Fig. 2. Four representative cases showing the features of pure ossification of the posterior longitudinal ligament, including well preserved disc height 
at the segment presenting myelopathy (asterisks) in mid-sagittal 2-dimensional reconstruction computed tomography image (left), lateral radiograph 
(middle), and sagittal T2-wighted magnetic resonance imaging (right).

Table 1. Demographics and results of measurements of the patients 
with single ISI

Group
p-value

Pure Degenerative

Number of patients 48 (39.0) 74 (61.0)

Age, mean (years) 57 61 0.007*

Sex, male : female 4.1 : 1 2.6 : 1 0.0000*

JOA score, mean 12.9 12.3 0.2

C2–C7 level

Lordosis (°) 12 12 0.5

Motion (°) 29 39 0.0000*

ISI level

Motion (°) 4.7 6.1 0.003*

AP diameter (mm) 10.8 10.6 0.18

Canal compromise (%) 61 47 0.0000*

Values are presented as number (%) unless otherwise indicated. 
*Indicates statistical significance. ISI : increased signal intensity, JOA : 
Japanese Orthopedic Association, AP : antero-posterior
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ated. Radiological evidence of segmental degeneration was in-

vestigated by three reviewers (two neurosurgeons and one 

neurosurgical PGY4 resident) and defined by consensus of 

two or more thereof. OPLL types were also classified as seg-

mental, continuous, mixed, and localized according to the 

Japanese Investigation Committee for Ossification of the Spi-

nal Ligament criteria21).

Statistics
All data management and statistical analyses were per-

formed using the Analyse-it software (Analyse-it Ltd., Leeds, 

UK). The parametric statistical analysis was performed using 

Student’s t test. Categorical variables were analyzed using the 

chi-square test. Significance was accepted at p<0.05.

RESULTS

Combined disc degeneration in the segment presenting 

with myelopathy was noted in 74 (61%) of 122 patients with a 

single ISI (Fig. 1). The remaining 48 patients with normal disc 

height were classified as the pure group (Fig. 2). There was a 

strong male predominance in the pure group (p<0.0000). The 

age of presenting myelopathy was slightly younger in the pure 

group than in the degenerative group (p=0.007) (Table 1). The 

proportion of the degenerative group increased in an age-de-

pendent manner, from 50% in the 40s to 80% in the 70s (Fig. 

3). OPLL types differed between the groups. More long-seg-

ment types (mixed and continuous) were included in the pure 

group, while more short-segment types (segmental and local-

ized) were included in the degenerative group (Fig. 4). The 

predilection of ISI also differed between the groups, located 

Fig. 3. Number of patients (y axis) in each group by age (x axis) (A). Cumulative graph showing the proportion of each group (B).
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Fig. 4. Graph showing the number of patients (y axis) of each group according to the classification of the Japanese Ministry of Public Health and Welfare 
(x axis) (A). Cumulative graph showing the proportion of each group (B).
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rostrally at the C3/C4 level in the pure group and caudally at 

the C5/C6 level in the degenerative group (Fig. 5).

The CC of the degenerative group was significantly lower 

than that of the pure group (47% and 61%, respectively, 

p<0.0000), indicating that some other factors were exerting in-

fluence on the development of myelopathy in the degenerative 

group. The CC was high in the higher cervical vertebrae and 

low in the lower cervical vertebrae, indicating that myelopathy 

is prone to develop in areas of low CC in the lower cervical area, 

regardless of the group (Fig. 6). The global motion was signifi-

cantly larger in the degenerative group (p<0.0000), and there 

was a tendency toward an increase in global motion when the 

ISI was in the lower cervical area in both groups (Fig. 7). The 

segmental motion was also larger in the degenerative group, but 

it was small in amount (p=0.003), and the tendency toward an 

increase in motion in the lower cervical area was noted only in 

the pure group. Neither the canal diameters nor the global an-

gles differed between groups.

Nineteen patients in this study showed multiple ISI (Fig. 8). 

Among them, 11 were classified into the degenerative group, 

three in the pure group, and the remaining five in a mixed 

group. Because of the small numbers, the differences of all pa-

rameters with the patients with a single ISI were not significant, 

but the canal diameter was significantly narrower and the 

mean Japanese Orthopedic Association score was significantly 

worse among patients with multiple ISI (Table 2).

DISCUSSION

Although OPLL differs widely with respect to its shape, ex-

tent, and distribution, appropriate classification is critical since 

there may be significant variations in neurological presentation, 

disease progression, and risk of complications across OPLL 

Fig. 5. Graph showing the number of patients (y axis) and the level of 
myelopathy (x axis) of each group.
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measured in the level presenting myelopathy, which was significantly low 
in the degenerative group. *p<0.01.
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Fig. 7. Cervical range of motion according to the level presenting myelopathy. Mean values of global range of motion (gROM) (A), mean values of 
segmental range of motion (sROM) (B).
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subtypes. While numerous classification systems have been 

suggested20), to our knowledge, no system can properly charac-

terize and best categorize its subtypes. Most classification sys-

tems for cervical OPLL are based on morphological character-

istics, including the overall shape of the ossification of the 

ligament20). On the contrary, we focused on the segment of my-

elopathy developed, looked for changes superimposed on the 

OPLL and found as many degenerative changes as in the nor-

mal populations. Disc degeneration is generally observed in 

25% of patients younger than 40 years of age, 50% of those over 

the age of 40 years, and 85% of those over the age of 60 years8). 

This picture was completely replicated in OPLL patients in this 

study (Fig. 3). While the predilection of the level presenting ISI 

in pure OPLL was in the C3/C4 level, superimposition of de-

generative changes moved the myelopathy site down to a lower 

level, where degenerative changes usually occur in the general 

population. This is a solid evidence of the influence of com-

bined degeneration on the behavior of OPLL disorders (Fig. 5).

Static compression has been proven to be the single most 

important risk factor for the development of myelopathy5,13). 

However, a consensus on the involvement of dynamic factors 

has not yet been established. Matsunaga found a certain point 

(60%) of compression at which all patients above that point 

became myelopathic12). The patients below that point were ei-

ther myelopathic or not. Interestingly, the compression ratios 

did not differ between groups, but the ranges of motion were 

significantly different. Later, he replicated this finding with a 

multi-center study10) and suggested that dynamic factors may 

be largely involved in inducing myelopathy. However, recent 

papers have failed to reproduce this finding2,4). This may be 

due to the small cohorts and the inherent nature of the data 

source. It is generally believed that myelopathy develops pri-

marily due to compression from the ossified ligament; howev-

er, some patients with smaller ossifications exhibit myelopa-

Table 2. Comparison of patients with single versus multiple increased 
signal intensities

Increased signal intensity
p-value

Single Multiple

Number of patients 122 19

Age, mean (years) 58 66 0.45

JOA score 12.8 10.5 0.0084*

Canal compromise (%) 53 50 0.1

Global motion (°) 36 36 0.48

AP diameter (mm) 10.7 9.8 0.0000*

*Indicates statistical significance. JOA : Japanese Orthopedic Association, 
AP : antero-posterior

Fig. 8. Lateral radiograph (A), sagittal 2-dimensional reconstruction computed tomography image (B), and sagittal T2-weighted magnetic resonance 
imaging (C) of 76-year-old female patient with multiple increase signal intensity at C4/C5 and C5/C6, showing the features of degenerative type, 
including low compromise ratio (35–40%) and preserved global motion (56°).
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thy, whereas others with marked ossification do not. This 

appeared as a wide range of compression ratios in myelopathic 

patients in a previous series. For example, in Matsunaga’s 

study, the range of space available for the spinal cord (SAC) 

calculated based on plain X-ray images of myelopathic pa-

tients was between 4.5 and 14 mm9). The standard deviation 

(SD) of the mean compression ratio measured in CT in recent 

studies were also high—16% in Chang et al.’s series2) (mean, 

50 [n=34]) and 13% in Du et al.’s study4) (mean, 40 [n=54]). 

Similarly, the CC ratio of our pre-classified cohort also varied 

from 25% to 87% (mean, 53 [n=121]; SD, 14). Thus, static fac-

tors alone cannot account for the pathogenesis of myelopathy, 

and the variation must have other causes. Any responsible fac-

tors must primarily be dynamic. However, data-source het-

erogeneity results in even greater variation. From this point of 

view, a classification system that can reduce the heterogeneity 

of OPLL will increase our understanding of the disorder’s be-

havior.

As shown in this study, the superimposition of degenerative 

changes is one controllable source of heterogeneity. The SD of 

the CC ratio in the pure group was decreased to 9% (range, 

87–37; mean, 61). Unfortunately, the SD in the degenerative 

group remained at 13% (range, 76–25; mean, 47), implying 

that other factors including dynamic factors are still substan-

tially active. There are other potential sources of OPLL hetero-

geneity. More than a dozen potentially related genes have been 

identified; each one has its own site of action and manner of 

expression. Subgrouping of the patients based on genetic stud-

ies looks ideal, but it cannot be accomplished within a year.

Although OPLL is a genetically linked disorder, environ-

mental factors play a role in its development. The interaction 

between them looks mutually competitive. If a patient has a 

strong genetic background, the ossification starts earlier in 

their life and becomes thicker, and the motion reduces from 

the resulting stiffness; therefore, there is a lower chance of seg-

mental degeneration and the ossification presents in its pure 

form. If a patient has a weak background, the ossification 

starts a little later, and the segment thickness and stiffness are 

not very high. Thus, they have a greater chance of developing 

degeneration. The continuous and mixed OPLL types were 

often associated with more severe spinal canal stenosis, small-

er space available for the SAC, and higher compression ratios 

compared to the segmental and localized types14,20). Concor-

dantly, more patients with the long-segment type (continuous 

and mixed) belonged to the pure group, while more patients 

with the short-segment type (segmental and localized) be-

longed to the degenerative group in this study (Fig. 4).

ROM of the cervical spine is known to decrease as age in-

creases. The C2–C7 motion of healthy Asian adults was re-

portedly 59 degrees in their 20s, 52 degrees in their 40s, and 

45 degrees in their 60s15). In the meantime, if OPLL develops 

and progresses, the spinal motion further decreases pathologi-

cally due to ligament ossification7). Hence, the mean global 

ROM in this study was 29 degrees in the pure group and 39 

degrees in the degenerativegroup, which roughly corresponds 

to 60% and 81% of the same age general population, respec-

tively. The age-related reduction of the segmental ROM in the 

general population mostly occurs in two lower (C5/C6, C6/

C7) and one upper (C1/C2) level, which are more mobile in 

younger individuals. However, the segmental ROM of the 

three middle (C2/C3 to C4/C5) vertebrae usually remains un-

changed. Thus, 40 years of age and above, it is the lowest at 

C2/C3 (9 degrees) and the highest at C5/C6 (14 degrees)15). The 

segmental ROM is known to be negatively correlated with the 

CC ratio in OPLL5). The mean segmental ROM of each group 

measured in this study was 4.7 degrees in the pure group and 

6.1 degrees in the degenerativegroup, which roughly corre-

spond to 35% and 47% of the same age population, respec-

tively. As a result, the global ROM is preserved twice more 

than segmental ROM in OPLL disorders. This is one potential 

reason for the strong involvement of global ROM as a dynam-

ic factor.

There was no intergroup difference in the APD among pa-

tients with a single ISI. But the values were only 10.7 mm, sig-

nificantly lower than that of the normal Asian population 

(12.5–13.5 mm)3). Moreover, the mean APD of multiple ISI 

patients was significantly lower than that of single ISI patients 

(Table 2). This suggests that a narrow APD, a so-called devel-

opmental stenosis, also plays an important role in the develop-

ment of spondylotic myelopathy1) and OPLL14), especially in 

severe multifocal myelopathy. 

This study confirmed that the coexistence of spondylotic 

changes altered the progression and behavior of OPLL. Since 

there were some clear intergroup differences, the whole pic-

ture of OPLL looked heterogenous. This result suggests that 

this classification may be helpful for selecting high-risk pa-

tients and determining treatment plans in OPLL patients 

without myelopathy. For example, asymptomatic OPLL pa-
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tients with a CC less than 50% may require clinical attention 

when the maximum cord compression is located in the lower 

cervical area and degenerative changes are combined but the 

global motion is preserved. Based on our concept, further 

prospective studies and comparative studies in healthy people 

could lead to development of better therapeutic guidelines.

There are several limitations to this study related to the in-

herent nature of the data used. At first, ISI on MRI was used 

as a basis for the development of myelopathy and CC ratio was 

used as a static factor for OPLL. However, the occurrence of 

ISI and the time of radiologic examination were not simulta-

neous but were inevitably somewhat delayed. Therefore, it 

cannot be said that CC is a value at the time when myelopathy 

is expressed. Second, although CC ratio is the main static fac-

tor in OPLL, the coexisting degenerative changes in the sur-

rounding tissues including disc space height loss can also be 

another factor, but this was not included in this study due to 

measurement difficulty and lack of standardization. Lastly, it 

is necessary to develop a strict methodology for the classifica-

tion on the severity of disc degeneration for further validation. 

Nevertheless, this study provides new knowledge in many 

ways.

CONCLUSION

The classification of OPLL by the presence of combined disc 

degeneration is simple to apply and is beneficial for under-

standing the disorder’s progression and behavior. The CC is 

the main factor in the development of myelopathy in pure 

OPLL, whereas dynamic factors seem to exert an influence on 

the development of myelopathy in relatively lesser canal com-

promise states in degenerative OPLL.
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