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Background: To compare the differences between the one-dimensional (1D) length, two-dimensional (2D)
area, and three-dimensional (3D) volume occupying ratios, and to assess the difference between the central
and peripheral types of ossification of the posterior longitudinal ligament (OPLL).

Methods: In total, 60 patients were included in this study, and 1D and 2D occupying ratios were obtained
using Centricity PACS (GE Healthcare), while a 3D model was created using MIMICS® (Materialise,
Leuven, Belgium). Clinical symptoms were measured preoperatively by the modified Japanese Orthopedic
Association (JOA) score, short-form health survey (SF-36), and neck disability index. The increased signal
intensity (ISI) in T2-weighted MRI was divided into three groups: grade 0, none; gradel, limited to one disc
level; or grade2, beyond one disc level. The axial view of spinal canal in CT was vertically divided into three
equal parts. Then, the OPLL was categorized by central and peripheral type according to the location of
most protruded tip.

Results: The 1D, 2D, and 3D occupying ratios had a significantly negative relationship with JOA score
(r=-0.503; -0.506; -0.516, respectively). There was little difference in the JOA score between the central
and peripheral types (17.15 vs. 17.12, P=0.785). The relatonship with MR ISI, according to the central and
peripheral type, showed no significant difference. In each multiple regression analysis, the 1D, 2D, and 3D
occupying ratios were determined to have more influence on the JOA score (Beta: -0.364, -0.411, -0.462,
respectively) than age, sex, most severe level, OPLL type, location type, and MR ISI.

Conclusions: There was no difference between 1D, 2D, and 3D occupying ratios in reflecting the JOA
score in cervical OPLL. Also, it is sufficient to reflect the occupying ratio in the clinical outcome without

distinguishing between central and peripheral type.
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Introduction complicated myelopathy (1,2). The occupying ratio, one
Ossification of the posterior longitudinal ligament (OPLL) of the radiologic static factors, is known to reflect clinical
of the cervical spine is a disease of ectopic calcification outcome in OPLL. Also, it plays a major role in determining
within the posterior longitudinal ligament, which may cause whether to operate anteriorly or posteriorly (3-6).
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Figure 1 1D and 2D occupying ratios were obtained using Centricity PACS. (A) 1D occupying ratio was defined as the ratio of the maximal
ossification thickness to the anteroposterior spinal canal diameter on CT axial imaging; (B) 2D occupying ratio was defined as the ratio of
the area of OPLL to the area of the canal; (C) A 3D model was obtained from DICOM using MIMICS. The volume of OPLL and the
spinal canal can be measured by confirming the outline of OPLL and the canal. The 3D occupying ratio was defined as the ratio of the

volume of OPLL to volume of the canal. It was defined as 1 ¢cm above and below from the most severe level. OPLL, ossification of the

posterior longitudinal ligament.

OPLL is a three-dimensional (3D) structure and is also
capable of being evaluated in a 3D occupying ratio due to
recent developments in imaging technology (7-9). However,
since additional conversion programming is required, it
is difficult to take 3D measurements rapidly in clinical
practice. Conversely, one-dimensional (1D) and two-
dimensional (2D) methods are easier to measure because the
process is simple. As the most severe segment is the cause
of clinical symptoms, we speculated that 2D occupying
ratio would reflect better than 1D because it is measured by
area. We were also interested to know if the occupying ratio
could be applied consistently even if the OPLL is laterally
deviated.

The goals of this study were to compare the differences
between the 1D length, 2D area, and 3D volume occupying
ratios in terms of relationship and clinical outcome and to
assess the difference in clinical outcomes and MRI signal

intensity between the central and peripheral types of OPLL.

Methods
Patient selection

Between 2012 and 2015, 332 patients with symptomatic
OPLL underwent anterior or posterior cervical surgery
at our clinic. Among them, all patients with a history
of previous cervical surgery, trauma, herniated cervical
disc, cervical spondylotic myelopathy, and ossification
of the ligamentum flavum were excluded. Cases were
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only investigated if the cause of the symptoms was only
OPLL and not accompanied by any other disease entity.
Altogether, 60 patients (49 males and 11 females; mean
age of 58.2 years; range, 36-78 years) were included in this
study upon applying the exclusion criteria.

Evaluation of OPLL

Clinical symptoms were measured preoperatively by the
modified Japanese Orthopedic Association (JOA) score,
short-form health survey (SF-36), and neck disability index.
The modified JOA score used in our institute has a total
of 20 points which quantifies neurological impairment
by evaluating upper extremity function (4 points), lower
extremity function (4 points), upper/lower extremity and
trunk sensibility (each 2 points, total 6 points), and urinary
bladder function (6 points) (7).

Institutional board approval was obtained before
initiating this study. All OPLL patients who were admitted
for surgery underwent routine CT and MRI preoperatively
to determine surgical procedure. 1D and 2D occupying
ratios were obtained using Centricity PACS (GE
Healthcare) (Figure 1). The conventional 1D occupying
ratio was defined as the ratio of the maximal ossification
thickness to the anteroposterior spinal canal diameter on
CT axial imaging. The 2D occupying ratio was defined
as the ratio of the area of OPLL to the area of the canal.
The 3D model was created with Digital Imaging and
Communication in Medicine (DICOM) data from CT
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images via Centricity PACS, using medical image processing
software (MIMICS®, Materialise, Leuven, Belgium). The
volume of the OPLL and spinal canal can be measured by
confirming the outline of the OPLL and the canal. The
3D occupying ratio was defined as the ratio of the volume
of the OPLL to the volume of the canal, marked as 1 cm
above and below the most severe level. The measurement
process was as follows. First, the spine was divided by the
threshold using a function that only contained pixels of
images with values greater than or equal to the threshold
of a 226 value (7,10). Second, after setting the desired
measurement range, the previously specified pixels were
erased except for the canal, and the mask was duplicated.
Third, on the duplicated mask, only the OPLL was left and
the rest was removed. Fourth, the OPLL and spinal canal
were reconstructed with 3D rendering. Finally, the volume
of the OPLL and spinal canal was calculated automatically
based on the processed images.

We also evaluated any clinical symptomatic difference
depending on the location type of the OPLL. To see if 2D
or 3D occupying ratio reflects better than 1D when the
OPLL has grown outward from the center of the canal,
the axial view of spinal canal on preoperative CT scan was
divided vertically into three equal parts. Then, the OPLL
was categorized by central type (with the OPLL tip on the
middle section in the canal) and peripheral type (with the
OPLL tip was both side sections in the canal) according to
the location of the most protruded tip of the OPLL in the
canal (Figure 2).

To investigate if there were any differences in
intramedullary increased signal intensity (ISI) on T2-
weighted MRI depending on the OPLL location type,
the ISI was divided into the three following groups as
used in another paper by our institute: grade 0, none;
grade 1, ISI limited to one disc level; or grade 2, ISI
beyond one disc level (4). These grading systems were
compared to clinical symptoms, focusing on the size of

the ISI on MRI (Figure 3).

Statistical analysis

Statistical analysis was performed using SPSS version 18
for Windows (SPSS, Inc., Chicago, IL, USA). Pearson
correlation analysis, independent 7-test, and multiple
regression analysis were used to analyze the data. A
probability value of <0.05 was considered statistically
significant.
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Results

There were four OPLL types including continuous
(n=10), segmental (n=7), mixed (n=38), and localized (n=5).
According to location type, the number of patients in the
central type group and peripheral type group was 41 and 19
respectively. The IST was observed in 28 of 60 patients using
MRI, with the severity distributed as follows: grade 0 in
32, grade 1 in 14, grade 2 in 14 (1able 1). In the correlation
analysis, MR ISI showed a significant relationship with 1D,
2D, and 3D occupying ratios (1D: r=0.536, P<0.001; 2D:
r=0.525; P=0.001; and 3D: r=0.399; P=0.02, relative).

There were close relationships between the 1D and 2D,
1D and 3D, and 2D and 3D occupying ratios (r=0.652,
0.556, 0.776, respectively) (Tiable 2). Also, the 1D, 2D, and
3D occupying ratios had a significantly negative relationship
with the JOA score (1D: r=-0.503, P<0.001; 2D: r=-0.506,
P<0.001; and 3D: r=-0.516, P<0.001, respectively) (Table 3).
SF 36 showed a result of having a negative relationship with
the 2D and 3D but not 1D occupying ratios (1D: r=-0.100,
P=0.446; 2D: r=-0.337, P=0.008; and 3D: r=-0.354,
P=0.006) (1able 3). However, there were no relationships
between the NDI and 1D, 2D, and 3D occupying ratios.

There was little difference in the JOA score between
the central and peripheral types (17.15 vs. 17.12, t=0.274,
P=0.785) (Table 4). The relationship with MR ISI according
to the central and peripheral type showed no significant
difference (P=0.890).

In each multiple regression analysis, the 1D, 2D,
and 3D occupying ratios were determined to have more
influence on the JOA score (Beta: -0.364, -0.411, -0.462,
respectively) than age, sex, most severe level, OPLL type,
location type, and MR ISI (7able 5).

Discussion

The analysis results showed that the 1D, 2D, and 3D
occupying ratios have significantly negative relationships
with the JOA score. The higher 1D, 2D, and 3D occupying
ratios suggest more severe myelopathy in patients with
cervical OPLL. However, 1D, 2D, and 3D occupying ratios
seem to be highly correlated with each other and there is
no difference in the degree of their correlation with the
JOA score. Among other clinical outcome parameters, SF-
36 showed some correlation, but at a low level. In each
multiple regression analysis, the 1D, 2D, and 3D occupying
ratios were determined to have more influence on the JOA
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Figure 2 The axial section of the spinal canal was divided vertically into 3 equal parts. OPLL was classified according to the location of the
most protruding tip on the trisected spinal canal. (A) Central type: the OPLL tip was on one-third of the middle; (B) peripheral type: the

OPLL tip was on two-thirds of both sides. OPLL, ossification of the posterior longitudinal ligament.

Figure 3 Intramedullary increased signal intensity (ISI) was divided into 3 groups based on T2-weighted MRI. (A) Grade 0 = no ISI; (B)
Grade 1 = ISI limited to one disc level; (C) Grade 2 = ISI beyond one disc level.

score than age, sex, most severe level, OPLL type, location
type, and MR ISI.

The results showed that the relationship with the JOA
score and MRI signal intensity according to location type,
whose determination was an additional aim of this study,
did not differ, irrespective of the central or peripheral type.
This means that even though the OPLL grows outward

from the center of the canal, it still reflects well in the 1D
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occupying ratio, but not with the 2D or 3D methods.

This study aimed to compare the 1D, 2D, and 3D
occupying ratios, and included a large number of patients
using the 3D method in a single center. As defined in
this study for 1D, 2D, and 3D occupying ratios, there are
several published papers comparing 1D and 2D occupying
ratios or 1D and 3D occupying ratios. Dong er 4/. published
a study that suggested that the 2D occupying ratio may play
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Table 1 Characteristics of patients

Parameters Values
No. of patients 60
Male:female [n) 49:11
Age [years), mean [range] 58.2 [36-78]
JOA 17.12 [10-20]
NDI 16.43 [0-62]
SF-36 108.97 [50-182]
Occupying ratio, mean [range)
1D 0.543 [0.321-0.736)
2D 0.387 [0.160-0.634)
3D 0.284 [0.110-0.508)
Location type, n [%)
Central 41 [68.3)
Peripheral 19 [31.7)

MR increased signal intensity [n)

Grade 0 32 [JOA score 18.00+2.155)
Grade 1 14 [JOA score 16.57+1.742)
Grade 2 14 [JOA score 15.64+1.946)

OPLL type, n [%)

Continuous 10 [16.7)
Segmental 7011.7)
Mixed 38 [63.3)
Localized 5[8.3)
Most severe level, n [%)
c2/3 10 [16.7)
C3/4 25[41.7)
C4/5 14 [23.3)
C5/6 9[15.0)
ce/7 2[3.3)

JOA, Japanese Orthopedic Association; OPLL, ossification of
the posterior longitudinal ligament.

a significant role in predicting the development of cervical
spondylotic myelopathy (11); Lee et 4. demonstrated that
the 3D occupying ratio shows an independent, significantly
negative correlation with the JOA score (7); Wang et al.
reported that the 3D occupying ratio is a reliable indicator
and better reflected the severity of myelopathy in contrast
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to the conventional occupying ratio (12).

The above three studies demonstrated that the 2D or 3D
occupying ratio is superior to the 1D method for reflecting
clinical status such as JOA score. Interestingly, this
conclusion differs with the results of our study, where all
three occupying ratios reflected the clinical status well. In
addition, our study was conducted on 60 patients, which is a
number larger than the above three studies’ samples of 36,
34, and 37 patients respectively. Rather, it is estimated that
the 1D and 2D methods that have shorter measurement
time than 3D will outperform in efficiency when measuring
the occupying ratio. The measurement time for the 1D
and 2D methods per case is less than 1 minute, while
measurements for 3D take more than 15 minutes. Overall,
3D reconstruction processing with DICOM files using the
MIMICS software takes more time and effort.

However, the conflicting results of this study in contrast
to those from previous studies can be attributable to
several factors. First, there could have been a difference
in the patient selection group. Moreover, this study was
a retrospective study at a single institution. Therefore,
there is a possibility that different selection criteria were
employed during the patient exclusion process from those
of previous studies. Additionally, this study included a total
2-cm section, including 1 cm above and below the most
severe level, under the conditions of measuring the 3D
occupying ratio, while other studies included the entire
cervical OPLL segment. The reason for not including all
segments is that the symptoms of patients are affected the
most by the most severe level.

Furthermore, a limitation of this study is that dynamic
factors, such as the segmental range of motion, which are
important factors of myelopathy, were not considered.
Matsunaga et al. analyzed 247 patients with OPLL and
reported that all of the patients with a space available for
the spinal cord (SAC) less than 6 mm suffered myelopathy,
whereas the patients with an SAC diameter of 14 mm or
greater did not. This indicates that a static occupying factor
contributed to the development of myelopathy. However,
they also demonstrated that in the patients with myelopathy
whose SAC diameter ranged from 6 mm to less than 14 mm,
the dynamic factor such as range of motion of the cervical
spine was significantly greater (13). In this study, we simply
focused on evaluating the correlation between the static
factor, the occupying ratio, and the JOA score.

In addition to OPLL, the development of myelopathy
can be affected by many other possible factors, such
as disc herniation, facet arthropathy, hypertrophy of
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Table 2 Correlation between 1D, 2D, and 3D occupying ratios

r/P
1D occupying ratio 2D occupying ratio 3D occupying ratio
1D occupying ratio 1 0.652/<0.001 0.556/<0.001
2D occupying ratio - 1 0.776/<0.001
3D occupying ratio - - 1

Correlation analysis was performed to analyze the correlation between the occupying ratios. r indicates Pearson correlation coefficient.

Table 3 Correlation between occupying ratio and clinical outcome

r/P
1D occupying ratio 2D occupying ratio 3D occupying ratio
NDI 0.108/0.413 0.224/0.085 0.169/0.197
SF-36 -0.100/0.446 -0.337/0.008 -0.354/0.006
JOA score -0.503/<0.001 -0.506/<0.001 -0.516/<0.001

Correlation analysis was performed to analyze the correlation between the occupying ratio and clinical outcome. r indicates Pearson
correlation coefficient.

Table 4 Correlation between location type and clinical outcome

Central type (n=41) Peripheral type (n=19) P
NDI 17.71+12.981 13.68+12.189 0.260
SF-36 107.71+£24.172 111.68+27.753 0.574
JOA score 17.15+2.076 17.12+1.9 0.785

T-test was performed to analyze the correlation between the location type and clinical outcome.

Table 5 Effects of parameters on JOA score

JOA score
Standardized coefficient (1D) Standardized coefficient (2D) Standardized coefficient (3D)

Beta P Beta P Beta P
Age 0.088 0.457 0.087 0.452 0.130 0.251
Sex -0.124 0.293 -0.116 0.315 -0.07 0.524
Most severe level —-0.059 0.617 -0.139 0.22 -0.217 0.054
OPLL type -0.210 0.071 -0.216 0.059 -0.163 0.139
Location type —-0.034 0.761 0.042 0.714 0.010 0.929
MR ISI -0.284 0.040 -0.251 0.067 -0.284 0.022
1D ratio -0.364 0.011 - - - -
2D ratio - - -0.411 0.004 - -
3D ratio - - - - -0.462 0.000

Each multiple regression test was performed to compare the influence of the 1D, 2D, and 3D occupying ratio on JOA score.
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ligament, ossification of ligamentum flavum, deformity,
hypermobility, and instability (14). Thus, in patients
with OPLL, other causes may be mixed, resulting in
development of myelopathy. This is one of the possible
reasons why the occupying ratio does not precisely correlate
to the symptoms.

The 3D method can provide new information that has not
been previously available (15). In terms of the usability of the
3D method, based on the basic data measured before surgery,
the postoperative growth of OPLL can be analyzed (8).
Fujimori et al. and Izumi et al. reported that the 3D method
of measuring OPLL is very useful to quantitatively evaluate
the volume change before or after surgery (16,17). Lee et al.
conducted a study on the difference in the growth of OPLL
depending on the method of surgery (18). Biomechanical
analysis, including the static and dynamic factors, is also
available using the 3D finite element model in cervical
OPLL (19). Kawaguchi er 4. demonstrated that 3D CT
is superior to lateral radiography and provided extensive
information about OPLL (20,21).

The recent trend in evaluating OPLL has shifted from
the conventional method to the 3D method. However,
this study shows that although the new technique is a good
option, it is not always superior. Sometimes, conventional
methods are much easier and comparatively accurate.
Conventional methods are also expected to be useful in the
future because of their convenience.

Conclusions

In conclusion, all the 1D, 2D, and 3D occupying ratios
had significant relationships with the JOA score. There
was no difference between the 1D, 2D, and 3D occupying
ratios in reflecting the JOA score in cervical OPLL. Also,
it is sufficient to reflect the occupying ratio in the clinical
outcome without distinguishing between central and
peripheral type.
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