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Abstract

Purpose Three-dimensional (3D) imaging using computed
tomography (CT) has made it possible to accurately evaluate
ossification of the posterior longitudinal ligament (OPLL).
Recently, we developed a novel technique to measure ossifi-
cation volume using the 3D analysis. The purpose of this
study was to investigate the natural course of OPLL and the
risk factors for volume progression.

Methods Forty-one patients (22 males and 19 females) diag-
nosed with cervical OPLL who had been non-surgically treat-
ed were included in this study. We evaluated clinical exami-
nation, radiological findings, and the volume of ossified le-
sions during at least 1-year intervals. Furthermore, we per-
formed risk factor analysis for OPLL volume progression.
Results The mean ossification volume was 2047.4 + 1437.3 mm®
in the first examination and 2201.0 + 1524.1 mm’ in the final
examination, indicating a significant increase during the follow-
up period (p < 0.001). The mean annual rate of lesion increase was
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4.1 £ 2.7%. Univariate regression analysis demonstrated signifi-
cant relationships between the annual rate of lesion increase and
age (f = —0.48; p = 0.001), body weight (BW) (3 = 0.36;
p = 0.02), and body mass index (BMI) (3 = 0.35; p = 0.03).
Furthermore, age was the only significant predictor of OPLL pro-
gression (R? = 0.23; p = 0.001) in multivariate liner regression
analysis.

Conclusions Younger age, higher BW, and higher BMI are
predictors of OPLL progression. Younger age is the most sig-
nificant predictor in non-surgically treated patients.

Keywords Ossification - Three-dimensional - Volume -
Progression - Risk factors

Introduction

Ossification of the posterior longitudinal ligament (OPLL) is a
progressive disease resulting in a narrowed spinal canal. In
addition, OPLL has been recognized as one of the main causes
of cervical myelopathy [1-3]. Several studies demonstrated
that approximately 70% of patients showed radiographic evi-
dence of OPLL progression after laminoplasty [4-7].
Knowing the natural course of OPLL and especially the risk
factors of OPLL progression is important for careful observa-
tion or indication for surgical treatment. Based on two-
dimensional (2D) images of OPLL using plain radiography
and plain computed tomography (CT), previous reports de-
scribed that OPLL progression occurred more frequently in
surgically treated cases than in non-surgically treated cases [7,
8]. Because conventional 2D image analysis could not evalu-
ate lesion volume accurately, CT-based 3-dimensional (3D)
imaging analysis has been developed and has made evaluation
of OPLL accurate [9—11]. We have developed a novel
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technique to measure ossification volume based on the crea-
tion of a 3D model using CT images [10, 11].

There have been no reports regarding risk factors for OPLL
volume progression in non-surgically treated patients based
on 3D image analysis. We conducted an explorative pilot
study using novel 3D image analysis to investigate the
OPLL progression, and this study aimed to investigate the
natural course of OPLL and the risk factors for volume
progression.

Materials and methods

This study was approved by the ethics committee of our uni-
versity hospital. Informed consent was obtained from all pa-
tients before enrollment. Forty-one OPLL patients (22 males,
19 females; mean age, 61.8 years; range, 35-80 years) who
had been followed conservatively at the university hospital or
affiliated hospitals between 2006 and 2015 were included for
analysis. Thirty-seven patients had no or slight myelopathy,
and conservative treatment included close observation and/or
pain management medication. The mean follow-up period
from the first examination to the final examination was
25.6 = 17.1 months (range, 12—-84 months). According to
the criteria proposed by the Investigation Committee on
Ossification of Spinal Ligaments of the Japanese Ministry
of Public Health and Welfare based on multi-planar recon-
struction CT (MPR-CT), OPLL types were classified as
continuous in three patients, segmental in five, and mixed
in 33 [12]. After 3D analysis of OPLL, segmental OPLL
was reclassified as mixed OPLL for one patient during the
follow-up period. The location of ossification was classi-
fied as localized upper cervical spine (C1-C4) in four pa-
tients, and extended middle to lower cervical spine in 37.
We evaluated clinical examination, radiological examina-
tion, and 3D measurements of the ossified lesion, and per-
formed risk factor analysis for OPLL progression.

Fig. 1 a and b Ossification was
detached from the affected
vertebral body semi-
automatically using computed to-
mography (CT) axial and sagittal
planes (so-called segmentation). b
Axial planes of CT at C2 (straight
line) and C3 (dotted line). ¢ The
region of ossification was isolated
and a three-dimensional model
was created
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Clinical examinations

Body height, body weight, and body mass index (BMI) were
recorded for all patients. We evaluated each patient for coex-
istence of diabetes mellitus (DM) and family history of OPLL.
Neurologic severity was evaluated using the Japanese
Orthopedic Association (JOA) score [13], which involves a
17-point instrument. Points are assigned based on the ratings
of motor function (upper extremity and lower extremity), sen-
sory function (upper extremity, lower extremity, and trunk),
and urinary bladder function.

Radiological examinations

The numbers of ossified vertebrae were recorded using MPR-
CT. Ossification thickness and space available for the spinal
cord (SAC) were measured using plain CT via the axial view.
Spinal canal occupation rates were expressed as the percent-
age ratio of the maximum thickness of ossification to the mid-
sagittal diameter of the canal using the CT axial view [14]. The
C2—C7 lordotic angle was measured between the lower
endplates of C2 and C7 on lateral radiographs. Additionally,
we evaluated the C2—C7 range of motion (ROM) and segmen-
tal ROM at the maximum cord compression level based on
flexion and extension radiographs.

Measurement of the ossified lesion

All ossifications of the vertebrae were identified and de-
tached from the posterior aspect of the vertebral body
semi-automatically by two observers based on CT images
using MIMICS® software (Materialise Japan Co., Ltd.,
Yokohama, Japan) and a 3D model was created automat-
ically (Fig. 1) [10]. OPLL measurements were obtained
twice with an interval of at least one year (initial exami-
nation and final examination). The ossified lesion volume
was calculated twice during each examination to
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determine the mean volume and evaluate the intra-observ-
er error. We evaluated the volume change of OPLL using
the annual rate of lesion increase. The annual rate of le-
sion increase between the initial and final measurements
was calculated using the following formula: (%): (V, -
Vi) = V; x 100 x 12 + (Int;_,) (volume of the ossified
lesion in the initial measurement: V; [mm’], volume of
the ossified lesion in the final measurement: V, [mm?’],
interval from the initial to the final measurement: Int;_,
[month]).

Statistical analyses

Data were expressed as mean and standard deviation. The
change from baseline within each group was evaluated using
paired ¢ tests or Wilcoxon signed-ranks tests for clinical and
radiological outcomes. Differences between groups were eval-
uated using Student’s ¢ tests, Mann—Whitney U tests, and one-
way analysis of variance (ANOVA) for continuous variables;
x° tests were used for categorical variables. Stepwise regres-
sion analysis was performed to identify variables indepen-
dently associated with the annual rate of lesion increase as a
dependent variable. First, significance of the variable was
evaluated using univariate analysis. Next, variables with
p < 0.1 were subjected to multivariate analysis; p < 0.05 was
considered significant. Beta indicated the standardized partial
regression coefficient. Statistical analyses were performed
using SPSS software (version 19; SPSS Inc., Chicago, IL,
USA).

Results

Body height, body weight, and BMI were 160.7 = 8.7 cm
(range, 145-180 cm), 63.6 + 11.6 kg (range, 43-87 kg),
and 24.5 + 3.3 kg/m? (range, 17.6-32.9 kg/m?), respective-
ly. Twelve of the 41 patients (29.3%) had DM and eight
(19.5%) had a family history of OPLL. The JOA score was

15.6 in the initial examination and 15.5 in the final
examination.

The mean number of ossified vertebrae was 3.7 (range, 1-6
vertebrae) and the mean spinal canal occupation rate was
43.2% (range, 19.0-71.6%). The mean ossification thickness
was 5.1 mm (range, 2.4-8.6 mm) and the mean SAC was
6.7 mm (range, 3.4-10.2 mm). The mean C2—C7 lordotic
angle, C2—C7 ROM, and segmental ROM were 11.2 °, 32.5
°, and 3.8 ° in the initial examination and 11.5 °, 30.0 °, and
3.7 © in the final examination, respectively. There were signif-
icant differences in the C2—C7 ROM between the initial and
final examinations (p < 0.05) (Table 1).

The mean ossification volume was 2047.4 mm® in the
first examination and 2201.0 mm? in the final examination,
indicating a significant mean increase in ossification vol-
ume (153.6 mm®; p < 0.001) over the course of 25 months
(Table 1). The mean intra-observer intraclass correlation
coefficients (ICCs) were 0.995 (range, 0.993-0.996) for
observer 1 and 0.997 (range, 0.994-0.999) for observer
2. The mean inter-observer ICC was 0.997 (range, 0.966—
0.999). The mean rate of increase in volume between the
initial and final examinations was 8.8 + 8.5% (range, 0.1—
36.5%). The mean annual rate of lesion increase was
4.1 £2.7% (range, 0.1-10.8%).

The initial JOA score had no correlations with spinal
canal occupation rate, thickness of ossification, SAC, ini-
tial ossification volume, and location of ossification. While
the annual rate of lesion increase had significant correla-
tion with menopausal status (p < 0.05), there were no sig-
nificant differences in the annual rate of lesion increase
between sex, OPLL types, location of ossification, coexis-
tence of DM, and family history of OPLL (Table 2).

To investigate the risk factors for OPLL progression,
univariate linear regression analyses demonstrated signif-
icant correlations between the annual rate of increase and
age (f = —0.48; p = 0.001) (Fig. 2), body weight
(p = 0.36; p = 0.02), and BMI (3 = 0.35; p = 0.03).
Since both BW and BMI, initial and final C2—C7 lordotic

Table 1  Changes in clinical and radiological results from the initial examination to the final examination

Initial examination Final examination P
JOA score (points) 15.6 1.8 (11-17) 15.5+ 1.8 (10-17) 0.16
C2—C7 lordotic angle (degrees) 11.2£9.1 (-11-35) 11.5 £10.5 (-6-39) 0.78
C2-C7 ROM (degrees) 32.5+£9.9 (13-55) 30.0 + 8.8 (13-51) 0.03*
Segmental ROM (degrees) 3.8+3.4(0-13) 3.7+3.3(0-12) 0.69

Ossification volume (mm?)

2047.4 £1437.3 (25.8-5703.5)

2201.0 £ 1524.1 (35.2-5935.4) <0.001%%*

Mean =+ standard deviation
JOA, Japanese Orthopedic Association
*p < 0.05; **p < 0.01
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Table 2  Comparison of annual rate of lesion increase

Characteristics Number of  Annual rate of lesion ~ p
patients increase (%) value

Sex

Male 22 3.8+2.3(0.1-9.0)

Female 19 43 +3.1(0.3-10.8) 0.56
Female

Pre-menopausal 3 8.2+4.3 (3.3-10.8)

Post-menopausal 16 3.6 +2.4(0.3-7.8) 0.01*
Type of OPLL

Continuous 2.8 +1.5(1.14.0)

Segmental 3.9+23(0.8-64)

Mixed 33 4.2+29(0.1-10.8) 041
Location of OPLL

Localized upper 4 2.7+12(1.1-4.0)

cervical
Middle ~ lower 37 4.2 +2.8(0.1-10.8) 0.29
cervical

Diabetes mellitus

Yes 12 4.7+3.2(0.1-10.8)

No 29 3.8 +£2.5(0.3-10.6) 0.33
Family history of

OPLL

Yes 8 29+1.7(0.8-5.5)

No 33 4.3 +2.8(0.1-10.8) 0.17

Mean + standard deviation
OPLL, ossification of the posterior longitudinal ligament
*p < 0.05

angle were highly correlated (» = 0.80; p < 0.001 and
r=0.77; p < 0.001, respectively), BMI and final C2—C7
lordotic angle were excluded from the independent vari-
ables, and multivariate linear regression analysis demon-
strated that age was the only significant predictor of
OPLL progression (R* = 0.23; p = 0.001) (Table 3).

The mean annual rate of lesion increase was 10.2 + 1.0%
by age 30—49 years (n = 3), 3.9 £2.2% by age 50-59 years
(n =14), 3.0 £ 1.9% by age 60-69 years (n = 17), and
4.3 + 2.6% by age > 70 years (n = 7).In the comparison
among the four age groups, the mean ossification volume
in the initial examination was 1356.5 + 612.8 mm® by age
30-49 years, 2145.0 + 1252.8 mm® by age 50-59 years,
1943.0 + 1738.7 mm°> by age 60—69 years, and
2401.6 + 1321.9 mm® by age > 70 years. There was no
significant difference of the ossification volume in the ini-
tial examination among the four age groups, whereas there
were significant differences in the annual rate of lesion in-
crease between the 30-49 years age group and other age
groups (p < 0.05).
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Illustrative case

A 62-year-old man with continuous OPLL (Fig. 3a) had slight
numbness in both hands and a JOA score of 16. In the 3D
imaging analysis, the ossified lesion volume was 3654.1 mm®
in the initial examination (Fig. 3c). Three years later, OPLL
had increased 12.0 mm in the craniocaudal direction, and the
ossified lesion volume increased to 4092.7 mm?> (Fig. 3d). The
annual rate of lesion increase was 4.0%.

Discussion

According to previous reports, risk factors for OPLL progres-
sion after surgical treatment are younger age at surgery, con-
tinuous or mixed type of OPLL, higher JOA score at last
follow-up, and wide anterior-posterior width of the SAC [2,
4-6, 15, 16]. In particular, several studies indicated that youn-
ger age was the most significant risk factor for OPLL progres-
sion [4—6, 16]. However, Taketomi and Kajiura et al. investi-
gated OPLL progression in non-surgically treated patients and
noted no correlation between age and OPLL progression [17,
18]. Because most previous studies have reported OPLL pro-
gression according to 2D imaging analysis using plain radio-
graphs or conventional CT, accurate measurement was diffi-
cult and it was more difficult to clarify the risk factors for
OPLL progression. Therefore, 3D imaging analysis using
CT must be suited for measuring OPLL volume; we have
developed a novel measurement technique using 3D CT [10,
11].

In the present study, the mean annual rate of lesion increase
was significantly higher for those in the 3049 years age
group, and multivariate linear regression analysis showed that
younger age was the only risk factor for OPLL progression.
The results of the present study indicate that younger age is the
best predictor of OPLL progression and reflect the natural
course of OPLL. Therefore, we consider the natural course
of non-surgically treated OPLL as follows: 1) the volume of
OPLL grows rapidly in those during the ages of 3049 years,
2) OPLL progression decelerates after age of 50 years and the
aging process tends to slow the OPLL progression throughout
the lifetime. There are some hypotheses about why younger
patients increase risk for OPLL progression: high bioactivity,
large biomechanical stress such as wider ROM and increased
load of the cervical spine [3].

Previous reports showed a significant relationship be-
tween obesity, glucose intolerance, and presence of OPLL
[2, 19, 20]. Obesity and upregulation of insulin produc-
tion have been shown to be correlated with the extent of
OPLL [19]. The present study demonstrated that obesity
(body weight and BMI) are significant predictors of
OPLL progression in univariate linear regression analy-
ses. To the best of our knowledge, no reports have
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Fig.2 The relationship between the annual rate of lesion increase and age. A significant negative correlation was found between the annual rate of lesion

increase and age (y = —1.38 x 12.60; R* = 0.23; p = 0.001)

described the relationship between obesity and OPLL pro-
gression. It is well known that obesity causes insulin re-
sistance and glucose intolerance, and insulin is thought to
be an osteogenic factor of bone anabolism [21]. Akune
et al. [19] reported that the upregulation of insulin pro-
duction due to the impairment of insulin action may stim-
ulate osteoprogenitor cells to induce ossification. These
metabolism-related factors could affect the presence and
volume progression of OPLL. Moreover, the annual rate
of lesion increase was significantly higher in pre-
menopausal status, but there were only three pre-
menopausal women in this subject. Sex hormone may
affect the OPLL progression, and further study is neces-
sary to clarify the findings.

Several reports described that OPLL progression oc-
curred more commonly in patients with mixed or continu-
ous type OPLL than in those with segmental type OPLL [2,
4-6]. These types were classified according to the conven-
tional criteria based on plain radiographs. Because Chang
et al. [22] and Fujimori et al. [23] reported that many cases
of continuous ossification classified by radiography were
reclassified as the mixed type based on CT evaluation, we

believe that additional 3D imaging analyses according to
OPLL classification criteria based on MPR-CT are neces-
sary. In the present study, the continuous type indicated
bridging all levels of ossification and tended to demon-
strate lower annual rate of OPLL increase. Using 3D im-
aging analysis, we previously reported that additional pos-
terior instrumented fusion following laminoplasty, which
could be considered as a stabilizing effect, significantly
suppressed OPLL progression compared to laminoplasty
alone [11]. Therefore, we hypothesize that OPLL progres-
sion of the continuous type classified by MPR-CT can be
restricted by the stabilizing effect of bridging ossified
lesions.

OPLL has been most commonly treated with posterior
decompression surgery such as laminoplasty for patients
with the K-line (+) type of OPLL, which has been report-
ed to be a safe procedure with satisfactory long-term out-
comes [5, 24]. However, we have recommended
laminoplasty concomitant with posterior instrumented fu-
sion for patients with the K-line (-) type of OPLL [25],
which suppressed OPLL progression [11]. The results of
the present study suggest that posterior decompression

@ Springer
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Table 3  Linear regression analysis of risk factors for OPLL progression

Annual rate of lesion increase

Characteristic Univariate linear regression Multivariate linear regression
B p value B p value R?=023

Age -0.48 0.001%* -0.48 0.001%**

Body height 0.11 0.48

Body weight 0.36 0.02* 0.21 0.17

Body mass index 0.35 0.03*

Spinal canal occupation rate —-0.07 0.66

Thickness of ossification —-0.03 0.85

Space available for spinal cord 0.10 0.52

JOA score (initial) 0.07 0.68

JOA score (final) 0.04 0.82

C2-C7 angle (initial) -0.30 0.05 -0.25 0.08

C2—C7 angle (final) -0.31 0.05

C2-C7 ROM (initial) 0.27 0.09 0.14 0.35

C2-C7 ROM (final) 0.18 0.27

Segmental ROM (initial) —0.15 0.34

Segmental ROM (final) —0.23 0.14

Ossification volume (initial) —0.12 0.45

The multivariate model includes variables with p < 0.1 according to univariate analysis

{3, standardized partial regression coefficient; R?, coefficient of determination; JOA, Japanese Orthopedic Association

*p <0.05; **p < 0.01

concomitant with fusion might be considered for young,
especially those 50 years or younger, and/or obese

Fig. 3 a Plain radiography of a 62-year-old man with continuous ossifi-
cation of the posterior longitudinal ligament (OPLL) at C2—C4. b Plain
radiography at 3 years after initial examination showed approximately
10 mm of OPLL progression in the longitudinal axis. The arrows indicate
the edge of OPLL. ¢ The length and volume of the ossified lesion were
54.4 mm and 3654.1 mm® according to three-dimensional (3D) imaging
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patients with a relatively large volume of OPLL.
Furthermore, even with conservative treatment, special

analysis in the initial examination. d Three years later, OPLL had grown
12.0 mm in the craniocaudal direction, and the volume of the ossified
lesion increased to 4092.7 mm>. The annual rate of lesion increase was
4.0%. 3D imaging analysis revealed growth of not only the cranial part
(arrow) but also the caudal part (arrowhead)



International Orthopaedics (SICOT) (2018) 42:835-842

841

attention should be given to ossified volume progression
or myelopathic signs in patients with these risk factors of
OPLL progression.

Limitations of the present study

During our 3D analysis, the process used for identification of
ossification was semi-automatic; therefore, measurement er-
rors may have occurred. However, we believe that our 3D
analysis was satisfactorily accurate and valid because of the
high intraobserver and interobserver ICCs. Other limitations
were the small number of patients and short follow-up period
because cervical OPLL is a relatively rare disease, especially
in patients younger than 50 years. Therefore, we plan to per-
form a long-term longitudinal analysis with a larger number of
patients as a future assignment. However, this is the first pilot
study investigating the natural course of cervical OPLL fo-
cused on lesion volume progression using a novel 3D imaging
analysis in non-surgically treated patients, and we believe that
the results of this study provide informative data for
physicians.

Conclusions

The present study revealed that younger age, higher body
weight, and higher BMI are significant predictors of OPLL
progression in non-surgically treated patients; younger age is
the most important predictor. Moreover, the annual rate of
OPLL progression tends to gradually decrease for patients
older than 50 years. These findings reflect the natural course
of OPLL, which is important in the clinical management of
patients with the aforementioned risk factors.
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