Cervical myelopathy due to CPPD

in adults, the concentration of elastic fibers is approximately
half that seen in true ligamentum flavum. These differences
may contribute to the discrepant prevalence of CLF and cal-
cification of the posterior atlantoaxial membrane.

Some authors have assumed a possible association
between CLF and articular chondrocalcinosis (pseudogout)
[5]. The generalized articular chondrocalcinosis seen
in the present case led us to hypothesize that, at least in
part,chondrocalcinosis played a role in the calcification of
the posterior atlantoaxial membrane. The unusual mechani-
cal stress that converged on C1/2 due to the mixed-type
OPLL extending from C2 to C5 in the present case may
also have played a significant role in this condition.

The etiology of CLF is likely to be different from that of
OLF [1]; however, Inoue et al. [6] suggested the possibility
that the same factor may have initiated ossification and cal-
cification in spinal ligaments. Further studies are needed to
elucidate the pathophysiology of calcification and ossifica-
tion of the spinal ligaments.

Standard X-rays can show abnormal shadows of calcifi-
cation on the posterior wall of the spinal canal [11]. How-
ever, these sometimes fail to demonstrate any abnormality
other than mild spondylosis [12]. MR imaging is useful for
identifying spinal cord and/or nerve root involvement; how-
ever, it cannot distinguish between calcification and hyper-
trophied (uncalcified) spinal ligaments since these two con-
ditions both yield low intensity on the T1- and T2-weighted
images. On the other hand, CT can clearly differentiate
between these two conditions and is the best modality for
detecting calcification of the spinal ligaments [13].

The natural history of cervical myelopathy due to CLF is
not fully understood, since most of the previously reported
cases were treated surgically. However, Cabre et al. [13]
reported conservative treatment of two cases; i.e., one
declined surgery and the other one had cardiorespiratory
disease contraindicating surgery. These two cases uniformly
worsened neurologically, whereas surgical treatment has
achieved good results in most previous reports [5, 13]. Tak-
ing all of these findings into account, surgical treatment was
advocated in symptomatic patients with cervical CLF [13].
One can perhaps extend this surgical indication to include
calcification of the posterior atlantoaxial membrane.

In conclusion, calcification of the posterior atlantoaxial
membrane is an extremely rare disease. We must to keep
in mind the possibility of latent calcification of the cervical
spinal ligaments in patients with generalized articular cal-
cification. When symptomatic, surgical treatment is advo-
cated to prevent further neurological compromise.
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Prevalence, Distribution, and Morphology
of Thoracic Ossification of the Posterior
Longitudinal Ligament in Japanese

Results of CT-Based Cross-sectional Study

Kanji Mori, MD, PhD, Shinji Imai, MD, PhD, Toshiyuki Kasahara, MD, PhD, Kazuya Nishizawa, MD, PhD,
Tomohiro Mimura, MD, PhD, and Yoshitaka Matsusue, MD, PhD

Study Design. A cross-sectional study.

Objective. To gain an insight into the prevalence, morphology,
and distribution of thoracic ossification of the posterior longitudinal
ligament of the spine (T-OPLL) by computed tomography (CT) and
review of the literature.

Summary of Background Data. The epidemiology and cause
of T-OPLL remains obscure. To date, to the best of our knowledge,
there is no study that has comprehensively evaluated the thoracic
spine by CT to assess the prevalence, distribution, and morphology
of FOPLL in a sufficiently large size of sample with wide distribution
of age.

Metheods. The participants of this study were the patients who have
undergone chest CT for the examination of pulmonary diseases in
our institute. The patients with previous thoracic spine surgery and
younger than 15 years were excluded. Prevalence, distribution, and
morphology of T-OPLL were reviewed.

Resulés. A total of 3013 patients (1261 females and 1752 males)
with the mean age of 65 years were recruited. The CT-based
evidence of T-OPLL was noted in 56 (38 females and 18 males)
individuals (1.9%). Most frequently encountered type was liner type,
followed by continuous cylindrical type and mixed type. Continuous
waveform and beaked type were less frequently encountered.
Statistical analyses revealed that T-OPLL was noted at a significantly
higher rate among the females. The mean age of T-OPLL-positive
males was significantly higher than that of T-OPLL-negative males.
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Furthermore, there was significant difference of body mass index
between T-OPLL—positive and T-OPLL-negative individuals. Most of
T-OPLLs were confirmed in higher or middle thoracic regions and
the highest peak was found at T3-T4. T-OPLL was noted after the age
of 40 years with the peak distribution found at the age of 60 years.
Conclusion. The prevalence of T-OPLL in Japanese was 1.9%.
Further studies that characterize definitive subtypes of T-OPLL on
CT are warranted so as to establish possible association between
clinical manifestations and size and/or subtypes of T-OPLL.

Key words: OPLL, computed tomography, ossification, posterior
longitudinal ligament of the spine, thoracic spine, prevalence,
epidemiology, morphology, classification, body mass index.

Level of Evidence: N/A

Spine 2014;39:394-399

sification of the posterior longitudinal ligament of
he spine (OPLL), first described by Key in 1838,
s characterized by the heterotopic bone formation
in the posterior longitudinal ligament of the spine. In 1960,
Tsukimoto? reported first autopsy case of chronic cervical
myelopathy caused by extensive cervical OPLL (C-OPLL).
OPLL can result in neurological compromises through com-
pression of spinal cord.’?

OPLL has been assumed to occur predominantly in the East
Asian population, particularly in Japanese.* The cervical spine
is commonly affected by the OPLL,* thoracic OPLL (T-OPLL)
is a rare but clinically significant spinal disorder that causes
progressive thoracic myelopathy and it still remains one of the
most challenging diseases in spine surgery.

The recent genetic analyses have led to increasing interests in
understanding the underlying mechanism of ossifying plaques
in OPLL.® In turn, several clinical reports of T-OPLL have
dealt with surgical techniques and their results.s® However,
less attention has been paid to epidemiological aspects of this
entity. The prevalence of C-OPLL in the Japanese population
was reported to be 1.9% to 4.3% among people older than
30 years’; however that of T"OPLL has not been adequately
addressed.
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Standard plain radiograph is not an adequate modality
for diagnosis of T-OPLL because of the complex anatomy of
thoracic region. The radiographical evidence of T-OPLL can
be masked by superimposed bony structures such as ribs.!
In contrast, computed tomography (CT), probably the most
suitable modality to identify the ossification, allows us precise
localization of T-OPLL, no matter what superimposition of
the thoracic complexities.!” Recently, we have reported the
epidemiological study of thoracic ossification of ligamentum
flavam (T-OLF) using chest CT data over 3000 cases.™ In this
study, using same cohort, we carefully evaluated prevalence,
morphology, and distribution of T-OPLL and reviewed previ-
ously published literature.

To date, to the best of our knowledge, this study encom-
passes the largest sample of thoracic spine studied by CT scan
with wide age distribution.

MATERIALS AND METHODS

This study was performed along with the previously pub-
lished study by the same author."?

Participants

The participants of this study were the patients who have
undergone chest CT scanning for the examination of pul-
monary diseases (pneumonia or pulmonary cancer and their
suspicious) in our institute from January 2010 to September
2010. A total of 3013 consecutive patients were recruited
for the analysis. Of the 3013 patients, 1261 were females
and 1752 were males with the mean age of 65 years (range,
16-97 yr). The patients with previous thoracic spine surgery
and younger than 15 years were excluded from the study.
The presences of OPLL as well as clinical parameters such
as age, sex, and body mass index (BMI) were retrospectively
reviewed. The local ethics committee approved this study.

Radiological Examination

All chest CT scans were axial, 0.5-mm thick, sequential,
and obtained in supine position without gantry tilt (120 kV,
160 mA, 0.5 s) using a Toshiba Aquilion CX (Toshiba Medical
Systems Corporation, Japan). These data were reconstructed
in the condition suitable for bone evaluation by the software
application (AquariusNet Viewer; TeraRecon, Inc., Foster
City, CA). This software application allows us to reconstruct
optimal sagittal, coronal, and axial views to identify OPLL.
On CT scans, lesions of OPLL are seen as ossified masses aris-
ing from posterior aspect of the vertebra.

Definitive OPLL was determined according to the previ-
ous report with slight modifications. Briefly, a positive case
of OPLL was defined as the ossification, at least, thicker than
3 mm within the posterior longitudinal ligament of the spine.
OPLL of hard disc type that localizes exclusively at the interver-
tebral disc level was not included. All CT scans were evaluated
by 2 of the authors (K.M. and T.K.); differences were settled by
consensus to minimize intra- and interobserver bias and errors.

To the best of our knowledge, there is no universally
approved classification of T-OPLL on CT. We therefore
classified T-OPLL into the following 5 subtypes; linear, beaked,
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Figure 1. Classification of thoracic ossification of the longitudinal
ligament."?A, Linear type. B, Beaked type. C, Continuous waveform
type. D, continuous cylindrical type. Mixed type is defined as a com-
bination of 2 or more different types.

continuous waveform, continuous cylindrical, or mixed
type {composed of at least 2 of the first 4 types) according
to the previous report'® using sagittal reconstruction images
(Figure 1). We also evaluated the number of level involved by
T-OPLLs using sagittal reconstruction images. Ossification of
intervertebral level such as beaked type ossification has a criti-
cal impact on the clinical results of T-OPLLS; the number of
level involved by T-OPLL was evaluated at both vertebral and
intervertebral level, yielding the minimum ossification sites of
2 and the maximum sites of 23. In turn, at the level of the
largest ossification on axial image, we classified T-OPLL into
2 subtypes, that is, central and lateral deviated type, accord-
ing to Matsunaga criteria.'

Statistical Analysis

Student ¢ test, Welch test and x? test were used when appro-
priate. P < 0.05 was considered as statistically significant.
The software application used for the analysis was Stata/MP
12.0 (StataCorp LP, College Station, TX).

RESULTS

Distribution and Prevalence of T-OPLLs

The CT-based evidence of T-OPLL was noted in 56 (38 females
and 18 males) individuals (1.9%), and their mean age was 68
years (range, 41-88 yr; Table 1). Among T-OPLL-positive
individuals, minimum and maximum number of ossification
sites was 2 and 12, respectively.

Statistical analyses revealed that T-OPLL was noted at a sig-
nificantly higher rate among the females (P < 0.0001). In addi-
tion, they also revealed that the mean age of T-OPLL~positive
males was significantly higher than that of T-OPLL-negative
males, 74 and 66 for the T-OPLL~positive and T-OPLL-nega-
tive males, respectively, (P = 0.0004; Table 1). In turn, there
was no difference in the mean age between the T-OPLL-posi-
tive and T-OPLL-negative females, 64 versus 64, respectively
(P = 0.75; Table 1). Furthermore, there was significant differ-
ence of BMI between T-OPLL~positive and T-OPLL-negative
individuals (mean; 24 vs. 22, P = 0.0076; Table 1).
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Number 18 1734 38 1223 56 2957
Age (mean * SD), yr 74 £8.3 66 £ 14 64 =10 64 £ 15 68 £ 11 65 * 14
p 0.0004 0.75 0.083

BMI (mean = SD), kg/m? 2430 2234 23 *+4.2 2236 2439 22 £35
P 0.013 0.059 0.0076

Age and BMI were presented as mean *+ SD.

OPLL indicates ossification of the posterior longitudinal ligament of spine; BMI, body mass index; SD, standard deviation.

Distribution of the OPLL in the thoracic segments was
shown in Figure 2. Most of T-OPLLs were confirmed in higher
or middle thoracic regions and the highest peak was found at
T3-T4 (Figure 2). Lower thoracic region was less frequently
involved. We then compared the prevalence of T-OPLL
among each 10-year age group, that is, 10, 20, 30 years, and
so on. T-OPLL was noted after the age of 40 years with the
peak distribution found at the age of 60 years (Figure 3).

The distribution of different type of ossification was sum-
marized in Table 2. Most frequently encountered type was
liner type, followed by continuous cylindrical type and
mixed type. Continuous waveform and beaked type were
less frequently encountered. In turn, central involvement was
observed in 42 cases, whereas lateral deviated involvement
was observed in 14 cases. Large T-OPLL extended more than
50% of the anteroposterior diameter of the spinal canal was
not observed.

Twelve cases (67%) of the T-OPLL~positive males and 23
cases (61%) of the T-OPLL~positive females had concomitant
T-OLE

DISCUSSION
This study disclosed the precise prevalence of T-OPLL in Jap-
anese population. According to our review of the literature,
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this study is the first report of CT-based prevalence of
T-OPLL.

One must acknowledge that previous epidemiologi-
cal studies with less number of participants and/or limited
population have hampered our knowledge. The number of
epidemiological reports on the T-OPLL is much smaller than
that on the C-OPLL.Y Previously documented prevalence
of T-OPLL has been roughly estimated by the instances of
thoracic myelopathy as well as by surveys concomitant with
that of C-OPLL.'%'7 Tsuchiya et al'é reported that T-OPLL
was found in 12 (16.4%) of 73 cases of C-OPLL. In turn, the
report by the Japanese Ministry of Health and Welfare'® has
documented 204 cases of T-OPLL (18%) of 1157 outpatients
of Orthopedic Surgery, in a multicenter study.

There have been only few studies reporting the preva-
lence of T-OPLL based on a survey of the general popula-
tion. Through a review of literature including those written in
Japanese, we encountered only 2 studies reporting the prev-
alence of T-OPLL'" (Table 3). Ono et al*® evaluated 8610
sheets of the lateral chest radiograph that were obtained as a
part of physical examination of atomic bomb survivors older
than 30 in Hiroshima and Nagasaki, and reported a preva-
lence of 0.25% in males and 0.74% in females, respectively
(total prevalence: 0.56%). In turn, Ohtsuka et al*’ reported

& Females

= Males

Figure 2. The distribution of T-OPLLs. T-OPLL pre-
dominantly localized higher thoracic regions and
the highest peak was found at T3-T4. T-OPLL indi-
cates thoracic ossification of the posterior longitu-
dinal ligament.
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Figure 3. The age-oriented prevalence of thoracic ossification of the
posterior longitudinal ligament. The figure indicates the number of the
individuals.

a prevalence of 0.9% in males and 0.6% in females (total
prevalence: 0.8%) among 1058 general population using
standard lateral thoracic spine radiographs. On the basis of
these reports, Ohtsuka et al' concluded that the prevalence
of T-OPLL in Japanese is below 1%, which is about one-third
of the prevalence of C-OPLL.

This study revealed that the prevalence of T-OPLL is 1.0%
in males and 3.0% in females (total 1.9%). Consistent with
previous reports,'®?® significant female preponderance of
T-OPLL was confirmed. As we'? and others*"* observed in
the research for the prevalence of T-OLF by CT, higher detec-
tion rate by CT scan might have contributed to the higher
prevalence of T-OPLL in this study.

It has been reported that the most frequently involved
thoracic site by OPLL is T6.'%1%1820.23 However, our study
revealed that the most frequently involved thoracic site by
OPLL is more cranial level, T3-T4. Because previous stud-
ies have used standard radiographs, T-OPLL localized higher
thoracic regions might have been masked by the superim-
posed bony structures such as shoulder and ribs. These results
suggest that the diagnostic modality has an important impact
on the evaluation of OPLL in thoracic region.

In previous reports, localization of T-OPLL was counted
only at the level of vertebrae.'»161%2023 However, in thoracic
region, ossifications of intervertebral disc levels such as beaked
type ossification have critical impacts on the clinical feature.®
We therefore considered that it is very important to evaluate the
ossifications not only at the level of vertebrae but also at the
level of intervertebral discs. To the best of our knowledge,
there have been no epidemiological reports that focused on the
ossifications at intervertebral disc levels (Figure 2).

As for the prevalence of C-OPLL among Caucasians, sev-
eral previous studies have reported lower prevalence than
that of the Japanese.**? In turn, we could find only 1 study
that reported the prevalence of T-OPLL among non-Japanese
population.?® In this report conducted in Italy, T-OPLL was
confirmed in 2 cases (0.41%) among 488 adult outpatients
studied from 1977 to 1983 at the Rizzoli Orthopaedic Insti-
tute, Bologna, Italy.?s However, the prevalence of both C- and

Spine

Linear 7 14 21
Beaked 3 3 6
Continuous waveform 2 5 7
Continuous cylindrical 2 10 12
Mixed 4 6 10

Mixed type is defined as a combination of 2 or more different types.

T-OPLL indicates thoracic ossification of the posterior longitudinal ligament
of spine.

T-OPLL in the study was much higher than those of other non-
Japanese reports, which has been assumed to comparable with
those of Japanese. The population of this study was outpatients
of Orthopaedic Surgery; it is therefore likely that selection bias
of population yielded this higher prevalence of OPLL.

Since the publishing of the classical report on the patho-
physiological association between OPLL and diffuse idio-
pathic skeletal hyperostosis (DISH),>*® OPLL has become
increasingly recognized as an important entity occurring not
only in Japanese but also in Caucasian. Further epidemiologi-
cal studies are advocated to determine the accurate prevalence
of OPLL among non-Japanese population.

Since the first description of OPLL,! pathophysiology of
OPLL has remained yet undetermined over 175 years. Cur-
rently, it is assumed to be a multifactorial disease, in which
environmental and genetic factors complexly interact.””
Hypothetical contribution of genetic factors,”* sex,!* diabe-
tes mellitus,®5! obesity,® trauma,” hormonal imbalance,
and dietary habits®** have been proposed. Consistent with
these reports, we confirmed significant association between
sex (female preponderance), obesity (high BMI), and T-OPLL.
This study confirmed that the peak prevalence of T-OPLL is
noted at the age of 60 years, whereas no T-OPLL was observed
in patients younger than 40 years. This finding also supports
degenerative features of OPLL. It also remains unknown why
unique ossification such as beaked type OPLL arises at the
intervertebral disc level in thoracic region. Further examina-
tion to elucidate pathogenesis of OPLL is warranted.

Since the publication of the classical report on the asso-
ciation between OPLL and DISH,?*® OPLL has been often
noticed to occur concomitant with other ossification of the
spinal ligaments such as ligamentum flavum.** Takeuchi
et al®® reported case series of thoracic paraplegia due to
neglected thoracic lesions developing after lumbar decom-
pression surgery. Taking these findings into consideration; we
advocate thorough evaluation of whole spine not to overlook
latent risk of concomitant OPLL and OLF when treating the
patients with ossification of the spinal ligaments.
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o Lateral chest Males: 0.25,
Ono et af’® (1982) Japan 8610 GP NA (<30) radiographs females: 0.74, total: 0.56
Ohtsuka et al'® (1986) Japan 1058 GP 62.8 (50-<80) Lateratl thoracic spine Males: 0.9, females: 0.6
radiographs
. . " Males: 1.0,
Mori et al (this study) Japan 3013 P 65 (16-97) Chest CT females: 3.0, total: 1.9

puted tomography; MRI, magnetic resonance imaging.

*The data were reconstructed in the condition suitable for bone evaluation by the software application.
GP indicates general population; F, patients who have undergone chest CT scanning for the examination of pulmonary diseases; NA, not available; CT, com-

Otherwise, this study imposes several limitations. This
study is a patient-based study, but not a population-based
study. We employed the data of chest CT examination for
pulmonary diseases (pneumonia and pulmonary cancer and
their suspicious) but not for general population. This is the
inescapable limitation of this study. However, the favorable
aspect of this study protocol is that it does not impose further
radiological exposure on the participants.

We could not find the patients with systemic inflammatory/
autoimmune diseases that might cause spinal manifesta-
tions in this cohort. Despite a thorough review of literature,
there have been no previous studies addressing relationship
between OPLL and pulmonary diseases. Nonetheless, it does
not totally cancel the possibility that pulmonary diseases have
no impact on the prevalence of OPLL. Possible association
between OPLL and pulmonary diseases remains to be eluci-
dated, perhaps by other studies.

In addition, it is possible that the prevalence of severe
T-OPLL may be underestimated, because the patients with
severe T-OPLL with neurological compromise would have
visited hospital for gait disturbance not for pulmonary dis-
eases. Indeed, no large T-OPLL, that is, ossification larger
than 50% of the anteroposterior diameter of the spinal canal,
was observed in this study. Accordingly, real prevalence of
T-OPLL among the general population may be higher than it
was calculated by the present settings.

Another limitation of this study is that we could not estab-
lish definitive subtypes of T-OPLL on CT. Furthermore, we
could not evaluate clinical manifestations and OPLL observed
in this study. Matsunaga et al** reported that more than 60%
spinal canal stenosis by OPLL and lateral deviated type OPLL
on CT were radiographical risk factors for development of
cervical myelopathy.

CONCLUSION

The CT-based prevalence of T-OPLL in Japanese was 1.9%.
Further studies that characterize definitive subtypes of
T-OPLL on CT are warranted so as to establish possible asso-
ciation between clinical manifestations and size and/or sub-
types of T-OPLL.
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> Key Pomts

U To date thls study is the ﬁrst report of CT based
. prevalence of T-OPLL. :

O The prevalence ofT-OPLL in Japanese was 1, 9%
- anditismore frequent in females. .

‘0 We confirmed s;gmﬁcant assocratlon between sexk ,
 (female preponderance), obesrty (h:gh BMI), and
 T-OPLL. .

g we advocate thorough eva!uatron ofwhole spme
~ not tooverlook latent risk of concomitant OPLL
~ and OLF when treatmg the patrents wrth spnnal :
o ossrﬁcatton L e . ‘
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