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Abstract

Background: Supra/interspinous ligaments connect adjacent spinous processes and act as a stabilizer of the spine.
As with other spinal ligaments, it can become ossified. However, few report have discussed ossification supra/
interspinous ligaments (OSIL), so its epidemiology remains unknown. We therefore aimed to investigate the
prevalence and distribution of OSIL in symptomatic patients with cervical ossification of the posterior longitudinal
ligament (OPLL).

Methods: The participants of our study were symptomatic patients with cervical OPLL who were diagnosed by
standard radiographs of the cervical spine. The whole spine CT data as well as clinical parameters such as age and
sex were obtained from 20 institutions belong to the Japanese Multicenter Research Organization for Ossification of
the Spinal Ligament (JOSL). The prevalence and distribution of OSIL and the association between OSIL and clinical
parameters were reviewed. The sum of the levels involved by OPLL (OP-index) and OSIL (OSl-index) as well as the
prevalence of ossification of the nuchal ligament (ONL) were also investigated.
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Results: A total of 234 patients with a mean age of 65 years was recruited. The CT-based evidence of OSIL was
noted in 68 (54 males and 14 females) patients (29%). The distribution of OSIL showed a significant thoracic
preponderance. In OSIL-positive patients, single-level involvement was noted in 19 cases (28%), whereas 49 cases
(72%) presented multi-level involvement. We found a significant positive correlation between the OP-index grade
and OSl-index. ONL was noted at a significantly higher rate in OSIL-positive patients compared to negative patients.

Conclusions: The prevalence of OSIL in symptomatic patients with cervical OPLL was 29%. The distribution of OSIL

showed a significant thoracic preponderance.

Keywords: Supra/interspinous ligaments, Ossification, Ankylosed spine, Computed tomography, OPLL, OLF, DISH,

Whole spine, Prevalence, Epidemiology

Background

The ossification of the posterior longitudinal ligament
(OPLL) and ossification of the ligamentum flavum
(OLF) are characterized by the replacement of the pos-
terior longitudinal ligament and ligamentum flavum by
ectopic new bone formation, respectively [1, 2]. The
most frequent OPLL [3] and OLF [2] lesions are the cer-
vical spine and the thoracic spine, respectively. OPLL
often causes a narrow spinal canal and has been recog-
nized as one of the causes of cervical myelopathy and/or
radiculopathy [1, 3]. OLF is also well known as one of
the causes of thoracic myelopathy through the compres-
sion of the spinal cord from the posterolateral side [2].
Some cases with ossification of the anterior longitudinal
ligament (OALL) have been reported. Although OALL is
not directly involved in the spinal canal, the longitudinal
spread of OALL is known as diffuse idiopathic skeletal
hyperostosis (DISH), which was reported by Resnick [4].
To date, DISH is a poorly understood systemic disease
characterized by not only progressive OALL but also
peripheral entheses [4, 5]. Ankylosed spine due to DISH
yields biomechanical changes of the spinal system and
acts as long bones, which can develop several manifesta-
tions peculiar to DISH [5-9]. Therefore, many clinicians
pay attention to DISH in recent practice [5]. Theoretically,
the continuous multi-level ossification of supra/interspin-
ous ligaments (OSIL) may also cause the biomechanical
changes of the spinal system and development of several
manifestations similar to DISH. However, to date, few re-
ports have discussed about OSIL. Although previous re-
ports suggested that there is a pathophysiological
association between DISH and ossification of other spinal
ligaments such as OPLL [10, 11]. However, the character-
istics in patients with OSIL are unknown. Thus, a multi-
center study based on whole spine computed tomography
(CT) data of symptomatic patients with cervical OPLL
was conducted. The purpose of our study was to elucidate
the prevalence and distribution of OSIL in symptomatic
patients with cervical OPLL. We further investigated the
association between OSIL and OPLL and ossification of
the nuchal ligament (ONL) [12].

Methods

Our study was conducted by Japanese Multicenter Re-
search Organization for Ossification of the Spinal Liga-
ment (JOSL), a specially commission instituted by the
Japanese Ministry of Health, Labor and Welfare Health
study. Written informed consent was obtained from
each participant before registration at each institution.
The local ethics committee of each institute approved
this study.

Participants

The participants of our study were symptomatic patients
with cervical OPLL who were diagnosed by standard ra-
diographs of the cervical spine. The definitive diagnosis
of cervical OPLL on standard radiographs was deter-
mined as an ossification thicker than at least 3 mm
within the posterior longitudinal ligament of the spine.
If the OPLL was responsible for symptoms such as myel-
opathy, the cases with single level OPLL were also in-
cluded. All standard radiographs were evaluated by an
experienced spine surgeon at each participating institute.
All enrolled patients had undertaken subsequent whole
spine CT examination. The presence of OPLL in all eli-
gible cases by standard radiograph was confirmed by
subsequent CT. CT data as well as clinical parameters
such as age, sex, presence of diabetes mellitus (DM) and
body mass index (BMI) were obtained from 20 institu-
tions belong to the JOSL. Patients who had a past his-
tory of anterior spinal decompression surgery for the
treatment of OPLL and who were younger than 15 years
were excluded from our study.

We calculated an adequate sample size in comparison
of the OSIL-indexes among the 3 groups based on the
OP-indexes. Because the OSIL-index was unknown be-
fore we conducted this study, we used a standard effect
size: 0.25 in the power analysis for multiple comparisons.
Then, we determined the minimum sample size to be
230 (x=0.05, p=0.9), considering the possibility of
obtaining invalid data in 10% of the samples. Accord-
ingly, a total of 234 patients (57 females and 177 males)
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with a mean age of 65 years (range, 33—93 years) were
included in the analysis.

Radiologic examination

All CT data were evaluated by five experienced spine
surgeons (KM, TH, KT, AI and TY). Differences were
settled by consensus to minimize intra- and inter-
observer bias and errors. Before evaluation, the average
Kappa coefficient of inter- and intra-observer agreement
was determined by reviewing the same CT data of the
20 patients.

As there are no universally-approved criteria for OSIL;
we counted the OSIL completely bridging adjacent spin-
ous processes in our study. OSIL completely bridging at
least four contiguous spinous processes were determined
to be diffuse OSIL (DOSIL) according to the DISH cri-
teria established by Resnick and Niwayama [4].

In addition, consistent with a previous report [13], the
ossification index (OS-index) was determined. The OS-
index is defined as the total number of vertebral body
and intervertebral disc levels involved by ossification of
the ligament. Therefore, the OS-indexes for OPLL and
OSIL were represented as the OP-index and OSI-index,
respectively. We subdivided the patients into three sub-
groups according to the cervical OP-index, which is con-
sistent with a previous report [14]: Grade 1: patients
with a cervical OP-index of 5 or less; Grade 2: patients
with a cervical OP-index of 6-9; and Grade 3: patients
with a cervical OP-index of 10 or more. The presence of
ONL was also evaluated.

Statistical analysis

Student’s unpaired ¢-test, chi-square test, Tukey post hoc
test and Pearson’s product moment correlation coeffi-
cient were used when appropriate. P < 0.05 was consid-
ered statistically significant. The software application
used for the analysis was SPSS for Windows version 22.0
(SPSS Institute, Chicago, IL).

Table 1 Characterization of the participants
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Results

The average Kappa coefficient of inter-observer agree-
ment by reviewing the same images of 20 patients for
OPLL, OSIL and ONL were 0.76, 0.79 and 1.0, respect-
ively. The intra-observer agreement for OPLL, OSIL and
ONL were 0.94, 0.94 and 1.0, respectively.

Among 234 symptomatic patients with cervical OPLL,
OSIL was noted in 68 patients (29%) (54 males and14
females). The mean age of OSIL-positive patients was
significantly higher than that of negative patients (OSIL-
positive: 70 years vs. OSIL-negative: 63 years, p <0.01,
Table 1). Figure 1 shows the distribution of OSIL in the
thoracolumbar region. OSIL were noted for 278 inter-
spinous levels. OSIL were noted at a higher rate in the
thoracic region (260 interspinous levels) than in the
lumbar region (18 interspinous levels). In OSIL-positive
patients, single-level involvement was noted in 19 cases
(28%), whereas 49 cases (72%) presented multi-level in-
volvement. Among those with multi-level involvements,
the highest number of involved level with OSIL reached
15 levels. These findings are shown in Fig. 2. The num-
ber of cases with multi-level involvements was small; we
subdivided OSIL-positive patients into 2 subgroups ac-
cording to DISH criteria [3]: DOSIL and non DOSIL for
our analyses. DOSIL consists of 40% out of total OSIL
cases (68).

The mean OP-index in OSIL-positive patients was sig-
nificantly higher than that of OSIL-negative patients: 2.2
and 1.7 for the OSIL-positive and negative patients, re-
spectively (p < 0.01, Table 1). The same trend was found
between DOSIL-positive and negative patients (p < 0.01,
Table 1). We further investigated OSI-index according
to the OP-index grade and also found a positive correl-
ation between OP-index grade and OSI-index (p <0.01,
r=0.32, Fig. 3). We found a significant difference in the
OSI-index among the three OP-index grades (p < 0.01).

ONL were found in 46 out of 68 OSIL-positive pa-
tients (68%) and 21 out of 27 DOSIL-positive patients
(78%). ONL were noted at a significantly higher rate in
both OSIL-positive (p=0.021) and DOSIL-positive

OSIL (+) OSIL () p-value DOSIL (+) DOSIL (-) p-value
Sex (M/F) 54/14 123/43 0.39 21/6 156/51 0.78
Age (yr) 70 £ 9.7 63 £97 <0.01 71 £ 9.1 65 £ 11 <0.01
BMI (kg/m?) 25+ 48 26 £ 48 0.55 26 £ 6.5 25+46 0.83
DM (#) n (%) 2131 50 (30) 091 11 (41) 60 (29) 0.21
OP-index 22+073 1.7 £0.70 <0.01 23 £068 1.7 £0.74 <0.01
ONL (+) n (%) 46 (68) 85 (51) 0.021 21 (78) 110 (53) 0.015

OSIL ossification of supra/inter spinous ligaments, DOSIL diffuse OSIL, M male, F female, BMI body mass index, DM (+): presence of diabetes mellitus, OP-index: ossi-
fication index for ossification of the posterior longitudinal ligament of the spine, ONL (+): presence of ossification of the nuchal ligament

Age, BMI and OP-index were represented by mean + standard deviation
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Fig. 1 Distribution of OSIL in the thoracolumbar region of 234 symptomatic patients with cervical OPLL

patients (p =0.015) compared to those of negative pa- indicated an excellent and substantial agreement [15]. We

tients (Table 1). believe that the present data were reliable.

We evaluated the association between sex, BMI and The supraspinous ligament connects the tips of the
presence of DM and OSIL status, and no significant dif-  spinous processes from the 7th cervical vertebra to the
ference was found (Table 1). sacrum [16]. The interspinous ligaments are thin and

membranous ligaments that connect adjacent spinous

processes of the vertebra in the spine [16]. These
Discussion ligaments act as a stabilizer of the spine [16]. The thor-
To date, our study is the largest multicenter study to in-  acic spine has a limited range of motion due to its char-
vestigate whole spine CT images in symptomatic patients  acteristic anatomy compared to that of the cervical and
with cervical OPLL, including disclosing the CT-based lumbar spine. The reason for a predominantly thoracic
prevalence and distribution of OSIL. The results of the distribution of OSIL remains unknown; however it is
average Kappa coefficient of inter- and intra-observer likely that the spinal range of motion may have some
agreement by reviewing the same images of 20 patients impact on the distribution of OSIL.
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Accumulating results show that a consecutively anky-
losed spine due to DISH yields biomechanical changes
in the spinal system and develops several characteristic
manifestations including spinal fractures resembling
those of long bone [5-9]. It can also develop a signifi-
cant displacement of the fracture site even though it was
no or minimal displacement after a relatively minor
trauma [5], which may cause both patients’ and/or doc-
tors’ delay [6-9]. Fractures in patients with ankylosed
spine often resulted from minor trauma such as falls
from a standing/sitting level, which can cause an under-
estimation of injury severity by both patients and doc-
tors [8, 9]. In addition, pre-existing pathologic changes
of the spine prevent correct diagnosis. Consequently,
some patients experience a sudden neurological deteri-
oration [8, 9]. Secondary neurological deterioration may
also occur by inadequate immobilization, careless trans-
fers or imprudent manipulation of these patients [8, 9].
Moreover, the patients with an ankylosed spine can de-
velop several complications such as aspiration pneumo-
niae, kyphotic deformity, myelopathy, and unexpected
hyperextension fracture-dislocation of the thoracic spine
with paraplegia by position during retroperitoneal sur-
gery [17-19]. A systematic review of the literature re-
vealed that the complication rate and overall mortality
within 3 months after injury in DISH patients were
32.7% and 20.0%, respectively [9]. These findings sug-
gested that we must pay attention to the presence of an-
kylosed spine for the spine care [5, 8, 9].

Consecutively ankylosed spine by means of OSIL com-
pletely bridging adjacent spinous processes may cause
biomechanical changes of the spinal system, which is
similar to DISH. Nevertheless, to the best of our know-
ledge, OSIL have received less attention to date. The rea-
son remains unknown; however it is likely that OSIL
does not directly develop the neurological compromise

that is observed in OPLL and OLF. In addition, in con-
trast with DISH, diagnosis of OSIL by standard radio-
graphs is difficult.

The nuchal ligament is the equivalent structure of the
supraspinous ligament in the cervical spine [16]. As a lo-
calized ossification, ONL were noted to be significantly
more frequent in OSIL/DOSIL-positive patients com-
pared to those of negative patients. The ONL-positive
rate was higher in DOSIL-positive patients than in
OSIL-positive patients. In addition, the same trend was
found between the severity of the OSIL and OP-index
(Table 1). Furthermore, interpreted from a cervical
OPLL viewpoint, we found a positive correlation be-
tween the cervical OP-index grade and the OSI-index
(Fig. 3). Thus, these findings suggested a positive associ-
ation between OSIL and OPLL, and it is possible that
we can use the cervical OP-index grade as an indicator
of ossification of the general spinal ligaments.

Alternatively, no significant difference was found be-
tween sex, BMI and presence of DM and OSIL/DOSIL
status. These findings may be attributed to the character
of the participants in our study. That is, the participants
in our study were exclusively patients with cervical
OPLL, which are significantly predominant in males
with high BMI and DM involvement [3]. This back-
ground can mask the association between these factors
and OSIL/DOSIL status.

Our study has several limitations. First, our study is
not a population-based study, and thus true prevalence
and distribution of OSIL cannot be determined. Our
findings are those of symptomatic cervical OPLL pa-
tients only and cannot be generalized to the general
population. Although CT allows more precise evaluation
of the ossification of spinal ligaments compared to ra-
diography [20, 21], much higher radiation dose of CT
makes it ethically impossible to perform an observational
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epidemiological population study using CT scan. In
addition, we [13, 20, 21] and others [22] have reported
that patients with symptomatic cervical OPLL frequently
had tandem ossifications at the thoracolumbar region,
which sometimes required additional surgeries. It is there-
fore important to evaluate the whole spine so as not to
overlook the latent risk of tandem ossifications in the
thoracolumbar region when we treat patients with cervical
OPLL [13, 20-22]. As another limitation, it is possible that
cases with small cervical OPLL were neglected. All eligible
cases by standard radiographs were OPLL positive by
subsequent CT scan; we therefore believe that there were
no false-positive cases. Another limitation is that, due to
the nature of retrospective studies, we cannot evaluate
whether clinical manifestations such as stiffness, impaired
mobility, symptomatic duration and other co-morbidity
like medications are significantly associated with OSIL.
Furthermore, the real impact of biomechanical changes to
the spinal system due to OSIL on clinical manifestations
remains unknown and should be determined in future
studies. Despite these limitations, one favorable aspect of
our study is that it is the largest multicenter study to in-
vestigate whole spine CT images in symptomatic patients
with cervical OPLL and is the first to elucidate the preva-
lence and distribution of OSIL.

Conclusions

The CT-based prevalence of OSIL in symptomatic patients
with cervical OPLL was 29%, and its distribution showed a
significant thoracic preponderance. Among OSIL-positive
patients, 40% were classified as DOSIL. Awareness of the
presence of consecutively ankylosed spine may be very im-
portant for the spine care.
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