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these patients, when CSM was limited to the spinal cord
tract (28 patients), CSM affected superior cervical interver-
tebral levels in 85 % of the patients, suggesting that the
results were similar. As mentioned in previous reports,
the pathophysiology of CSM in elderly patients involves
a decreased range of intervertebral motility because of
degeneration of the middle and inferior cervical vertebrae
associated with a relative increase in instability of the supe-
rior cervical vertebrae. This may contribute to the onset of
CSM affecting the superior intervertebral levels [10, 13],
suggesting that it may be possible to manage CSM of the
superior cervical intervertebral levels in elderly patients
using selective decompression.

Reports regarding the selection of surgical procedures
for CSM in the elderly are few. According to the results
obtained by Tani et al. who determined the affected level
using intraoperative SCEPs, favorable outcomes occur
when selective anterior decompression and fusion are per-
formed [10]. However, anterior decompression and fusion
carries the risk of postoperative bone graft dislodgement
and respiratory difficulties; thus, the indications in the
elderly are limited. Kinko et al. [15] first reported selec-
tive laminoplasty with intraoperative electrophysiologi-
cal diagnosis of the affected level, and Kato et al. reported
favorable short-term outcomes of this technique [6]. After-
care following selective laminoplasty using a posterior
approach is easier than anterior fusion and is considered
suitable for elderly patients. However, Kato et al. observed
minimal improvement in severely affected patients (JOA
score: 5 points); therefore, careful evaluation of risks and
benefits is required in these patients. In our department, as
a rule, selective laminoplasty is limited to elderly patients
aged >75 years with complications (ASA Physical Sta-
tus class 2 or greater) when a chest X-ray shows lordosis
in the sagittal plane, intervertebral prolapse is not severe,
the preoperative neurological findings and imaging findings
indicate CSM at either one or two consecutive interverte-
bral levels, and the affected level determined during intra-
operative electrophysiological assessment corresponds to
that level. Duration of the procedure and a blood loss were
both significantly smaller for selective laminoplasty com-
pared to conventional C3-7 laminoplasty and to anterior
decompression and fusion; no complications were observed
in patients aged 75 years in our SL group. Furthermore, the
rate of improvement was not inferior to the conventional
surgery, and it is believed to be a less invasive and appro-
priate surgical procedure for elderly patients, particularly
those with complications that are appropriately selected.

Limitations of this study are as follows: this is a retro-
spective study and may contain a bias of selection of a sur-
gical method. Because we studied patients aged >75 years,
the sample size was small, which increases the risk of
patient bias within each group. In addition, the follow-up

period was 6 months, and the timing of the final assessment
varied.

Conclusions

We conducted a study in patients aged >75 years, who
underwent surgery for CSM. Superior cervical interverte-
bral levels were affected in 85 % of the patients with spi-
nal-tract CSM. The postoperative outcomes were generally
favorable, and when the surgical methods were compared,
duration of the procedure and the blood loss were signifi-
cantly smaller with selective laminoplasty, compared with
conventional C3-7 laminoplasty and anterior decompres-
sion and fusion, although the clinical outcomes were the
same. When cases are properly selected, elective lamino-
plasty is less invasive and may be well suited for elderly
patients with CSM.
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Progression of ossification of the posterior longitudinal
ligament of the thoracic spine following posterior
decompression and stabilization
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Object. Despite its potential clinical impact, information regarding progression of thoracic ossification of the
posterior longitudinal ligament (OPLL) is scarce. Posterior decompression with stabilization is currently the primary
surgical treatment for symptomatic thoracic OPLL; however, it remains unclear whether thoracic OPLL increases in
size following spinal stabilization. It is also unknown whether patients’ clinical symptoms worsen as OPLL size in-
creases. In this retrospective case series study, the authors examined the postoperative progression of thoracic OPLL.

Methods. Nine consecutive patients with thoracic OPLL who underwent posterior decompression and fixation
with a minimum follow-up of 3 years were included in this study. Thin-slice CT scans of the thoracic spine obtained
at the time of surgery and the most recent follow-up were analyzed. The level of the most obvious protrusion of
ossification was determined using the sagittal reconstructions, and the ossified area was measured on the axial re-
constructed scan at the level of the most obvious protrusion of ossification using the DICOM (digital imaging and
communications in medicine) software program. Myelopathy severity was assessed according to the Japanese Ortho-
paedic Association (JOA) scale score for lower-limb motor function on admission, at postoperative discharge, and at
the last follow-up visit.

Results. The OPLL area was increased in all patients. The mean area of ossification increased from 83.6 + 25.3
mm? at the time of surgery to 114.8 + 32.4 mm? at the last follow-up visit. No patients exhibited any neurological
deterioration due to OPLL progression.

Conclusions. The present study demonstrated that the size of the thoracic OPLL increased after spinal stabili-
zation. Despite diminished local spinal motion, OPLL progression did not decrease or stop. Physicians should pay
attention to ossification progression in patients with thoracic OPLL.

(http://thejns.org/doi/abs/10.3171/2014.7 SPINE131191)

Key Worps ¢ posterior decompression and fixation <  thoracic spine °
ossification of the posterior longitudinal ligament ¢  progression

(OPLL) is a condition of the spine characterized

by the ectopic ossification of the spinal ligaments,
potentially resulting in myelopathy due to spinal cord
compression.'! Although cervical OPLL progression is
well documented in the literature,!-'!7-18 jnformation
regarding thoracic OPLL progression is lacking. Cur-
rently, posterior decompression and stabilization using
instrumentation is a widely used first-choice treatment
for symptomatic thoracic OPLL and achieves good short-

OSSIFICATION of the posterior longitudinal ligament

Abbreviations used in this paper: JOA = Japanese Orthopaedic
Association; OPLL = ossification of the posterior longitudinal liga-
ment.
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term outcomes.®*12% Anterior decompression is techni-
cally demanding, and the technique is associated with
a high rate of complications.!*!® Spinal fixation with in-
strumentation is believed to diminish spinal cord damage
and suppress further ossification by eliminating dynamic
effects and reducing mechanical stress.!” Although the
long-term progression of OPLL may compromise the sur-
gical benefits, it remains unclear whether thoracic OPLL
continues to grow after spinal stabilization. We hypoth-
esized that spinal stabilization decreases the rate of OPLL
progression by immobilizing the spine. To address this

This article contains some figures that are displayed in color
online but in black-and-white in the print edition.
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issue, we examined thin-slice CT scans of patients with
thoracic OPLL who underwent posterior decompression
and fixation to examine the postoperative progression of
thoracic OPLL.

Methods

Patients

There were 16 patients who underwent surgery for
thoracic OPLL in the study period (from 2004 to 2007).
Nine consecutive patients with thoracic OPLL who un-
derwent posterior decompression and instrumentation-
assisted fixation and had a minimum follow-up period of
3 years were included in this study. Three patients were
excluded because they underwent OPLL extirpation via
an anterior approach. Another 4 patients were excluded
because the follow-up period was shorter than 3 years.
All patients presented with progressive gait disturbance.
We performed posterior decompression and fixation with
a pedicle screw and rod system. The surgical plans were
individualized according to OPLL extension and con-
comitant ossification of the ligamentum flavum. We fixed
the spine 2-3 levels above and below the decompression
levels and harvested local bone for grafting. In this group,
plain radiography did not provide sufficient information
regarding the instrumentation failure or ossification pro-
gression. Therefore, as part of the standard follow-up pro-
tocol, we obtained CT scans of OPLL patients every 2-3
years after surgery. We examined the thin-slice CT im-
ages of the thoracic spine obtained at the time of surgery
and at the most recent follow-up visit. The CT scans were
obtained with a slice thickness of 0.75 mm and a pixel
size of 0.352 x 0.352 mm. The data were transferred via
a DICOM (digital imaging and communications in medi-
cine) network to a computer workstation using the OsiriX
software program (OsiriX Imaging Software).” Our insti-
tution’s ethics board approved the study protocol.

Clinical Data

The patients’ medical charts were reviewed for age,
sex, type and extension of OPLL, and surgical procedure.

S. Sugita et al.

Myelopathy severity was assessed according to the Japa-
nese Orthopaedic Association (JOA) scale for lower-limb
motor function,® which was administered on admission,
at discharge, and the latest follow-up visit.

Measurement of Ossification

We reconstructed all preoperative CT scans for 3D
multiplanar reconstruction and, using the sagittal recon-
struction, determined the thoracic spine level with the
most obvious level of ossification protrusion. We then
measured the area of ossification on the axial reconstruc-
tion, which was set parallel to the endplate of the cor-
responding vertebra, using the OsiriX software program
(Fig. 1). We also measured ossification area on the latest
follow-up CT scan at the same level. All measurements
were obtained twice for each CT data set by a board-cer-
tified spine surgeon (author S.S.), and the average value of
the 2 measurements was used.

Statistical Analysis

We performed statistical analyses of the data using
the Wilcoxon signed-rank test. Differences were consid-
ered statistically significant if p values were < 0.05. Mean
values are presented = SD.

Results
Demographic Data

The population included 3 males and 6 females,
whose mean age was 56 = 12.2 years (range 3875 years).
The mean follow-up period was 4.6 = 2.0 years (range
3-9 years). The type of OPLL was continuous in 3 pa-
tients, mixed in 4 patients, and circumscribed in 2 pa-
tients. The level of OPLL, the level of the most obvious
protrusion, and the surgical areas of decompression and
fixation are shown in Table 1.

OPLL Progression

The area of OPLL was found to have increased in
all patients (Table 2 and Fig. 2). The average area of os-
sification was 83.6 + 25.3 mm? preoperatively and 114.8 +

Fie. 1. A: The level of the most obvious protrusion of ossification was determined in the sagittal reconstruction (line). B:
Cross-section at the determined level.  C: The area of ossification, shown in green, was measured using a software function.
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Postoperative progression of thoracic OPLL

TABLE 1: Patient demographics

Patient Age (yrs), Extension of OPLL Mot Protruded Surgical Level Implant  Rod Diameter Follow-Up
No. Sex Type of OPLL  Preop LastFollow-Up  OPLL Level = Decompression Fixation Density* (mm) (yrs)
1 48, M mixed C7-T10 C7-T10 T7-8 T1-10 T1-12 0.5 5.5 9
2 58,F  continuous T3-6 T3-6 T5-6 T1-10 T1-10 0.55 55 3
3 38, M  circumscribed T7-11 T7-11 T8-9 T7-11 T5-L2 0.75 55 4
4 55,F  mixed T4-10 T4-10 T5-6 T2-12 T2-12 0.55 6.5 3
5 64,F  continuous T5-10 T3-11 T7-8 T5-10 T5-10 0.92 55 7
6 39,M  circumscribed T7-8 T7-8 T7-8 T5-10 T5-10 0.67 55 5
7 75,F  continuous T3-9 - T8-9 T5-10 T5-10 0.75 55 3
8 63, F  mixed C4-T7 C4-T8 T3-4 C3-T8 C7-T8 0.56 6.5 4
9 70,F  mixed C7-T5 C6-T5 C3-T6 C7-T8 0.67 55 3

* Implant density = no. implants per fixation segment x 2.

32.4 mm? at the last follow-up visit. All areas of ossifica-
tion increased in both width and thickness. Longitudinal
OPLL progression was also noted in 4 of 9 patients. The
rate of OPLL progression (the most recent size before sur-
gery) was not correlated with the rod diameter or implant
density. Neither screw loosening nor rod breakage was
observed on any of the follow-up postoperative CT scans.

Clinical Course

The mean JOA score for lower-limb motor function
was 1.8 + 0.6 before surgery, 1.7 = 0.6 at discharge, and
1.4 £ 0.7 at the most recent follow-up visit (Table 3). No
patients exhibited neurological deterioration due to OPLL
progression. One patient developed a severe gait distur-
bance due to an unrelated cause (worsening of lumbar ca-
nal stenosis), but the other 8 experienced gait disturbance
improvements.

Mustrative Case

A 55-year-old woman presented with a walking dis-
turbance and lower-extremity muscle weakness. She had
mixed-type OPLL, extending from T-4 to T-10. The level

TABLE 2: Area of thoracic OPLL at the level of the most obvious
protrusion

Area of the OPLL (mm?)

Patient No. Preop  Atlast Follow-Up Progression Rate (%)
1 65.77 141.80 216
2 101.00 114.20 13
3 54.00 77.75 144
4 97.30 113.90 17
5 66.54 105.30 158
6 134.70 173.30 129
7 83.14 133.70 161
8 9817 132.50 135
9 52.47 62.76 120

* The OPLL progression rate was determined by dividing the last fol-
low-up area by the preoperative area.
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of the most obvious protrusion was T5-6, with an OPLL
area of 97.3 mm?. We performed T2-10 laminectomy and
posterior fixation from T-2 to T-12. Three years after sur-
gery, the area of OPLL at T5-6 had increased to 113.9
mm? (Fig. 3).

Discussion

This is the first study to investigate the progression of
thoracic OPLL after spinal stabilization. The use of thin-
slice CT scans allowed us to conduct a detailed analysis
of thoracic OPLL, which is difficult to do with plain ra-
diographs. We found that the postoperative area of ossifi-
cation increased both axially and longitudinally.

It is well recognized that cervical OPLL is progres-
sive during the natural course of the disease and after
decompressive surgery.*$1%15 Several investigators have
reported that ossification progression aggravates myelop-
athy, whereas others have found no relationship between
neurological function deterioration and ossification pro-
gression.>>7 This study is the first to show that ossifica-
tion also progresses in the thoracic spine; however, this
progression did not aggravate patients’ myelopathy in the
present series.

The pathomechanisms underlying the progression of
OPLL remain unclear, but mechanical stress has been im-
plicated as an exacerbating factor. Our initial hypothesis
was that spinal stabilization suppresses OPLL progression
by eliminating local motion of the spine. Contrary to our
hypothesis, we found that OPLL continued to progress
after spinal stabilization. A study with a longer follow-up
period may provide additional information regarding the
time course of OPLL progression.

There are several limitations associated with this
study that deserve mention. First, the number of patients
examined in this study was small. However, our findings
were consistent among the cohort. Similarly, the length of
follow-up was relatively short. Although OPLL progres-
sion did not result in functional deterioration in the pres-
ent study, such progression could manifest in neurological
dysfunction over a longer time span. Finally, we did not
measure local spinal motion. A previous study showed
that dynamic factors, such as the segmental range of mo-
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Fie. 2. Progression of OPLL during the follow-up period. The area of ossification increased in all patients. p = patient.

tion, contribute to the development of myelopathy in the
cervical spine among patients with OPLL.? However, it
is difficult to precisely measure local thoracic spine mo-
tion with plain radiographs. Notably, we observed neither
screw loosening nor rod breakage on any of the follow-up

Fie. 3. A: The level of the most obvious protrusion of ossification
was determined as previously described (line).  B: Preoperative axial
view of ossification at the determined level.  C: The same level was
selected on postoperative CT scans.  D: Axial postoperative CT scan
showing enlargement of the area of ossification.
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CT scans, indicating that we successfully stabilized the
patients’ spines. A detailed analysis of spinal motion is
needed in future studies.

Conclusions

The present study demonstrated that thoracic OPLL
does not decrease or stop and affects a larger area over
time, even after spinal stabilization. Although OPLL pro-
gression did not result in functional deterioration in this
study, physicians should pay attention to continued ossifi-
cation in patients with thoracic OPLL.
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Abstract We aimed to assess the prevalence of diffuse
idiopathic skeletal hyperostosis (DISH) and its association
with lumbar spondylosis (I.S) and knee osteoarthritis
(KOA) using a population-based cohort study entitled
Research on Osteoarthritis/osteoporosis Against Disability
(ROAD). In the baseline ROAD study, which was per-
formed between 2005 and 2007, 1,690 participants in
mountainous and coastal areas underwent anthropometric
measurements and radiographic examinations of the whole
spine (cervical, thoracic, and lumbar) and both knees. They
also completed an interviewer-administered questionnaire.
Presence of DISH was diagnosed according to Resnick
criteria, and LS and KOA were defined as Kellgren-Law-
rence (KL) grade >3. Among the 1,690 participants,
whole-spine radiographs of 1,647 individuals (97.5 %; 573
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men, 1,074 women; mean age, 65.3 years) were evaluated.
Prevalence of DISH was 10.8 % (men 22.0 %, women
4.8 %), and was significantly higher in older participants
(presence of DISH 72.3 years, absence of DISH
64.4 years) and mainly distributed at the thoracic spine
(88.7 %). Logistic regression analysis revealed that pre-
sence of DISH was significantly associated with older age
[+1 year, odds ratio (OR): 1.06, 95 % confidence interval
(CD): 1.03-1.14], male sex (OR: 5.55, 95 % CI: 3.57-8.63),
higher body mass index (+1 kg/m?, OR: 1.08, 95 % CI:
1.02-1.14), presence of LS (KL2 vs KLO: 1, OR: 5.50,
95 % CI: 2.81-10.8) (KL >3 vs KL0: 1, OR: 4.09, 95 %
CI: 2.08-8.03), and presence of KOA (KL >3 vs KLO: 1,
OR: 1.89, 95 % CI: 1.14-3.10) after adjusting for smoking,
alcohol consumption, and residential area (mountainous vs
coastal). This cross-sectional population-based study clar-
ified the prevalence of DISH in general inhabitants and its
significant association with LS and severe KOA.

Keywords Prevalence - Diffuse idiopathic skeletal
hyperostosis - Knee osteoarthritis - Lumbar spondylosis -
ROAD study

Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is charac-
terised by calcification and ossification of soft tissue such
as entheses and joint capsules [1]. Resnick and Niwayama
specifically defined DISH as the radiographic finding of
calcification or ossification along the anterolateral aspects
of at least 4 contiguous vertebral levels (across 3 disc
spaces), with relative preservation of disc height in the
involved vertebral segments and without degenerative disc
disease [2]. In 1998, Mata and co-workers [3] developed a
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scoring system such that the presence of DISH could be
assessed reproducibly. This system scores individuals who
fulfill the Resnick criteria by numerically classifying each
vertebral level based on the amount of ossification and
whether partial or complete bridging of the disc space is
present [3].

Although some reports have indicated a significant
association between DISH and ossification of the posterior
longitudinal ligament (OPLL) [4-7], DISH is thought to be
an asymptomatic condition in many affected individuals;
however, several clinical symptoms have been described
including pain, limited range of spinal motion, and
increased susceptibility to unstable spinal fractures after
trivial trauma [8]. In addition, dysphagia and airway
obstruction at the cervical levels [8, 9], as well as radicu-
lopathy and spinal injury after spinal fracture [10-12], have
been reported as clinical manifestations of DISH.

Although the condition is recognised in many parts of
the world [13-20], there are relatively few population-
based studies concerning its prevalence. Such data are
important in order to characterise the burden of the disease.
In addition, regarding its characteristics, several epidemi-
ologic studies have reported that DISH is observed mainly
in the elderly, and that prevalence increases with age [18,
19]. Men are affected by DISH much more frequently than
women [20]. Although metabolic disturbance is hypothe-
sised to be a factor [21, 22], the aetiology of the condition
remains unknown.

Based on the definition of DISH as the radiographic
finding of calcification or ossification, it appears that the
condition might be associated with osteoarthritis (OA) of
the spine. The severity of OA, as observed on radiography,
was determined according to Kellgren-Lawrence (KL)
grading as follows [23]: KLO, normal; KL1, slight osteo-
phytes; KL2, definite osteophytes; KL3, joint or interver-
tebral space narrowing with large osteophytes; and KL4,
bone sclerosis, joint or intervertebral space narrowing, and
large osteophytes. KI.2 is commonly used as the diagnostic
criterion for lumbar spondylosis (LS) or OA at other sites.
Thus, L.S—defined as KI.2 (defined as the definite presence
of osteophytes)—could easily be associated with DISH.
However, there are few reports to confirm the association
between DISH and severe LS with the criterion of KL3
(defined as the presence of intervertebral space narrowing)
or KL4 (defined as the presence of bone sclerosis). In
addition, there are few reports to clarify the association
between DISH and OA at other sites, such as the knees.

We conducted a survey, known as the Research on
Osteoarthritis/osteoporosis Against Disability (ROAD)
study, using a population-based cohortto determine the
prevalence of DISH using lateral whole-spine radiography
in recently examined subjects, which included men and
women in Japan. Another aim of our study was to clarify
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the association of DISH with LS and knee osteoarthritis
(KOA) based on KL grade.

Materials and methods
Outline of the ROAD study

We conducted the present study using the cohorts estab-
lished in 2005 for the ROAD study—a nationwide, pro-
spective study of OA comprising population-based cohorts
in several communities in Japan. Details of the cohort
profile have been reported elsewhere [24, 25]. Briefly, from
2005 to 2007, we developed a baseline database that
included clinical and genetic information of 3,040 residents
of Japan (1,061 men, 1,979 women) with a mean age of
70.3 (SD, 11) years [men: 71 (SD, 10.7) years, women:
69.9 (SD, 11.2) years]. Subjects were recruited from resi-
dent registration listings in three communities with differ-
ent characteristics: 1,350 subjects (465 men, 885 women)
from an urban region in Itabashi, Tokyo; 864 (319 men,
545 women) from a mountainous region in Hidakagawa,
Wakayama; and 826 (277 men, 549 women) from a coastal
region in Taiji, Wakayama.

Participants completed an interviewer-administered
questionnaire of 400 items that included lifestyle infor-
mation, such as occupation, smoking habits, alcohol con-
sumption, family history, medical history, physical
activity, reproductive variables, and health-related quality
of life. The questionnaire was prepared by modifying the
questionnaire used in the Osteoporotic Fractures in Men
Study (MrOS) [26]; some new items also were added to the
modified questionnaire. Participants were asked whether
they took prescription medication daily or nearly every day
(no = 0, yes = 1). If the participants did not know the
reason for the prescribed medication, they were asked to
bring their medication to the medical doctor (NY).

Anthropometric measurements, including height (cm),
body weight (kg), arm span (cm), bilateral grip strength
(kg), and body mass index (BMI, kg/m?) were recorded for
each patient. Medical information was recorded by expe-
rienced orthopaedic surgeons on systematic, local, and
mental status, including information on back, knee, and hip
pain; swelling and range of motion of the joints; and
patellar and Achilles tendon reflexes.

Eligible subjects of the present study

In the ROAD study, radiographic examination of the tho-
racic spine was performed only in subjects in mountainous
and coastal regions. These subjects also underwent blood
and urinary examinations. In the present study, among
1,690 subjects (596 men, 1,094 women) in mountainous and
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coastal regions in the ROAD study, we excluded 43 whose
radiograph quality was so poor that it was difficult to
observe the sites of thoracic—lumbar junction and lumbo-
sacral junction; thus, we analysed 1,647 participants (573
men, 1,074 women) ranging in age from 23 to 94 years
(mean: 65.3 years, men: 66.3 years, women: 64.7 years).

Study participants provided written informed consent,
and the study was approved by the ethics committees of the
University of Wakayama Medical University (No. 373) and
the University of Tokyo (No. 1264 and No. 1326).

Radiographic assessment

Plain radiographs of the cervical, thoracic, and lumbar
spine in the anteroposterior and lateral views, and bilateral
knees in the anteroposterior view with weight-bearing and
foot-map positioning were obtained. DISH was diagnosed
according to the following criteria, defined by Resnick and
Niwayama [2]: (1) flowing ossification along the lateral
aspect of at least 4 contiguous vertebral bodies, (2) relative
preservation of intervertebral disc height in the involved
segments, and (3) absence of epiphyseal joint bony
enclosing and sacroiliac joint erosion. In the assessment of
lateral radiographs, since it was difficult to read the C7/Thl
to T3/4 vertebral levels, ‘whole spine’ in the present study
implies radiographs assessed from the CO/1 to C6/7, Th4/5
to Th12/L1, and L1/L2 to L5/S1 levels.

The radiographic severity of OA was determined
according to the above-mentioned KL grade [20]. Radio-
graphs of each site (i.e., vertebrae and knees) were exam-
ined by a single experienced orthopaedic surgeon (SM)
who was blinded to the participants’ clinical status. In the
present study, the maximum grade, diagnosed in at least 1
intervertebral level of the lumbar spine or at least 1 knee
joint, was regarded as the subject’s KL grade.

Statistical analysis

All statistical analyses were performed using STATA sta-
tistical software (STATA Corp., College Station, TX,
USA). Differences in proportions were compared using the
Chi-square test. Differences in continuous variables were
tested for significance using analysis of variance for com-
parisons among multiple groups or Scheffe’s least signifi-
cant difference test for pairs of groups.

To test the association between the presence of DISH
and LS and/or KOA, we used logistic regression analysis.
In the analysis, we used presence of DISH as the objective
variable (absence = 0, presence = 1), and severity of
prevalent LS (K1.O, 1 = 0 vs. KL2 = 1; KI.O, 1 = 0 vs.
KL3 or 4 = 2) and KOA (KLO, 1 = 0 vs. KL2 = 1; KLO,
1 =0 vs. KL3 or 4 =2) as explanatory variables, in
addition to basic characteristics such as age (41 year), sex

(men = 1, women = (), BMI (+1 kg/mz), and regional
differences (mountainous area = 0, coastal area = 1).
Other potential associated factors were selected with sig-
nificant or marginal (p < 0. 1) association with DISH sta-
tus in a simple linear analysis. The selected explanatory
variables for logistic regression analysis are described in
the Results section.

Results

Prevalence of DISH was 10.8 % (men: 22.0 %, women:
4.8 %), and was significantly higher in men than in women.
Figure | shows the prevalence of DISH according to age
and sex. Prevalence increased with age in both men and
women. Prevalence in subjects classified by age-strata—
<50, 50-59, 60-69, 70-79, and >80 years—was 1.8, 11.7,
15.4, 32.6, and 39.6 % in men, and 0.7, 1.5, 3.5, 7.6, and
11.8 % in women, respectively.

Table 1 shows the baseline characteristics of the 1,647
participants with and without DISH. In total, subjects with
DISH tended to be older, taller, heavier, and have higher
BMI than those without DISH (p < 0.0001). In the com-
parison classified by sex, age was significantly higher in
those with DISH in both men and women (p < 0.0001). In
women, mean weight and BMI were significantly higher in
those with DISH than in those without DISH (weight:
p < 0.05, BMI: p < 0.0001).

Prevalence of DISH was lower in individuals residing in a
coastal area. Individuals with DISH had a higher frequency
of smoking and alcohol consumption (p < 0.05). The dif-
ference in the residing area was significantly observed in
men. However, in the comparison classified by sex, differ-
ences in smoking and drinking were diluted (Table 1).

% -
e
30
20
10 -
<50 60-69 70-79 <80
(yrs)

Fig. 1 Prevalence of diffuse idiopathic skeletal hyperostosis (DISH)
according to sex and age
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Table 1 Mean values (standard deviations) of the anthropometric measurements and the prevalence of lifestyle factors for the participants

classified by presence or absence of DISH

Total (n = 1647) Men (n = 573) Women (n = 1074)
DISH(-) DISH(H+) p DISH(—-) DISHH+) p DISH(-) DISHH) p
n=1470 n=177 n = 447 n=126 n=1023 n=>51
Age (years) 64.4 (12.1) 723 (84) <0.0001*** 64.6 (12.1) 72.4(8.2) <0.0001*** 643 (12.2) 719 (8.8) <0.0001%***
Height (cm) 154.7 (9.2) 158.6 (8.8) <0.0001*** 163.7 (7.3) 162.5(6.7) 0.0918 150.8 (7.0) 1489 (5.5) 0.0589
Weight (kg) 55.9 (10.6) 60.1 (10.5) <0.0001*** 2.3 (11.0) 62.1 (10.0) 0.8806 519 (8.8) 55.0(10.3) 0.0126*
BMI (kg/m?) 229 (34) 23.8(3.3) 0.0005%* 232 (3.2) 23529 0.3378 22.8 34) 247 (3.9)  0.0001%**
Residing in the 50.48 40.11 0.009%** 50.3 35.7 0.004*%* 50.5 51.0 0.951
coastal area (%)
Current smoking  11.9 21.3 <0.001%*+* 299 29.0 0.858 3.8 2.0 0.506
habit (regularly,
>1 month) (%)
Current alcohol 38.7 48.0 0.017* 68.5 61.1 0.122 25.7 15.7 0.108
consumption
(regularly,
>1 month) (%)
Presence of LS 59.1 93.8 <0.001%**  72.0 94.4 <0.001*** 534 92.2 <0.0071#%**
(KL grade >2)
(%)
Presence of LS 35.6 48.0 0.001%%* 354 45.2 0.043%* 35.7 54.9 0.005%*
(KL grade >3)
(%)
Presence of KOA 48.2 65.5 <0.001#*+* 3575 58.7 <0.001*** 538 83.3 <0.001#**
(KL grade >2)
(%)
Presence of KOA 184 34.5 <0.001%**  11.0 27.0 <0.001*** 217 54.2 <0.001%%#*

(KL grade >3)
(%)

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-

Lawrence grade
DISH (—) absence of DISH, DISH (+) presence of DISH
*p < 0.05, ** p < 0.01, ** p < 0.001

Table 1 also shows the prevalence of LS and KOA
defined by KL grade >2 and grade >3, according to DISH
status. In total, the prevalence of LS was higher in those
with DISH than in those without DISH (p = 0.001). A
similar tendency was observed in the prevalence of KOA
(p < 0.001). This tendency also was noted in the compar-
ison classified by sex.

We classified subjects with DISH into 4 types: (1) cer-
vical, ossification along the lateral aspect of at least 4
contiguous vertebral bodies only in the cervical region (C0/
1-C6/7); (2) thoracic, ossification along the lateral aspect
of at least 4 contiguous vertebral bodies only in the thoracic
region (Th4/5-Th12/L1); (3) lumbar, ossification along the
lateral aspect of at least 4 contiguous vertebral bodies only
in the lumbar region (L1/2-1.5/S1); and (4) diffuse, ossi-
fication along the lateral aspect of at least 4 contiguous
vertebral bodies in more than 2 regions or through more
than 2 regions. Table 2 shows the prevalence of DISH
classified by location in the spine. A total of 89 % was
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shown to be thoracic, whereas the remaining was diffuse;
there were no subjects with cervical-type or lumbar-type
DISH.

Figure 2 shows the distribution of DISH classified by
vertebral level (Th4/5-1.S/S1). Among diffuse-type DISH,
although 2 subjects had ossification in the cervical region,
the cervical site is excluded from the figure. Figure 2
shows that ossification was observed mainly in the middle-
lower thoracic sites (Th7/8-Th9/10).

Logistic regression analysis was performed with DISH
as the objective variable, LS and KOA as explanatory
variables, and patient characteristics including age, sex,
BMI, regional differences, smoking, and alcohol con-
sumption as potential risk factors. Presence of DISH was
significantly associated with presence of LS (KL2 vs KL.0O:
1, KL >3 vs KLO: 1) and KOA (KL >3 vs KLO: 1). Among
other potential associated factors, older age, male sex, and
higher BMI remained as significantly associated with the
presence of DISH (Table 3).
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Table 2 Number (proportion, %) of DISH (+) patients classified by
spinal ossification site

Type of DISH  Total Men Women
Cervical type 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Thoracic type 157 (88.7 %) 111 (88.1 %) 46 (90.2 %)
Lumbar type 0 (0.0 %) 0 (0.0 %) 0 (0.0 %)
Diffuse type 20 (11.3 %) 15 (11.9 %) 5(9.8 %)

Total 177 (100.0 %) 126 (100.0 %) 51 (100.0 %)

Cervical type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the cervical region (CO/
1-C6/7)

Thoracic type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the thoracic region (Th4/
5-Th12/L1)

Lumbar type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing only in the lumbar region (L.1/2—
L5/81)

Diffuse type: Ossification along the lateral aspect of at least four
contiguous vertebral bodies existing in more than 2 regions or through
more than 2 regions

(%)
100

Finally, to clarify the association of DISH with LS and
KOA, we performed logistic regression analysis using
DISH as an objective variable, LS and KOA as explanatory
variables, and patient characteristics including age, sex,
BMI, regional differences, smoking, and alcohol con-
sumption as potential risk factors. Presence of DISH was
significantly associated with presence of LS (KL2 vs KLO:
1, KL >3 vs KLO: 1) and KOA (KL. >3 vs KLO: 1)
independently (Table 4).

Discussion

In the present study, using lateral whole-spine radiographs
of recently examined population-based samples, we esti-
mated that the prevalence of DISH was one-tenth of the
population, which consisted of participants from the
ROAD study. The subjects with DISH tended to be older
and had bigger body build than those without DISH. In
addition, DISH was observed more frequently in men than

B Women
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Th4/s  Th5/6  The/7  Th7/8  Th8/9

Th9/10  Th10/11

Thi1/12 Th12iL1 L12 L2/3 L3/4 L4/5 L5/81

Fig. 2 Prevalence of diffuse idiopathic skeletal hyperostosis (DISH) in each vertebral level, classified by sex
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Table 3 Odds ratios of lumbar spondylosis or knee osteoarthritis, and potentially associated factors for the presence of DISH vs. absence of

DISH

Explanatory variables Category OR 95 % CI p

Lumbar spondylosis
Presence of LS 0: KL grade =0, 1, 1: KL grade = 2 5.80 2.97-11.3 <0.001#**

0: KL grade = 0, 1, 2: KL grade >3 4.54 2.34-8.84 <0.001%**

Age (years) +1 year 1.07 1.05-1.09 <0.001***
Gender 1: men, 0: women 4,61 3.05-6.99 <0.001%**
Region 0: mountainous area, 1: coastal area 0.88 0.61-1.26 0.475
BMI (kg/m?) +1 kg/m® 1.11 1.05-1.17 <0.001 %%
Smoking 0: ex or never smoker, 1: current smoker 1.65 1.04-2.63 0.034*
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.82 0.56-1.22 0.329

Knee osteoarthritis
Presence of KOA 0: KL grade = 0, 1, 1: KL grade = 2 1.34 0.85-2.10 0.211

0: KL grade = 0, 1, 2: KL grade >3 2.15 1.32-3.52 0.002**

Age (years) +1 year 1.07 1.04-1.09 <0.001%##*
Gender 1: men, 0: women 6.90 4.48-10.6 <0.001*#*
Region 0: mountainous area, 1: coastal area 0.95 0.65-1.37 0.771
BMI (kg/m?) +1 kg/m® 1.09 1.03-1.15 0.002%*
Smoking 0: ex or never smoker, 1: current smoker 1.52 0.95-2.42 0.079
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.85 0.58-1.26 0.431

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-
Lawrence grade

OR odds ratios, 95 % CI 95 % confidence interval
* p < 0.05, ** p < 0.01, *** p < 0.001

Table 4 Odds ratios of lumbar spondylosis and knee osteoarthritis, and potentially associated factors for the presence of DISH vs. absence of
DISH

Explanatory variables Category OR 95 % CI P
Presence of LS (KL grade = 2) vs. KL grade =0, 1 5.50 2.81-10.8 <0.001#%*
Presence of LS (KL grade >3) vs. KL grade =0, 1 4.09 2.08-8.03 <0.001#%*
Presence of KOA (KL grade = 2) vs. KL grade =0, 1 1.22 0.77-1.92 0.404
Presence of KOA (KL grade> 3) vs. KL grade = 0, 1 1.89 1.14-3.10 0.013%*
Age (years) +1 year 1.06 1.03-1.14 <0.001%%*
Gender 1: men, 0: women 5.55 3.57-8.63 <0.001#**
Region 0: mountainous area, 1: coastal area 0.88 0.60-1.29 0.522
BMI (kg/m?) +1 kg/m? 1.08 1.02-1.14 0.008%*
Smoking 0: ex or never smoker, 1: current smoker 1.59 1.00-2.55 0.052
Alcohol consumption 0: ex or never drinker, 1: current drinker 0.81 0.54-1.21 0.298

DISH diffuse idiopathic skeletal hyperostosis, BMI body mass index, LS lumbar spondylosis, KOA knee osteoarthritis, KL grade Kellgren-
Lawrence grade

OR odds ratios, 95 % CI 95 % confidence interval
* p < 0.05, * p < 0.01, ** p < 0.001

in women, and the most common site was the thoracic  that DISH is observed mainly in men and the elderly;

vertebrae. Presence of DISH was significantly associated
with the presence of KOA and LS, after adjusting for
potential associated factors.

There have been several epidemiologic studies on DISH
in many parts of the world [12-19]. The results indicate
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prevalence increases with age, and it is distributed mostly
in the thoracic spine. These results are supported by the
results of the present study. However, there are consider-
able differences in the prevalence. Weinfeld et al. [20]
reported that genetic or hereditary differences are
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important predisposing factors for DISH. Their previous
study involved patients from ethnic populations, including
667 white, 144 black, 72 Native American, 11 Hispanic,
and 30 Asian patients. They showed that the Asian, black,
and Native American populations had a remarkably lower
prevalence of DISH; however, their study population was
small. In a recent study, Kim et al. [18] reported that race
influences the prevalence of DISH. Their prevalence of
DISH was 5.4 % in men and 0.8 % in women aged over
80 years in a Korean population, which is remarkably
lower than the prevalence in our study, despite the similar
race. Our prevalence was similarly high as the white
population in Weinfield’s report. Therefore, it is believed
that genetic factors influence the prevalence of DISH more
than race.

The present study clarified that most cases of DISH were
observed in the thoracic vertebrae. There were no cases of
DISH located in only the cervical or lumbar region. All
cases of DISH in the cervical region were categorised as
diffuse-type. Even if subjects were categorised into diffuse-
type DISH, thoracic vertebrac were found to be the most
affected. In addition, among the thoracic vertebrae, we
found the predilection site to be the middle thoracic ver-
tebrae (Th7-Th9). Holton et al. [27] reported that the dis-
tribution of the lowest level of DISH in 298 male subjects
aged >65 years was 38 % in the thoracic region, 49 % in
the thoracolumbar region, and 13 % in the lumbar region.
It is interesting that DISH has predilection sites, which
might be due to anatomic alignment of the vertebrae. For
example, the middle thoracic vertebrae are likely to be
affected by compressive mechanical stress because the Th8
is located nearly at the top in physiologic kyphosis. DISH
originates mainly from the thoracic spine and extends to
the cervical and/or lumbar spine by mechanical stress. In
the present cross-sectional study, we could not evaluate
whether DISH tends to occur in the thoracic vertebrae and
then forms in the lumbar spine secondarily; however, we
were able to follow-up on the ROAD study and clarify the
disease course of thoracic DISH.

Regarding the definition of DISH, it might be easy to
imagine that LS, defined by KL2 (defined as radiographi-
cally definite osteophytes), is associated with DISH.
However, there are few reports to confirm the association
between DISH and severe LS with the criterion of KL3 or
4. In the present study, we confirmed the significant asso-
ciation between DISH and LS, not only with the criterion
of K12, but also with KL, >3. In addition, there are few
reports to clarify the association between DISH and OA of
other sites. In the present study, we also confirmed the
significant association between DISH and KOA. In fact, the
OR of the presence of DISH for KOA significantly
increased according to the severity of KOA. The effects of
LS and KOA coexisted independently. This result suggests

that DISH and OA might be in a similar vein of disease, for
example, the so-called ‘bone proliferative group’. There
have been several reports regarding the association
between DISH and OPLL [4-7]. Resnick et al. [4]
described 4 patients with coexisting DISH and cervical
OPLL, and found OPLL in 50 % of 74 additional patients
with DISH after reviewing their cervical spine radiographs.
However, there has been no report on the association of
DISH and OA; thus the etiology of ossification might not
be similar to that of OA. Therefore, with only the results of
the present study, we cannot definitely claim that DISH and
OA are in a similar disease group, even though DISH tends
to have similar associated factors, such as age, overweight
(bigger BMI), and mechanical stress, as OA.

Another hypothesis is that there might be hidden asso-
ciated factors that might affect both DISH and OA. We
considered risk factors for metabolic syndrome as potential
confounders. Several constitutional and metabolic abnor-
malities have been reported to be associated with DISH
including obesity, large waist circumference, hypertension,
diabetes mellitus, hyperinsulinemia, dyslipidemia, and
hyperuricemia [21, 28-30]. In addition, both LS and KOA
are well known to be associated with obesity [31]. We have
already reported on the presence of hypertension and
impaired glucose tolerance, and shown that the accumu-
lation of metabolic risk factors is associated with the pre-
sence and occurrence of KOA [32, 33]. In addition, we
found that current smoking, a known risk factor for car-
diovascular disease as well as metabolic risk factors, was
significantly associated with DISH. These findings may
indicate that DISH is a candidate surrogate index for
metabolic risk factors as a predictor of OA, or vice versa.
We could not evaluate this hypothesis at present, but we
would clarify the association including the causal rela-
tionships between DISH, OA, and metabolic risk factors in
a further study.

Alternatively, we considered associated factors for
inflammation or cartilage metabolic turnover as potential
confounders between DISH and OA. These factors might
coexist as risk factors for DISH and OA. Thus, there might
be a direct or indirect pathway between DISH and OA via
hidden associated factors, which should be investigated in a
further study.

This study has several limitations. First, although the
ROAD study includes a large number of participants, these
subjects may not truly represent the general population. To
address this, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consump-
tion between study participants and the general Japanese
population; no significant differences were found, with the
exception that male ROAD study participants aged
70-74 years were significantly smaller in terms of body
structure than the overall Japanese population (p < 0.05)
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[25]. This difference should be considered when evaluating
potential risk factors in men aged 70-74 years; factors such
as body build, particularly greater weight, are known to be
associated with LS and KOA. Therefore, our results may
be an underestimation of the prevalence of these condi-
tions. Second, in the present study, we used only the data of
the baseline study. Thus, we were not able to confirm a
causal relationship between DISH status and other associ-
ated factors, as mentioned above. Nevertheless, we have
performed a follow-up study, so we will be able to clarify
the causal relationship between DISH status and OA in the
near future. Third, this study could not evaluate the cer-
vicothoracic junction (C7-Th4) because we assessed only
radiographs. Although most cases of DISH existed in the
inferior thoracic spine, as Fig. 2 shows, the lack of findings
in the C7/C1-Th3/Th4 levels might have underestimated
the prevalence of DISH. To evaluate the cervicothoracic
junction, it would be necessary to use computed tomog-
raphy or magnetic resonance imaging of the whole spine,
which appeared impossible to perform on more than 1,600
subjects. Fourth, LS defined by KL2 may have been
included in cases of DISH, but there is no method to
confirm the overlap of the presence of DISH and LS of
KL2 using the radiographic diagnostic criteria. DISH is
observed mainly in the thoracic region, and only the diffuse
type expands partly into the lumbar region. Therefore,
there is a small possibility that LS of KI.2 might be con-
taminated into DISH. Finally, in the present study, we
could not evaluate other sites of OA besides the knee and
lumbar spine, such as the hands or hip. To evaluate DISH
and other sites of OA, we should evaluate the presence or
occurrence of OA at other sites in a further study.

In conclusion, in the present population-based study, we
found that the prevalence of DISH was 10.8 % in the
overall population. Prevalence was significantly higher in
older subjects, and mainly distributed at the thoracic spine.
Logistic regression analysis revealed that the presence of
DISH was significantly associated with older age, male sex,
higher BMI, and presence of severe KOA.
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Introduction

The ligamentum flavum can undergo either calcification or
ossification that can lead to radiculomyelopathy [1, 2]. Cal-
cification of the ligamentum flavam (CLF) characteristically
occurs in the cervical spine in elderly women [1]. Theoreti-
cally speaking, calcification of the spinal ligament can affect
any level of the cervical spine; however, we seldom encoun-
ter calcification of the posterior atlantoaxial membrane.

In the present report, we illustrate a unique case of cervi-
cal myelopathy due to calcification of the posterior atlan-
toaxial membrane that occurred concomitantly with gen-
eralized deposition of calcium pyrophosphate dihydrate
(CPPD) as well as cervical ossification of the longitudinal
ligament of the spine (OPLL).

Report of case

An 83-year-old woman visited our institution due to spas-
tic gait, clumsiness, and numbness of bilateral hands pro-
gressing over the course of 2 months without preceding
craniocervical trauma. Neurological examination revealed
hyperreflexia of all four extremities, disturbance of dis-
crete movement of bilateral hands, and bilateral positive
Babinski signs. There was no bowel or bladder dysfunc-
tion. She had a history of surgical treatment of bilateral
carpal tunnel release and right total knee arthroplasty.
Routine blood tests were unremarkable except for a mildly
increased blood sugar level (mild diabetes mellitus).
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On X-ray examination, mixed-type OPLL extending
from C2 to C35, retro-odontoid calcification, as well as a
round calcified mass between the posterior arch of C1 and
the lamina of C2 were noted (Fig. la). Calcified lesions
were also found in the left knee, shoulders, and fingers
(Fig. 1b-d). Joint fluid analyses of the left knee joint by
polarization microscopy revealed CPPD crystals. Com-
puted tomography (CT) clearly demonstrated oval calcifica-
tion of the posterior atlantoaxial membrane, retro-odontoid
calcification, as well as OPLL extending from C2 to C5.
A calcified lesion was visualized as vague spotty images
on CT (Fig. 2a, b). Subsequent magnetic resonance (MR)
imaging demonstrated overt compression of the spinal cord
due to calcification of the posterior atlantoaxial membrane,
which was low intensity on both T1- and T2-weighted
images (Fig. 3a—c). In turn, subaxial spinal cord compres-
sion due to OPLL was not evident (Fig. 3a—c). A change in
the intensity of the spinal cord on T2-weighted images was
also identified at the level of C1/2 (Fig. 3b).

Taking all of these findings into account, we attributed
cervical myelopathy to the calcification of the posterior
atlantoaxial membrane and posterior decompression sur-
gery was performed. After bilateral exposure of C1/2, en-
block extirpation of the posterior atlantoaxial membrane
including the left calcified lesion was performed with par-
tial laminectomy of C2, whereas we were able to preserve
the posterior arch of C1. At the surgery, the lesion was care-
fully dissected from the dura matter. Chalky white deposits
within the degenerated posterior atlantoaxial membrane
were confirmed (Fig. 4a). Extensor muscles dissected from
C2 were reconstructed after the decompression as much as
possible. Histopathological examination revealed that cal-
cified granules within degenerated fibrous tissue were sur-
rounded by macrophages (Fig. 4b). The calcified granules
were Alizarin red S positive (Fig. 4c). Furthermore, Raman
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Fig. 1 Standard X-rays. a Ossification of the posterior longitudinal ligament of the cervical spine and an oval mass between the posterior arch
of C1 and the lamina of C2 were confirmed. b-d Generalized articular calcifications were also seen

Fig. 2 a, b Pre-operative computed tomography (CT) revealed ossifi- odontoid space. ¢, d Post-operative CT revealed extirpation of the cal-
cation of the longitudinal ligament of the spine extending from C2 to cification of the posterior atlantoaxial membrane
C5 and calcification at the posterior atlantoaxial membrane and retro-
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Cervical myelopathy due to CPPD

Fig. 3 Pre-operative magnetic
resonance imaging demon-
strated overt compression of the
spinal cord due to calcification
of the posterior atlantoaxial
membrane (¢), which was low
intensity on both T1- (a)

and T2-weighted (b) images
(arrows), as well as a change in
the intensity of the spinal cord
on the T2-weighted image

Fig.4 a The presence of marked chalky white matter in the pos- %400, H&E). ¢ The calcified granules were positive for Alizarin red
terior atlantoaxial membrane was confirmed. b Histopathological S staining (Original maginificationx400). d Raman spectroscopy
examination revealed calcium pyrophosphate dihydrate (CPPD) analysis revealed that the calcified lesion consisted only of CPPD, not
crystals surrounded by macrophages (arrow, Original maginification hydroxy apatite
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spectroscopy analysis revealed that the calcified lesion con-
sisted only of CPPD, not hydroxyapatite (Fig. 4d).

After the surgical treatment, the patient quickly recov-
ered from neurological deterioration. At the latest follow-
up, 2 years after the surgery, the patient was doing well
and had no neurological deterioration. Postoperative CT
revealed complete resection of the calcification of the pos-
terior atlantoaxial membrane (Fig. 2¢, d). No obvious insta-
bility and progression of OPLL were observed in dynamic
X-rays of the cervical spine.

Written informed consent was obtained from the patient
to publish this case report and any accompanying images.

Discussion

The first case of myelopathy due to CLF at the cervical
spine was described in the late 1970s [3, 4]. Since those
reports, to the best of our knowledge, more than 100 cases
of symptomatic cervical CLF have been reported. The
overwhelming majority of these cases have been reported
from Japan. We have summarized the data available from
previously reported cases in Table 1. This entity is more
prevalent in elderly females [1, 5].

Theoretically speaking, CLFs can arise from any level
of the cervical spine; but they predominantly arise from
the lower cervical spine, with the two most commonly
affected levels being C4/5 and C5/6 (Table 1). To the best
of the authors’ knowledge, Inoue et al. [6] briefly reported
the first case of calcification of the posterior atlantoaxial

membrane. The case was a 42-year-old man without any
systemic background for ectopic ossification, yet he dis-
played multiple-level cervical ossification of the ligamen-
tum flavum (OLF), thoracic OPLL, cervical CLF, and cal-
cification of the posterior atlantoaxial membrane. However,
the authors did not perform a detailed crystallographic
analysis of the calcification of the posterior atlantoaxial
membrane. Although the present case is the second report
of calcification of the posterior atlantoaxial membrane, this
is the first to include a crystallographic analysis.

The precise pathophysiology of CLF remains unknown;
however, elastic fibers undergoing breakdown (i.e., degen-
erative changes in the ligamentum flavam) have been
reported to exhibit increased affinity for calcium [7, 8]. It
is commonly recognized that degenerative changes in the
ligamentum flavum are induced by a combination of vari-
ous factors, including the aging process, the decrease in
estrogen in elderly women, mechanical stress of the lower
cervical spine [7, 8], and chondrocytic metaplasia [9].

There have been no previous reports on calcification of
the posterior atlantoaxial membrane. Functionally speak-
ing, the ligamentum flavum provides a static, elastic force
to support the spinal column in its return to a neutral posi-
tion after flexion and extension movements. In turn, the
posterior atlantoaxial membrane predominantly consists of
a collagenous tissue, while elastic fibers comprise a minor
counterpart [10]. Macroscopically, Ramsey [10] reported
a definite lack of yellow color in these two upper cervical
ligaments attached to the laminae of C1 and C2. On micro-
scopic examination of the posterior atlantoaxial membrane

Table 1 Age distribution and topographic and crystallographic characterization of the 33 previously reported papers on the calcification of liga-

mentum flavam, along with a list of those papers

Cervical segment

C1n2 C2/3 C3/4 C4/5 C5/6 cer71 C7/T1
Distribution of calcium deposits 1 5 37 62 71 36 8

Crystal type

CAP CPPD CPPD + HAP HAP Others
Number of identified calcium deposits 2 15 22 2

Patient’s age group

40s 50s 60s Over 70
Female/total number 22 4/9 29/35 43/57

(1) Nanko et al. [14]%, (2) Kamakura et al. [4], (3) Jyotoku and Harada [16]?, (4) Kawano et al. [17], (5) Kida and Tabata [18]*, (6) Nagashima
et al. [197%, (7) Fujiwara et al. [20]%, (8) Akino et al. [15]%, (9) Iwasaki et al. [11], (10) Nakajima et al. [7], (11) Nagashima et al. [37], (12) Ogata
et al. [12], (13) Hirano et al. [21]%, (14) Berghausen et al. [22], (15) Kubota et al. [23], (16) Kawano et al. [24], (17) Koyama et al. [38]?, (18)
Hankey et al. [25], (19) Gomez and Chou [26], (20) Sato et al. [27], (21) Ohnishi et al. [28]%, (22) Okada et al. [8], (23) Takayama et al. [29]%,
(24) Baba et al. [5], (25) Haraguchi et al. [30]%, (26) Higashi et al. [31]%, (27) Yamagami et al. [32], (28) Cabre et al. [13], (29) Ugarriza et al.
[33], (30) Guesmii et al. [34], (31) Muthukumar and Karuppaswamy [35], (32) Yabuki and Kikuchi [36], (33) Mwaka et al. [9]

CAP carbonate apatite, CPPD calcium pyrophosphate dihydrate, HAP hydroxy apatite

2 Articles in Japanese
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