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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; KL.2, definite osteophytes; KL3, joint or interver-
tebral space narrowing with large osteophytes; and K14,
bone sclerosis, joint or intervertebral space narrowing, and
large osteophytes. KL.2 is commonly used as the diagnostic
criterion for lumbar spondylosis (LS) or OA at other sites.
Thus, LS—defined as K12 (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 KIL4 (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/mz) 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 C0/1 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., vertebrac 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 IS (KLO, 1 =0 vs. KL2 = 1; KLO, 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 (+1 year), sex

(men = 1, women = 0), 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 1 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).
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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 (+) »p DISH(-) DISHH) p DISH(—-) DISH(+) p
n=1470 n=177 n =447 n =126 n=1023 n=>51
Age (years) 64.4 (12.1) 723 (8.4) <0.0001***¢ 64.6 (12.1) 724 (8.2) <0.0001*** 643 (12.2) 71.9 (8.8)  <0.0001%***
Height (cm) 1547 (9.2) 158.6 (8.8) <0.0001***+ 163.7 (7.3) 162.5 (6.7) 0.0918 150.8 (7.0) 148.9 (5.5) 0.0589
Weight (kg) 55.9 (10.6) 60.1 (10.5) <0.0001**+* 623 (11.0) 62.1 (10.0) 0.8806 51.9 (8.8) 55.0(10.3) 0.0126%
BMI (kg/m?) 229 (3.4) 23.8(3.3) 0.0005%** 232 (3.2) 23.5(2.9) 03378 22.8 (3.4) 247 (3.9)  0.000]*#*
Residing in the 50.48 40.11 0.009%:* 50.3 357 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 0.122 257 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 <0.00] #s#*
(KL grade >2)
(%)
Presence of LS 35.6 48.0 0.001%* 354 452 0.043%* 35.7 54.9 0.005%*
(KL grade >3)
(%)
Presence of KOA 48.2 65.5 <0.001#** 355 58.7 <0.001%*** 538 833 <0.001%**
(KL grade >2)
(%)
Presence of KOA 18.4 34.5 <0.001%*k*  11.0 27.0 <0,000%** 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-L5/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-LS/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 KLO:
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 (L1/2—
L5/S1)

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

(%)

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

100

80

40 -

100
80

60 -

40

100

80

60

40

20

Th4/5  Th5/6  Th6/7  Th7/8  Th8/9

Th9/10  Th10/11 Th11/12 Thi2L1  L12 L213 L3/4 L4/5 L5/51

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 5.80 297-11.3 <0.00 7%

0: KL grade = 0, 1, 2: KL grade >3 4.54 2.34-8.84 <0.007 %%

Age (years) +1 year 1.07 1.05-1.09 <0.001%#**
Gender 1: men, 0: women 461 3.05-6.99 <0.00 ]
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 <0.0017%%
Smoking 0: ex or never smoker, 1: current smoker 1.65 1.04-2.63 0.034*
Alcohol consumption 0: ex or never drinker, I: 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 <0.00 [
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 <0.0071%#s#*
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 <0.00 ] %
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
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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that DISH is observed mainly in men and the elderly;
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 vertebrae 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 KL2, 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 KO A 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 repoit 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
K12 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 KL.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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Gradual spinal cord decompression through migration
of floated plaques after anterior decompression via a
posterolateral approach for OPLL in the thoracic spine

Satoshi Kato, MD, Hideki Murakami, MD, Satoru Demura, MD, Katsuhito Yoshioka, MD,
Hiroyuki Hayashi, MD, Noriaki Yokogawa, MD, Xiang Fang, MD, and Hiroyuki Tsuchiya, MD

Department of Orthopaedic Surgery, Kanazawa University School of Medicine, Kanazawa, Japan

OBJECT Several surgical procedures have been developed to treat thoracic OPLL (ossification of the posterior longi-
tudinal ligament). However, favorable surgical results are not always achieved, and consistent protocols and procedures
for surgical treatment of OPLL in this region have not been established. Beak-type OPLL in the thoracic spine is known
to be the most complicated form of OPLL to treat surgically. In this study, the authors examine the clinical outcomes after
anterior decompression via a posterolateral approach for beak-type OPLL in the thoracic spine and address the gradual
spinal cord decompression caused by migration of the floated plaques after surgery.

METHODS Between 2011 and 2013, a total of 12 patients with thoracic myelopathy due to OPLL were surgically
treated at the authors' institute. The study group for this paper comprises 6 of those 12 patients. These 6 patients, who
had beak-type OPLL, underwent with anterior decompression and instrumented fusion via the authors’ posterolateral
approach-based surgical technique. The other 6 patients, who exhibited other types of OPLL, underwent posterior de-
compression and instrumented fusion. In the study group (the 6 patients with beak-type OPLL), half of the patients (the
3 patients who were treated first) were treated with removal of the ossified ligament. These patients are referred to as
the removal group. The other 3 patients were treated by means of “floating” the OPLL plaques and are referred to as the
floating group. Clinical and radiographic outcomes were evaluated in these 6 cases.

RESULTS The recovery rates were 52.4% in the removal group and 60.0% in the floating group. Two patients in the
removal group had operative complications, including a dural tear and temporary neurological deterioration. No operative
complications were encountered in the floating group. In all 3 cases in the floating group, floating of the ossified ligament
was completely achieved, and the floated plaque gradually migrated into the ventral bone resection areas. The mean
migration distances of the floated plaque were 2.4 mm, 4.3 mm, 4.7 mm, and 4.8 mm at 1, 3, 6, and 12 months after

surgery.

CONCLUSIONS Treatment of beak-type OPLL in the thoracic spine via the posterolateral approach—based floating
plague technique was safe and effective in this small case series. Gradual migration of the floated plaques provided ad-
ditional spinal cord decompression during the postoperative course.

http://thejns.org/doi/abs/10.3171/2015.1. SPINE14960

KEY WORDS ossification of the posterior longitudinal ligament; thoracic spine; anterior decompression; posterolateral
approach; gradual spinal cord decompression; migrating floated plaques

the posterior longitudinal ligament (OPLL) in the

thoracic spine is usually progressive and responds
poorly to conservative therapy, leaving surgery as the only
effective treatment option. Despite advances in surgical
techniques employed for thoracic OPLL, favorable re-
sults are not always achieved.® In patients with thoracic
myelopathy resulting from OPLL in the thoracic spine,

THORACIC myelopathy consequent to ossification of

anterior decompression via removal or floating of the os-
sified PLL (or “plaque”) is the most effective method of
relieving pressure on the spinal cord."*>!'-13 However, an-
terior spinal cord decompression is technically demanding
and has been reported to cause postoperative neurological
degradation.'®

We developed a novel technique to remove or float the
ossified PLL in the thoracic spine via a posterolateral ap-

ABBREVIATIONS JOA = Japanese Orthopaedic Association; OPLL = ossification of the PLL; PLL = posterior longitudinal ligament.
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proach.* This procedure allows the surgeon to perform an-
terior decompression for the treatment of thoracic OPLL
more safely and effectively than conventional procedures.
This approach is especially useful for cases of beak-type
OPLL, which is known to be the most complicated surgi-
cally.” In our clinical cases in which the ossified PLL
was floated during the procedure, we observed gradual
spinal cord decompression caused by migration of the
floated plaques after surgery (Figs. 1 and 2). The purpose
of this study was to address this phenomenon and evaluate
the clinical outcomes after anterior decompression via our
procedure.

Methods

Patient Selection

Between 2011 and 2013, a total of 12 patients with tho-
racic myelopathy due to OPLL were surgically treated at
our institute. Six patients with beak-type OPLL in the tho-
racic spine underwent anterior decompression and instru-
mented fusion via a posterolateral approach. The other 6
patients, who exhibited other types of OPLL, underwent
posterior decompression and instrumented fusion. Among
the 6 patients who underwent anterior decompression, re-
moval of the ossified PLL was performed in the 3 patients
who were treated first and floating was performed in the
later 3 patients. In this study, the clinical and radiographic
outcomes were primarily examined in patients who were
treated with the plaque-floating technique.

Clinical and Radiographic Parameters

The surgical outcomes were assessed according to the
Japanese Orthopaedic Association (JOA) score for thorac-
ic myelopathy (total of 11 points), which was derived from
the JOA scoring system for cervical myelopathy after
eliminating the motor and sensory scores for the upper ex-
tremities,” and the Hirabayashi recovery rate.2 JOA scores

were recorded both before surgery and at their maximum
point after surgery. The Hirabayashi recovery rate (%) was
calculated using the following formula: (postoperative
JOA score — preoperative JOA score)/(11 — preoperative
JOA score) x 100.

The OPLL occupying ratio in the canal diameter and
the migration distances of the floated plaque at 1, 3, 6, and
12 months after surgery were measured using multiplanar
reconstruction CT (Fig. 3). The anterior decompression
ratio (%) was defined and calculated using the following
formula: (migration distance of the floated plaque/maxi-
mum sagittal length of the plaque) x 100 (%).

Surgical Procedure

With the patient in a prone position, we performed a
total resection of the posterior vertebral elements at the
anterior decompression levels. This maneuver included
not only laminectomy but also removal of the transverse
processes and pedicles, thus allowed the creation of space
bilaterally at the sides of the dural sac for the subsequent
anterior decompression. The thoracic nerves at the anteri-
or decompression levels were ligated bilaterally and lifted
to improve the viewing of the ossified ligament and the
anterolateral aspect of the dural sac. An anterior decom-
pression was then performed posteriorly. Using these sur-
gical maneuvers, the ossification was floated without dif-
ficulty (Fig. 4). Removal of beak-type ossification was also
achieved using this technique in the earlier 3 patients with
exfoliation of adhesions between ossified ligament and the
ventral aspect of the dural sac after floating of plaque.* In
every step of the anterior decompression, the space cre-
ated at the bilateral sides of the dural sac and the view
created by lifting up of the ligated nerve roots allowed
us to see the ossified PLL and the anterolateral aspect
of the dural sac directly and easily and use a bur safely
(Fig. 4). We placed posterior pedicle screw instrumenta-
tion and performed posterolateral fusion using local bone

FIG. 1.Case 4. OPLL at T8-9 treated by means of the plaque-floating technique. A and B: Preoperative (A) and 1-month postopera-
tive (B) CT myelograms. C: Postoperative plain CT image obtained 6 months after surgery. Figure is available in color online only.
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Anterior decompression for thoracic OPLL
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FIG. 2. Case 5. OPLL at T5-6 treated by means of the plaque-floating technique. A and B: Preoperative (A) and 1-month postoper-
ative (B) CT myelograms. C: Postoperative plain CT image obtained 6 months after surgery. Figure is available in color online only.

chips obtained from the resected laminae and transverse
processes. In the 3 patients who were treated with plaque
floating (that is, those who were treated later in our experi-
ence), kyphosis correction with posterior instrumentation
was applied after floating because we observed with ultra-
sonography that the floated plaque was still causing some
spinal cord compression. Our technique allows easier ky-
phosis correction because the thoracic spine at the decom-
pressed levels becomes more flexible after removal of the
transverse processes and pedicles than it is when treated
via the conventional posterior approach. The advantages
and pitfalls of this surgical technique have been described
in detail elsewhere.*

Results
Clinical Outcomes

We used this surgical technique to treat 6 patients with
beak-type OPLL in the middle thoracic spine. The com-
plete removal of the ossification at the anterior decompres-
sion levels was achieved in 3 patients. Adequate plaque
floating was achieved in the other 3 patients. Anterior de-
compression was performed at 2 consecutive vertebral lev-
els in 5 patients (Cases 1,2, 3, 5,and 6 in Table 1) and at 3
consecutive vertebral levels in the remaining patient (Case
4). In all 6 patients, 2 pairs of thoracic nerve roots were
sacrificed. There was no significant girdle pain requiring
medication after surgery. A temporary mild neurological
deterioration, evident in muscle weakness of the lower ex-
tremities and resolving within 1 month after surgery, and
a minor dural tear occurred in 2 of the patients who un-
derwent complete removal of the ossified PLL (Cases 2
and 3, respectively). No significant complications such as
dural tear or neurological deterioration were encountered
in the patients who underwent plaque floating. The recov-
ery rates were 52.4% in the removal group and 60.0% in
the floating group (Table 1).

Outcomes of the Radiographic Parameters

The mean OPLL occupying ratio in the floating group
was 85.3%. In all 3 floating group patients, a minimum
concentric bone resection was observed in the posterior
portion of the vertebral body, and the floated plaques grad-
ually migrated into the ventral bone resection areas (Figs.
1 and 2). The mean floated plaque migration distances
were 2.4 mm, 4.3 mm, 47 mm, and 48 mm at 1, 3, 6,
and 12 months after surgery. In all 3 patients, bony fusion
between the floated plaque and the vertebral body was
observed via CT at 12 months after surgery. The mean
anterior decompression ratios were 23.5%, 42.2%, 45.5%,
and 46.8% at 1, 3, 6,and 12 months after surgery (Table 2).

Discussion

The outcomes of surgical treatment of thoracic OPLL
compare unfavorably with those of cervical OPLL.® The
thoracic spine is naturally kyphotic, and posterior decom-
pression is thus less effective because the backward move-
ment of the spinal cord is restricted. Obviously, anterior
spinal cord decompression is ideal for thoracic OPLL if
it can be achieved safely and effectively. In all patients
in this series, this procedure was used to sufficiently float
the plaques of beak-type OPLL without difficulty. A main
advantage of this procedure is that it provides more space
at the bilateral sides of the dural sac for maneuvering in
the anterior decompression relative to the conventional
posterior approach. This space in combination with lift-
ing of the ligated thoracic nerves also allows surgeons to
directly visualize the OPLL and the anterolateral aspect
of the dural sac. In this procedure, surgeons can perform
anterior decompression with adequate recognition of the
position between the OPLL and the whole dural sac, and
this information facilitates the anterior decompression
procedure. This advantage is not afforded during anterior
decompression via an anterior approach. We therefore
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Occupying ratio = a/b x 100

3

Migration distance of the floated OPLL = A- B
Anterior decompression ratio (%) = (A-B) /C x 100

FIG. 3. Radiographic parameters used in this study. Upper: Schematic
showing the method of calculating the occupying ratio. The canal diameter
(a) is divided by the maximum sagittal length of the ossified PLL (b). Low-
er: Schematics showing the method of calculating the migration distance
of the floated plaque (in millimeters) and the anterior decompression ratio
as a percentage ([(A — B)/C] x 100). Ais the length from the front edge

of a vertebral body to the top of an ossified PLL in a presurgical axial CT
image; B, the distance from the front edge of a vertebral body to the top of
an ossified PLL in a postsurgical axial CT image; and C, the length of the
ossified PLL. Copyright Satoshi Kato. Published with permission. Figure is
available in color online only.

consider that our approach is the safest and most feasible
surgical procedure for floating the plaque in patients with
beak-type OPLL.

On the other hand, the ossified ligament tends to ad-
here strongly to the ventral aspect of the dural sac, thus
increasing the difficulty of direct removal and the risk
of spinal cord injury. Considerable improvements in my-
elopathy were observed during the postoperative course
in all patients who underwent anterior decompression via
the procedure described in this study. However, 2 of the
3 patients who underwent removal of the floated plaque
experienced significant complications, including a dural
tear and temporary neurological deterioration. In this
study, the final recovery rate of patients who underwent
plaque floating was equivalent to that of patients who un-
derwent plaque removal, and the former had no significant
intraoperative or postoperative complications. This result
demonstrates that plaque floating via this procedure is
sufficiently effective for anterior spinal cord decompres-
sion and serves as the most appropriate method without
significant risks.

For every case in which the ossification was floated,
migration of the floated plaque into the ventral bone resec-
tion area was observed during the postoperative period.

—349-

FIG. 4. Case 4. Intraoperative images. A: Photograph taken before
anterior decompression. B: lllustration of intraoperative view before
anterior decompression. Copyright Satoshi Kato. Published with permis-
sion. C: Photograph taken after anterior decompression (floating of
ossified PLL). Figure is available in color online only.

This migration had gradually and obviously advanced at
6 months after surgery. Additionally, the majority of the
migration had occurred by 3 months after surgery. This is
the first report to describe this migration phenomenon in
anterior decompression for thoracic OPLL. The CT my-
elograms obtained 1 month after surgery revealed spinal
cord decompression resulting from adequate floating of
the ossified PLL (Figs. 2 and 3). The subsequent plaque
migration both demonstrated that floating had been com-
pletely achieved and provided additional spinal cord de-
compression during the postoperative course.

Conclusions

Floating of the ossified PLL via our posterolateral
approach-based surgical technique was safe and effective
in patients with beak-type OPLL in the thoracic spine.
Gradual migration of the floated plaques provided addi-
tional spinal cord decompression during the postoperative
course.



TABLE 1. Demographic and clinical characteristics of 6 patients

Anterior decompression for thoracic OPLL

Anterior Anterior

Case Age Decompression  Instrumented Decompression OR  Duration of Operative  Preop Postop Recovery
No.  (yrs) Sex Levels Fusion Levels Type (%)  Follow-Up  History Complication JOA  JOA (%)

1 63 M T6-7 T4-9 Removal 71 34 RF, HT  None 1 5 57*

2 65 F T5-6 T3-8 Removal 51 27 DM, HT  Dural tear 8 9.5 50

3 62 M T5-6 T3-8 Removal 67 23 DM, HT Neuroldeter 5 8 50

4 53 F T7-9 T5-11 Floating 82 23 DM None 45 8 54

5 51 F T5-6 3-8 Floating 93 19 CPLC  None 1.5 6 691

6 58 F T3-4 -7 Floating 81 14 DM None 05 6.5 57

CP = cerebral palsy; DM = diabetes mellitus; HT = hypertension; JOA = JOA score; LC = liver cirrhosis; neuro! deter = neurological deterioration; OR = occupying ratio;

RF = renal failure.

* InCase 1, the total JOA score was calculated as 8 points by eliminating the score of 3 points for bladder function due to the patient's anuric renal failure.
T In Case 5, the total JOA score was calculated as 8 points by eliminating the score of 3 points for lower-extremity motor function due to the patient’s cerebral palsy.

TABLE 2. Radiographic data for patients treated with the
plaque-floating technique

Time Since Op in Mos

Variable & Case No. 1 3 6 12

Migration distance of floated OPLL (mm)

4 29 50 53 54

5 15 40 43 44

6 28 40 44 48
Anterior decompression rate (%)

4 319 549 58.2 593

5 136 36.0 391 40.0

6 250 357 393 411
Percentage recovery rate in JOA score (%)

4 31 46 54 54

5 23 54 69 69

6 43 52 57 57
References

1. Fujimura Y, Nishi Y, Nakamura M, Toyama Y, Suzuki N:
Long-term follow-up study of anterior decompression and
fusion for thoracic myelopathy resulting from ossification of
the posterior longitudinal ligament. Spine (Phila Pa 1976)
22:305-311, 1997

2. Hirabayashi K, Miyakawa J, Satomi K, Maruyama T,
Wakano K: Operative results and postoperative progression
of ossification among patients with ossification of cervi-
cal posterior longitudinal ligament. Spine (Phila Pa 1976)
6:354-364, 1981

3. Ido K, Shimizu K, Nakayama Y, Yamamuro T, Shikata J,
Matsushita M, et al: Anterior decompression and fusion for
ossification of posterior longitudinal ligament in the thoracic
spine. J Spinal Disord 8:317-323, 1995

4. Kato S, Murakami H, Demura S, Yoshioka K, Hayashi H,
Tsuchiya H: Novel surgical technique for ossification of pos-
terior longitudinal ligament in the thoracic spine. J Neuro-
surg Spine 17:525-529,2012

5. Kurosa Y, Yamaura I, Nakai O, Shinomiya K: Selecting a
surgical method for thoracic myelopathy caused by ossifica-
tion of the posterior longitudinal ligament. Spine (Phila Pa
1976) 21:1458-1466, 1996

6. Matsumoto M, Chiba K, Toyama Y, Takeshita K, Seichi A,
Nakamura K, et al: Surgical results and related factors for

ossification of posterior longitudinal ligament of the thoracic
spine: a multi-institutional retrospective study. Spine (Phila
Pa 1976) 33:1034-1041, 2008
7. Matsuyama Y, Yoshihara H, Tsuji T, Sakai Y, Yukawa Y,
Nakamura H, et al: Surgical outcome of ossification of the
posterior longitudinal ligament (OPLL) of the thoracic spine:
implication of the type of ossification and surgical options. J
Spinal Disord Tech 18:492-498, 2005
8. Min JH, Jang JS, Lee SH: Clinical results of ossification of
the posterior longitudinal ligament (OPLL) of the thoracic
spine treated by anterior decompression. J Spinal Disord
Tech 21:116-119, 2008
9. Takahata M, Ito M, Abumi K, Kotani Y, Sudo H, Minami A:
Clinical results and complications of circumferential spinal
cord decompression through a single posterior approach for
thoracic myelopathy caused by ossification of posterior longi-
tudinal ligament. Spine (Phila Pa 1976) 33:1199-1208, 2008
10. Tokuhashi Y, Matsuzaki H, Oda H, Uei H: Effectiveness of
posterior decompression for patients with ossification of the
posterior longitudinal ligament in the thoracic spine: useful-
ness of the ossification-kyphosis angle on MRI. Spine (Phila
Pa 1976) 31:E26-E30, 2006
11. Tomita K, Kawahara N, Baba H, Kikuchi Y, Nishimura H:
Circumspinal decompression for thoracic myelopathy due to
combined ossification of the posterior longitudinal ligament
and ligamentum flavum. Spine (Phila Pa 1976) 15:1114-
1120, 1990
12. Tsuzuki N, Hirabayashi S, Abe R, Saiki K: Staged spinal
cord decompression through posterior approach for thoracic
myelopathy caused by ossification of posterior longitudinal
ligament. Spine (Phila Pa 1976) 14:1623-1630, 2001
13. Yonenobu K, Korkusuz F, Hosono N, Ebara S, Ono K: Lat-
eral rhachotomy for thoracic spinal lesions. Spine (Phila Pa
1976) 15:1121-1125, 1990

Author Conftributions

Conception and design: Kato, Murakami. Acquisition of data:
Kato, Hayashi, Yokogawa, Fang. Analysis and interpretation of
data: Kato, Demura, Y oshioka, Hayashi, Yokogawa. Drafting the
article: Kato. Critically revising the article: Murakami, Demura,
Yoshioka, Fang, Tsuchiya. Administrative/technical/material
support: Murakami, Tsuchiya. Study supervision: Murakami,
Tsuchiya.

Correspondence
Satoshi Kato, Department of Orthopaedic Surgery, Kanazawa

University School of Medicine, 13-1 Takara-machi, Kanazawa,
920-8641, Japan. email: skato323@gmail.com.

-350-



ASIAN SPINE JOURNAL
Clinical Study 3

Asian Spine ] 20;5;9(3):321-316 - hitp://dx.doi.org/104184/25j20159.3.321

Gait Analysis in Cervical Spondylotic Myelopathy
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Department of Orthopedic Surgery, Tokyo Medical University, Tokyo, Japan

Study Design: Gait analysis of patients with cervical spondylotic myelopathy (CSM) by using a sheet-type gait analysis system.
Purpose: The aim of this study was to compare the gait patterns of patients with CSM, evaluated by the Nurick grades, and to deter-
mine the threshold values of gait parameters predicting the occurrence of a fall by using a gait recorder.

Overview of Literature: Gait disorder due to CSM may progress to severe paraplegia, following even a minor trauma such as a fall.
The indications for the surgery of CSM without severe paralysis remain controversial. The quantitative gait analysis and the decision
for decompressive surgery in patients with CSM are important in order to prevent severe paraplegia from a fall.

Methods: One hundred thirty-two subjects (normal, 34; CSM, 98) underwent gait analysis by using a sensor sheet. Measurements of
gait cycle parameters included the step and stride length, step width, foot angle, swing phase, and stance phase. CSM was assessed
by Nurick grade.

Results: Although the clinical symptoms were lacking, Nurick grade 1 had significant abnormalities in the parameters of velocity,
step length, and step angle (p<0.05). Regarding the Nurick grade and walking phase, the length of the stance phase was increased to
more than 70% of the entire walking cycle in Nurick grade 4.

Conclusions: Gait analysis was an objective tool for evaluating the gait stability. Our results suggested that when the percentage of

the stance phase in the gait cycle increases to above 70%, the CSM patients have an increased fall risk.

Keywords: Gait; Movement disorders; Physical examination; Spinal cord diseases

Introduction

The total population of Japan is predicted to decrease by
2050, and a substantial increase is expected in the popula-
tion of age 85 years and above [1]. With the rapid increase
in the elderly population, the number of patients with lo-
comotive syndrome has increased in Japan [2,3]. Locomo-
tive syndrome increases the societal burdens with respect
to mortality, quality of life, and economic costs. Cervical
cord compression was present in 5% to 7% of asymp-
tomatic subjects and was associated with physical perfor-
mances in elderly people. It is suggested that locomotive
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syndrome involves the early stages of cervical spondylotic
myelopathy (CSM). Especially in the elderly people, the
gait impairment can be due to CSM which could aggra-
vate the symptoms of cervical cord injury from a relatively
minor trauma, such as a fall from a height, or even prog-
ress to severe quadriparesis. However, to the best of our
knowledge, there are no objective criteria for the evalua-
tion of gait analysis. The number of studies for gait analy-
sis in CSM patients is small, and the indications for the
surgery of CSM without severe paralysis still remain con-
troversial [4-9]. Quantitative gait analysis and the decision
for decompressive surgery in the patients with CSM are
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Table 1. Subjects

Asian Spine ] 2015;9(3):321-326

Nurick grade Number Age (yr) Height (cm) Weigt (kg) Sex (male:female)
0 34 52.7£16.5 165+8.4 59.2+10.5 18:16

1 32 67.0£16.9 16£16.9 64.8+9.5 32:0

2 14 52.7£15.9 165+8.19 59.6+10.5 14:.0

3 22 58.2+£10.8 167+7.82 65.6+8.91 22:0

4 30 67.0£16.9 159+7.54 61.9£10.6 12:18
Values are presented as mean+standard deviation.

important, in order to prevent severe paraplegia resulting a Step angle
from a fall. The objective of our study is to compare the B

gait patterns in patients with CSM, which is evaluated by

the Nurick grades, and to determine the threshold values

of gait parameters predicting the occurrence of a fall by
using a gait recorder. 4

Materials and Methods

The participants had a clinical diagnosis of CSM con-
firmed by magnetic resonance imaging findings. CSM
was defined as a constellation of symptoms and signs
supported by appropriate radiological findings, includ-
ing symptoms (numb clumsy hands, impairment of gait,
bilateral arm paresthesia) and signs (corticospinal distri-
bution motor deficits, atrophy of hand intrinsic muscles,
hyperflexia, positive Hoffman sign, upgoing plantar re-
sponses, lower limb spasticity, broad-based unstable gait).
One hundred thirty-two subjects (normal, 34; CSM, 98)
underwent gait analysis by using a sheet-type gait analysis
system. All subjects provided written informed consent
after receiving explanation of the experimental protocol,
and this study was approved by the Institutional Review
Board of our institution. The patient characteristics are
summarized in Table 1. Patients with the following condi-
tions were excluded from this study: hip, knee, and ankle
joint disease; other spinal disease; and scoliosis of more
than 10°. Participants with clear clinical and radiological
evidence of CSM were included in this study.

The walking test was performed by using a 2.4 m long
thin-type sensor sheet (Sheet Type Gait Analyzer Walk
Way MW-1000, Anima, Tokyo, Japan).

The patients were examined 3 times, and the average
of those results were taken. Measurements of gait cycle
parameters included the step angle, step length, step
width, and gait velocity. Outward rotation of the feet was

b Step length

i

Cc
Step width

|

Fig. 1. Definitions of gait parameters.

measured as a positive angle (Fig. 1). The gait cycle con-
sists of a swing phase and a stance phase. Generally, the
stance phase and swing phase account for 60% and 40%,
respectively (Fig. 2) [10]. The clinical gait disturbance in
patients with CSM was evaluated according to the Nurick
grade (Table 2) [11].

A medical statistical consultant performed the statisti-
cal analyses using the JMP software package, ver. 8.0 (SAS
Institute Inc., Cary, NC, USA). The Tukey-Kramer HSD
test was used to analyze the differences in the gait pa-
rameters among Nurick grades. The correlations among
the variables of gait parameters were examined using the
Spearman’s rank correlation coefficient. The gait param-
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Stance phase

1 Stance phase

|

60% 40%
>
Gait cycle
Fig. 2. Gait cycle.
Table 2. Nurick grades 120 ~
Grade Description 100 -
0 No evidence of cord involvement
*
1 Signs of cord involvement normal gait 80
2 Mild gait involvement able to be employed 60 - M Grade O
3 Gait abnormality prevents employment B Grade 1
4 Able to ambulate only with assistance 40
5 Chair bound or bedridden =  Exclude 20
Modified from Nurick [11]. ‘
0- iR
Velocity Step length  Step angle
(cm/sec) (cm) )

eters and risk factors in the patients with Nurick grade 4
were evaluated by logistic regression analysis. A p-value
of less than 0.05 was considered to indicate a statistically
significant difference.

Results

Gait analysis without any subjective gait disturbance in
patents with CSM.

In order to assess the subclinical findings, we compared
Nurick grade 0 and 1. Although clinical symptoms were
lacking, grade 1 had significant abnormalities in the pa-
rameters of velocity, step length, and step angle (p<0.05)
(Fig. 3). The gait velocity and step length decreased as
symptoms progressed. In contrast, step angle and step
width increased (Fig. 3).

Fig. 3. Nurick grade 0 vs. grade 1. *p<0.05

1. Gait analysis and CSM severity

For the Nurick grades 1, 2, 3, and 4, the gait parameters
were as follows, respectively (Figs. 4, 5): gait velocity (cm/
sec) 107.742.5, 94.5+2.7, 92.2+4.0, 76.3+4.1; step length
(cm) 59.0+1.2,52.9+1.3,48.4+1.7, 44.3+1.7, 32.0£2.9; step
width (ecm) 7.73£2.0, 9.1+£2.2, 9.8+2.1, 11.3+2.1, 12.5£3.0;
step angle (°) 7.57+2.1, 10.5%£1.6, 11.9+2.1, 14.5%1.6,
23.5+2.2; stance phase (%) 64+4.4, 67+4.4, 67+3.4,
73+4.4. When the grade of Nurick classification became
worse, the velocity and step length decreased, and the step
width and step angle increased (Fig. 4).
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Regarding the Nurick grade and walking phase, the 2. The evaluation of fall risk
length of the stance phase increased in more than 70% of

the entire walking cycle in the patients with Nurick grade We established that grade 4 patients, who were able to am-
4. There were no changes in the swing phase (Fig. 5). bulate only with assistance, were at the great risk for a fall.
140 -
120 o

100
M Grade O
80 Grade 1
M Grade 2

60
W Grade 3
40 1 Grade 4

20 A

Velocity Step length Step width Step angle
(cm/sec) (cm) (cm) °)

Fig. 4. Nurick grade and gait parameters.

B Stance phase

' Swing phase

80 90 100
(%)

Fig. 5. Nurick grade and walking phase.
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Table 3. Risk factors in Nurick grade 4 patients

Odds ratio p-value

Velocity 28 0.001
Step length 2.1 <0.001
Step width 1.2 0.02

Step angle 13 <0.001
Stance phase 4.1 <0.001
Swing phase 0.04 0.006
Gait cycle 1.2 <0.001

Logistic regression analysis showed that the stance phase and swing
phase were risk factors for falls for Nurick grade 4 patients (odds ra-
tio=4.1; p<0.002).

Logistic regression analysis revealed that the stance
phase was a risk factor for falls in the patients with Nurick
grade 4 (odds ratio=4.1; p<0.002) (Table 3). Our results
suggested that the threshold value of the stance phase for
increasing risk of falls was likely to be about 70% of the
gait cycle.

Discussion

The Japanese Orthopedic Association (JOA) has pro-
posed the term “locomotive syndrome” This syndrome
is caused by weakening of the musculoskeletal organs
such as bones, joints, and muscles [2,3]. It is suggested
that locomotive syndrome involves the early stages of
CSM. Culhane et al. [12] demonstrated that the falls are
a major source of morbidity and mortality in the elderly
population. Falls occurring in the patients with CSM
are particularly likely to result in a permanent, severe
quadriparesis. It was reported that the injury in CSM,
associated with ossification of the posterior longitudinal
ligament, is a poor prognostic factor; and in 15/156 pa-
tients (9.6%), CSM became worse by even a minor exter-

nal injury [13].
1. Gait analysis

Gait impairment is a primary symptom of CSM. Previous
studies have identified the reduction in knee flexion, in
the early stages of the disease; and in more severe stages
of the disease, decreased ankle plantar flexion at the ter-
minal stance and reduced knee flexion during loading
response were found [13]. However, little is known about
the specific kinetic and kinematic gait parameters.

(EEHEREIVOTITONYE 325 I

2. Changes in gait parameters without subjective symptoms

It has been stated that CSM patients have an unstable gait
due to spasticity of the gastrocnemius at the time of gait
grounding [14]. However, the gait pattern of patients with
early stage CSM is unclear. Our results suggested that
in CSM patients without subjective symptoms, the gait
analysis showed significant changes in the step length, step
width, and step angle, as compared with healthy persons.
Gait analysis could be reflecting the subclinical conditions.

3. The differences among gait parameters according to
Nurick grade

When the grade of Nurick classification worsened, the
velocity and step length were decreased, and the step
width and step angle were increased, so as to maintain a
stable walk. The differences among those parameters were
remarkable, especially between the grades 3 and 4 (Fig.
4). Regarding the risk factors among gait parameters in
the patients with Nurick grade 4, the stance phase was
remarkable in the odds ratio. This feature may be an ex-
pression of the myelopathy and may serve as a protective
mechanism from falls.

4. The evaluation of fall risk and treatment

We established that the patients with grade 4, who are
able to ambulate only with assistance, are at great risk for
a fall. Our results suggested that the threshold value of
the stance phase for preventing falls might be about 70%.
A recent study has recommended that regarding the tim-
ing of operations for CSM, patients with Nurick grade 2
CSM were most likely to improve from surgery [15]. The
gait analysis using a sheet-type gait analysis system was
a useful tool for catching a gait abnormality in the initial
stage of CSM without gait disturbance. The compensa-
tion mechanism for unstable gait in the patients with
CSM was reduction of the velocity and prolongation of
the stance phase by a greater step angle and a smaller step
length. A previous paper mentioned that at a self-selected
speed, the CSM patients walked slowly, with shorter stride
lengths and longer double support durations [4]. When
the protective mechanism was beyond control, a fall could
occur with a smaller step angle and step width. The ex-
tension of stance phase more than 70% in the total cycle
period may be a threshold of falls. This study has some
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limitations. There are some differences between the males
and females, in the factors including height and weight.
However, these may have little influence on the gait cycle,
and more complex measurements (e.q., three dementional
analysis) were not performed.

Another limitation of this study was that the investi-
gation of the direct link between gait disorder and the
resulting occurrence of actual falls in CSM patients could
not be carried out for the obvious ethical reasons. For
future research, when gait disorder worsens by the aggra-
vation of spastic paralysis, we should consider the break-
down of these protective mechanisms and facilitate the
prevention of falls by implementing safety protocols.

Conclusions

Gait analysis was an objective tool for evaluating the gait
stability, even when the CSM patients had no subjective
gait disturbance. The compensation mechanism for un-
stable gait in the patients with CSM was the reduction of
velocity and prolongation of the stance phase by a greater
step angle and smaller step length. When the stance phase
in the gait cycle increases to above 70% of the total cycle
period, the CSM patients may have an increased fall risk.
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Cervical ossification of the posterior
longitudinal ligament: Biomechanical analysis
of the influence of static and dynamic factors

Norihiro Nishida, Tsukasa Kanchiku, Yoshihiko Kato, Yasuaki Imajo,
Yuichiro Yoshida, Syunichi Kawano, Toshihiko Taguchi

Department of Orthopedic Surgery, Yamaguchi University Graduate School of Medicine, Ube, Yamaguchi, Japan

Objective: Cervical myelopathy due to ossification of the posterior longitudinal ligament (OPLL) is induced by
static factors, dynamic factors, or a combination of both. We used a three-dimensional finite element method
(3D-FEM) to analyze the stress distributions in the cervical spinal cord under static compression, dynamic
compression, or a combination of both in the context of OPLL.

Methods: Experimental conditions were established for the 3D-FEM spinal cord, lamina, and hill-shaped OPLL.
To simulate static compression of the spinal cord, anterior compression at 10, 20, and 30% of the
anterior—posterior diameter of the spinal cord was applied by the OPLL. To simulate dynamic compression,
the OPLL was rotated 5°, 10°, and 15° in the flexion direction. To simulate combined static and dynamic
compression under 10 and 20% anterior static compression, the OPLL was rotated 5°, 10°, and 15° in the
flexion direction.

Results: The stress distribution in the spinal cord increased following static and dynamic compression by
cervical OPLL. However, the stress distribution did not increase throughout the entire spinal cord. For
combined static and dynamic compression, the stress distribution increased as the static compression
increased, even for a mild range of motion (ROM).

Conclusion: Symptoms may appear under static or dynamic compression only. However, under static
compression, the stress distribution increases with the ROM of the responsible level and this makes it very
likely that symptoms will worsen. We conclude that cervical OPLL myelopathy is induced by static factors,
dynamic factors, and a combination of both.

Keywords: Cervical myelopathy, Dynamic factor, Finite element method, Static factor, Ossification of the posterior longitudinal ligament

Introduction

Cervical ossification of the posterior longitudinal liga-
ment (C-OPLL) is recognized as a common clinical
entity that causes complicated myelopathy of the cervi-
cal spinal cord. It is believed that myelopathy develops
due to compression of the spine by C-OPLL.
However, some patients with little ossification exhibit
myelopathy, whereas others with marked ossification
do not. Thus, static factors alone cannot account for
myelopathy.! Dynamic factors such as mobility of the
spinal column are also important in the development
of cervical myelopathy.'™ However, the contribution
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of dynamic factors to the development of myelopathy
in C-OPLL patients has not been fully determined.’
C-OPLL myelopathy is therefore likely to be induced
by static factors, dynamic factors, or a combination
of both.%’

In the present study, we used a three-dimensional
finite element method (3D-FEM) to analyze the stress
distributions of cervical spinal cord under static com-
pression, dynamic compression, and a combination of
both in the context of OPLL.

Material and methods

The ABAQUS 6.11 (Valley Street, Providence, RI,
USA) finite element package was used for FEM simu-
lation. The 3D-FEM spinal cord model used in this
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