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Study Design: Cross-sectional study.

Purpose: To examine whether the number of continuous vertebral bone bridges and bone mineral density (BMD) influence the frac-
ture risk in diffuse idiopathic skeletal hyperostosis (DISH) patients.

Overview of Literature: Bone bridges connecting through the intervertebral body in DISH create long lever arms that can increase
the risk of fractures from minor trauma. DISH patients have a BMD that is higher than or comparable to those of age-matched healthy
subjects.

Methods: We examined the computed tomography scans from the thoracic vertebra to the sacrum used to diagnose DISH in 140
patients (98 men and 42 women; average age, 78.6 years). We compared patients who did (n=52) and did not have (n=88) fractures at
the continuous vertebral bodies fused by bone bridges. The relationship between the vertebral fractures and the maximum number of
vertebrae that are bony cross-linked with contiguous adjacent vertebrae (max VB) from the thoracic vertebra to the sacrum or from the
lumbar vertebra to the sacrum and proximal femur BMD were analyzed using a logistic regression model.

Results: We found that after adjusting for the confounding factors, higher max VB, both from the thoracic vertebrae to the sacrum
and the lumbar vertebrae to the sacrum, was associated with a higher risk of vertebral fractures. This difference was statistically
significant. The risk was higher when only the lumbar vertebrae to the sacrum was considered (thoracic vertebrae to the sacrum: odds
ratio, 1.21; p<0.05; lumbar vertebrae to the sacrum: odds ratio, 2.78; p<0.01). Moreover, low proximal femur BMD in DISH patients
raises the fracture risk (odds ratio, 0.47; p<0.01).

Conclusions: Many continuous vertebral bone bridges, especially those that extend to the lumbar spine and low proximal femur
BMD, are risk factors for fracture in DISH patients.
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Introduction

Diftuse idiopathic skeletal hyperostosis (DISH) is a com-
mon disorder characterized by irregular calcification. It is
the bone formation of soft tissue around the spine joints
and the peripheral skeleton or the appendicular skeleton
[1]. DISH is different from ankylosing spondylitis (AS)
because there is no sacroiliac joint ankylosis and histo-
compatibility leukocyte antigen-B27 [2,3].

DISH is more common in people aged >50 years, with
an overall prevalence of >30% in people aged >70 years
[4,5]. As per a retrospective study on elderly male patients
undergoing computed tomography (CT) of the chest,
incomplete osteophytes that are not fused between the
vertebrae are transformed into complete bone bridges
within an average duration of 5 years. Moreover, DISH
progresses with age, and the prevalence of DISH is higher
in older subjects [6].

In DISH patients, the bone bridges that connect the in-
tervertebral body create long lever arms that may increase
fractures’ risk because of minor trauma [7]. There is an in-
crease in the number of spinal injuries with DISH owing
to population aging, and bone fracture is a severe problem
that commonly leads to permanent spinal cord damage
or death [8,9]. Research has shown that the diagnosis of
spinal fractures is often delayed in DISH patients [10].
Although DISH tends to have bone bridges at the thora-
columbar junction, the number of continuous vertebral
bone bridges and the bone bridges’ disc levels vary. Thus,
it is unclear as to which factors influence the fracture risk
[11].

Bone mineral density (BMD) of the lumbar spine and
femur proximal extremity is low in AS patients; low BMD
is associated with an increased fracture risk [12,13].
However, to our knowledge, no study has reported that
the BMD of DISH patients is low, and the relationship be-
tween low BMD and fracture risk is unknown. Our litera-
ture search only showed one study that reported signifi-
cantly lower BMD in men with both DISH and fractures
than that in men with DISH but no fractures, as detected
using quantitative computed tomography (QCT) [14].
Thus, to address this research gap, we designed this study
to examine how cross-linked bone bridges and BMD in-
fluence the fracture risk in DISH patients.

Asian Spine ] 2022;16(1):75-81

Materials and Methods

1. Patients

We enrolled patients diagnosed with DISH using CT at
the Shizuoka City Shimizu Hospital from April 2008 to
December 2018. The CT scans (Discovery CT 750HD;
GE Healthcare, Chicago, IL, USA) of the thoracic to the
sacrum region were performed for 243 patients; 140 were
diagnosed with DISH based on a definition of Resnick
[15]: confluent ossification of at least four contiguous
vertebral bodies, without narrowing of the disc space or
sacroiliac ankylosis.

Age, sex, height, weight, glycosylated hemoglobin
(HbA1lc), calcium level, proximal femur BMD, the maxi-
mum number of vertebral bodies that are bony cross-
linked with contiguous adjacent vertebrae without in-
terruption (max VB) from the thoracic vertebra to the
sacrum, and max VB from the lumbar vertebra to the
sacrum were recorded [16,17]. The max VB from the
thoracic vertebrae to the sacrum was measured from Th1
to the sacrum. The max VB from the lumbar vertebrae to

Fig. 1. Max VB was investigated from the thoracic vertebrae to the sacrum,
which ranged from Th1 to the sacrum (A) and max VB from the lumbar verte-
brae to the sacrum was investigated, which ranged from Th12 to the sacrum
(B) in diffuse idiopathic skeletal hyperostosis patients. Max VB, the maximum
number of vertebrae that are bony cross-linked with contiguous adjacent verte-
brae without interruption.
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the sacrum was measured from Th12 to the sacrum (Fig.
1). Three orthopedic surgeons assessed the max VB using
CT. Lumbar and proximal femur BMD was assessed using
dual-energy X-ray absorptiometry (DEXA; GE Medical
Systems LUNAR, Madison, WI, USA).

The Institutional Review Board of Shizuoka City Shi-
mizu Hospital approved this study, and all the study
subjects provided informed consent using the opt-out
method on the Shizuoka City Shimizu Hospital website.
We conducted this study as per the principles of the Dec-
laration of Helsinki.

2. Statistical analyses

The aforementioned items were compared between the
fracture group and the non-fracture group using univari-
ate analysis. The mean and standard deviation (SD) values
of the fracture and non-fracture groups were calculated
and tested using the Mann-Whitney U-tests for the above
items. With max VB, age, sex, weight, HbAlc, calcium
level, and proximal femur BMD as confounding factors,
the relationship with these items and the occurrence of
vertebral fractures was calculated using logistic regression
analysis. Model 1 was not adjusted for the confounding
factors, while model 2 was adjusted for the confounding
factors. Subsequent investigations were conducted for the
subjects in the fracture group. The causes of fracture, frac-
ture level, whether or not the fracture level was included
in the range of the max VB, the number of paralysis of
the lower limbs, and the number of patients who could
not be diagnosed using CT, but could be diagnosed us-
ing magnetic resonance imaging (MRI), were included as
fracture group parameters. Data are presented as mean
and (SD) values. Mann-Whitney U-tests were performed
to assess the differences between the fracture and non-
fracture groups. IBM SPSS Statistics ver. 22.0 (IBM Corp.,
Armonk, NY, USA) was used for the statistical analyses.
Logistic regression analysis was performed using R soft-
ware (R Foundation for Statistical Computing, Vienna,
Austria). A p-value <0.05 was considered statistically sig-
nificant.

Results

In this study, we assessed 140 patients (98 men and 42
women; average age, 78.6 years); 52 had fractures at the
continuous vertebral bodies fused by bone bridges, while

88 did not have fractures. The causes of fracture were in-
door fall (n=36), fall from a height (n=6), traffic accident
(n=5), fall while walking outdoors (n=1), and unknown
cause (n=4). Concerning the fracture level, there were
three cases of fracture in the T4 vertebra, one in T5, one in
T7, three in T8, four in T9, five in T10, seven in T11, 14 in
T12, nine in L1, two in L2, two in L3, one in L4, and one
in L5. Five patients had paralysis of the lower limbs. Fur-
ther, all the fracture levels were included in the max VB
range. None of the patients had bone bridges, only from
the lumbar vertebrae to the sacrum. Those with lumbar
vertebrae bridges had continuous bone bridges from the
thoracic vertebrae. Fractures could not be detected using
only CT, and short T1 inversion recovery MRI could only
be used to diagnose five patients.

In the univariate analysis, the fracture group had a sig-
nificantly lower proportion of men, weight, calcium level,
HbAlc, and proximal femoral BMD and higher age, max
VB from the thoracic vertebrae to the sacrum, and max
VB from the lumbar vertebra to the sacrum as compared
to the non-fracture group (Table 1).

Before adjustment (model 1), the logistic regression
analysis associated the higher max VB from the thoracic
vertebrae to the sacrum and from the lumbar vertebrae
to the sacrum with a higher risk of vertebral fractures
(thoracic vertebrae to the sacrum: odds ratio, 1.2; p<0.01;
lumbar vertebrae to the sacrum: odds ratio, 1.68; p<0.01)
(Tables 2, 3).

After adjustment of the confounding factors, logistic
regression analysis associated the higher max VB from the

Table 1. Comparison between patients with and without fracture in diffuse
idiopathic skeletal hyperostosis

Fracture  Non-fracture
(n=52) (n=88)

Variable

Max VB from the thoracic to the sacrum 11.3+3.75%* 8.42+3.62
Max VB from the lumbar to the sacrum 3.10£2.34** 1.02+1.51
Age (yr) 82.1+7.82* 71.7+8.70
Males 31(59.6) 67 (76.1)
Weight (kg) 54.1+10.2** 64.1£11.1
Calcium (mg/dL) 8.68+0.558**  9.09+0.549
Glycosylated hemoglobin (%) 5.83+0.81* 6.06:0.69
Proximal femur bone mineral density (g/cm?) ~ 0.710+0.16**  0.935:0.22

Values are presented as meansstandard deviation or number (%).

Max VB, the maximum number of vertebrae that are bony cross-linked with
contiguous adjacent vertebrae without interruption.

*p<0.05 and **p<0.01 were significant difference.
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Table 2. ORs for the association between some factors and vertebral fracture risk in diffuse idiopathic skeletal hyperostosis patients from the logistic regression mod-

els without (model 1) and with (model 2) adjustment for confounding factors

Model 1

Variable

OR (95% CI)

Max VB from thoracic to sacrum 1.22(1.11-1.35)
Age (yr)

Sex (reference: men)

Weights (kg)

Calcium (mg/dL)

Glycosylated hemoglobin (%)

Proximal femur bone mineral density (0.1 g/cm’)

Model 2
OR (95% CI)
<0.001 1.21(1-1.47) <0.05
0.99(0.91-1.08) 0.86
0.6 (0.14-2.56) 0.49
0.93(0.86-1.01) 0.08
0.15(0.04-0.61) 0.01
1.5(0.64-3.53) 0.35
0.47(0.3-0.73) <0.001

OR, odds ratio; Cl, confidence interval; Max VB, the maximum number of vertebrae that are bony cross-linked with contiguous adjacent vertebrae without interruption.

Table 3. ORs for the association between some factors and vertebral fracture risk in diffuse idiopathic skeletal hyperostosis patients from the logistic regression mod-

els without (model 1) and with (model 2) adjustment for confounding factors

Variable

OR (95% CI)

Max VB from lumbar to sacrum 1.68 (1.38-2.06)
Age (yr)

Sex (reference: men)

Weight (kg)

Calcium (mg/dL)

Glycosylated hemoglobin (%)

Proximal femur bone mineral density (0.1 g/cm’)

OR (95% CI)
<0.001 2.78(1.64-4.71) <0.001
0.99(0.91-1.08) 0.8
0.78(0.13-4.89) 0.8
0.89(0.81-0.97) 0.01
0.27 (0.06-1.20) 0.08
2.28(0.76-6.82) 0.14
0.39(0.22-0.66) 0.01

OR, odds ratio; Cl, confidence interval; Max VB, the maximum number of vertebrae that are bony cross-linked with contiguous adjacent vertebrae without interruption.

thoracic vertebrae to the sacrum and the lumbar vertebrae
to the sacrum with a higher risk of vertebral fractures
(thoracic vertebrae to the sacrum: odds ratio, 1.21; p<0.05;
lumbar vertebrae to sacrum: odds ratio, 2.78; p<0.01)
(Tables 2, 3). Moreover, after further adjustment for the
confounding factors, low BMD of the proximal femur sig-
nificantly increased the fracture risk (thoracic vertebrae to
the sacrum: odds ratio, 0.47; p<0.01; lumbar vertebrae to
sacrum: odds ratio, 0.3; p<0.01) (Tables 2, 3).

Discussion

This logistic regression analysis included confounding
factors that were described as risk factors for fracture. Our
findings showed that a high number of continuous verte-
bral bodies with cross-linked bone bridges in DISH was a
significant independent risk factor for fractures. Further-
more, low proximal femur bone density is associated with

the risk of fracture in DISH patients.

Fractures with DISH are reverse chance fractures, and
many of them fall under type III B hyperextension of the
AO classification [18]. The lever arm in DISH comprises
a continuous vertebral cross bridging of the vertebrae.
Stress concentration in the fracture area can result in
fractures. The lever arm is the vertical distance between
the axis of rotation and the force’s line action. However, a
clear definition of a lever arm in DISH is yet to be estab-
lished. We devised the concept of max VB and proved the
association between max VB and fracture risk statistically.
We used max VB as an index because the loss of interver-
tebral discs due to bony cross-linking may increase the
fall risk because of poor balance during walking. It may be
difficult to adopt a passive approach during a fall. Another
reason is that the force applied to the fracture area during
a fall in DISH patients may be high. In the present study,
we also analyzed the max VB in the following two ways:
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thoracic to sacral and lumbar to sacral. The number of pa-
tients with DISH fractures at our hospital was higher for
patients whose fractures were cross-linked to the lumbar
vertebrae. Although the obvious cause remains unclear,
we expect that the lumbar vertebrae have a greater range
of motion in the anterior and posterior flexion per verte-
brae than the thoracic vertebrae, so cross-linking may be
associated with reduced mobility [19,20].

Orthopedic surgeons commonly treat DISH patients,
and it is challenging to explain the fracture risk to all
DISH patients, especially when this condition is discov-
ered accidentally in a limited consultation time. Therefore,
the present results indicate the odds ratio of the max VB
from the lumbar vertebrae to the sacrum is higher than
that of the max VB from the thoracic vertebrae to the sa-
crum. It would be more efficient to educate DISH patients
in whom lumbar vertebral bone bridges have been found
using lumbar radiography about fracture risks. Fractures
associated with DISH may progress to dislocation and
cause spinal cord injury if a slight dislocation is over-
looked during the initial visit. In our study, the fractures
in five patients could not be identified on CT and were
first identified using MRI. Thus, it is critical to perform
CT for all DISH patients who present with severe lumbar
back pain after a fall or movement to establish a definitive
diagnosis. In the present study, only MRI was performed;
however, in centers where MRI is not immediately avail-
able, a bone scan may be useful. In any case, we would
recommend that all patients undergo an MRI or a bone
scan. However, patients who present with dislocation at
the first visit may not have DISH. The initial examina-
tion is usually a radiography examination of choice, fol-
lowed by a CT, MRI, or bone scan if DISH is suspected.
Therefore, orthopedic surgeons should consider DISH or
a DISH-associated fracture in the differential diagnosis
based on the initial radiography findings.

In particular, in DISH patients, bone bridges and frac-
tures in the thoracic vertebrae are difficult to determine
using radiography because of the overlapping with the
lungs and ribs, leading to delayed diagnosis. In contrast,
bone bridges in the lumbar spine are easier to identify
than those in the thoracic spine. Patients who experience
lumbar pain from a fall and those who have bone bridges
in their lumbar vertebrae leading from the thoracic ver-
tebrae, but have no fractures identified on lumbar radi-
ography, should undergo CT, MRI, or bone scan of the
thoracic to the lumbar spine immediately to confirm the

presence of fractures.

As per a previous report, the BMD of the lumbar spine
was higher in DISH patients as measured using DEXA;
however, there was no significant difference in the BMD
using QCT. Another report wherein DEXA was used on
cadavers in directions that did not include the bone bridge
found no difference in the BMD of the lumbar spine and
that of the controls, indicating that the bone bridge leads
to an overestimation of the BMD [14,21]. In contrast, two
studies reported significantly higher BMD of the femur
neck in DISH patients than that in the general population
matched for some factors, including age, sex, and weight
[22,23].

These reports suggest that the BMD of the femur and
spine varies in DISH patients. Lumbar spine BMD mea-
sured using the DEXA method shows that bone density is
measured at a high level. In contrast, loss of intervertebral
mobility causes a localized decrease in the vertebral bone
density. Compared with proximal femoral BMD, the two
factors are complex and do not give a consistent result for
lumbar BMD. In this study, proximal femoral BMD that
was unaffected by local factors influencing the fracture
risk.

As per the diagnostic criteria for primary osteoporosis,
osteoporotic bone loss measured using DEXA was 0.7 g/
cm’ for women in the proximal femur. The cutoff BMD in
osteoporosis was 0.67 g/cm” for men and 0.61 g/cm” for
women [24]. Considering the mean BMD in the present
study, the values of 0.94 g/cm’ in the non-fracture group
and 0.71 g/cm’ in the fracture group were above the cut-
off, not at all indicative of bone fragility. The lever arm is a
major factor that causes fractures without bone fragility in
DISH. Moreover, it is noteworthy that the fracture group
had lower femoral bone density than the non-fracture
group, suggesting that even a small decrease in the BMD
can trigger a fracture in DISH patients because of the ex-
treme stress placed on the spine by the lever arm.

This study has certain limitations. This study retrospec-
tively analyzed a small number of patients. The second
and third highest numbers of continuous vertebral bone
bridges, in addition to max VB, were expected to play
complex roles in causing fractures. However, the max VB
alone was explained about the fracture risk categorically.
Future studies should employ a larger sample size and
proactively investigate the fracture risk in the study popu-
lation.
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Conclusions

We found that a higher number of continuous vertebrae
with cross-linked bone bridges in DISH increased the
fracture risk. This finding indicates that DISH patients
with continuous vertebral bone bridges up to the lumbar
vertebrae need to be educated to avoid falls and examined
carefully given their high risk of fractures. Low proximal
femur bone density also increases the fracture risk. Even if
the bone mass itself is high, a small decrease in bone mass
may cause a fracture and requires close monitoring.
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