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CT Abnormalities in the Sacroiliac
Joints of Patients With Diffuse
Idiopathic Skeletal Hyperostosis

Naama Leibushor!
Einat Slonimsky?
Dvora Aharoni?
Merav Lidar!

Iris Eshed?

OBJECTIVE. The purpose of this study is to characterize sacroiliac joints (SIJs) findings
at CT of patients with diffuse idiopathic skeletal hyperostosis (DISH), a condition character-
ized (using the Resnick classification criteria) by ossification of at least four contiguous ver-
tebrae in the thoracic spine and preserved disk space, but without radiographic evidence of
intraarticular SIJ abnormalities.

MATERIALS AND METHODS. Pelvic CT examinations of 104 patients with DISH
(fulfilling the Resnick criteria on spinal CT) and 106 age- and sex-matched control subjects
whose entire spine lacked CT evidence of DISH (total, 149 men and 61 women; mean [+ SD]
age, 72.3 + 8.7 years) were retrospectively evaluated for the presence of intra- and extraarticu-
lar bridging osteophytes, spurs, subchondral cystlike changes, erosions, and sclerosis of SIJs.
Excluded were patients with known ankylosing spondylitis or inflammatory-related diseases.
Data were analyzed using multivariate ANOVA to examine the degree of difference between
patients with DISH and control subjects. Logistic regression analysis was used to generate
odds ratios to examine their discriminatory ability. ROC analysis was then applied to exam-
ine the sensitivity and specificity of the results.

RESULTS. The frequency of anterior bridging, posterior bridging, entheseal bridging,
and joint ankylosis was significantly higher among patients with DISH compared with con-
trol subjects (48% vs 9%, 20% vs 1%, 34% vs 4%, and 23% vs 0%, respectively; p < 0.001 for
all comparisons).

CONCLUSION. Intraarticular ankylosis seen at CT, an entity not included in the Res-
nick classification criteria, is common among patients with DISH, which implies that the ra-
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diologic classification criteria for DISH need to be revised.

iffuse idiopathic skeletal hyper-

ostosis (DISH) was first de-

scribed by Forestier and Rotes-

Querol in 1950 in nine men with
an average age of 65 years [1]. The authors
presented radiographs and autopsy reports of
the subjects and defined the condition as “se-
nile ankylosing hyperostosis of the spine” to
distinguish it from ankylosing spondylitis
(AS), an inflammatory disease that primarily
affects younger patients [2]. It has since be-
come evident that this condition of calcifica-
tion and ossification of soft tissue, character-
istically at the paravertebral ligaments [3, 4],
is not confined to older men [5, 6], nor is it
limited to the spine [7]. The commonly ac-
cepted classification criteria for DISH for-
mulated by Resnick and Niwayama (hereaf-
ter referred to as “Resnick criteria™) [3] are
based on analysis of radiographs and require
flowing osteophytes in at least four contigu-

ous vertebrae of the thoracic spine. Although
the cause of DISH remains unclear, it is con-
sidered a noninflammatory condition, in con-
trast to the hallmark inflammation of the sac-
roiliac joints (SIJs) and the spine in AS [2].
The original Resnick DISH criteria strongly
emphasize the difference in SIJ involvement
between the two entities by completely ex-
cluding SIJ erosions, sclerosis, or bony fu-
sion for a positive diagnosis of DISH [3, 8].
Though this criterion was somewhat altered
later to allow for the presence of osteophytes,
osteoarthritis-related changes, and paraartic-
ular bony bridging [9], there still is a com-
mon misconception that SIJs are normal in
DISH. A literature review reveals only a
handful of articles describing SIJ involve-
ment in DISH, which nonetheless manage to
report conflicting findings. Indeed, although
Forestier and Rotes-Querol found no SIJ ab-
normalities in their original report [1, 10],
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others have noted calcinosis, osteophytes,
bridging, fusion, and ankylosis [11-13]. It
may be for that reason that relatively more
recent and inclusive DISH classification cri-
teria by Utsinger [14] do not include the lack
of SIJ disease.

Here, we performed a comprehensive
evaluation of the radiographic appearance of
SlJs of patients with DISH and control sub-
jects, on CT examinations, in an attempt to
clarify the issue of SIJ involvement and its
extent in DISH.

Materials and Methods

Archived records of all comers in a single tertia-
ry medical center who were incidentally found to
have DISH on lateral thoracic spine radiographs, as
per the Resnick spinal criteria, were retrieved, and
the institution’s PACS was searched for the pres-
ence of cervical, thoracic, lumbar, and pelvic CT
studies performed on these subjects. Only subjects
who fulfilled the Resnick criteria on thoracic spinal
CT (i.e., had at least four consecutive flowing os-
teophytes at the thoracic spine) and had an abdomi-
nal or pelvic CT examination that included the SIJ
in their entirety were included in this investigation.

The study was approved by the local ethics
committee. Informed consent was waived because
only imaging findings and demographics were ex-
tracted from the electronic records.

The PACS was used to identify sex- and age-
matched control subjects who had undergone CT
examinations of their entire spine and for whom
DISH was not apparent in the cervical, thoracic, or
lumbar spine. To exclude patients who may poten-
tially have DISH in early stages, patients who had
flowing osteophytes in two or more vertebrae any-

where along the spine were not included in the con-
trol group. Also excluded were patients or control
subjects with known AS, as well as patients with

Fig. 1—75-year-old man with diffuse idiopathic
skeletal hyperostosis. Axial CT image of sacroiliac
joints (S1Js) shows bilateral anterior bridging
(arrows). There is some iliac cortical irregularity with
subchondral cystsin right SIJ and no evidence of
intraarticular abnormality in left SIJ.
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spondyloarthritis-related inflammatory diseases,
such as inflammatory bowel disease and psoriasis.
The study group consisted of 104 subjects with
DISH (74 men and 30 women; mean [+ SD] age,
72.3 + 8.6 years), and the control group consisted
of 106 age- and sex-matched subjects (75 men and
31 women; mean age, 72.3 + 8.8 years). The same
cohort of patients with DISH and control subjects
was recently evaluated for the presence of pelvic
enthesopathy not including the SIJs [15], whereas
in the current study, the SIJs only were evaluated.
All CT studies were performed on the fol-
lowing CT scanners: Mx8000 Quad 4-MDCT,
Mx8000 IDT 16-MDCT, and Brilliance 40-
MDCT, 64-MDCT, and 128-MDCT (all from
Philips Healthcare) and 64-MDCT VCT Light-
Speed (GE Healthcare). Slice thickness was 0.6—
2.5 mm. Images were reconstructed in bone and
soft-tissue algorithms, reformatted in multiple
planes, and evaluated in the axial orientation.

CT Evaluation

Two readers, a musculoskeletal radiologist with
15 years’ experience in musculoskeletal CT read-
ing and a board-certified rheumatologist, retro-
spectively and in consensus evaluated pelvic CT
examinations of patients with DISH and control
subjects for the presence of anterior or posterior
bridging osteophytes (paraarticular), anterior or
posterior spurs, subchondral cystlike changes (de-
noted hereafter “subchondral cysts”), subchon-
dral sclerosis, intraarticular joint bridging or fu-
sion, and enthesopathy at the posterior ligaments
in the right and left SIJs. Readers were aware of
the subjects’ age and sex but were blinded to their
assigned group (DISH or control). For the evalua-
tion of intrareader reliability, two separate addi-
tional readings were performed by one of the read-
ers with a minimum interval of 2 months between
the readings, on a subset of 62 patients.

Fig. 2—74-year-old man with diffuse idiopathic
skeletal hyperostosis. Axial CT image of sacroiliac
joints (S1Js) shows bilateral entheseal bridging and
ankylosis (arrowheads). Anterior bridging of right
SlJ can also be detected. There is no evidence for
intraarticular SIJ abnormality.

Findings were defined as follows: an anterior
bridging osteophyte is a bony projection arching
over the anterior margin of the SIJ bridging the ili-
um and sacrum bones, but not involving the intraar-
ticular part of the joint. A posterior bridging osteo-
phyte is a bony projection arching over the posterior
margin of the SIJ bridging the ilium and sacrum
bones, but not involving the intraarticular part of
the joint. An anterior spur is a bony projection at
the anterior aspect of the SIJ that does not bridge
over the joint line. A posterior spur is a bony pro-
jection at the posterior aspect of the sacroiliac joint
that does not bridge over the joint line. Subchon-
dral cysts are small hypodense round lucencies in
the bone proximal to the cartilage on either side of
the joint line (sacrum or ilium). Subchondral scle-
rosis is increased bone density along either side of
the joint line (sacrum or ilium). Erosions involve lo-
cal cortical breakthrough and resorption at the SIJ
articular surface. Joint bridging or joint fusion is a
transverse bony projection within the SIJ connect-
ing the sacrum and ilium bones. An entheseal spur
is a bony projection at the posterior sacroiliac lig-
aments. Finally, entheseal bridging is a transverse
bony projection within the posterior sacroiliac liga-
ments connecting the sacrum and ilium bones.

The absence of any evaluable findings on either
side of the SIJs (right or left) was scored as 0. A
unilateral finding of anterior or posterior bridg-
ing osteophytes, subchondral cysts, subchondral
sclerosis, joint fusion, or entheseal bridging was
scored as 1. The bilateral presence of such find-
ings was scored as 2. Entheseal, anterior, and pos-
terior spurs were further scored according to size:
The presence of a unilateral small spur (defined as
a spur smaller than the SIJ space width) was scored
as 1, whereas the presence of a unilateral large spur
(defined as a spur equal to or larger than SIJ space
width) was scored as 2. The maximum score per
spur finding per patient was 4, bilaterally.

Fig. 3—84-year-old man with diffuse idiopathic
skeletal hyperostosis. Axial CT image of sacroiliac
joints (SIJs) shows right-sided intraarticular SI1J
ankylosis (arrowheads) as well as anterior bridging.
Left SlJ is intact.
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TABLE I: Distribution and Statistical Analysis of Sacroiliac Joint Findings on CT in Patients With Diffuse Idiopathic
Skeletal Hyperostosis (DISH) and Control Subjects

Mean Score (Percentage Prevalence) Positive Negative

ANOVA Odds Ratio | Sensitivity | Specificity | Predictive Predictive

Finding Patients With DISH | Control Subjects FValue (p) (p) (%) (%) Value (%) Value (%)
Anterior bridging 0.57 (48) 0.12(9) 26.20(<0.001) | 9.1(<0.0001) 48.5 90.6 83.3 64.4
Posterior bridging 0.32(20) 0.02(1) 16.47 (<0.001) | 26.9(0.002) 20.4 99.1 95.5 56.2
Anterior spur 1.58(76) 1.12(72) 6.52(0.011) 1.3(0.410) 76.7 28.3 51.0 55.6
Posterior spur 1.00(43) 0.92(52) 0.29(0.589) 0.7(0.185) 42.1 48.1 44.4 46.4
Joint fusion 0.28(23) 0.00(0) 15.74(<0.001) | 31.9(0.001) 233 99.1 96.0 57.1
Subchondral cyst 0.25(19) 0.27(22) 0.07 (0.800) 0.9(0.684) 19.4 78.3 46.5 50.0
Entheseal bridging 0.43(34) 0.02(4) 25.97 (<0.001) | 13.1(<0.001) 34.0 96.2 89.7 60.0
Entheseal spur 0.15(12) 0.00(0) 8.67(0.004) 29.1(0.020) 1.7 100.0 100.0 53.8
Erosion 0.05(4) 0.02(2) 1.23(0.269) 2.1(0.397) 39 98.1 66.7 51.2
Subchondral sclerosis 0.70 (40) 0.75(45) 0.10(0.747) 0.8(0.511) 40.8 54.7 46.7 48.7

Statistical Analysis

Data were analyzed with Statistica (version 10,
StatSoft). A multivariate ANOVA was applied to
examine the degree of difference (i.e., F value)
between patients with DISH and control subjects
[16]. The higher the F value, the greater the differ-
ence between the DISH and control groups with
respect to each type of finding examined. The
smaller the p value, the more significant the ob-
served difference between the two groups. A p <
0.001 was chosen, meaning that the probability
that the results are inaccurate is less than 0.1%;
hence, their accuracy is greater than 99.9%.

Logistic regression analysis was used to gener-
ate odds ratios [17]. In addition, a ROC analysis
was conducted to examine the sensitivity, specific-
ity, positive predictive value, and negative predic-
tive value of the results for each observed finding
[18]. This analysis assesses the likelihood that the
observed differences between patients with DISH
and the control subjects are indeed significantly
associated with DISH.

Intraclass correlation coefficients (ICCs) were
calculated for intraobserver reliability by the two-
way random ANOVA for absolute agreement. The
p value for ICC is presented. A p < 0.05 was con-
sidered to be statistically significant. ICC values
were interpreted as follows: 0—0.2 denotes poor
agreement, 0.3—-0.4 denotes fair agreement, 0.5—
0.6 denotes moderate agreement, 0.7-0.8 denotes
strong agreement, and greater than 0.8 denotes al-
most perfect agreement.

Results

Pelvic CT examinations of a total of 210
individuals (149 men and 61 women; mean
age, 72.3 + 8.7 years; age range, 50-94 years)
were evaluated. No significant demograph-
ic differences were found between the study
and control groups.
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Intrareader reliability for the evaluated SIJ
findings was fair to excellent (ICC = 0.5-0.9;
p < 0.01). With respect to each of the eval-
uated SIJ findings, there was no significant
difference between men and women (data
not shown). Distribution of the different SIJ-
detected features in the DISH and control
groups is shown in Table 1.

Anterior and posterior bridging (Fig. 1),
entheseal bridging (Fig. 2), and joint fusion
(Fig. 3) of the SIJ were detected significantly
more frequently in patients with DISH com-
pared with control subjects. These findings
were of highest discriminatory factor with
p < 0.001, specificity greater than 90%, and
positive predictive value greater than 83%.
Anterior bridging was the most robust dis-
criminatory finding between the groups.

Anterior spurs were a common occur-
rence among both groups, with large anteri-
or spurs more frequent in patients with DISH
than in control subjects (44 vs 32 spurs; p >
0.05). Additional SIJ findings that were not
significantly different between groups were
posterior spurs, subchondral cysts, and sub-
chondral sclerosis.

Although entheseal spurs and erosions
were more frequent among patients with
DISH than control subjects and their posi-
tive predictive value (100% for entheseal
spurs and 66.7% for erosions) and specificity
(100% for entheseal spurs and 98.1% for ero-
sions) were remarkably high, their sensitiv-
ity for the detection of DISH was quite low.

Discussion

In this study, we evaluated the SIJs on
pelvic CT examinations for the presence of
multiple pathologic features in patients with
DISH and in age- and sex-matched control

subjects without DISH. We have shown that
SIJ fusion, anterior and posterior bridging,
and entheseal bridging occur significant-
ly more frequently in subjects with DISH
compared to those without DISH. More-
over, these features can be used to charac-
terize patients with DISH and to distinguish
them from subjects who do not have DISH.
The presence of joint bridging and fusion in
DISH, similar to that seen in patients with
AS, stands in bold contrast to this exclusion
criterion of the Resnick DISH classification
criteria and challenges the notion that such
SIJ intraarticular involvement rules out the
diagnosis of DISH [3, 9].

Dar et al. [12] studied 2845 skeletons and
discovered that 12.27% of all male skeletons
and 1.83% of all female skeletons had some
degree of SIJ bridging, emphasizing that this
is not an uncommon occurrence. In their
study, the diagnosis of those individuals with
S1J bridging was not indicated, though it was
significantly age and sex dependent, and oc-
curred predominantly at the superior aspect
of the joint. In a different study of 289 male
skeletons [9], the same group observed a
strong association between SIJ bridging and
general entheseal reaction. In that study, in-
dividuals with SIJ bridging were three times
more likely to have DISH rather than spon-
dyloarthropathy, strongly supporting the
finding of our current study.

The presence of SIJ fusion or ankylosis
may, in some individuals, pose a diagnostic
dilemma in distinguishing between DISH
and AS, an inflammatory disease of which
enthesitis of the spine and SIJs is a hallmark.
Such a dilemma also arises in cases in which
a combination of syndesmophytes and bridg-
ing osteophytes occurs concomitantly in the
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same patient [19]. The presence of SIJ fu-
sion in patients with DISH and in those with
AS may also suggest that the diseases have
a similar pathogenetic route that leads to an
inflammatory-related enthesitis in young-
er individuals, perhaps in association with a
genetic background of human leukocyte an-
tigen B27 positivity, and to a more mechani-
cally related enthesopathy in older patients.

Although the pathogenesis of DISH is
poorly understood, it is clear that entheseal
and ligamentous ossification, osteophyte for-
mation, and, finally, bone bridging and an-
kylosis are a continuum [20]. We also know
that this excessive and robust enthesopa-
thy in DISH is not limited to the spinal col-
umn but is evident in the peripheral joints as
well [7, 15, 21, 22]. Given that SIJ anterior
and posterior bridging occur at the entheseal
sites and that the SIJ itself is considered by
some to be a unique type of entheses [23, 24],
our robust findings in and around the SIJs in
patients with DISH are in concert with the
excessive enthesopathy detected elsewhere
in this group.

Spinal flowing osteophytes are considered
the hallmark of DISH and are included in
the diagnostic criteria [3], as well as extra-
spinal manifestations [14]. We have currently
shown that typical SIJ changes are also pres-
ent. However, the sequence in which bone is
formed into spinal osteophytes and extraspi-
nal enthesophytes is not clear. Thus, poten-
tially, SIJ or entheseal DISH-related find-
ings may develop before the typical spinal
findings in patients with DISH. If this the-
ory would be prospectively substantiated, a
change in the current diagnostic criteria may
be warranted.

Our study limitations include the relatively
small sample size and the retrospective and ob-
servational cross-sectional nature of the study,
as opposed to a longitudinal study. Larger pro-
spective studies are needed to substantiate our
results and to determine whether such SIJ find-
ings may be used to predict the development of
DISH in a particular individual.

In conclusion, the results of the current
study suggest that CT findings of SIJ fusion,
anterior and posterior bridging, and enthe-
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seal fusion are discriminative and specific
for the diagnosis of DISH. The convergence
of these highly significant findings would ap-
pear to justify the consideration to include
them as criteria for the differential diagno-
sis of DISH.
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