REVIEWS

Diffuse idiopathic skeletal hyperostosis:
clinical features and pathogenic mechanisms

Reuven Mader, Jorrit-Jan Verlaan and Dan Buskila

Abstract | Diffuse idiopathic skeletal hyperostosis (DISH) is a systemic condition characterized by the
ossification and calcification of ligaments and entheses. DISH is observed on all continents and in

all races, but most commonly in men over 50 years of age. Although DISH is asymptomatic in most
individuals, the condition is often an indicator of underlying metabolic disease, and the presence of spinal
or extraspinal ossifications can sometimes lead to symptoms including pain, stiffness, a reduced range of
articular motion, and dysphagia, as well as increasing the risk of unstable spinal fractures. The aetiology
of DISH is poorly understood, and the roles of the many factors that might be involved in the development
of excess bone are not well delineated. The study of pathophysiological aspects of DISH is made difficult
by the formal diagnosis requiring the presence of multiple contiguous fully formed bridging ossifications,
which probably represent advanced stages of DISH. In this Review, the reader is provided with an up-to-
date discussion of the epidemiological, aetiological and clinical aspects of DISH. Existing classification
criteria (which, in the absence of diagnostic criteria, are used to establish a diagnosis of DISH) are also
considered, together with the need for modified criteria that enable timely identification of early phases in

the development of DISH.
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Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is a
poorly understood, systemic condition characterized by
progressive calcification and ossification of ligaments
and entheses. Although the first description of DISH (by
Forestier and Rotes-Querol using the dated term ‘anky-
losing hyperostosis’) dates back to 1950," a large body of
evidence shows DISH to be of more ancient origin.? The
formal diagnosis of DISH is established when simple
descriptive morphological abnormalities of the thoracic
spine are observed radiologically (Figure 1). Several
names have been previously proposed for the collection
of these features, including senile vertebral ankylos-
ing hyperostosis, spondylitis deformans, spondylosis
hyperostotica and spondylitis ossificans ligamentosa.’
However, the generally accepted current name—diffuse
idiopathic skeletal hyperostosis—better reflects the
systemic nature of the condition and the paucity of
knowledge regarding its aetiology.

Because DISH is a largely asymptomatic condition,
with most affected individuals not aware of its presence,
it has not received much attention from clinicians and
researchers. In addition, some studies have suggested that
DISH is of little clinical relevance.* Increasing evidence,
however, shows DISH to be an indicator for a number
of pathological conditions. The presence of DISH may
indicate underlying metabolic derangement and is
associated with cardiovascular disease.” Moreover, as a
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direct consequence of DISH, bone depositions may lead
to biomechanical changes of the musculoskeletal system
and/or the formation of obstructive cervical masses.®”
In this Review, the current understanding of DISH is
discussed with a special focus on epidemiology, aeti-
ology, clinical manifestations and treatment options.
Furthermore, the present criteria for the definition of
DISH are scrutinized, and suggestions for a new and
improved version proposed.

Epidemiology

Historical notes

Macroscopic examinations of skeletal remains from
humans living in medieval and more ancient times
show DISH to be particularly prevalent in individuals
of high social status, even when taking into account
the longevity of elite groups.®® Features suggestive
of DISH have also been found in the skeleton of the
Egyptian pharaoh Ramses II and in Neanderthals living
50,000 years ago.'®!! Factors suggested to have contrib-
uted to the development of DISH in privileged ancient
individuals include a protein-rich diet, sedentary work
and obesity.'? The marked prevalence of DISH in medi-
eval clergymen prompted some authors to relate the
development of DISH to ‘a monastic way of life’ and
view it as an ‘occupational disease’'>'* However, as cri-
teria to establish the diagnosis of DISH have not always
been applied uniformly (currently the classification
by Resnick et al.® from 1976 is most commonly used
to define the disease), some caution is advised when
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Key points

= Diffuse idiopathic skeletal hyperostosis (DISH) is characterized by entheseal
ossification and/or calcification involving mainly the thoracic spine

= Peripheral joints and adjacent entheses can also be involved

= The pathogenesis of DISH is not clear, but several factors may promote the
differentiation of mesenchymal cells into bone-forming cells

= DISH is often associated with a variety of metabolic derangements, which may
increase cardiovascular morbidity

= Patients with DISH also have an increased risk of complicated spinal fractures,
with associated morbidities

Figure 1 | The characteristic radiological features of DISH.
a | Right-sided flowing osteophytes connecting thoracic
vertebrae. b | Ossification of the anterior longitudinal
ligament. Abbreviation: DISH, diffuse idiopathic

skeletal hyperostosis.

comparing the results from older studies. Some histori-
cal studies tentatively link DISH to physical impairment,
although these reports must be regarded as of mainly
anecdotal value.>'®

Modern era

Epidemiological data published in the past three decades
show DISH to be most prevalent in developed coun-
tries,'¢ although this apparent predominance might be
due to the more frequent use of advanced radiological
examinations in these countries than in others. The
condition is unequally distributed between males and
females (in a ratio of ~2:1), and its prevalence rapidly
increases with age.”” In an epidemiological outpatient
study, Weinfeld and colleagues found the prevalence of
DISH in patients over 50 years of age to be 25% for males
and 15% for females.® A study aiming to find the preva-
lence of DISH in the Netherlands by screening 501 chest
radiographs obtained for unrelated medical conditions
corroborated these results (17% of the individuals over
the age of 50 years in this study had DISH) and demon-
strated that male gender and advancing age increase the
probability of the development of DISH.!” Although
DISH is more frequently observed in Western societies

than elsewhere, publications have confirmed its presence
across all continents (Antarctica excluded).”

As the natural course of DISH is typically benign,
most individuals affected do not seek medical help, and
the diagnosis is often established during the work-up for
other medical conditions." A reliable estimation of the
prevalence of DISH for a general population is therefore
not possible. Despite this lack of definitive baseline data,
some researchers predict a steep increase in the preva-
lence of DISH in Western countries, owing to the wide-
spread presence of risk factors for its development,
notably obesity, diabetes mellitus, hypertension and
increased life expectancy.?**!

Clinical manifestations

Spinal involvement

Radiological characteristics

DISH is a condition that mainly affects the elderly popu-
lation. DISH has some peculiarities that allow its charac-
terization as a distinct clinical entity and differentiate
it from spondylosis.? First, unlike spondylosis, DISH
frequently (and to date by definition) involves the tho-
racic spine, which is not usually involved in spondylosis
until late stages. Second, the intervertebral disc height
is usually preserved in patients with DISH, whereas it is
reduced in individuals with spondylosis.’ These differ-
ences are probably a result of the different targets of the
pathological processes. Indeed, in spondylosis, the main
target is the cartilage of the intervertebral discs, whereas
in DISH the target is the enthesis (with sparing of the
intervertebral discs).** Third, the osteophytes in spon-
dylosis are usually transverse, whereas the osteophytes in
DISH are coarse, vertical and bridging. Last, involvement
of the mobile cervical and lumbar spine in spondylosis is
usually limited to the lower portions of these segments,
whereas in DISH the involvement is more extensive
and can be associated with various complications.?**
Intervertebral disc lesions are as frequent in patients with
DISH as in patients with other conditions; however, they
tend to occur at an earlier age in patients with DISH.*

Pain and impaired mobility

Whether the radiographic spinal features of DISH
described above result in clinical symptoms remains a
matter of controversy, to the extent that some clinicians
have considered DISH to be a state and not a disease.”
DISH was reported to be associated with morning stiff-
ness and spinal pain in over two-thirds of 200 patients
with the condition. In addition, a reduced range of
motion was described in nearly half of 21 patients.?®?
Furthermore, a study that examined the clinical features
of DISH reported that the degree of pain and disability
in these patients was higher than in healthy individuals,
and was similar to that of patients with spondylitis.*® By
contrast, another study reported that the radiological
findings of DISH are not associated with an increased
frequency of pain and, in the absence of complications,
have no clinical relevance.* In addition, a study of self-
reported back pain in individuals with and without
DISH suggested that the frequency of pain was actually
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reduced in patients with DISH." It was shown, how-
ever, that 87 patients with DISH had more soft tissue
tenderness and a lower functional status than 65 control
patients without DISH.*

The abundance of new bone formation that occurs
in DISH might be responsible for stiffening of the spine
(and of peripheral joints; see below) to the extent that
patients with DISH can assume the stooped postural
abnormalities typically observed in ankylosing spondy-
litis (AS), which can lead to an erroneous diagnosis of AS
instead of DISH.* Interestingly, both DISH and AS are
characterized by ossification of spinal entheses, and the
mean yearly rate of progression of new bone formation
in patients with DISH, in the cervical and lumbar spine,
is similar to that of patients with AS.**

Although the thoracic spine is characteristically
affected by DISH, the spinal involvement of the condi-
tion is not limited to this region. Indeed, large protrud-
ing cervical enthesophytes can develop in patients with
DISH, and can cause severe complications, such as dys-
phagia, myelopathy, aspiration pneumonia, oesophageal
obstruction, stridor, hoarseness and thoracic outlet syn-
drome.? Such enthesophytes can also make endotracheal
and endoscopic procedures difficult.”> In the lumbar
spine, the large enthesophytes can be bilateral and,
together with the excessive bone formation, can result
in spinal stenosis.*** Spinal stenosis can manifest itself
as cervical myelopathy or lumbar radiculopathy, often
with radicular claudication.

Fracture risk
The presence of deformable and articulating structures in
spinal segments (that is, the intervertebral disc and facet
joints) enables the healthy spinal column to flex, extend
and rotate in reaction to muscle contractions and exter-
nal force. The energy experienced during a traumatic
impact is normally distributed over multiple mobile seg-
ments, and luxations (dislocations) of the spine are there-
fore rare occurrences.” In the ankylosed spine, however,
energy cannot be distributed over multiple levels and, as
a consequence, the spinal column in patients with DISH
may fracture in a pattern similar to that observed in a
long bone.* The number of consecutively fused spinal
levels determines the length of the ‘lever arm’ on which
traumatic forces can act. Long lever arms can lead to
grossly displaced spinal fractures after a relatively minor
trauma, such as a fall from a standing or sitting position
or a low-speed motor vehicle collision (Figure 2).%
Besides displacement of spinal fractures, several
studies have demonstrated that patients with fractures of
the ankylosed spine (due to DISH or AS) have a twofold
to fivefold higher risk of neurological deficits on hospital
admission than patients with non-ankylosed spine frac-
tures.’’~* Furthermore, patients admitted with fractures
of the ankylosed spine were shown to have two times
as many secondary neurological deficits (often due to a
fajlure to recognize the presence of a fracture or a fajlure
to properly immobilize the fractured spine), almost two
times as many complications, and a threefold to five-
fold increase in mortality rate.***! Therefore, in patients

Figure 2 | A typical spinal fracture in a patient with DISH.
The sagittal computed tomography image of the thoracic
spine of a 68-year-old female victim of a traffic accident
shows ossification of the anterior longitudinal ligament and
a hyperextension-type fracture. Abbreviation: DISH, diffuse
idiopathic skeletal hyperostosis.

screened for traumatic injuries of the spinal column,
however minor, the presence of spinal ankylosis on
radiographs (due to AS or DISH) should lead to a high
index of suspicion for unstable fractures, loss of function
and an increased risk for unfavourable outcome.

Extraspinal involvement

The manifestations of DISH are not limited to the spine,
and peripheral joints and entheses are often affected.****
Indeed, entheseal ossification and/or calcification in the
proximity of peripheral joints, for example in tendons,
ligaments and the joint capsule, can be observed in
patients with DISH. Owing to the age of the affected
populations, DISH commonly coexists with osteo-
arthritis (OA), which is characterized by joint-space nar-
rowing, subchondral sclerosis and osteophyte formation.
However, it has been suggested that the involvement of
peripheral joints that are commonly affected by OA is
characterized in DISH by more prominent hypertrophic
changes than those observed in OA, which leads to a
reduced range of motion in these joints. Furthermore,
OA-like changes associated with DISH can involve
joints not usually affected by OA, such as the meta-
carpophalangeal joints, elbow, shoulder and ankle.***-*
These features probably result from the ossification and
calcification of entheses adjacent to joints.
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One unanswered question is what effect these changes
have on the clinical presentation of DISH. It could be
assumed that damaged joints with OA-like lesions will
be painful. However, few controlled studies have been
conducted to assess pain in hyperostotic peripheral joints,
and they have yielded conflicting results. For example,
elbow pain was only slightly more prevalent in patients
with hyperostosis of the elbow (n=48) than in controls
without elbow hyperostosis (1 =24); thus, this radiologi-
cal finding was considered to be of questionable clinical
relevance.! By contrast, the same group of investigators
concluded that shoulder hyperostosis in patients with
DISH is a potential cause of pain.** Thus, although the
clinical impact of hyperostosis in peripheral joints is not
yet clear, limited range of motion and pain in OA-atypical
sites may draw attention to the possibility of DISH.

As mentioned above, calcification and ossification of
peripheral entheses, such as those in the heel, ribs and
pelvis, have been frequently observed in patients with
DISH.***” Although some physicians have suggested the
inclusion of symmetrical large enthesophytes in the clas-
sification of DISH, no studies have validated this pro-
posal.’>? The clinical significance of these enthesopathies
is not clear, although in our experience the entheses can
become tender and swollen. In a comparison of abnor-
malities at 14 pelvic sites in patients with DISH (n=93)
versus patients with moderate to severe spondylosis, ossi-
fication of the iliolumbar, sacrotuberous, and sacroiliac
ligaments, with enthesophytic overgrowth at the lesser
trochanter, proved to be significant in distinguishing
between these entities.*®

Heterotopic ossification

Reflecting the systemic bone-forming nature of the
disease, patients with DISH have a greater propensity
than control individuals to develop heterotopic ossi-
fications in response to local events, including joint
replacement surgery.** In some cases, these ossifications
can impair the proper functioning of the affected joint,
and prophylactic treatment with irradiation or NSAIDs
is indicated in these patients. It is currently not known
what causes the formation of heterotopic ossifications,
although some physicians have speculated, having
observed the reoccurrence of these ossifications after
surgical resection, that the surgical trauma itself induces
ossification through as yet unknown pathways.*’

Aectiology and pathogenesis

The aetiology and pathogenesis of DISH are far from
clear. However, DISH has to be considered a bone-
forming disease. Indeed, the hallmark of the condition is
new bone formation, in bones and especially in entheses.
The enthesis is composed of fibroblasts, chondrocytes,
collagen fibres and calcified matrix; these components
might be influenced by various mediators that can
promote new bone formation in these sites.

Genetic factors
The variation in the prevalence of DISH throughout the
world suggests that genetic factors might play a part in its

pathogenesis. Moreover, familial clustering of the condi-
tion and early onset (in the third decade of life) in some
affected families have been observed, which are also
suggestive of a genetic contribution to the disease.”"!
Studies in dogs have revealed the overall prevalence of
canine DISH to be 3.8%, whereas in the Boxer breed it is
>40%, which further supports the existence of a genetic
component in the risk of developing DISH.* So far,
however, only one potential susceptibility gene (namely
COL6A1, which encodes type VI collagen a chain) has
been identified.

Single nucleotide polymorphisms in COL6A1 have
been reported in Japanese but not Czech patients with
DISH.**** COL6A1 is also a known susceptibility gene
for ossification of the posterior longitudinal ligament
(OPLL), a disorder that is closely associated with and
can coexist with DISH. OPLL usually involves the cervi-
cal spine and, similarly to DISH, it affects the elderly,
more often males, and has been reported to be associated
with low glucose tolerance and obesity.® Nonetheless,
the association between COL6A I variants and DISH was
stronger among patients with DISH without OPLL than
in patients with concomitant DISH and OPLL, suggest-
ing that OPLL associated with DISH might differ from
the common form of isolated OPLL.

The protein encoded by COL6A1I, type VI collagen a
chain, is an extracellular matrix protein that might serve
as a scaffold for osteoblastic or pre-osteoblastic cells or
chondrocytes that subsequently proceed to membra-
nous or endochondral ossification.* Thus, although the
effects of COL6A 1 variants on bone metabolism have not
been elucidated, it has been suggested that this protein
might be involved in ectopic bone formation in DISH
and OPLL.

Metabolic factors

Although DISH is a musculoskeletal condition, it has
to be viewed as a systemic disease and has often been
linked to metabolic and constitutional factors, many of
which form part of the metabolic syndrome.’ Indeed,
DISH has been reported to be associated with obesity,
high waist-to-hip circumference ratio, dyslipidemia,
hypertension, glucose intolerance, type 2 diabetes,
hyperuricaemia, hyperinsulinaemia and possibly ele-
vated growth hormone and insulin-like growth factor 1
(IGF-1) levels.>*** Owing to these metabolic derange-
ments, patients with DISH have an increased likeli-
hood of being affected by metabolic syndrome and an
increased risk for the development of coronary artery
disease and stroke.>*

Excess body weight has been reported in patients with
DISH since the early description by Forestier,' and this
finding has been reiterated in other studies.’**®* More-
over, DISH has been associated with type 2 diabetes,*
although other investigators have questioned the asso-
ciation.®* Both excess body weight and type 2 diabetes
are often accompanied by hyperinsulinaemia, which has
also been reported in patients with DISH.36-5865-67 Insulin
has been shown to promote the differentiation of mesen-
chymal cells into chondrocytes in vitro,*® suggesting that
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hyperinsulinaemia might induce chondrogenesis and
possibly subsequent ossification in ligaments (Figure 3).%

Growth hormone and IGF-1

Growth hormone has the ability to promote bone
formation, either directly by stimulating osteoblast
proliferation or indirectly by promoting local IGF-1
production.®** IGF-1 mediates the actions of growth
hormone on bone by stimulating the proliferation of
fibroblasts and chondrocytes.” A study of 55 patients
with DISH, who were matched for age, sex, race, height
and weight to 54 control individuals and 63 patients
with OA, suggested that patients with DISH have a sta-
tistically significant increase in serum levels of growth
hormone compared with controls, but similar levels to
patients with OA.>” Patients with DISH also have higher
growth hormone levels in their synovial fluid than in
their serum.” Intra-erythrocyte growth hormone levels
might also be higher than serum levels, although it is
not clear whether the transport and release of growth
hormone by erythrocytes affects bone physiology.”>”
Nonetheless, the anterior longitudinal ligament and
the vertebral bodies in DISH have been shown to have
increased markers of vascular supply (increased numbers
of nutrient foramina), and thus it has been suggested
that increased amounts of various growth factors, such
as growth hormone, might be transported to these sites.

Vitamin A

Similarly to growth hormone, vitamin A and its deriva-
tives have the ability to promote new bone forma-
tion. However, whether vitamin A has a role in the
pathogenesis of DISH is controversial. Nonetheless,
several studies have reported higher vitamin A levels in
patients with DISH or have observed DISH-like mani-
festations in young patients treated with vitamin A or
its derivatives.”"

Signalling pathways

Wnt signalling

In recent years, the Wnt—p-catenin pathway has emerged
as an important regulator of many aspects of bone and
joint physiology. In particular, this pathway induces bone
formation, both by diverting the differentiation of mes-
enchymal cells away from chondrocytes and adipocytes
towards osteoblasts and by inhibiting osteoblast apopto-
sis and osteoclastogenesis. Wnt signalling can be inhib-
ited by the endogenous secreted protein Dickkopf-related
protein 1 (DKK-1; also known as Dickkopf-1), the levels
of which have been investigated in patients with DISH.
A small cross-sectional study failed to show differences
in DKK-1 levels between people with DISH and healthy
individuals.”” However, low DKK-1 levels might have a
role in the development of extensive bony spinal bridges
in a subset of patients with DISH (Figure 3).75-%

NF«xB signalling

Nuclear factor kB (NFkB) regulates the expression of
several genes that are involved in the growth and division
of cells, and regulates the differentiation of multipotent
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Figure 3 | Suggested factors that promote entheseal calcification and ossification
in DISH. GH promotes osteoblastic differentiation and/or proliferation either

directly, or indirectly by promoting IGF-1 production. NFkB a

ctivity is stimulated

by PDGF-BB and TGF-p1 and promotes soft tissue ossification. ET-1 and PGI2
may promote osteoblastic differentiation. Low DKK-1 levels enhance the
activity of the Wnt—p-catenin pathway, which induces osteoblastic differentiation

and/or proliferation. MGP deficiency increases BMP2 activ

ity, leading to the

differentiation of mesenchymal cells into chondrocytes and fibroblasts, which may
calcify. Insulin induces chondrogenesis and ossification. Abbreviations: BMP2,
bone morphogenic protein 2; DISH, diffuse idiopathic skeletal hyperostosis;
DKK-1, Dickkopf-related protein 1; ET-1, endothelin 1; GH, growth hormone;

IGF-1, insulin-like growth factor 1; MGP, matrix Gla protein; NFkB, nuclear factor
«B; PDGF-BB, platelet-derived growth factor BB; PGI2, prostaglandin 12; TGF-p1,

transforming growth factor p1.

cells. In ligament mesenchymal cells, activation of NFkB
is associated with osteoblastic differentiation.®' The
activity of NFkB can be stimulated by growth factors
such as platelet-derived growth factor BB (PDGF-BB)
and transforming growth factor f1 (TGF-B1); higher
levels of these factors were observed in non-ossified liga-
ment tissue from patients with DISH and/or ossification
of the spinal ligaments than in tissue from patients with
other spinal conditions.®! This study also found increased
alkaline phosphatase (ALP) activity in the ligament cells
from patients with DISH and/or ossification of the spinal
ligaments following in vitro culture, reflecting the matu-
ration of these cells into osteoblasts.®! These findings hint
at a possible role for growth factor-induced NF«B signal-
ling in the promotion of soft tissue ossification, although
further studies are needed to confirm the relevance of the
observed associations. Interestingly, both TGF-f1 levels
and PDGF-BB signalling might be increased in type 2
diabetes,**%* which might in part explain the association
between type 2 diabetes and DISH.

BMP2 signalling

Bone morphogenic protein 2 (BMP2) and its receptors
participate in the ligamentous ossification process by
inducing the differentiation of mesenchymal cells into
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Table 1 | Suggested main diagnostic features of DISH

Number of vertebrae
connected by bony bridges

Definition

Peripheral enthesopathies

SlJ involvement

Resnick and Niwayama?® 4 in the thoracic spine

Arlet and Mazieres®® 3 in the lower thoracic spine

Utsinger®®

Definite DISH 4 in the thoracolumbar spine
Probable DISH 2 in the thoracolumbar spine
Possible DISH 2 in the thoracolumbar spine

Not required

Not required

Not required
Bilateral enthesopathies
Not required

Not involved

Ossification in the vicinity
of the SlJ allowed

Involvement of the SlJ is
not an exclusion criterion

None Symmetrical enthesopathies preferably
in >2 anatomical sites

Rogers and Waldron'4 3 in the thoracic spine

Peripheral calcification or ossification

No reference

of ligaments and/or entheses

Abbreviations: DISH, diffuse idiopathic skeletal hyperostosis; SlJ, sacroiliac joint.

fibroblasts and chondrocytes and by increasing ALP
activity (Figure 3).3%% The activity of BMP2 is inhibited
by matrix Gla protein (MGP), and therefore deficiency
of MGP or its defective carboxylation increases levels of
active BMP2, with resultant excess new bone forma-
tion.®"*¢ Upregulation of the expression of BMP2 and
BMP4 mRNA has been observed following mechanical
stress in spinal ligament cells from patients with OPLL,*”
and thus it is possible that this pathway might also be
involved in the ossification process in DISH.

PGI2 and endothelin 1

Prostaglandin I2 (PGI2) is a potent inhibitor of bone
resorption, and endothelin 1 is a potent vasoactive
peptide that might regulate ectopic calcification of the
vasculature. Besides its endothelial expression, endo-
thelin 1 is reportedly expressed in osteocytes, osteoblasts
and osteoclasts, and it may regulate the proliferation of
these cells.***° In vitro studies of cells harvested during
surgery from patients with OPLL and from control
individuals showed that mechanical stress on OPLL
cells can enhance the production of PGI2 and endo-
thelin 1.5%% Both of these molecules can induce, through
various mechanisms, ALP activity and osteogenic
differentiation in spinal ligament cells. Endothelin 1 can
exert its activity directly by increasing the expression of
osteogenic marker genes, such as those encoding ALP,
type I collagen and osteocalcin. Furthermore, it can act
indirectly by upregulating PGI2 expression (Figure 3).5%%
It has been speculated that endothelin 1 and PGI2 might
have roles in the pathogenesis of DISH, although this
hypothesis awaits confirmation.

Vascular and mechanical factors

One of the intriguing questions about DISH is the predi-
lection for ossification of the anterolateral aspect of the
thoracic spine. Interestingly, involvement of the left side
of the thoracic spine has been described in a few case
reports of patients with a right-sided aorta, suggesting
that aortic pulsations prevent the characteristic enthe-
seal calcification and ossification observed in DISH.”! In
addition, the limited mobility of the thoracic spine has
been suggested to be responsible for the predilection to

this segment of the spine. However, a lack of mobility
cannot explain the involvement of more mobile seg-
ments, such as the cervical or lumbar spine, and further
studies are needed to solve this discrepancy.

Peripheral mechanisms

Mechanisms that underlie the pathogenesis of hyper-
trophic OA-like changes in peripheral joints and the
involvement in DISH of peripheral joints not typi-
cally affected in primary OA have not been elucidated.
Beyond the hyperostotic processes described above, it
has been suggested that these manifestations of DISH
might result from stiffening of capsules and ligaments
around the joints and, as a result, increased intra-
articular pressure.”” Further research will be needed to
confirm this hypothesis, as well as to elucidate the spinal
mechanisms of ossification, if we are to fully understand
the pathogenesis of DISH.

Diagnosis

Classification criteria

Several sets of classification criteria have been proposed
for DISH (Table 1). The 1976 Resnick and Niwayama
criteria’® require either ‘flowing’ coarse osteophytes
connecting at least four contiguous vertebrae or ossi-
fication of the anterior longitudinal ligament, together
with preserved intervertebral height and an absence of
apophyseal joint or sacroiliac joint (SIJ) involvement.?
In 1985, Arlet and Mazieres®® lowered the threshold
for the number of vertebrae bridged by flowing osteo-
phytes to three vertebrae in the lower thoracic spine. In
their criteria, ossifications in the vicinity of the SIJ or
iliolumbar ligament are allowed, as long as the SIJ
surface is not involved.” Also in 1985, Utsinger further
extended the classification criteria to include peripheral
enthesopathies.?® Using these criteria, a definite DISH
diagnosis can be established when thoracolumbar ossi-
fication of at least four contiguous vertebrae is present;
a probable diagnosis can be considered when two con-
tiguous vertebrae are involved and bilateral peripheral
enthesopathies are also observed; and a possible diagno-
sis can be considered either when two contiguous verte-
brae are involved or when symmetrical enthesopathies
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are observed in the absence of spinal involvement (in
particular when they affect more than one anatomical
site). The probable and possible categories may iden-
tify sets of patients who are more likely to have DISH
or develop DISH later on in life, although currently
there is no known established practical approach to
the management of these patients. The exclusion cri-
teria proposed by Utsinger were abnormal disc space
height and apophyseal joint ankylosis.”® Another set
of classification criteria was suggested by Rogers and
Waldron." Again, the mandatory criteria for the diagno-
sis of DISH were right-sided hyperostosis of the thoracic
vertebrae associated with extraspinal and/or entheseal
calcification and ossification (Table 1).1* A study of the
human skeletal remains of 253 individuals found dif-
ferences in the prevalence of definite DISH depending
on the criteria used. The prevalence ranged from 5.5%
by the Resnick criteria to 17% by the Rogers criteria.
The extraspinal enthesophytes were found to be unreli-
able in predicting DISH.? None of the criteria sets used
so far attempted to incorporate the constitutional and
metabolic derangements reported in DISH.

Differential diagnosis

Owing to inconsistencies in the literature and a paucity
of well-designed studies, no agreement has been
reached regarding the incorporation of clinical symp-
toms, extraspinal manifestations or associated con-
stitutional and metabolic conditions in the diagnosis
of DISH.”* Other diseases that exhibit excessive bone
formation and entheseal involvement should be consid-
ered before a diagnosis of DISH is established. Being a
disease most commonly observed in elderly individuals,
DISH may frequently coexist with spondylosis and OA.
Distinguishing between these entities is not always easy
but can be achieved by considering the different spinal
and extraspinal manifestations (see above). DISH also
shares features with AS, including a tendency for ossi-
fication of ligaments and entheses, although in AS this
process is thought to occur through different, inflam-
matory mechanisms. DISH can be distinguished from
AS by the absence of SIJ involvement, the appearance
and angle of projection from the vertebrae of the osteo-
phytes or syndesmophytes, the older age at presentation,
the absence of apophyseal joint obliteration, the lack of
association with HLA-B27 and the lower degree of pain
and discomfort.®%*

Treatment

Approach to management

Data regarding therapeutic interventions in DISH are
very limited. Although patients with DISH are presum-
ably included in OA therapeutic trials, no reported thera-
peutic studies have specifically focused on this group of
patients. Interventions aimed at preventing the condi-
tion or arresting its progression are hampered by the long
time period required for the development of the ver-
tebral bony bridges. It has been suggested that it takes
approximately 10 years from the start of the ossification
to its full radiological expression.’® In this regard, the

Box 1 | Suggested therapeutic interventions in DISH

Weight reduction and physical activity

Physical therapy

= Diet low in saturated fat and carbohydrate

Instruction in joint-protection techniques

Entheseal protection and local corticosteroid infiltration
Local application of NSAIDs or capsaicin

= Analgesics

Systemic NSAIDs

= Avoidance of thiazide diuretics and B-adrenergic
antagonists

Prevention of accidental falls and aspiration pneumonia
Prevention of post-surgical heterotopic ossification
Surgical resection of cervical osteophytes (in extreme
cases)

Abbreviation: DISH, diffuse idiopathic skeletal hyperostosis.

rate of new bone formation is similar to that observed
in AS.** Therefore, given the lack of disease-modifying
therapeutics, the treatment of DISH should be directed
towards the musculoskeletal manifestations, the associ-
ated metabolic and constitutional co-morbidities, and
the complications of the condition (Box 1).

Treatment of pain
Physical therapy to preserve mobility and alleviate pain
is thought to be a reasonable approach. However, a
small study on the effect of exercise therapy in patients
with DISH did not show a significant improvement
in the range of spinal motion, except for lumbosacral
flexion.”” A beneficial effect of chiropractic management
was reported only in two case reports.”®® By contrast,
a small uncontrolled study reported that patients with
DISH who have musculoskeletal pain could benefit from
treatment with NSAIDs or heat therapy.'®

The peripheral joints in patients with DISH are
affected in a similar manner to those in patients with OA
(although with hypertrophic changes or the involvement
of atypical sites). Therefore, given the lack of studies on
the medical treatment of DISH, suggested treatments for
OA can be cautiously adopted. Such approaches include
evaluation of activities of daily living; instruction in joint
protection techniques and use of physiotherapy; use of
oral NSAIDs, analgesics, tramadol and, when there is
evidence of OA lesions, chondroitin and glucosamine;
and intra-articular corticosteroid injections. In patients
with OA, for some joints, topical application of capsaicin
and NSAIDs might be preferred over oral NSAIDs.'*! In
fact, the use of locally acting NSAIDs could be as effec-
tive as systemic therapy, at least in patients with knee
OA, and thus might be useful for the relief of pain in
the peripheral joints and the entheses in patients with
DISH.'? Painful entheses might also benefit from soft
protections or local corticosteroid injections, although
no studies have yet investigated such approaches in
patients with DISH.

Prevention and management of comorbidities
The metabolic and constitutional abnormalities fre-
quently observed in patients with DISH deserve attention
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for their effect on the risk of cardiovascular disease.
Thus, physical activity, low intake of saturated fat and of
carbohydrates, and weight reduction should be encour-
aged. Moreover, such strategies should help to reduce
hyperinsulinaemia, which is thought to have a role in the
pathogenesis of DISH. In addition, hypertensive patients
with DISH should try to avoid medications that might
increase insulin resistance, such as thiazide diuretics and
B-adrenergic antagonists (B-blockers), and preferentially
select medications that improve insulin resistance, such
as angiotensin-converting enzyme (ACE) inhibitors,
calcium channel blockers and a-adrenergic antagonists.'*

Surgery and complications
In the absence of traumatic fractures, surgical spinal inter-
ventions are rarely needed in patients with DISH, except
in cases with severe spinal stenosis or large cervical osteo-
phytes. Two small case series have reported that patients
with large anterior cervical osteophytes causing dysphagia
or airway obstruction, who failed medical therapy, might
benefit from surgical resection of the osteophytes.'**1%
Finally, patients and physicians should be aware of,
and try to prevent, complications such as aspiration
pneumonia, difficulties in endotracheal intubation or
upper gastrointestinal endoscopy, and accidental falls.
Prevention of heterotropic ossification using NSAIDs,
vitamin K antagonists or irradiation should be considered
in patients undergoing orthopaedic surgery (Box 1).106107

Suggestions for future research

DISH is a clinical and radiological entity usually diag-
nosed on radiographic grounds only. Nonetheless, DISH
should be considered an extensive proliferative musculo-
skeletal disease associated with clinical and metabolic
derangements. Owing to the limitations of the current
definitions and classification criteria, the condition
cannot be diagnosed in its early stages. As a result, effec-
tive treatment to arrest or slow the progression of the
disease has never been investigated. We believe that large

symmetrical peripheral enthesopathies (in the absence of
spinal involvement) can be the only manifestation of the
condition. Furthermore, very little is known about
the aetiology, pathogenesis and associated conditions
that, in our opinion, should be incorporated in future
definitions of the disease. Thus, we think that new diag-
nostic criteria should be established and validated, with
particular emphasis on early manifestation.

It is unlikely that the excessive bone formation can be
reversed, but with more knowledge it might be prevented.
To this end, large-scale epidemiological studies address-
ing the full clinical spectrum of DISH and its preva-
lence, natural course and outcome are needed. Moreover,
exploration of the factors responsible for bone formation,
together with familial aggregation studies and the identi-
fication of genetic markers (haplotypes) associated with
DISH, might help to uncover the molecular basis of the
ligamentous and entheseal ossification that characterizes
the condition. Such understanding might pave the way
to more targeted and effective therapies in the future.
So, instead of merely symptomatic relief, future research
may offer a disease-modifying therapeutic approach to
patients with DISH.

Conclusions

DISH is a condition characterized by new bone forma-
tion, and constitutional and metabolic abnormalities.
Little is known about its pathogenesis, and suitable thera-
peutic approaches are unclear. A more comprehensive
definition of DISH, that preferably includes patients with
early phase disease, and prospective studies in patients
prone to develop the condition are needed to advance
our understanding of this condition.
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