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Abstract
Objective
Reassessment of the pathological features of spinal involvement in DISH and studying the possible
aetiopathogenetic mechanisnvs of DISH in view of clinical, radiological and pathological findings.
Methods
Forty Egyptian patients with DISH were included in this study. They underwent clinical and radiologi-
cal assessment. Routine lab tests were done in addition to measuring blood sugar, serum lipids and
uric acid. Pathologic study of 50 macerated specimens of fused spines fulfilling the criteria of DISH
was also performed. A pathologic study of another 50 macerated specimens from normal spines were
examined as a control.

Results
Radiological assessment showed spinal involvement in 100% of the patients in the lower thoracic
region, while it was present in 75%, 70% and 55% in the upper thoracic, lumbar and cervical regions
respectively. Pathological study revealed a significant increase in the number and width of nutrient
foramina, denoting hypervascularity of the ossified ligaments and vertebrae involved (P < 0.001), in
addition to a significant (P < 0.001) increase in the size of the affected vertebrae, pointing to the
possiblerole of a vascular disorder in the disease pathogenesis. Metabolic disorders were evident
among our group of patientsin the form of obesity (50%), hyperlipidemia (80%), diabetes mellitus
(60%), and hypertension (45%).

Conclusion
DIH is a diffuse systemic condition which is most probably related to abnormal bone cell growth/
activity reflecting the influence of metabolic factors that lead to new bone deposition. The vertebral
blood supply is a predisposing factor that contributes to the onset/progression and/or localization of
DISH.
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Introduction

Diffuse idiopathic skeletal hyperostosis
(DISH) is arelatively common ossify-
ing disorder in middle-aged and elderly
people that leads to a proliferative enthe-
sopathy, ligamentous calcification and
ossification, in addition to para-articu-
lar osteophytes in both spinal and extra-
spinal sites (1-4). Paleopathologic stud-
ies have identified DISH in Egyptian
mummies (5), and Roman, Briton and
Saxon skeletal remains (6). Further re-
search has described it in populations
derived from both North and South
America, Europe, the Middle East, Af-
rica, Australiaand Asia (3). It isthus not
only perhaps the oldest known rheumatic
disorder, but also one of the most com-
mon. There appearsto bea2:1 male pre-
dominance in DISH with the prevalence
rate in both sexes rising with age and
weight (7). Approximately 12-22% of
males and 12-13% of females over the
age of 65 will have DISH (8).

The agtiology of DISH remains unclear.
Early investigators (1, 9, 10) suggested
that decreased spinal mobility plays a
main role in its pathogenesis. Hence, in
their view ligamentous ossification was
the end result and not the cause of de-
creased mobility. More recent studies
(11-13) reported that local growth stimu-
|ating factors may be the inciting factors
for DISH development. Others consid-
ered DISH as multi-systemic hormonal
disorder (14). In the meantime, there has
not been full pathologic study of DISH
since that published by Resnick & Niwa-
yamain 1976 (5). Actually knowledge
of the disease pathophysiology may pro-
vide opportunities for more specific tar-
geting for disease management.

In view of the above discordant theories
proposed for the disease pathogenesis,
we performed this study to reassess the
pathological features of spinal involve-
ment in DISH and study the possible
aetiopathogenetic mechanism/s of DISH
in view of the clinical, radiological and
pathological findings.

Material and methods

Patients

Forty Egyptian patients with spina man-
ifestations of DISH were recruited for
this study. They were consecutively gath-
ered from patients attending the Rheu-
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matology and Rehabilitation out-patient
clinic at Ain Shams University, Cairo.
DISH syndrome was detected on routine
radiographs of different areas of the
spine. A complete history with stresslaid
on the symptomatology related to DISH
syndrome was taken. Thisincluded stiff-
ness, restricted range of motion, pain and
dysphagia. A full history regarding joint
and skin involvement was taken to ex-
clude seronegative arthritis. Patients with
ahistory of drug therapy in the form of
vitamin A or fluoride were also exclu-
ded from this study. Special attention was
given to symptoms suggestive of ische-
mic heart disease, diabetes mellitus and
acromegaly (no patient with acromegaly
was included in this study).

A complete clinical examination was per-
formed including body weight, height,
blood pressure, full articular assessment,
range of motion of the back, and neuro-
logical testing in addition to examina-
tion of other systems of the body to ex-
clude other diseases which could be re-
lated to the patient’s symptomatol ogy.
Each patient was subjected to the follow-
ing laboratory tests: erythrocyte sedi-
mentation rate (ESR by the Westergren
method), compl ete blood count, fasting
and post-prandial blood sugar, serum
uric acid, serum cholesterol, triglycer-
ides, and high density and low density
lipoprotein.

Complete radiographs were taken of all
patients in this study, including x-rays
of the cervical, thoracic and lumbar
spines anteroposterior (A.P.) and lateral
views aswell as x-ray pelvisA.P. view,
both shoulders A.P., both kneejoints A.P.
and lateral views, in addition to both feet
lateral view.

Radiological criteriafor establishing the
diagnosis of DISH include: (i) the pres-
ence of flowing calcification and ossifi-
cation along the antero-lateral aspect of
at least 4 contiguous vertebral bodies; (ii)
the relative preservation of intervertebral
disc height; and (iii) the absence of in-
tra-articular bony ankylosis of the sac-
roiliac and apophyseal joints (15).

All patientsincluded in this study met
these radiologic criteria. The nature and
the aim of the study were explained to
all subjectsincluded in this study and all
of them gave their consent before par-
ticipating.
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Tablel. Prevalence of metabolic abnormalitiesin patients with DISH.

Pathologic study

Fifty macerated specimens from fused
spines meeting the DISH criteriawere
collected from the Anatomy Department,
Faculty of Medicine, Ain Shams Univer-
sity (Cairo). They were sequentially
identified and put aside for the purpose
of this study. They were from 44 (88%)
male and 6 (12%) female Egyptian sub-
jects. Their age ranged from 50-70 years.
Detailed morphological description by
the naked eye was given. Special inter-
est was devoted to the vasculature and
the regional differencesin the vertebrae
affected. Thiswas assessed by counting
the nutrient foramina using an ocular
graded scale (magnification power 10x)
and was expressed as the number of nu-
trient foramina/cm?. Moreover, measure-
ment of the size of the affected verte-
brae was carried out using atape meas-
urein two perpendicular planes (axes):
the anteroposterior axis and the trans-
verse or side-to-side axis after exclusion
of the ossified ligaments. The data was
expressed in the form of a Vertebral In-
dex = antero-posterior axis/transverse
axis. Plastic tape was preferred to cali-
persasit can better follow the vertebral
surface, allowing more accurate verte-
bral axis measurements after exclusion
of the ossified ligament.

The reproducibility of the nutrient fo-
ramina counting and vertebral size meas-
urement was confirmed by having them
calculated by two observers (thefirst two
authors) separately. Inter-observer repro-
ducibility was checked by using the read-
ings of the same two observers twice, 2
weeks apart. The Kappa coefficient was
calculated as a measure of the intra- and
inter-observer agreement.

Longitudinal sections of the affected
vertebrae were taken and examined to
exclude osteoporosis. Anatomic speci-
mens with osteoporosis had also been
excluded from the study.

Plain x-rays of the specimens were taken
in order to match the pathological fea-
tures with the radiological ones.

Control group

Fifty specimens of normal spineswere
collected as a control group from the
anatomy department, Faculty of Medi-
cine, Ain Shams University (Cairo).
They were all from Egyptian subjects,

Metabolic abnormality No. of Prevalencein Prevalencein
patients patient group control group
Hyperlipidemia 32/40 80% 6.8%

Altered glucose tolerance (diabetes mellitus)
Hyperuricemia

16/40

40% 6.2%

50% (25) males and 50% (25) females.
Their age ranged from 30-70 years. A
morphological examination analogousto
that carried out for the affected group
was done on all the vertebrae, taking
particular care with the assessment of the
vertebral vasculature using the same
technique and expressing the result asthe
number of nutrient foramina/cm2. In
addition, measurement of the size of the
vertebrae was done and expressed as the
Vertebral Index = anteroposterior/trans-
verse axis. 100 normal subjects (50 men,
50 women) matched for age (51.6 + 6.93
years) with our group of patients were
collected randomly as a control group.
They were subjected to thorough clini-
cal examination, and the same radiologi-
cal and laboratory investigations.

Satistical analysis

Statistical significance was assessed by

Student’ s t-test; P < 0.05 was consider-

ed significant. Intra- and inter-observer

agreement was assessed using the Kappa
coefficient.

Results

Patients

The 40 patients ranged in age from 44 to
72 years. They included 36 men and 4
women. Most of the patients recruited
for this study (22/40 or 55%) presented
with a complaint of morning stiffness
lasting < 30 minutes; other symptoms
were pain in the spine (18/40; 45%) in
either the thoracolumber region and/or
the cervical region; and kyphosis (8/40;
20%). In 20% (8/40) the main presenta
tion was extra-spinal (6 involving the
foot, 1 the shoulder, 1 the knee). Dys-
phagiawas present in 10% (4/40) of the
study patients. Neurological examination
was normal in al patients.

Fifty percent (20/40) of the patients were
overweight (body mass index > 30)
while 45% (18/40) were hypertensive
(blood pressure > 140/100) and 45% (18/
40) had manifestations of ischemic heart
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disease. Laboratory investigations show-
ed an ESR of 3-44 mm/1st hr in the pa-
tient series. There were no significant
abnormalitiesin the blood examinations.
Table | showstheincidence of metabolic
abnormalitiesin our patients. Hyperli-
pidemia manifested as elevated choles-
terol (normal value (nv) £ 200 mg/dl)
and low density lipoprotein levels (nv £
150 mg/dl) with a decreased high den-
sity lipoprotein level (nv=35-60 mg/dl).
Radiological studies of the patients re-
vealed different percentages of regional
involvement (Tablell).

Regional radiographic findings
Thoracic Spine. Radiographs of the tho-
racic spine were positive in all 40 pa-
tients. Thoracic abnormalities were most
frequent (100%) in the lower 5 thoracic
vertebrae (7th - 12th). The upper thoracic
vertebrae showed a lower incidence of
abnormalities (75%; 30/40) in contrast
with the lower thoracic vertebrae. Ossi-
fication appeared along the antero-latera
aspects of the vertebral bodies and con-
tinued across the disc spaces. The depos-
ited bone varied in thickness from 1-16
mm. Radiolucent lesions in the form of
alinear defect were seen in some of the
vertebrae between the newly deposited
bone and the adjacent vertebral body. In
addition, radiolucencies within the ossi-
fied mass were also seen as a result of
disc material extension. Thoracic disc
space narrowing, generally mild, was
present in 30% (12/40) of the patients.
Lumbar Spine. Thiswasthe second most

Tablell. Segmental distribution of spinal
involvement in DISH.

Spine segment Prevalence
of DISH
Cervica 55%
Upper and lower thoracic 5%
Lower thoracic 100%
Lumbar 70%
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common site for DISH involvement in
our patients, being present in 70% (28/
40). The outgrowth ranged between 4-
18 mm. The 3rd lumbar vertebral body
was the most common site of abnormali-
ties. Mild to moderate disc space narrow-
ing was present in 40% of the affected
lumbar region. In addition, radiolucent
linear defects were seen in some of the
vertebrae between the newly deposited
bone and the adjacent vertebral body
(Fig. 1).

Cervical Spine. The cervical spine was
abnormal in 55% (22/40) of the patients.
Abnormalities were most commonly
seen in 5th and 6th vertebral bodies. In-
volvement of the 1st and 2nd cervical
vertebrae was not seen in any of our pa-
tients. The deposited bone thickness var-
ies between 2-12 mm. Mild to moderate
disc space narrowing was noted. Also,
radiolucency in the cervical region be-
tween the anterior new bone and the ver-
tebral bodies was present. CT of the cer-
vical vertebrae done for 4 patients with
dysphagia and showed exuberant ante-
rior osteophyte formation with calcifi-
cation of the anterior spinal ligament
which most likely also compressed the
posterior wall of the osephagus. There
was posterior osteophyte formation in-
denting the subarachnoid space and evi-
dence of disc degeneration with vacuum
phenomena.

Pathological findings

The morphological features of the spi-
nal involvement in DISH revealed inter-
esting regional differences. Abnormali-
ties showed a variable severity even
within individual specimens; for exam-
ple, severe changes might be present in
the central portion of the involved seg-
ment while mild changes were noted at
its periphery. The density of ossification
was usually greater below than above in
each of the 3 segments (thoracic, lum-
bar and cervical). Bony ankylosis was
noted primarily in the thoracic spine,
being less frequent in the lumbar and cer-
vical regions.

Thoracic Spine. The thoracic segment
was by far the most commonly involved
region with a repeated picture of fused
lower 6 thoracic vertebrae. Ossification
of the anterior longitudinal ligament
(ALL) wasthe earliest and most constant
pathological sign. In early cases, the
process of ALL ossification was found
to start from the edges of two adjacent
vertebrae in the direction of the disc
space; giving a picture of “suture’-like
indentation (Fig. 1). Complete ossifica-
tion of this suture would create asingle
bony bridgewhichisat first flat, and then
convex forward (excrescency). Asthe
disease advances, the ossification sweeps
into the rest of the ligament on front of
the bodies, followed by the formation of

more bridges and the ankylosis of more
vertebrae depending upon how chronic
thediseaseis. Initslate phase, the liga-
ment showed the characteristic “bam-
boo-like appearance”.

Most of the specimens showed unilat-
eral ossification of ALL on theright side
with dight encroachment along the mid-
line. The density of ALL ossification was
usually greater below than above. How-
ever, in advanced lesions ossification
was found to involve the left side in the
same fashion astheright side, i.e. from
below upward showing an ascending
gradient (Figs. 2 and 3).

Asregards the rest of the spinal liga-
ments, they were found to be much less
affected and later in the disease course
than the ALL. The posterior longitudi-
nal ligament (PLL) was occasionally
found to be ossified in the lower thoracic
vertebrae. More posteriorly, it was inter-
esting to find that the ligamenta flava
suffered a diffuse pathological ossifica-
tion aong the lower 6 spines. The inter-
spinous ligament appeared to be the only
ligamentous structure to escape hyper-
ostosis. The supraspinous ligament
(SSL) showed a moderate degree of os-
sification. Mild lipping and ankylosis of
the apophyseal joints were occasionally
seen in the region from the 7th to the 9th
thoracic vertebrae. Some costal facetson
the bodies of the vertebrae were sur-

@

(b)

(©)
Fig. 1.(a) X-ray (lateral view) of the lumbar spine showing the suture-like pattern; (b) x-ray (dorsal view) of the dorsal spine showing the progression of anterior
longitudinal ligament ossification from below upward; (c) x-ray (laterd view) of the lumbar spine showing thetypical pattern of anterior longitudinal ligament ossification.
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Fig. 2. A.P. view of adorsa spine specimen showing
involvement of the anterior longitudinal ligament on
the right side and the start of ligament ossification on
the left side from below upward.

Fig. 3. Lateral view of adorsal spine specimen
showing progression of the ossification processfrom
below upward.

rounded by osteophytes that could pro-
trude into the intervertebral foramina.
The disc spaces were highly preserved,
with occasional Schmorl’s nodes on the
inferior aspect of the lower thoracic ver-
tebrae.

Interestingly, hypervascularity of the
ALL and dl involved vertebrae was no-
ticed (Fig. 4). Asshownin Table 11 there
was asignificantly (P < 0.001) increased
number of nutrient foraminain the af-
fected vertebrae compared to the control
group. Furthermore, it wasinteresting to
notice that the nutrient foramina were
mainly localized at the lipping margin
(Fig. 4), where the ligament startsto os-
sify compared to the rest of ossified liga-
ment. Moreover, wide pore nutrient fo-
ramina were seen closer to the midline
of affected vertebrae than the peripheral
ones.

Table Il shows also acomparison of the

vertebral index between the affected ver-
tebrae and the control vertebrae. Thesize
of the affected vertebrae was signifi-
cantly larger (P < 0.001) than the con-
trol group.

Studies of the reproducibility of the ver-
tebral size measurement and of the nu-
trient foramina count showed high inter-
observer reproducibility (k = 0.92 andk
= 0.88, respectively). Kappavalues for
intra-observer reproducibility were 0.91
and 0.93 (for thefirst and second observ-
ers, respectively) for vertebral size meas-
urement, while they were 0.88 and 0.9
for the nutrient foramina count, indicat-
ing high reproducibility.

Lumbar Spine: Hyperostosis and anky-
losisinvolved the lower 4 vertebrae. As
in the thoracic region involvement of the
ALL was more intense below than
above, but the ossification was symme-
trical. Plain x-rays of the specimens gave

@

Fig. 4. Latera view of dorsal vertebrae showing the increased number and width of nutrient foramina (a),

which is more prominent at the lipping margin (b).
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Tablelll.Comparison and significance of markers of hypervascularity.

Variable No. of Patients Control Pvaue
cases (mean + SD) (mean + SD)
Vertebral index
[A.P. axis (mm)/Transverse axis (mm)] 40 0.82+ 0.677 0.67 + 0.4615 <0.001
Number of nutrient foramina/cm? 40 29.65+ 7.57 1543+ 4.31 <0.001

apicture of double ribbon-like opacity
with midline ossification.

Asin the thoracic region, the pre-discal
areaswere the first to ossify in “ sutures”.
Marked ossification was found in 4 cases
in the posterior group ligaments, namely
the ligamenta flava, and the interspinous
and supraspinous ligaments, forming a
bizarre platue-like bony mass. These
ligaments could be clearly seenin the
lateral view plain x-rays. The apophy-
seal joints were highly affected in the
form of hyperostosis and ankylosis.
Schmorl’ s nodes were only seen on the
upper surface of the first lumbar verte-
bra. The intervertebral foramina escaped
the process of hyperostosis.

Similarly to the thoracic spine, there
were multiple, prominent, wide pore
nutrient foraminain the affected verte-
brae and the ossified ligaments (Fig. 5a)
compared to the control group. Also, the

size of the affected vertebrae was sig-
nificantly greater than in the control
group.

Cervical Spine: The cervica spine show-
ed manifestations of ligamentous hyper-
ostosisin the lower 4 vertebrae. Asin
the other regions, ossification of the ALL
was seen and bony deposition was sym-
metrical. Ossification of the PLL was
seen and tended to be broader opposite
the disc spaces. Pointed excrescences
opposite the disc spaces were absent (i.e.,
no bamboo-like findings in the x-rays).
Therest of the ligaments escaped ossifi-
cation while the apophyseal joints show-
ed mild lipping. Similar to the affected
vertebrae in the thoracic and lumbar re-
gions, the affected cervical vertebrae
were significantly larger in sizethan in
the control group, with a significantly
increased number of nutrient foramina
(Fig. 5b).

Discussion

Diffuse idiopathic skeletal hyperostosis
(DISH) appears to be a ubiquitous skel-
etal condition. It was an appreciation of
the diffuse nature of the condition that
led to the definition of the DISH syn-
drome. However, the aetiology of the
condition remains unknown. Research-
ers have studied the pathogenesis includ-
ing genetic, metabolic, endocrinal and
toxic factors. Investigations of HLA fac-
tors have yielded discrepant results (14).
The aim of this study was to reassess the
pathologic features of spinal involve-
ment in DISH, searching for possible
pathogenetic mechanism/s that could
lead to its development on the basis of
clinical, radiological and pathological
examination.

Radiological study of the patientsin-
cluded in this study revealed that DISH
was most prevalent in the lower thoracic
region, followed by the upper thoracic
and lumbar regions, and then the cervi-
cal region. Table Il showsthat the char-
acteristic radiographic features of DISH
were present in 100% of our patientsin
the lower thoracic region, in 70% in the
lumbar region and in 55% in the cervi-
cal region. Thisisin concordance with

(@
Fig. 5. Lateral view of lumbar vertebrae (a) and cervical vertebrae (b) showing prominant, multiple nutrient foraminain the vertebrae affected and the ossified
ligaments.

(b)
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the previous studies published (4, 15).
Resnick & Niwayama (15) reported the
distribution of radiographic abnormali-
tiesin 97%, 93% and 78% in the tho-
racic, lumbar and cervical regions, re-
spectively. Similarly, Oppenheimer (1),
aswell asEL Garf & Khater (4), reported
that involvement was most frequent in
the thoracic spine. In his discussion,
Oppenheimer indicated that ligament
ossification required two pre-existing
components: disuse related to vertebral
immobility and rarefaction of the adja-
cent bone. His observations, together
with those of Leriche & Palicard (9) and
Smith et al. (10), suggested that immo-
bilization increased the possibility of the
transformation of dedifferentiated con-
nective tissue into bone. In addition, the
investigators stated that trauma was not
an important aetiologic factor and that
an initial decrease in spinal mobility in
older patients lessened the degree of
mechanical stress on the ligaments, re-
sulting in their degeneration and ossifi-
cation.

Studies of the regional differencesinin-
volvement in the upper and lower tho-
racic regions revea ed that the lower tho-
racic region seems to be the most com-
mon site of involvement. Resnick & Ni-
wayama (15) reported that thoracic ab-
normalities were most frequent in the 7th
- 10th thoracic vertebrag; they also noted
alower incidence of abnormalitiesin the
upper thoracic vertebrae. Based on the
anatomical findings and comparing the
lower thoracic vertebrae with the upper
thoracic ones, the cartilage of the lower
5 ribs (false ribs) do not join the ster-
num. Also, the lower thoracic vertebrae
have larger vertebral bodies and interver-
tebral discs (16). All of these factors con-
tribute to make the lower thoracic verte-
brae freer and more movable, especialy
in flexion and extension as movement
become less restricted. In contrast, the
costal cartilage of the upper 7 ribsjoin
the sternum directly, and the vertebral
bodies and intervertebra discs are small-
er in size, which greatly impair the range
of motion (16).

It was interesting to notice that, despite
all of these factors limiting the move-
ment of the thoracic spine, we found that
the percentage of involvement in the
upper thoracic spine (75%) was not sig-

nificantly different from that of another
well known movable area - the lumbar
region (70%) - and not so much greater
than that in the cervical region (55%),
another highly mobile area. This sug-
gests that the theory of immobility of the
thoracic spine as a predisposing factor
for DISH seems unlikely. Moreover, in
agreement with our findings the most
common sites of affection reported by
Resnick & Niwayama (15) were L3 in
the lumbar region and C5-C6 in the cer-
vical region, which again are highly
mobile sites. In addition, the extraspinal
sites of DISH involvement, such asthe
calcanean spur and knee joint, do not
support the immobility theory.

Our pathological findings agree with
those of Resnick & Niwayama (15).
However, although hypervascularity of
the anterior longitudinal ligament was
reported in their findings, we noticed
hypervascularity in the vertebrae in-
volved as evidenced by a significant (P
< 0.001) increase in the number and
width of nutrient foraminain the affected
vertebrae, in addition to asignificant in-
crease in the size of the vertebrae af-
fected compared to the control group.
Reviewing the blood supply of the ver-
tebral column, it was found that each
vertebra receives several sets of nutri-
tional vesselswhich consist of anterior
central, posterior central, prelaminar and
postlaminar branches. Thefirst and the
last of these are derived from vessels
external to the vertebral column whereas
the posterior central and prelaminar
branches are derived from spinal
branches that enter the intervertebra fo-
ramina and supply the neural, meningeal
and epidural tissues aswell. In the mid-
spinal region, the internal arteries (i.e.,
those derived from spina branches) pro-
vide the greater part of the blood supply
to the body and vertebral arch (16).
Moreover, Gutmann (17) reported that
the largest blood supply in the cervical
region were found between C4 and C7,
while lower down the blood supply with
the largest size vessels was found be-
tween T10 and L2, which is consistent
with the most common sites of DISH
involvement detected both radiologically
and pathologically. Thisinteresting find-
ing raises the question of therole of the
blood supply in the pathogenesis of
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DISH.

The possibility of osteoporosis as a co-
factor for increased vasculature in the
affected vertebrae has been ruled out.

Moreover, an increased number and
width of the nutrient foramina were seen
in the affected vertebrae only compared
to the non-affected ones and to the con-
trol group. However, examining cross-
sections in the affected vertebrae re-

vedled no evidence of osteoporosis. This
may also be partially explained by the
fact that most of our patients and most
of the subjects from whom the macer-
ated specimens were taken were males.

The higher prevalence of obesity and
altered glucose tolerance recorded in our
group of patients (50% and 60% respec-
tively) agrees with the resultsin the lit-

erature (12, 13) which reported that be-

tween 17% and 60% of patients with
DISH have impaired glucose tolerance.

Controlled studies indicated that this
prevalence was much higher among pa
tients with DISH than those without the
disease. Conversely, the prevalence of
DISH in patients with adult onset diabe-
tes ranges from 13% to 50% (13). Fur-
thermore, disturbances of insulin, IGF-I

and growth hormone were reported in
patients with DISH (14). It wasinterest-
ing also to notice the higher incidence
of hyperlipidemia among our group of
patients (80%), while 45% had hyper-
tension, 45% had coronary artery dis-
ease, and 40% had hyperuricemia. The
frequent association of DISH with obes-
ity, diabetes mellitus, hyperlipidemia,

hyperuricemia, hypertension and coro-
nary artery disease does not seem to be
random. We believe that the arterial

blood supply of the vertebral columnis
the mirror that reflects the influence of
these former associations on the process
of new bone formation and demonstrates
that DISH is an active process of ossifi-
cation.

The question is: How is the ossification
processis initiated and what is the link
between these metabolic disorders and
the process of new bone formation? The
ossification process, as we found in our
specimens, usually startsin the inner-
most layer of the ALL, at the site of the
ligamentous attachment to the vertebral

body, then extending to meet the other
ossification arm coming from the verte-
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bra above and/or below. We believe that
this new bone formation is the result of
abnormal osteoblast cell growth/activity
in the bony-ligamentous region and isthe
clue to the pathogenesis of DISH.

But what stimulates the osteoblasts to
grow in thisregion? It has been reported
that the process of osteogenesisis pro-
moted and maintained by several growth
factorsthat are not even confined to bone
(18). IGF-I was found to be a potent
stimulator of labeled thymidine incorpo-
ration into DNA of mesodermal origin
(fibroblasts) (19) and also in cultures of
chondrocytes. Moreover, | GF-1 was
found to stimulate alkaline phosphatase
activity and type Il collagen in osteo-
blasts (20). In addition, growth hormone
was found to be capable of inducing the
local production of IGF-I and | GF-bind-
ing proteins in chondrocytes and osteo-
blasts (21). Denko et al. (14) reported
that patients with DISH had elevated in-
sulin and growth hormone values, which
could explain the osteoblast cell growth/
proliferation.

However, if thereis a systemic increase
of growth hormone and insulin hormone,
why does DISH start in certain sites and
then spread to others? We believe that
hypervascularity could be the localizing
value for the ossification process. This
is supported by the fact that hypervas-
culity isimportant for osteoblast prolif-
eration (18). Furthermore, in predisposed
patients who suffer from hyperlipidemia,
diabetes mellitus or, possibly, hyperin-
sulinemia, there is the increased possi-
bility of developing atherosclerosis. It
has been reported that in the earliest
stages of atherosclerosis there is dam-
age to the endothelium and aggregation
of blood platelets leading to the local
release of platelet derived growth factor
(18), with the end result of osteoblast
proliferation. However, further studies
are still needed to confirm this hypoth-
esis. Studying markers of osteoblast ac-
tivity in patients with DISH is one of the
options suggested.

It is difficult to tell which one leadsto
the other: the ossification process or hy-
pervascularity. Recently, several reports
have been published discussing the re-
lationship between angiogenesis and os-
sification (19-21). Angiogenesis-stimu-
lating activity is present in the plasma

of patients with osteoarthritis and anky-
losing spondylitis (19, 20). Moreover, it
has been reported that during enchondral
ossification, chondrocytes hypertrophy
and new blood vessels grow from the
perichondral vascular network, invading
the cartilage (22). Osteoblastic activity
then commences around the neovascu-
lature. Interestingly, it was found that
hypertrophic chondrocytes and osteo-
blasts each generate angiogenic factors
such as transferring (23), while exoge-
nous angiogenic factors can stimulate
enchondral ossification (24). This may
warrant a study of angiogenesis-stimu-
lating activity in patients with DISH.

In conclusion, DISH isadiffuse systemic
condition which ismost probably related
to abnormal bone cell growth/activity
reflecting the influence of metabolic fac-
tors that lead to new bone deposition.
The vertebral blood supply is a predis-
posing factor that contributes to the on-
set, progression and/or localization of
DISH.
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