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SUMMARY

A relatively high frequency of hyperostosis in
various body sites was found in 240 subjects with
“diffuse idiopathic skeletal hyperostosis” (DISH)
in the thoracic spine over an average observation
period of 11 years. The onset and initial
appearance of DISH in the thoracic spine were
identified in 69 cases. The age at onset ranged
from 40 to 65 years, and the initial sites involved
were usually T9-10 and T10-11. As criteria in
differentiating DISH from spondylosis deformans
the hyperostoses anterior to the vertebral body
itself appeared to be more important than the
“bridges” anterior to the intervertebral spaces.
Although it was difficult to differentiate the
early appearance of DISH from spondylosis
deformans in some cases, these long-term
observations suggest that they are different
entities.

INTRODUCTION

In 1942 Oppenheimer’ reported calcification or
ossification in the anterior longitudinal ligament
of the thoracic spine, not as a distinct entity
but as a ‘“secondary reaction”, in order to
supplant the concept of spondylitis ossificans
ligamentosa. The condition has since been
described by various terms.!™ In recent years,
this abnormality was found to be accompanied
by abnormal hyperostosis in other body sites,
and in 1975 Resnick et al® termed it “‘diffuse
idiopathic skeletal hyperostosis’™ (DISH).
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In 1977, Tsukamoto et al® reported some of the
radiological aspects of spinal DISH for partici-
pants in the RERF Adult Health Study (AHS)
sample.’® The study also negated any correlation
between atomic bomb exposure and the
prevalence of DISH.

The present study established the prevalence of
thoracic DISH, its time of onset, manifestations
of its early stages of development, its long-range
progression, and the appearance of DISH in all
other body sites radiographically examined.

MATERIALS AND METHODS

The AHS is a long-term follow-up program
involving biennial (cycle) clinical examinations of
A-bomb survivors and comparison subjects,
originally numbering 20,000, for the investigation
of late radiation effects of the A-bombs. All
AHS subjects undergo complete physical
examinations and laboratory studies, including
posteroanterior stereoscopic and lateral chest
radiography. Radiography and fluoroscopy of
other body sites, are performed when clinically
indicated.  All serial radiographs from these
examinations are permanently available for
comparison during long-term investigations. This
allows accurate estimates of the incidence and
prevalence of abnormalities. Retrospective
observations can establish the time of appearance,
the characteristics of abnormalities at onset, and
their~progressive changes with time.

Calcification and ossification anterolateral to the
thoracic spine can be readily detected by lateral
chest radiography. To estimate the prevalence
of DISH in the thoracic spine all lateral chest
radiographs of 1,434 Hiroshima and 301 Nagasaki
AHS subjects examined between 7 November
1977 and 7 May 1978, and between 7 April
1978 and 6 June 1978, respectively, were
reviewed. In Hiroshima these included 18 of the
DISH cases of Tsukamoto et al® plus 73 new
ones detected during routine AHS cycle exami-
nations. The totals were 91 in Hiroshima and 21
in Nagasaki.

To compare the early with later stages of DISH,
and evaluate its progress in the thoracic spine,
persons with a minimum of one intervertebral
level of contiguous involvement were included in
this investigation.
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The development and progression of DISH and
its manifestations in the extraspinal sites involved
were ascertained by reviewing all radiographs of
the 73 new Hiroshima DISH cases plus the
radiographs of 167 of the 175 Hiroshima DISH
subjects of Tsukamoto et al.” Using these 240
cases (Appendix), the following radiographic
characteristics of DISH were established: 1) The
intervertebral spaces are relatively well preserved,
without disk calcification or evidence of the
“vacuum-phenomenon’; 2) “Bony spurs” devel-
oping in the vertical rather then the horizontal
plane are indicative of DISH; 3) A minimum of
one intervertebral level is involved by ossification;
and 4) There are no significant abnormalities of
the vertebral bodies themselves, the apophyseal
joints, or the sacroiliac joints. The first and
fourth items are similar to those described by
Resnick and Niwayama'! and the third item is
much like that reported by Harris et al.!?

In our retrospective review, by being able to
verify the absence of DISH on the last previous
radiograph, the initial onset and appearance in
69 of the 240 subjects were established. The
ages at onset, the sites first involved, and the
consecutive radiological appearances and features
of DISH in the thoracic spine were thereby
determined.

All available radiographs of additional sites of
the 240 Hiroshima subjects with DISH in the
thoracic spine were scrutinized to estimate the
prevalence of DISH in those other sites.

RESULTS

Prevalence by Sex and Age

Among 502 male and 932 female Hiroshima
subjects radiographically examined, 65 male and
26 female cases with DISH were detected from
7 November 1977 to 7 May 1978. In Nagasaki,
among 139 males and 162 females examined,
16 males and 5 females were found to have DISH
in the thoracic spine. The results by age and sex
for each city are shown in Table 1. DISH was
frequent among males 60 years of age and older,
occurring in about a quarter of all persons
observed, with no difference by city. This rate is
much higher than those previously reported,
possibly because our criteria for diagnosing DISH
included earlier manifestations than do those of
other investigators.”!13  Qur rates most closely
approximated those of Tsujimoto et al,14 but
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TABLE 1 THORACIC SPINE DISH IN THE ADULT HEALTH STUDY
BY CITY, AGE AT EXAMINATION, AND SEX

£l WMAREATECED 7o e 2E 1 4 5 10 58 5 5
AL TR R O B
Male Female
Age in
YOS pisy ams  Rate el ang Bt
% %
Hiroshima
30-39 0 45 0 0 49 0
40-49 7 131 5 2 202 1
50-59 7 96 7 5 324 2
60-69 20 111 18 11 198 6
70-79 25 92 27 7 146 5
80-89 6 27 22 1 13 8
Total 65 502 13 26 932 3
Nagasaki

30-39 0 18 0 0 15 0
4049 0 38 0 3 51 6
50-59 3 34 9 0 58 0
60-69 9 34 26 2 24 8
70-79 3 10 30 0 12 0
80-89 1 5 20 0 2 0
Total 16 139 12 5 162 3

their criteria for diagnosing ankylosing spinal
hyperostosis (ASH) were not published.

DISH in the Thoracic Spine

The typical appearances of DISH in the thoracic
spine were categorized into four types as illus-
trated in Figure 1: “localized plate”, “localized
beak™, “extensive flowing”, and “extensive
linear™,

Figure 1A shows hyperostosis in the form of
localized plates on the anterior aspects of the
vertebral bodies, rather than anterior to the
intervertebral spaces and they are obviously
quite different from degenerative osteophytes.
Figure 1B shows the localized beak hyperostosis
which, in this particular case, extends 18 mm
anteriorly from the anterior aspects of the
vertebral bodies. Figure 1C shows the extensive
flowing hyperostosis, the most frequent type.
An example of the extensive linear type, which
must be differentiated from ankylosing spon-
dylitis, is shown in Figure 1D.

The hyperostosis developed and changed in shape
(type) throughout the long-term observations.
Alinear radiolucency which is often demonstrable
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Figure 1. Lateral projections of the thoracic spine show the typical types of DISH.
A: “Localized plate”. B: “Localized beak™. C: “Extensive flowing”. D: “Extensive linear”,
El. MafEoMFmE clMmrHRELSMERE BO5N3. A “RELER",
B: “BRRME< BIELE", C: “EEFEME", D: “‘HagpRT.
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anteriorly between the thoracic vertebrae and the
hyperostosis,”!! was observed in the majority
of our cases.

The prevalence and degree of ASH was greatest
in the thoracic, followed by the lumbar, and then
by the cervical spine, as shown in Table 2. This
is in accord with the statements of Smith et al®
and Forestier and Lagier” that hyperostosis most
readily develops in sites which move least.
Ossification of the posterior longitudinal ligament
occurred in 2% in the cervical and thoracic
regions, and 3% in the lumbar region.
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TABLE 2 ABNORMALITIES BY SITE

#2 RWHE, mierR
, Cases
Site examined Abnormal %

C-spine Ligaments

Anterior 52 36 69

Posterior 52 1 2

Ligamentum Nuchae 52 15 29
T-spine Ligaments

Anterior 240 240 100

Posterior 240 5 2

Ligamentum Supraspinale 240 1 0.4
L-spine Ligaments

Anterior 120 94 78

Posterior 120 4 3
Pelvis 92 56 61
Knee 39 12 31
Feet 39 20 51

Denominators vary because of numbers of body sites examined and

radiographic projections used.
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Radiographs demonstrating total spinal involve-
ment in the same patient are shown in Figure 2.
The cervical spine radiographs show linear
vertical ossification anterior to the intervertebral
spaces and continuous with the inferior margins
of the vertebrae, and in the ligamentum nuchae.
The thoracic spine has extensive linear ossifi-
cation along the anterior aspects of the vertebrae,
and ossification of the ligamentum supraspinale.
The lumbar spine has “flame-like”” ossification
at the anterosuperior aspect of L3 and linear
vertical ossification at the anterior aspects of L1
and L2. The posterjor longitudinal ligament is
also ossified.
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Figure 2. (MF Total involvement of the spine in a 76-year-old male. A: Lateral projection of the
cervical spine shows vertical ossification anterior to the intervertebral spaces and in the ligamentum nuchae.
B: Lateral projection of the thoracic spine shows extensive linear ossification along the anterior aspects of the
vertebrae, and of the ligamentum supraspinale. C: Lateral projection of the lumbar spine shows “flame-like”
ossification anteriorly, and ossification in the posterior longitudinal ligament.
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Hyperostosis in the lumbar spine was usually
flame shaped,” rather than of continuous vertical
linear configuration. It was not as marked along
the anterior portion of the cervical spine. Most
cervical spine cases had minimal linear ossifi-
cation anterior to the intervertebral spaces, or
extending from the anterosuperior and antero-
inferior margins of the vertebrae. Such ossifi-
cation was relatively well developed in only two
cases.

Extraspinal Sites

For the persons with hyperostosis in the thoracic
spine first identified by lateral chest radiography,
all available films were scrutinized in which
hyperostosis was demonstrable in other body
sites. Among the 240 subjects with DISH in
the T-spine, the pelvis (92), knee (39), and feet
(39) were examined; of these 56, 12, and 20,
respectively, had DISH in these sites also (Table
2). Sites examined and the dates varied from
case to case because the examinations of the
extraspinal sites had resulted from symptoms or
signs suggesting disease. All these cases with
DISH in other body sites necessarily had ASH,
because they were selected on the basis that
their lateral chest films demonstrated ASH.

Radiographs of extraspinal sites involved by
DISH are shown in Figure 3. The lateral radio-
graphic projection of the knee shows ossification
in the quadriceps femoris tendon and in the
patellar ligament (Figure 3A). The lateral
projection of the foot reveals ossification in the
flexor hallucis brevis and in the Achilles tendon
(Figure 3B). In the pelvis, there is irregular
thickening of bone at the lateral margins of both
ilii, about both iliac crests, and the inferior
margins of both ischial tuberosities. There are
marked paraacetabular osteophytes (Figure 3C).

Other sites involved included the lateral aspects
of the phalanges, the tibia, the fibula, and the
shoulders in a few cases.

Our series had a relatively high frequency of
hyperostosis in these extraspinal sites. DISH,
therefore, may be an appropriate term for this
entity, because it suggests a tendency to general-
ized hyperostosis./"11:19
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Figure 3. Extraspinal manifestations of DISH. A: Lateral projection of the knee shows ossifi-
cation in the quadriceps tendon and in the patellar ligament. B: Lateral projection of the heel
shows ossification in the Achilles tendon and in the flexor pollices brevis. C: Anteroposterior
projection of the pelvis shows irregular outgrowths of bone extending from the iliac crests and
from the inferior margins of the ischial tuberosities, and marked paraacetabular osteophytes.
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Progress of DISH

Initial onset of DISH was established in 69 of
the 240 Hiroshima cases because it was not
evident on the last previous radiograph. Obser-
vation periods varied from 2 to 17 years, and
averaged 11 years. The thoracic spine sites and
ages at initial involvement are shown in Table 3
and Figure 4. Onset in the majority of cases
occurred between 40 and 65 years of age. The
sites of initial development were usually the
T9-10 and T10-11 interspaces.

HRMES BB B EDETHRIE

IE 80 240 0 5 % 6961 T3, FEOX#HE I
HRIEE GHEBEEA RO 5TV EVOT, 4EO
MEZL>TZOWERL L. BEMMIL2E25
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DRREEAL R CERIZEIRVBE4IZRL 2. EH
DIREA L, FAERFER A 40~65 Th - /. #1%
LR T 9 ~10, T~ OHEMETH - 2.

TABLE 3 AGE AT THORACIC SPINE ONSET
(AVERAGE AGE: MALE 53, FEMALE 51, BOTH 53)

#3

NaHE 12 3517 2 FEH 0 £F iy

(P 5 MG . 5953, “S1ak, B 453i)

Age in years Male Female
30-39 3 1
4049 17 7
50-59 15 6
60-69 13 4
70-79 2 0
80-89 1 0
Total 51 18

FIGURE 4 INITIAL THORACIC VERTEBRAE INVOLVED (69 CASES)

4 4

T1-T2
T2T3
T3-T4
T4-T5
T5-T6
T6-T7
T7-78]
T8-T9 |

PIFEREO i HE (6941)

T9-T10

T10-T11

T11-T12) [
T12-L1

10 20

1
30

PERCENT OF CASES

10



In 35 cases observed for 12 or more years after
initial onset, DISH involved mainly the inter-
spaces from T7 to T11, and most frequently
T9-10 (Figure 5).

RERF TR 4-79

WMEEHIZE L Eo b~ NEREEMIT TV B
BT, HREREEGUBFTELILELILCT 74,5
THNETOMHMBEIZEEL, 2035fKb2hor
DIFTI~10TH-7(H5).

FIGURE 5 THORACIC VERTEBRAE INVOLVED 12 YEARS AFTER INITIAL APPEARANCE
(35 CASES)
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DISCUSSION

It is well known that the osteophytes of the cervi-
cal spine can cause dysphagia.’®"*® The patient
whose radiograph is shown in Figure 1B com-
plained of dysphagia, but an otorhinolaryngologist
found the oropharyngeal region normal, and
an upper gastrointestinal series showed the
oropharyngeal region and upper and mid
portions of the esophagus to be normal. The
lower portion of the esophagus was indented by
a hyperostosis, and the lumen of the esophagus
measured about 9 mm at the indentation in the
lateral projection. The remainder of the
esophagus was normal. Some investigators have
reported that no symptoms occur with 5-6 mm
diameter Schatzki’s rings®® but others report
that such rings cause dysphagia when lumina are
less than 10-12mm or 13 mm in diameter.?!™3
This patient’s dysphagia therefore may have been
caused by the hyperostosis encroaching on the
lumen.

11

# B

FHEOH B ETREOFKE S 2 DB22 13 k<
MENTVE. 50 MIBOXBEHICREhTVS
MRE LTRSS IR A, b5 E RENERE
FEMEEES AP ERTH S & L, £ s me X
MRET S O R0 98 8036 0% 12 B0 E g B ot g
E¥THazerRBOSNE, BHOTEHICILEEE
LR TTNAZEHFHY, 85 mH Y CIdhAas§
DIEOEEEEIXHImTHE -7, EHEDZ 0o
O IEHTH -/, HAWEEL, EHES~6mdD
Schatzki RBY CIEREIBIS20WERBE LT
WA, HOMEEIE, ORI EMES I ER
10~12mm Z w2 U 13mm 3§l T & 5 B & 12 o8 T F ik %
BITEMELTWVS. U LisdaT, 2o8ED
WETHEME, AMERAEETLIATECL-T
ELTWEDHrE LRg,



RERF TR 4-79

According to numerous reports, posterior longi-
tudinal ligament ossification (PLLO) in the
cervical region often accompanies ASH,42425
and PLLO is therefore regarded by some to be
one of the manifestations of ASH. However,
the present study, in which ASH in the thoracic
region was initially scrutinized, revealed that
PLLO occurred in only 2% in the cervical and
thoracic regions and 3% in the lumbar region
of persons with ASH.

DISH was diagnosed as outlined above and its
differentiation from ankylosing spondylitis has
been dealt with in numerous reports.”%11,26-28
The various terms used for some spinal deformi-
ties are often confusing. Deformities of the
thoracic spine due to noninflammatory processes,
especially in older patients, are often termed
“degenerative arthritis” or “hypertrophic osteo-
arthritis”, and are considered the spinal equiva-
lent of osteoarthritis as it occurs in other joints,
To obviate such confusion in terminology, we
ascertained whether degenerative disk disease
was the primary cause of a deformity. On the
contrary, in spondylosis deformans the disk is
not dehydrated; it is relatively well preserved.
As used here, the term bony spur refers to
vertical rather than horizontal bone development ;
whereas, the term osteophyte refers to horizontal
rather than vertical bone development.!?

DISH and degenerative disk disease both occur
in older patients, and occasionally together in the
same body site. DISH, however, is easily differ-
entiated from degenerative disk disease. In
degenerative disk disease there is marked
narrowing of the intervertebral spaces, sclerosis of
the vertebral end plates, horizontal osteophytes,
and sometimes vacuum phenomena and sclerosis
of the disk?® as in the case shown in Figure 6.

In DISH, disk spaces are relatively well preserved
and there is little change in the vertebral body
itself. The hyperostosis is predominantly vertical
and obviously distinct from the vertebral body
itself. A linear radiolucency is often visible
between the hyperostosis and the vertebral body.

It is sometimes difficult to differentiate DISH in
its early form from spondylosis deformans, even
when its development is scrutinized over long
periods. According to Schmorl and Junghanns,3°
the  pathological features of spondylosis
deformans include ‘an initial disruption of
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Figure 6. Typical radiological manifestations of
degenerative disk disease. Lateral projection of the
thoracic spine shows marked narrowing of the inter-
vertebral spaces, sclerosis of the vertebral end
plates (&) and osteophytes (%), associated with “vacuum
phenomena” (¥ ).and sclerosis of the disk (%)
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Sharpey’s fibers at the periphery of the annulus
fibrosis, followed by prolapse of the nucleus
and its indentation of the anterior longitudinal
ligament, resulting in the formation of a triangular
space between the plane of the anterior surface
of the vertebral bodies and the anterior longi-
tudinal ligament. A body spur develops within
this triangular space (Figure 7).

To differentiate DISH from spondylosis de-
formans, in 1976 Resnick and Niwayama®l
arbitrarily adopted the criterion that four or
more vertebral bodies must be involved to
diagnose DISH. However, this criterion does not
permit establishing the initial appearance of
DISH, prior to such involvement. Therefore, in
the present study, we have adopted the criterion
that one or more intervertebral levels be involved.
Subsequently we investigated DISH retro-
spectively by reviewing serial radiographs in a
longitudinal study.

Among 240 Hiroshima subjects with DISH there
were 69 cases in whom the onset and initial
appearance of DISH could be documented.
Among these 69 persons, there were 36 in whom
the interspaces of four or more vertebral bodies
were involved.  These findings matched the
criterion of Resnick and Niwayama.!! For DISH
to develop from the normal to this stage, from
2 to 16 years, and an average of 11 years were
required. Four cases required 0-4 years; 14 cases,
5-8 years; 12 cases, 9-12 years; and 6 cases,
13-16 years.

Figure 8 shows a case with typical progress in
the development of DISH. In 1963 there was
a bony bridge at the T10-11 interspace which
was difficult to differentiate from spondylosis
deformans. Twenty-four (67%) of the 36 cases
of DISH which matched the criteria of Resnick
and Niwayama'' developed from such bony
bridges. In this particular case, in 1971 there was
hyperostosis anterior to the body of T6, which
was obviously distinct from the vertebral body
itself, and triangular ossification developed
anterior to the intervertebral space between
T7-8. In 1973 this hyperostosis involved more
than four vertebral bodies. A lateral tomogram
in 1977 revealed a typical extensively “flowing
pattern” with a linear radiolucency between it
and the vertebral bodies. This case illustrates
the qualitative changes in DISH with time.
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Figure 8. (MF Typical development of the “‘extensive flowing” type of DISH on lateral projections of
the thoracic spine. A: In 1963 a bony bridge (arrow) was present at the anterior aspect of T10-11. B: In 1971
triangular ossifications had developed anterior to the intervertebral spaces (arrow), and there was hyperostosis
anterior to T6 (arrow). C: In 1977 the “extensive flowing” type DISH had developed.
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The deformities of 10 of the 69 cases in which
the initial appearance of DISH was documented
did not progress over periods of more than a
mean of eight years (Figure 9). Their appearances
were the same as the initial manifestations of the
fully developed case shown in Figure 8A. This
shows that, although in most instances DISH
progresses with time, in others it does not. It
was sometimes very difficult to differentiate
DISH from spondylosis deformans; we regard
the deformities in these 10 cases to be due to
spondylosis deformans and DISH, as well.
Radiographically the first appearance of DISH
could not be differentiated from the manifes-
tations in the case shown in Figure 9.

Figure 10 illustrates the extensive linear hyper-
ostosis pattern. When it was first demonstrable,
there was a linear ossification anterior to a
vertebral body, rather than anterior to the inter-
vertebral spaces. It then gradually developed an
extensive linear pattern. The initial manifestation
of DISH in this case was obviously different
from the type resembling spondylosis deformans,
just described. The extensive linear type of
DISH appears to develop faster than the flowing
type. Though some cases of DISH develop from
the flowing pattern, the most frequent initial
features are linear, and anterior to vertebrae.

These longitudinal observations showed that
the initial appearance of DISH, especially that of
the extensive flowing type, resembled that of
spondylosis deformans. The arbitrary criterion
that four or more vertebral bodies must be
involved did not facilitate diagnosing DISH,
because the initial development of DISH
occurred much earlier, as described. Our
retrospective review of all cases with DISH
currently involving several contiguous levels
revealed that DISH initially developed from
lesions at one or two such levels. Resnick and
Niwayama®! stated that the pathological features
of DISH included those of spondylosis de-
formans; that only the degree of hyperostosis
is greater in DISH. To diagnose DISH, the
hyperostosis anterior to the vertebral body itself
appears more important than the bridges anterior
to the intervertebral spaces, and indeed, more
important than the criterion that several
vertebral bodies must be involved.
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Figure 9. {MF-) Lateral projections of the thoracic spine showed no progression of
DISH or spondylosis deformans over 16 years, from 1961 to 1977 (A-D).
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Figure 10. (M ) Typical development of the “extensive linear” type of DISH shown in
lateral projections of the thoracic spine, of A: 1971, B: 1973, and C: 1977. This initially
appeared as linear ossification on the anterior aspect of the vertebral body, rather than anterior

to the intervertebral space.
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The majority of our DISH cases developed
concomitantly with spondylosis deformans, and
some developed with ossification anterior to the
vertebral body rather than from ossification
anterior to the intervertebral spaces. However,
our longitudinal observations in 36 cases indicated
that, initially, the radiographic findings were
those of spondylosis deformans, and later — as if
another factor were added — DISH became
superimposed on spondylosis deformans. The
evidence from this study strongly suggests that

RERF TR 4-79

FIRME TR RSB TEO AR, T
ERMELFEL THY,  Z o8 HE Mo
AP THCD L AMERTEORL,» 5 388E L T
Wi, LAaL, 36M1zut+ 5 4 Eo &M I,
XA R, BV BEFEO # 1 Th -
A, B, AErbORTFMbLr0L S
2, RSB EE AR E s o
LGk KWEOMALS, WEERTLIC
FREHOTHENZ EANTREEINS,

they are not entirely the same condition.
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