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Tropism is a term traditionally applied
to biological responses to such stimuli
as sun (helio) and gravity (geo) (1).
Analogous application of the term
tropism (as osseotropism) seems rea
sonable to describe skeletal distribution
of disease. What determines which
bones or joints are affected by a given
disease? Osseotropism seems an appro-
priate neologism to describe disease-
delineated patterns of osseous involve-
ment. Arthrotropism might similarly be
utilized to describe or categorize articu-
lar pathologies, especially those involv-
ing erosive disease.

The two mgjor erosive forms of arthri-
tis are rheumatoid arthritis and spondy-
loarthropathy. The former is a disease
of diarthrodia joints; the latter is less
perspicuity (2-7). The former predomi-
nantly causes margina erosions; the
latter, subchondral (3,5-7). Marginal
erosions affect (at least initially) that
portion of intra-articular bone (the 'bare
area) that is not covered by cartilage
(3,4). Subchondral erosions, as the
name attests, affect the area originally
covered by cartilage. Damage to the
bare area is attributed to the direct ac-
tion on bone by overgrown synovial
membrane (pannus) (2-4).

The pathophysiology of spondyloarth-
ropathy must be more complex, as car-
tilage is interposed. Subchondral dam-
age of this type infers damage to/
removal of intervening cartilage, asthe
first step in the erosive process. This
differs from rheumatoid arthritis in
which synovial proliferation appearsto
directly and principally attack bone,
with secondary/subsequent cartilage
destruction (3-7).

Categorizing spondyloarthropathy as
primarily a disease of cartilage (and
secondarily of bone) explains the asso-
ciated pattern(s) of disease. Absence of
axia joint involvement is logical in
rheumatoid arthritis, a disease that pre-
dominantly or at least initially affects
bone (3-5). Sacroiliac joint involve-
ment in spondyloarthropathy is recog-
nized on the basis of subchondral bone
damage (8). So too are zygapophyseal
joint erosions (9). Examination of zyga
pophyseal joints reveals bone surface
(subchondral) erosions in spondylo-
arthropathy, while sparing external (to
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the joint surface) bone (9).

These findings are parsimonious with
the concept of a disease that initially
attacks cartilage. While it is unclear
what is attacking the cartilage, the
osseotropism is clear. Whether itissyn-
ovial membrane overgrowth, with
osseotropism determined by the under-
lying disease (rheumatoid arthritis or
spondyloarthropathy), or aprimary dis
ease of cartilage are potential mecha-
nismsto explore.

Two further phenomenon (2-4) in
spondyloarthropathy require considera-
tion: enthesitis and dactylitis. While the
latter had been considered to be derived
from the former (2), a recent MRI stu-
dy suggests tendon sheath fluid accu-
mulation, in the absence of enthesia
reaction (10). This is perhaps anao-
gous to pigmented villonodular synovi-
tis, in which both tendon sheath and
subchondral (as well as marginal) ero-
sionsare noted (11). It isunclear if ten-
don sheath and joint involvement in
pigmented villonodular synovitis rep-
resent different ends of a spectrum,
with the infrequent presence of both in
a given patient. The issue of the rela
tionship of dactylitisto erosive arthritis
in spondyloarthropathy must similarly
be considered (12). Do tendon sheaths
and cartilage share a common target or
receptor ? As dactylitisis not present in
all individuals with spondyloarthropa-
thy, could dactylitis represent an epi-
tope or receptor similar to, but not iden-
tical to thetarget in cartilage?

The remaining component of spondy-
|loarthropathy to be addressed is enthe-
sitis (2-4). The question of an epitope
or target molecule that shares partia
identity with cartilage could be consid-
ered. As some individual s with spondy-
loarthropathy have predominantly ero-
sive disease (e.g., peripheral skeleton,
zygapophyseal and sacroiliac), while
others have predominantly enthesial di-
sease (e.g., syndesmophytes) (3-5), the
two phenomenon do not necessarily
share acommon pathophysiology.

It would be of interest to identify com-
ponents common to cartilage and en-
theses. Lack of commonality would not
be fatal to this hypothesis, nor would
commonality confirm it. However, such
commonality might represent a starting
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point for investigation.

Cartilage is a complex tissue (2). Gly-
cosaminoglycan, proteoglycan and col-
lagen components are perhaps worthy
of consideration as target tissues in
spondyloarthropathy. As collagen fib-
rils are the mesh that contains the other
components and a prominent surface-
accessible target, could cartilage be the
actual target? Perhaps, but not the Type
Il collagen so prominent in and specific
to cartilage.

Type Il collagen can specificaly be
eliminated from condderation as the
target molecule. While the collagen
(Type I1)-induced model and spondy-
loarthropathy share the propensity to
subchondral erosions, periphera joint
fusion and reactive new bone formation
(2-5,13), extensive use of Type Il colla
gen to produce inflammatory arthritis
in animals (14-17, 19, 20) provides
unequivocal refutation of itsrolein the
human disease (13, 18). The arthritis
induced by type Il collagen does not
model human disease (13). In contrast
to spondyloarthropathy, Type Il colla
gen-induced arthritis spares the zyga-
pophyseal and sacroiliac joints in rhe-
sus macaques (Fisher exact test, p =
0.035) (13, 14, 20). It should be noted
that the naturally occurring erosive
arthritis in rhesus macaquesis indistin-
guishable both in character (e.g., sub-
chondral erosion localization and joint
fusion) and in the pattern of joint
involvement (e.g., frequency of meta-
carpal phalangeal, elbow involvement)
from that observed in human spondy-
loarthropathy (4,5,13).

Examination of patterns of peripheral
joint involvement also easily distin-
guishes spondyloarthropathy from
Type |l collagen-induced arthritis (13,
14, 20). Metacarpal phalangeal and
proximal interphalangeal (hand) joint
involvement is present in 45-65% of
rhesus macagues with Type I collagen-
induced arthritis (14, 20), but present in
only 5-13% of the naturally occurring
spondyloarthropathy in that species
(Chi sguare =5.994, p<0.02) (13).
Ankles are involved in 64% of Typell
collagen-induced arthritis, but in only
one-third of the naturally occurring
spondyloarthropathy (13,14,20). Pedal
proximal and distal interphalangeal
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joint involvement is present in 36-45%
of Type Il collagen-induced arthritis
(14,20), but israre (13) in naturally oc-
curring spondyloarthropathy (Fisher's
exact test, p= 9.023). Thus, Type I col-
lagen-induced arthritis does not model
spondyloarthropathy and the presence
of subchondral erosions and peripheral
joint fusion preclude the diagnosis of
rheumatoid arthritis (2-5, 7, 13).

There is further proof that Type Il col-
lagen-induced arthritis and spondylo-
arthropathy are different entities. While
examples of spondyloarthropathy can
be found in all Old World monkeys and
apes, that is not true for New World
monkeys (21). The dichotomy is espe-
cialy pertinent for Cebus (Capuchin
monkeys) and Saimiri (squirrel mon-
keys) (14,20,21). While spondyloarth-
ropathy naturally occursin Cebus, Sai-
miri are spared (21), exactly the oppo-
site of species specificity to Typell col-
lagen-induced arthritis. The latter af-
fects Saimiri, but spares Cebus (14,
20).

The developers of the Type Il collagen-
induced arthritis model may have been
on the right track (16, 17), but just
focused on the wrong cartilage compo-
nent. Perhaps examination of arthritis
produced by other cartilage compo-
nents and other collagen types would
be insightful. Of course, species selec-
tion will be critical.

Twenty percent of rhesus macaques (at
least in the Cayo Santiago and Sebana
Seca colonies) develop spondyloarth-
ropathy (13). It will be important to
carefully select adequately sized place-
bo groups to control for this and to
reduce obfuscation by concomitant nat-
ural disease.

If the desire is to develop a predictably
reproducible study animal for spondy-
loarthropathy, it would seem reason-
ableto require that these studies be per-
formed in species with documented
naturally occurring disease. Spondylo-
arthropathy is widely represented
among mammals (4,13,21-33). While
reports have suggested a diagnosis of
naturally occurring rheumatoid arthritis
in animals (34-36), the presence of
joint fusion and subchondral erosions
(aswell as axial disease) clearly identi-
fies spondyloarthropathy as the appro-
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priate diagnosis (2-7).

If it is felt unacceptable to limit re-
search to animals which actually devel-
op spondyloarthropathy naturally, what
experimental animals could be consid-
ered? In addition to Old World pri-
mates (17-28% of apes are affected, 30%
of baboons, 20% of rhesus macaques
and 1-4% of other monkeys), New
World Cebus and Alouatta (1%), pigs
(6%), sheep (2%), cattle (24%), goats
(18%), deer (1%), horses (5%), red
kangaroos (4%) and wallabies (8%) (in
consideration of Australian colleagues)
and porcupines (2%) spontaneously
develop spondyloarthropathy, at rates
as identified in the parentheses (4, 13,
21-32). The occurrence of naturally
occurring spondyloarthropathy in small
rodents has yet to be clarified, although
the common rat appears spared, asare
rabbits (4).

Given the limited identification of ap-
propriate small animal models, perhaps
it would be appropriate to more closely
examine rhesus macaques or perhaps
even the large numbers of chimpanzees
(spondyloarthropathy frequency 28%)
in "retirement facilities" for animals
previously used for research (13, 33).
Factors determining arthritis-suscepti-
bility would be amenable to analysisin
populations (13, 33) with such high
(20-28%) disease penetrance. While
my persona bias is to the evaluation
(and treatment) of afflicted animals, a
concerted study of the effect of the var-
ious cartilage components may provide
insights critical to the advancement of
our understanding of spondyloarthro-
pathy and new approachesto treatment,
or even prevention.

References

1. CALLAHAN HL, GROGL M: Development of
animal models to study Leishmania tropism
at the molecular level. Am J Trop Med (in
press).

2. KOOPMAN WJ: Arthritis and Allied Condi -
tions. Baltimore, Williams and Wilkins,
1997.

3.RESNICK D: Diagnosis of Bone and Joint
Disorders. Philadel phia, Saunders, 2002.

4. ROTHSCHILD BM, MARTIN D: Skeletal Im-
pact of Disease Albuquerque, New Mexico
Museum of Naural History (in press).

5. ROTHSCHILD BM, WOODS RJ: Spondylo-
arthropathy: Erosive arthritis in representa-
tive defleshed bones. Am J Phys Anthropol
1991, 85: 125-34.

6. ROTHSCHILD BM, WOODS RJ, ORTEL W:



What isthis disease we call spondyloarthropathy ?/B.M. Rothschild

10.

11.

12.

13.

14.

15.

Rheumatoid arthritis in the buff: Erosive
arthritis in representative defleshed bones.
Am J Phys Anthropol 1990; 82: 441-9.
ROTHSCHILD BM: Rheumatoid arthritis at a
time of passage. J Rheumatol 2001; 28: 245
50.

. ROTHSCHILD BM, POTEAT GB, WILLIAMS

E, CRAWFORD WL: Inflammatory sacroiliac
joint pathology: Evaluation of radiologic
assessment techniques. Clin Exp Rheumatol
1994; 12: 267-74.

. SAN ZHANG C, ROTHSCHILD BM: Zygapo-

physeal and costotransvertebral/costoverte-
bral joints:An anatomic assessment of arthri-
tis impact. Br J Rheumatol 1993; 32: 1066-
71.

OLIVIERI I, SALVARANI C, CANTINI F et al .:
Fast spin echo-T2-weighted sequences with
fat saturation in dactylitis of spondyloarth-
ropathy. Arthritis Rheum 2002; 46: 2964-7.
MYERS BW, MASI AT, FEIGENBAUM SL:
Pigmented villonodular synovitis and teno-
synovitis: A clinical epidemiologic study of
166 cases and literature review. Medicine
1980; 59: 223-38.

ROTHSCHILD BM, PINGITORE C, EATON M:
Dactylitis: Implications for clinical practice.
Semin Arthritis Rheum 1998; 28: 41-7.
ROTHSCHILD BM, HONG N, TURNQUIST JE:
Naturally occurring inflammatory arthritis of
the spondyloarthropathy variety in Cayo San-
tiago rhesus macaques (Macaca mulatta).
Clin Exp Rheumatol 1997; 15: 45-51.

RUBIN AS, HEALY CT, MARTIN LN, BASKIN
GB, ROBERTSED: Experimental arthropathy
induced in Rhesus monkeys (Macaca mulat -
ta) by intradermal immunization with native
bovinetypell collagen. Lab Invest 1987; 57:
524-34.

THORP BH, KIMPTON WG, WASHINGTON
EA, MORROW CJ, ROWLEY MJ Type Il col-
lagen-immune complex arthritis in sheep:
Collagen antibodies in serum, synovid fluid

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

and afferent lymph. Clin Exp Rheumatol
1992; 10: 143-50.

TRENTHAM DE, DYNESIUS RA, DAVID JR:
Passive transfer by cells of type Il collagen-
induced arthritis in rats. J Clin Invest 1978;
62: 359-66.

TRENTHAM DE, TOWNES AS, KANG AH:
Autoimmunity to type Il collagen:An experi-
mental model of arthritis. J Exp Med 1977;
14: 857-68.

ROTHSCHILD BM: A model of type Il colla-
gen-immune complex arthritis in sheep. Clin
Exp Rheumatol 1992; 10: 504.

CATHCART JE, HAYES KC, GONNERMAN
WA, LAZZARI AA, FRANZBLAU C: Experi-
mental arthritis in a nonhuman primate. 1.
Induction by bovine type Il collagen. Lab
Invest 1986; 54: 26-31.

BAKER NP, VAN ERCK MG, ZURCHER C, et
al.: Experimental immune mediated arthritis
in rhesus monkeys. A model for human rheu-
matoid arthritis? Rheumatol Int 1990; 10:21-
9.

ROTHSCHILD BM, WOODS RJ: Arthritis in
New World monkeys: Osteoarthritis,calcium
pyrophosphate deposition disease and spon-
dyloarthropathy. Int J Primatol 1993; 14:61-
78.

ROTHSCHILD BM, WOODS RJ. Spondylo-
arthropathy in gorillas. Semin Arthritis
Rheum 1989; 18: 267-76.

ROTHSCHILD BM, WOODS RJ Spondylo-
arthropathy as an Old World phenomenon.
Semin Arthritis Rheum 1992; 21: 306-16.
ROTHSCHILD BM, WOODSRJ: Erosive arth-
ritis and spondyloarthropathy in Old World
primates. Am J Phys Anthropol 1992; 88:
389-400.

ROTHSCHILD BM, WANG X-M, CIFELLI R:
Spondyloarthropathy in Ursidae: A sexualy
transmitted disease ? National Geographic
Research and Exploration 1993; 9: 382-4.
ROTHSCHILD BM, WANG X-M, SHOSHANI J:

285

EDITORIAL

27.

28.

29.

30.

31

32.

33.

35.

36.

Spondyloarthropathy in proboscideans. J Zoo
WIdlife Med 1994; 25: 360-6.

ROTHSCHILD BM, ROTHSCHILD C: No
laughing matter: Spondyloarthropathy in Hy-
aenidae. J Zoo Wildlife Med 1994; 25: 259-
63.

ROTHSCHILD BM, ROTHSCHILD C: Epidem-
ic of spondyloarthropathy in baboons. J Med
Primatol 1996; 25: 69-70.

ROTHSCHILD BM, ROTHSCHILD C: Trans-
mammalian pandemic of inflammatory arth-
ritis (Spondyloarthropathy variety): Persis-
tence since the Pleistocene. Paleontologic
Society Publication 1966; 8: 330.
ROTHSCHILD BM, ROTHSCHILD C, WOODS
R Inflammatory arthritis in large cats: An
expanded spectrum of spondyloarthropathy. J
Zoo Wildlife Med 1998; 29: 279-84.
ROTHSCHILD BM, ROTHSCHILD C, WOODS
JR: Inflammatory arthritisin canids: Spondy-
loarthropathy. J Wildlife Med 2000; 32: 58-
64.

ROTHSCHILD BM, PROTHERO DR, ROTH-
SCHILD C: Origins of spondyloarthropathy in
Perissodactyla. Clin Exp Rheumatol 2001;
19: 628-32.

ROTHSCHILD BM, WOODSRJ: Reactive ero-
sive arthritis in chimpanzees. Am J Primatol
1991, 25: 49-56.

BENNETT D: Immune-based erosi ve inflam-
matory joint disease of the dog:Canine rheu-
matoid arthritis. J Small Animal Pract 1987;
28: 779-819.

COLBATZKY F, BRUNNBERG L, LINK RP,
GEISEL O, HERMANS W: AA-like amyloid
deposits confined to arthritis joints in two
dogs with rheumatoid arthritis. J Comp Path-
ol 1991; 105: 331-43.

PEDERSEN NC, POOL RC, CASTLES JJ,
WEISNER K: Non-infectious canine arthritis:
Rheumatoid arthritis. J Am Veterin Med Assn
1976; 169: 295-303.



