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ABSTRACT: During necropsy of cetaceans stranded or accidentally net-captured along the west-
ern coast of the Gulf of Mexico from 1991 to 1996, we found 13 of 59 (22%) animals had
abnormalities of the atlanto-occipital and/or humeroscapular joints, the synovial joints. A few cases
demonstrated mild roughening of the articular cartilage, while the majority exhibited complete
erosion with thickened synovium and bony proliferation. The lesions resulted in ankylosis of both
joints in one animal. In humans and terrestrial mammals, synovial joint diseases are known to be
debilitating. Cetaceans depend on neck and flipper movement for locomotion, feeding, avoiding
danger, and reaching the water’s surface for breathing. Therefore, synovial joint disease may be
a significant mortality factor in these marine animals.
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INTRODUCTION

In mammals, diarthrodial or synovial
joints are characterized by a free and often
wide range of motion. These joints nor-
mally have excellent friction, lubrication,
and wear properties, and they facilitate
movement and locomotion. Articular hya-
line cartilage covers the ends of the bones
and provides a wear-resistant surface that
allows one end of the joint to move effi-
ciently over the other (Lane and Buck-
water, 1993). Destruction of this articular
cartilage may result in progressive and
sometimes severe limitations in joint func-
tion and body movement.

Terrestrial mammals have several sets of
synovial joints that are adapted for move-
ment and weight bearing stress. In contrast,
the synovial joints in cetaceans (dolphins
and whales) consist of the atlanto-occipital,
humeroscapular, small apophyseal joints of
the vertebrae, and articulations of the cra-
nial-most ribs (Rommel, 1990). The two
major joints, the atlanto-occipital and hu-
meroscapular, are adapted for movement
but are not weight-bearing joints as in ter-
restrial mammals. Cetaceans are supported
by water; therefore, the pressure in their
joints is applied by adjacent muscle, not by
bearing body weight.

Disorders involving the synovial joints
have been identified in terrestrial mam-

mals. These joint disorders may be broadly
classified into pathogenetic categories, non-
inflammatory and inflammatory. The non-
inflammatory category includes degenera-
tive joint disease, traumatic joint disease,
and developmental, dietary, metabolic, and
neoplastic arthropathies. The inflammatory
category includes infectious (bacterial, viral,
fungal, protozoal) and noninfectious (im-
munologic, crystal-induced) arthritis (Ped-
ersen et al., 1989). Differentiating between
the non-inflammatory and inflammatory
types of joint disorders can be complex, as
non-inflammatory disorders may be accom-
panied by secondary inflammation, and in-
flammatory disorders commonly result in
secondary, often severe degenerative
changes. However, the inflammatory types
of joint disease are typically characterized
by systemic signs of illness.

Bone lesions such as osteomyelitis of the
flippers and vertebrae, infectious and
rheumatoid spondylitis, and spondylosis
are well recognized in cetaceans (Cowan,
1966; Lagier, 1977; Morton, 1978; Foley,
1979; Paterson, 1984; Alexander et al.,
1989). However, we have not found de-
scriptions of disorders of the synovial
joints of cetaceans. Herein the gross and
light microscopic findings of synovial joint
disorders found in cetaceans stranded
along the western coast of the Gulf of
Mexico are reported.
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TABLE 1. Historical, clinical, and pathological findings in cetaceans with joint disease from the Western Gulf
of Mexico.

Case
num-
ber Sex

Tooth
age (yr) Species

Type of joint
disease

Joint involvement

AOa LHSb RHSc

Severity of
joint

diseased
Joint

culture
Blood
culture

1
2
3
4
5
6

Fe

IMf

IFg

F
IM
Mh

NDi

ND
9
11
3.5
24

Lagenodelphis hosei
Tursiops truncatus
Tursiops truncatus
Tursiops truncatus
Tursiops truncatus
Tursiops truncatus

Infectious
Degenerative
Degenerative
Infectious
Infectious
Degenerative

2
1
1
1
1
1

1
NEj

1
1
2
1

1
NE
NE
2
2
2

Severe
Severe
Severe
Severe
Severe
Severe

Positive
NCk

NC
Negative
NC
Negative

Positive
Negative
Positive
Positive
NC
Positive

7
8
9

10
11
12

F
M
F
M
M
M

13
17
ND
23
ND
14

Tursiops truncastus
Tursiops truncatus
Stenella attenuata
Tursiops truncatus
Kogia breviceps
Tursiops truncatus

Infectious
Degenerative
Degenerative
Degenerative
Degenerative
Degenerative

2
2
1

NE
1
2

1
1
2
1

NE
1

2
2
2

NE
NE
2

Mild
Severe
Mild
Severe
Severe
Severe

Positive
NC
NC
NC
NC
Negative

Positive
Positive
Positive
NC
NC
Positive

13 IF 7 Tursiops truncatus Infectious 1 1 1 Severe NC NC

a Atlantooccipital joint.
b Left humeroscapular joint.
c Right humeroscapular joint.
d Mild roughening of the articular cartilage versus severe erosion of the articular cartilage with thickened synovium and

destruction of bone.
e Mature female.
f Immature male.
g Immature female.
h Mature male.
i Not determined.
j Not examined.
k Not cultured.

MATERIALS AND METHODS

Animals in this study

The cetaceans in this study were stranded or
accidentally net-captured animals collected be-
tween April 1991 and November 1996 by the
Texas Marine Mammal Stranding Network
(Galveston, Texas, USA), under the auspices of
the National Marine Fisheries Service (Silver
Spring, Maryland, USA). The collection area
ranged in the south from Cameron County
(Texas, USA; 258579N, 978099W) at the Mexican
border to the north in Cameron County (Lou-
isiana, USA; 298309N, 928409W).

Fifty-nine cetaceans without obvious bloat-
ing or decay were examined: 49 Atlantic bottle-
nose dolphins (Tursiops truncatus), one Fra-
ser’s dolphin (Lagenodelphis hosei), one striped
dolphin (Stenella coeruleoalba), two spotted
dolphins (Stenella attenuata), one short-finned
pilot whale (Globicephala macrorhynchus), one
rough-toothed dolphin (Steno bredanensis),
one infant sperm whale (Physeter macroceph-
alus), one false killer whale (Pseudorca crassi-
dens), one pygmy sperm whale (Kogia brevi-
ceps), and one Antillean beaked whale (Meso-
plodon europaeus).

Selection and sampling

The animals were taken to a central labora-
tory at Texas A&M University (Galveston, Tex-
as) for post-mortem examination, microbiolog-
ical testing, and histological sampling of all or-
gans and tissues. The atlanto-occipital joint and
at least one, but usually both humeroscapular
joints were examined grossly.

Blood cultures were aspirated from the
hearts of animals in which the blood had not
clotted prior to necropsy. Eight to 10 ml of
blood were placed in BACTEC Plus Aerobic F
and BACTEC standard Anaerobic F culture vi-
als (Becton Dickinson Diagnostic Instrument
Systems, Sparks, Maryland, USA) and moni-
tored by the BACTEC 9240 automated detec-
tion system for up to 7 days. Aerobic gram pos-
itive cocci and bacilli were plated onto blood
agar, while anaerobic gram positive cocci and
bacilli were plated onto a 5% trypticase soy
agar with 5% sheep blood and a Brucella blood
agar with hemin and vitamin K1. Aerobic gram
negative bacilli were plated onto blood agar,
chocolate agar, and MacConkey agar, while an-
aerobic gram negative bacilli were plated onto
blood agar and Brucella blood agar with hemin
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FIGURE 1. Case 6, 24–yr–old mature male Tursiops truncatus (Atlantic bottlenose dolphin). Head of the
left humerus with an extensively and deeply eroded articular surface, and exposure of underlying bone (arrow).
Histologically, this is typical of degenerative arthritis. Bar 5 2 cm.

and vitamin K1. Aerobic plates were incubated
at 35 C in 5% CO2 for 24 to 48 hr and anaer-
obic plates were incubated at 35 C in 5% H2,
10% CO2, and 85% N2 for 48 hr until sufficient
growth was present. Aerobic gram positive coc-
ci growth was tested with catalase. Catalase
positive cocci were tested with a rapid slide la-
tex agglutination procedure (Staphaurex, Mu-
rex Biotech Limited, Dartford, UK). Catalase
negative cocci were tested with a slide latex ag-
glutination assay for categorization into Strep-
tococcus Lancefield groups A, B, C, F, or G
(PathoDx, Diagnostic Products Corp., Los An-
geles, California, USA) or a Vitek GPI card
(BioMerieux Vitek, Hazelwood, Missouri, USA)
was inoculated to identify Streptococcus Group
D or Enterococcus spp. Anaerobic gram nega-
tive bacilli were identified as Edwardsiella spp.,
Enterobacter spp., Pasteurella spp., Pleisiom-
onas spp., Pseudomonas spp., or Vibrio spp. us-
ing the Vitek automated identification and sus-
ceptibility system. Anaerobic gram positive or
gram variable bacilli were identified using the
RapID ANA II System (Remel, Norcross,
Georgia, USA).

Joints appearing septic were swabbed with
sterile culturettes. Aerobic cultures were inoc-
ulated to trypticase soy agar with 5% sheep

blood, chocolate agar, MacConkey agar, and
thioglycolate broth. Anaerobic cultures were
inoculated to Brucella blood agar with hemin
and vitamin K1 and CDC anaerobe laked blood
agar with kanamycin and vancomycin. Incuba-
tion conditions and identification procedures
for bacteria were the same as for blood cul-
tures. Fungal cultures were inoculated to brain
heart infusion agar and inhibitory mold agar
(Becton-Dickinson) and incubated at 30 C for
up to 3 wks.

Sections for routine histology were taken
from the synovium, cartilage, and bone of each
joint. Tissue samples were fixed in 10% neutral
buffered formalin, decalcified when necessary,
dehydrated through a graded series of alcohol
solutions, embedded in paraffin, sectioned at 5
mm, and stained with hematoxylin and eosin
(H&E) or hematoxylin, phloxine and saffron
(HPS), a trichrome stain used mainly to dis-
criminate muscle from collagen (Preece, 1972).

Diagnosis of joint disease

The diagnosis of joint disease in the ceta-
ceans was made during gross and histological
examination. The animals were typically found
stranded dead or died shortly after stranding
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FIGURE 2. Case 10, 23–yr–old mature male Tursiops truncatus. Head of the left humerus with marked
villous thickening of the synovium covering a deeply eroded articular surface (arrow). Histologically, this is
typical of degenerative arthritis. Bar 5 2 cm.

and thus no clinical information was available.
Therefore, the joint lesions were classified on
a morphological basis, occasionally supple-
mented by microbiologic cultures. Diagnostic
criteria used to differentiate degenerative joint
disease and infectious inflammatory arthritis
were those described by Pedersen et al. (1989).

Lesions were diagnosed as degenerative joint
disease when one or more joints displayed de-
generation of articular cartilage with eburna-
tion of subchondral bone, outgrowths of mar-
ginal osteophytes, sclerosis, and/or changes in
the synovial membrane. Histologically, there
may have been fibrillation and erosion of the
articular cartilage, fissuring or flaking of the ar-
ticular cartilage and subchondral bone, villous
hypertrophy and fibrosis of the synovial mem-
brane, and/or bone proliferation at the joint
margins. Acute inflammation was absent while
mild chronic inflammatory changes may have
been present (Pedersen et al., 1989).

Lesions were diagnosed as infectious inflam-
matory arthritis when destructive and aggres-
sive inflammatory changes in the synovial mem-
brane were present in one joint or several joints
with or without fibrous and bony ankylosis. The
joint space was typically narrowed due to car-
tilage erosion and formation of granulation tis-

sue in the synovium. Histologically, fragments
of bone or cartilage may have been incorporat-
ed into the synovium that was infiltrated with
polymorphonuclear leukocytes, lymphocytes,
plasma cells, and histiocytes (Pedersen et al.,
1989).

The lesions were classified as mild, moder-
ate, or severe depending upon the extent of the
gross and histological changes. Mild joint dis-
ease was diagnosed with roughening or erosion
of the articular cartilage, involving part or all of
a joint. Severe joint disease was diagnosed with
deep erosion of the articular cartilage, destruc-
tion of the bony articular plate, and alteration
of the shape of the joint, with or without fusion.

Sexual maturity and tooth aging

Sexual maturity of the animals in this study
was determined by histological examination of
the testes or ovaries. Males with mature sper-
matogenic cells and spermatozoa in the semi-
niferous tubules were considered sexually ma-
ture. Females with mature ovarian follicles,
corpus luteum, or corpus albicans were consid-
ered sexually mature.

Tooth ages were determined for 29 of the
animals by the method described by Hohn et
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FIGURE 3. Case 3, 9–yr–old immature female Tursiops truncatus. Occipital condyles with complete loss
of articular surface of the right condyle (R). The articular plate is thickened and rough. Histologically this is
typical of degenerative arthritis. The left condyle (L) appears normal. The opposing surface of the atlas showed
similar changes. Bar 5 2 cm.

al. (1989). Teeth were extracted from the dol-
phins at necropsy, preserved in formalin, stored
in 100% glycerin, thick-sectioned at 2 to 3 mm,
decalcified, thin-sectioned at 25 mm, and
stained with hematoxylin. A compound micro-
scope was used to count the repeating patterns
of dentinal laminations, or growth layer groups
(GLG), a minimum of five times to insure ac-
curacy.

RESULTS

Joint disorders in the atlanto-occipital
and/or humeroscapular joints were identi-
fied in 13 of 59 (22%) of animals. The
gross, histological, and microbiological
findings revealed that degenerative joint
disease was present in eight animals, while
infectious arthritis was present in five an-
imals. Historical, clinical, and pathological
findings are tabulated (Table 1).

Gross appearance of the joint lesions
ranged from mild roughening of the artic-
ular cartilage in two animals (cases 7 and
9) to complete erosion of the articular car-

tilage in the other 11 animals (Figs. 1–4).
In the severe cases, the synovium was
thickened, and there was destruction of
bone causing defects and deformities.
Case 13 had ankylosis of the atlanto-occip-
ital and humeroscapular joints. Cases 6
and 11 not only had erosive lesions of the
atlanto-occipital and humeroscapular
joints but also had spondylitis involving the
costo-vertebral joints or the cervical ver-
tebrae.

Histological examination of the joint le-
sions of cases 2, 3, 6, 8, 9, 10, 11, and 12
revealed degenerative joint disease with
chondrocyte proliferation, synovial inflam-
mation with villous hypertrophy (Fig. 5),
flaking and fibrillation, vertical fissures, eb-
urnation, sclerosis, and/or osteophytes.
Formation of cystic cavities beneath the
articular plate were found in one animal
(Fig. 6). Histological examination of the
joint lesions of cases 1, 4, 5, 7, and 13 re-
vealed infectious arthritis with inflamma-
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FIGURE 4. Case 10, 23–yr–old mature male Tursiops truncatus. Occipital condyles with complete loss of
both the right and left articular surfaces, with destruction of the underlying articular plates. Histologically this
is typical of degenerative arthritis. The opposing surface of the atlas showed similar changes. Bar 5 2 cm.

FIGURE 5. Case 6, 24–yr–old mature male Tur-
siops truncatus. Section of the synovium of the right
humeroscapular joint with villous thickening, fibrosis,
and mild inflammatory infiltrate. This is typical of de-
generative arthritis. HPS stain. Bar 5 100 mm.

FIGURE 6. Case 4, 11–yr–old mature female Tur-
siops truncatus. Section of the synovium of the atlan-
to-occipital joint with marked inflammation and em-
bedded fragments of bone (arrow) from the articular
plate. This is typical of infectious arthritis. HPS stain.
Bar 5 100 mm.

tion and necrosis of bone, hyperemic and
edematous synovium, polymorphonuclear
leukocytes, lymphocytes, fibrocytes, and/or
histiocytes (Fig. 7).

Bacteriological cultures from affected
animals were obtained from joint lesions,
venous blood, and/or other tissues (intes-

tine, lung, air sinus, cerebrospinal fluid,
and/or abscesses). Two of five atlanto-oc-
cipital and/or humeroscapular joint cul-
tures were positive for Vibrio alginolyticus
or Edwardsiella tarda. The left humeros-
capular joint of case 4 was distended with
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FIGURE 7. Case 11, mature male Kogia breviceps
(pygmy sperm whale). Section of the articular surface
of the atlanto-occipital joint with extensive erosion of
the articular cartilage and formation of a cystic space
beneath the articular plate (arrow). This is typical of
degenerative arthritis. HPS stain. Bar 5 50 mm.

a purulent exudate; however, bacteriolog-
ical cultures were negative. Eight of nine
venous blood and tissue cultures were pos-
itive for an array of microorganisms in-
cluding bacteria such as Bacillus, Clostrid-
ium, Edwardsiella, Enterobacter, Pasteu-
rella, Plesiomonas, Pseudomonas, Staphy-
lococcus, Streptococcus, and/or Vibrio.

DISCUSSION

Degenerative joint disease (also known
as osteoarthritis or osteoarthrosis), a non-
inflammatory arthritis, is common in most
domestic mammals (Jubb et al., 1985), nu-
merous species of wild mammals (Fox,
1939), and in millions of adult humans
(Mckeag, 1992). It was identified in eight
cetaceans in this study. Many factors have
been implicated in the pathogenesis of de-
generative joint disease including increas-
ing age, obesity, genetics, abnormal joint
alignment, ligamentous instability, exces-
sive stress, prior injury, decreased bone
growth/remodeling, decreased joint lubri-
cation, local inflammation, hormonal influ-
ences, and neuromuscular abnormalities
(Mckeag, 1992; Lane and Buckwalter,
1993; O’Connor and Brandt, 1993). Unlike
terrestrial mammals, cetaceans live in a
buoyant, weight supporting medium and
consequently do not bear excessive weight
on their joints. Therefore, joint stress was
probably not involved in the etiology of

the degenerative lesions. In addition, two
of the cetaceans included in this study
which had degenerative joint disease were
sexually immature. Thus, aging and obesity
were not likely to have played a role in the
development of the degenerative lesions in
the joints of these two animals.

Five of the cetaceans included in this
study had gross and histological changes
consistent with infectious joint disease; al-
though, only two of these animals had pos-
itive bacteriological joint cultures. These
findings are similar to those observed in
humans where cultures and gram stains of
synovial tissue or joint effusions typically
identify only one third of infectious ar-
thritis cases (Smith and Piercy, 1995).

Synovial joint disease was found in 22%
of the cetaceans stranded along the west-
ern coast of the Gulf of Mexico during the
years 1991–96. The joint lesions in these
cetaceans were similar to that seen in hu-
mans and terrestrial animals where the
clinical presentation includes limitation of
joint movement and pain. Therefore, we
can postulate that the cetaceans had sim-
ilar clinical symptoms. These symptoms
could potentially lead to the demise of the
animals which depend on neck and flipper
movement for feeding, avoiding danger,
and reaching the water’s surface for
breathing. However, even though the ma-
rine environment is exceptionally demand-
ing, allowing no respite such as that which
might be available to a terrestrial mammal,
cetaceans are able to survive long enough
for advanced disease, including bony an-
kylosis, to develop. Nevertheless, we ex-
pect that synovial joint disease in cetaceans
is a life-shortening phenomenon.

The classification of joint disease used
here to categorize the lesions in the ceta-
ceans must be taken as a hypothesis for
testing for several reasons. First, no other
cases of cetacean synovial joint disease
have been reported in the literature. Sec-
ond, all of the cetaceans in this study
stranded dead or died shortly after strand-
ing; therefore, no historical or clinical sup-
porting information, other than microbio-
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logical cultures, was available. Finally, al-
though cetaceans are nonweight-bearing
aquatic mammals, the criteria used to clas-
sify their joint lesions were the same as
those which are used to classify joint le-
sions in weight-bearing terrestrial mam-
mals.
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