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Short Note

Osseous Anomalies in a Risso’s Dolphin (Grampus griseus)
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Osseous lesions, such as age-related degenerative
changes, chronic joint infections, and old trau-
matic injuries, have long been recognized in the
wild (Fox, 1939). Among terrestrial mammals,
they have been reported mainly in large ungulates
such as white-tailed deer (Odocoileus virginia-
nus) and moose (Alces alces) (Wobeser & Runge,
1975; Peterson, 1988). Notwithstanding major
differences in type of locomotion and in weight
bearing compared to terrestrial mammals, osseous
lesions have also been described in several spe-
cies of odontocetes and, less often, in mysticetes
(Kompanje, 1999). Causes proposed to explain
these lesions have included, among others, low
genetic diversity, infection, traumatic injury, age-
related degeneration, environmental pollution,
and dysbaric stress (Kompanje, 1999; Moore &
Early, 2004; Groch et al., 2019; Robinson et al.,
2020). These lesions are often identified in the
chronic stage or in decomposed animals by which
time the original insult is no longer obvious, leav-
ing only the morphological appearance and dis-
tribution of lesions to help determine their origin.
Because life history, feeding strategy, and pre-
ferred habitat can differ greatly among cetaceans,
observations of osseous lesions in animals of dif-
ferent species may provide further clues to their
potential origins. Herein, we report anomalies in
the axial skeleton of a Risso’s dolphin (Grampus
griseus), a species of odontocete that occurs in
temperate and tropical seas worldwide. The sole
member of its genus, the species typically inhabits
upper continental slope waters of 200 to 1,000 m
depth where it feeds mainly on deep-water cepha-
lopods (Hartman, 2018).

The carcass of an adult male Risso’s dolphin
(Iength, 3.1 m) was found ashore in southwestern
Nova Scotia, Canada, on 5 March 2009, only the
second stranding record of this species in Atlantic

Canadian waters. It was frozen until transported
to the Atlantic Veterinary College, University of
Prince Edward Island, and necropsied on 29 March.
Based on dentinal layer counts in a mandibular
tooth, the animal was determined to be 21 y old
(J. Lawson, pers. comm., 21 May 2020). This is
approximately midway between sexual maturity
(10 to 12 y) and advanced age (up to 45 to 50 y)
for this species (Hartman, 2018). This animal was
in good nutritional condition based on the convex
appearance of its epaxial muscle mass. The head
could not be separated with a knife from the verte-
bral column at the atlanto-occipital (A-O) joint as
is normally possible. The cause of death could not
be determined by gross, microscopic, or bacterio-
logical examination of the carcass. The complete
skeleton was examined following removal of all
flesh by dermestid beetles (Dermestes maculatus)
and deposited in the New Brunswick Museum
in Saint John, New Brunswick, Canada (NBM
Mammal Collection #10302).

Osseous lesions involved the skull and cranial
region of the vertebral column to the fifth thoracic
(TS) vertebra; no other part of the skeleton was
affected. The most striking lesion was a complete
fusion of the atlas (C1) to the occipital condyles
of the skull. This fusion was misaligned such that
the block formed by C1 to C6, normally fused
in this species (Cozzi et al., 2016), was deviated
approximately 1.5 cm to the right of the occipital
foramen (Figure 1). An asymmetry of the occipi-
tal foramen and occipital condyles could also be
identified, with the dorsal border of the right con-
dyle being approximately 1 cm lower than that
of the left (Figure 2). Neither visual inspection
nor computed tomography (CT) scan (Toshiba
Aquilion TSX 101A; Toshiba Medical Systems
Corporation, Tochigi, Japan) revealed evidence
of irregularities that could suggest osseous



84 Daoust et al.

Figure 1. Caudo-dorsal view of a Risso’s dolphin (Grampus griseus) skull with multiple skeletal anomalies. The atlas (C1)
is completely fused to the occipital condyles of the skull. This fusion is misaligned such that the block formed by C1 through
C6 (normally fused in this species) is deviated approximately 1.5 cm to the right, and the center of the vertebral canal (vc)
does not align properly with that of the occipital foramen (of). Two bony spicules protrude from the occipital bone (arrows).
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Figure 2. Right lateral view of the skull and first six cervical vertebrae of the Risso’s dolphin. The atlas is completely fused to
the occipital condyles of the skull. The dorsal border of the right occipital condyle is approximately 1 cm lower than that of the
left, indicating an asymmetry of this region of the occipital bone. Two bony spicules protrude from the occipital bone (arrows).
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degeneration and subsequent repair at the A-O
joint. More specifically, based on a CT scan of the
skull and first six cervical vertebrae in 1-mm slice
thickness, there was a smooth and continuous
transition of osseous tissue between the occipital
bone and the atlas (Figure 3). A few exostoses, 1.0
to 2.5 cm long, protruded from the occipital bone
(Figures 1 & 2). A few irregular osseous projec-
tions also covered the caudo-ventral region of the
left mandibular ramus.

All vertebral bodies from C6 to TS5 had ven-
tral osteophytes, in decreasing order of severity
from cranial to caudal (Figures 4-8). A few very
small osteophytes on the dorsal region of these
vertebral bodies protruded into the vertebral canal
(Figure 8). Despite the large size of some of the
ventral osteophytes, there was partial fusion only
between C7 and T1 through their transverse pro-
cesses and dorsal arches, but not through their
bodies. Articular surfaces of some of the verte-
bral bodies were severely eroded, far more than
those of the juxtaposed vertebrae (e.g., T1 & T2,
Figures 5 & 6; T3 & T4, Figures 7 & 8). There

was also failure of closure of the dorsal arch of T2
(Figure 6) and complete separation of the dorsal
arch of T3 from its vertebral body, accompanied
by extensive erosion of its surface (Figure 7). The
exposed subchondral bone of some of the zyg-
apophyseal (facet) joint surfaces, which in Risso’s
dolphins extend only as far caudally as T6 and
T7 (Kompanje, 1999), was partly eroded and sur-
rounded by osteophytes (Figures 4, 5 & 8).
Fusion of the A-O joint was the most unusual
lesion in this Risso’s dolphin. Partial or complete
ankylosis of the A-O joint resulting from either
degenerative or infectious processes has been
reported in odontocetes (Turnbull & Cowan, 1999;
Dagleish et al., 2007; Van Bressem et al., 2007). In
the present case, however, this joint did not show
gross or imaging evidence of inflammation, degen-
eration, and subsequent repair, but, rather, a uni-
form transition between occipital bone and atlas on
a CT scan. This and the asymmetry of the occipital
condyles and foramen suggest that it was instead a
congenital malformation. In odontocetes, enhanced
rigidity of the neck through fusion of a few, several,

Figure 3. Dorsal plane of the caudal region of the skull and the first six cervical vertebrae on computed tomography. The
fused atlanto-occipital (A-O) joint shows a uniform transition (*) between the occipital condyles of the skull and the atlas
and axis. The third to sixth cervical vertebrae (C3 to C6) are clearly defined.
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Figure 4. Caudal view of the skull and of the caudal surface of C6. The dorsal arch and subchondral bone of the zygapophyseal
(facet) joints (black arrow) of C6 are severely eroded. Large osteophytes are present along the ventral region of its vertebral
body (white arrow). Part of the occipital bone can be seen on the right through the vertebral canal, indicating misalignment
with slight dextral deviation of the cervical vertebrae.
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Figure 5. Caudal surface of first thoracic vertebra (T1), which is fused to C7 underneath it. Some osteophytes are present
along the ventral border of the vertebral body. There is erosion of the dorsal region of the articular surface (although much
less severe than on the adjacent cranial articular surface of T2; see Figure 6). There is also marked irregularity and erosion of
the dorsal arch and subchondral bone of zygapophyseal joints (arrow).
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Figure 6. Cranial surface of T2. Large osteophytes are present along the ventral border of the vertebral body. There is severe
erosion of the ventral region of the articular surface, and the dorsal arch has failed to close.

or all cervical vertebrae increases the stability of
the large head and contributes to the hydrodynamic
properties of the body. The highly movable A-O joint
is thus responsible for all movements of the head
relative to the rest of the body (Cozzi et al., 2016).
Head movements may be important in echolocation
(VerfuB} et al., 2009). Fusion of the A-O joint, also
known as A-O assimilation or occipitalization of the
atlas, is the most common congenital malformation
involving the cranio-vertebral junction in humans
and is caused by a failure of segmentation between
the fourth occipital sclerotome and the first cervi-
cal sclerotome. Most patients are thought to remain
asymptomatic (Zong et al., 2017). Conversely,
dysplasia of the occipital bone in a recently born
harbor seal (Phoca vitulina) resulted in cerebellar
herniation and atlanto-axial subluxation with com-
pression of the spinal cord and increasingly severe
neurologic signs, necessitating euthanasia within a
few weeks (Dennison et al., 2009).

Failure of closure of the dorsal arch of T2 and
the complete separation of the dorsal arch from
T3 could also represent congenital malforma-
tions. Incomplete closure of vertebral arches,

involving cervical or thoracic vertebrae, has often
been observed in odontocetes (Cowan, 1966;
Van Bressem et al., 2007; Costa et al., 2016;
San Martin et al., 2016). It was observed in 11 of
28 (39%) bottlenose dolphins (Tursiops truncatus),
leading the authors to suggest that this osseous
change could represent a normal individual varia-
tion within the population instead of a true anomaly
(Costa et al., 2016). Alternatively, separation of
the dorsal arch from T3 may have resulted from a
pathologic fracture, considering the extensive ero-
sion of the surface of the dorsal arch.

This Risso’s dolphin also had severe erosive
and proliferative lesions in C6, C7, and the cranial
region of its thoracic vertebral column. Besides
congenital processes, chronic vertebral lesions can
be of infectious, degenerative, or traumatic origin.
Infectious vertebral osteomyelitis and infectious
discospondylitis usually follow hematogenous
spread of bacteria to the actively growing verte-
bral epiphyseal plates of young animals or to the
periphery of the annulus fibrosus, respectively
(Craig et al., 2015). Lesions are not expected to
affect several contiguous vertebral bodies, nor are
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Figure 7. Caudal surface of T3. Large osteophytes are present along the ventral border of the vertebral body, and there is
severe erosion of the ventral and dorsal regions of the articular surface. The dorsal arch is completely separated from the rest
of the vertebra.

they expected to affect zygapophyseal joints as
was the case in this dolphin.

Spondyloarthritis refers to a group of inflamma-
tory diseases in humans and other mammals. These
diseases result from a combination of genetic and
environmental factors whereby some infection in
a distant organ triggers sterile arthritis through an
immunological reaction (Kompanje, 1999). Lesions
include syndesmophytes, potentially leading to ver-
tebral ankylosis. Intervertebral disc spaces are pre-
served, but there can be erosion of the articular
surfaces of some of the affected vertebral bodies.
Involvement of zygapophyseal joints, including
their fusion, is also characteristic of this disease
(Kompanje, 1999). Vertebrae along the whole ver-
tebral column can be affected as would be expected
from a disease process of a systemic nature.
Spondyloarthritis has been diagnosed in various spe-
cies of odontocetes, although no association between
this condition and one of the co-diseases described
in terrestrial mammals was firmly identified
(Kompanje, 1999; Sweeny et al., 2005; Van Bressem
et al., 2007). Zygapophyseal joints were affected in

this Risso’s dolphin; however, lumbar and caudal
vertebrae were intact, whereas all cases of spondylo-
arthritis described in cetaceans include involvement
of the lumbar and caudal regions of the vertebral
column.

Discarthrosis (spondylosis deformans) is an
age-related degenerative process affecting the ven-
tral peripheral region of the annulus fibrosus and
resulting in the formation of osteophytes, poten-
tially leading to ankylosis. It is a common disease
of the vertebral column, particularly the thoraco-
lumbar region, in domestic and wild mammals,
together with arthropathy of some of the appen-
dicular joints, collectively referred to as degen-
erative joint disease (Wobeser & Runge, 1975;
Peterson, 1988; Craig et al., 2015). Discarthrosis
has been diagnosed in the lumbar and caudal
regions of the vertebral column of cetaceans and
attributed to mechanical stress acting on these
regions during aquatic locomotion (Kompanje,
1999; Galatius et al., 2009). Involvement of the
cervico-thoracic region in this early-adult Risso’s
dolphin is not suggestive of this condition.
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Figure 8. Cranial surface of T4. Small osteophytes are present along the ventral border of the vertebral body. The articular
surface is normal (in contrast to the severely eroded adjacent articular surface of T3; see Figure 7). There is marked erosion of
the subchondral bone of the left and right zygapophyseal joints (black arrow). Small osteophytes visible through the vertebral
canal (white arrow) protrude slightly from the dorsal border of the caudal surface of the vertebral body.

Chronic vertebral lesions may result from direct
trauma to the vertebral column (Nutman & Kirk,
1988; Sharp et al., 2019) or from abnormal forces
secondary to antecedent vertebral anomalies. Severe
secondary degenerative vertebral osteoarthritis was
described in the thoraco-lumbar region of an adult
bottlenose dolphin with congenital scoliosis caused
by lumbar hemivertebrae and fused lateral and dorsal
processes of thoracic vertebrae; this animal had
already raised two calves and had died of an unrelated
cause (DeLynn et al., 2011). We suggest that the ero-
sive and proliferative vertebral lesions in this Risso’s
dolphin also resulted from compensatory processes
caused by abnormal forces on the cervico-thoracic
portion of the vertebral column due to the congeni-
tal inflexibility of the A-O joint. Concurrently, the
exostoses observed on the surface of the occipital
bone and of the left mandibular ramus may repre-
sent heterotopic ossification of the tendinous attach-
ments of muscles joining the skull (including occipi-
tal bone and mandible) to other regions of the axial
and appendicular skeleton, which are important in

flexion and rotation of the head (Cozzi et al., 2016).
These muscles may have sustained abnormal strains
in trying to better control the movements of the head,
resulting in chronic mechanical overload followed
by inflammation and repair by endochondral ossifi-
cation (Zhang et al., 2020).

The potential clinical consequences of skeletal
lesions in free-living cetaceans are important to
address. They have varied from presumably or prob-
ably absent to possibly lethal (Sweeny et al., 2005;
Galatius et al., 2009; DeLynn et al., 2011; San Martin
et al.,2016; Robinson et al., 2020). The marked skel-
etal lesions in the skull and cervico-thoracic region
of the vertebral column of this Risso’s dolphin were
not thought to have contributed to its death. These
skeletal lesions were chronic, yet this animal was
considered in good nutritional condition, indicat-
ing that they had not interfered with its ability to
swim and forage. As the caudal thoracic, lumbar,
and caudal regions of the vertebral column were
intact, the full propulsive force of the epaxial muscle
mass on the flukes would have been unaffected, thus
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allowing normal swimming (Pabst, 2000). This and
other cases (e.g., DeLynn et al., 2011; San Martin
et al., 2016; Robinson et al., 2020) demonstrate the
remarkable ability of some free-living animals to
adapt to, and compensate for, skeletal abnormalities.
Although less easily examined than other body sys-
tems, pathological changes in the cetacean skeleton
and their potential causes and influence on survival
deserve more attention.
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