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CHRONIC CRANIAL OSTEITIS IN A ROCKY MOUNTAIN

BIGHORN SHEEP

JACK C. TURNER. L)ivisiiin if Life Sciences. Gt’iisi’ience, and Geiigraphy, Sam lliiustiin Siali’ t nivi’rsitv.

Huntsville, ‘I’exas 77:t4 1, USA.

Crania! osteopathy in desert bighorn
sheep (Ovis canadensis sspp.) has been

described in specimens collected from
various southwestern populations
(AlIred and Bradley, 1965, Trans. I)esert
Bighorn Counc. 9: 75-81; Allred and
Bradley, 1966, Trans. Desert 13ighorn
Counc. 10: 86-97; Paul and Bunch, 197g,
J. Am. Vet. Med. Assoc. 17:3: 1 178-1 180).
Cranial osteonecrosis has been diag-
nosed in 40.705 of the specimens in many
regional collections (Bunch et al., 1978,
Trans. I)esert Bighorn Counc. 22: 16-20;
Bunch et a!., 1978, Proc. N. Am. Wild
Sheep and Goat Symp. pp. 26 1-27:3; Paul
and Bunch, op. cit.) and is estimated to

have a 20% overall frequency in most
desert bighorn populations (Bunch and

Allen, 1981, J. Am. Vet. Med. Assoc. 179:
1150-1152).

Recent observations have resulted in
speculation that cranial osteo!ysis may
be initiated by irritation of nasal and

sinus epithelium by larvae of the nasal
botfly, Oestrus ovis, in concert with sec-
ondary bacterial infections by
�orynebacterium sp. (Bunch et a!., 1978,
Utah Sci. :39: 97-103; Cobbette and
Mitchell, 1941, Am. J. Vet. Res. 2: 358-
366; Paul and Bunch, op. cit.). Pyogenic
osteomyelitis of the paranasa! sinuses
could potentially result from this inva-
sion, cause perforation of the crania!
vault and death from brain abscessation
and/or suppurative meningoencepha-
litis. Consequently, bot-induced os-
teopathy has been suggested as a major
mortality factor for desert bighorn pop-
ulations (Bunch, 1980, Trans. I)esert
Bighorn Counc. 24: 14-18; Bunch and

Allen, op. cit.; Paul and Bunch, op. cit.).

Heretofore, osteolytic lesions similar to

those described for desert bighorn sheep
have not been observed in the Rocky
Mountain bighorn ecotype. This seems
unusual since the botfly has a wide
distribution and is abundant in the
Rocky Mountain area (Capelle, 1966, J.
Parasitol. 52: 618-621; Meleney et a!.,
1962, Am. J. Vet. Res. 23: 1246-1251;

Rogers and Knapp, 1973, Environ. En-
tomo!. 2: 11-23). This paper describes an
extensive cranial osteolytic condition in
a Rocky Mountain bighorn sheep, 0. c.
canadensis, similar cases of which,
previously, have been characterized as

botfly induced. It is the intention of this

article to emphasize caution in the in�
discriminate assignment of the botfly as

the etiologic agent of mortality by show-

ing that other avenues of infection may
result in conditions similar to those pur.
ported!y induced by the botfly larvae.

A 3 to 5 yr old, free-ranging Rocky
Mountain bighorn ram was repeatedly
observed over an interval of several

months by Wyoming Game and Fish
personnel in Sybille Canyon, Albany

County, Wyoming. The ram appeared
alert, active and able to negotiate 2.5 m
fences to pursue captive bighorn ewes
maintained in the canyon. The last time

it was observed alive the ram appeared to
have an injury or infection involving the
right eye and/or cornual process. The
ram was not seen for 10-20 days and

subsequently was found dead. Advanced
auto!ysis precluded a necropsy; however,
a draining abscess cauda! and ventral to

the right orbit was observed. The right
cornual process and horn were separated
from the skull. However, no evidence was
discernible to suggest a fall was the cause

of death. The head was severed from the
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a Anatomy and terminology follows theconventionsof: MAY, NS. 1970, TheAnatomyof the Sheep. 3rd Ed. Uni’

versity of Queensland Press, Brisbane, Australia, 369pp.

carcass by Wyoming Game and Fish

personnel, the horn sheathes removed

and the skull given to the author for

study.

The cleaned skull showed extensive
reduction of crania! hone and numerous

fistulae. The right cornual process had

separated from the skull. Additionally,

an anomalous retention of the second

deciduous premolar (dPM1) and fistu!a-

tion of the palatine process of the max-
illary bone at the juncture of PMt�PMi

were found.

Roentgenographic evaluation of the
cranial and facial bones and the tooth

arcade was made both prior to and after

bilateral hemisection of the skull. Ad-

ditionally, comparisons were made with

radiographs of similar aged, unaffected

skeletal material.

The cadaverous residues from the
sinuses and nasal cavity were inspected
with a dissection microscope. Recovered
sc!erotinized material was prepared
(Bils, 1974, Electron Microscopy, a

Laboratory Manual and Handbook.
Western Publishing Co., LOS Angeles,

California. 278 pp.) for scanning electron
microscopic (SEM) comparisons with
residues recovered from mascerated
specimens of third instar bot larvae.

The second premo!ar(PM) oftheright

dental arcade was impacted by the
horizontal eruption of the second
deciduous premolar (dPM) (Fig. 1). The
PM2 was forced rostrally in the maxilla.
The crown of the dPM erupted into the
PMt resulting in an apparent pressure
resorption of the root and periapical
infection. A tract of osteolytic bone ex-
tended into the pa!atal wing of the max-
illa at the base of PM� and into the
alveolar capsule of Ml, through the
dorso-lateral plate of the maxi!la and
into the maxillary sinus (Fig. 1).

Radiologically, there was an obvious
decreased density in the right cranial

bones when compared to radiographs of
the left side, or to cranial bones of similar
aged, unaffected animals (Fig. 2). The
right cornual process a was separated
from the cranium at the posterior
margins of the frontal-parietal suture by
a cleft 0.6�3.0 cm wide that extended into
the dorso-posterior orbit, at the supraor-
bital process of the frontal and malar
bone and at the mid-line frontal suture by
a 1-2 cm crevice extending through the
supraorbital foramen into the dorsal
aspect of the orbit. The trabeculae of the
right cornual process were completely
absent.

Integrity of the right caudal and
rostral frontal sinus was lost, as was the
differentiation of the three diverticula of

the caudal frontal sinus (Fig. 2). Com-
munication of the frontal sinus with the
nasal cavity, dorsal nasal concha and
maxillary sinus was by way of several
fistulae, 0.3-1.2 cm in diameter, through
the ethmoid, at the medial side of the
orbit and the ethmoidal meatus.

The median septum separating right
and left frontal sinuses was greatly
reduced and perforated, 0.8-1.6 cm in
diameter, at four sites allowing com-

munication between them. The left fron-

tal sinus was less degenerate; trabeculae

had not lost their integrity.

The left frontal bone was perforated by
a 1X2 cm fistula (Fig. 2). Bone of the

fistula’s ventral margin was pro-
liferative and had formed an extensive
spiked osteophyte.

The right side of the calvarium was
penetrated nine times by fistulae, 0.3-1.5
cm in diameter, mainly within the
parietal and occipital bones. Penetration
into the cranium occurred from the cor-
nual diverticula of the cauda! frontal
sinus near the dorso-medial junction of
the frontal and parietal bone(Fig. 3). The
cranial surface of the parieta! bone’s
ventro-caudal margin was eroded
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FIGURE 1. Partial buccal view showing the horizontal eruption of the dPM,

impaction of the PM1, an apparent pressure resorption of PM1 and periapical infection

of PM (A). Removal of the maxillary shield revealed a tract of osteolytic hone

penetrating the maxillary sinus (B),

through the petrosal crest laterally and

into the petrous part of the temporal bone

and occipital bone ventrally and dorso-

laterally, respectively. The extensive loss

of bone either destroyed or impaired the

right temporal meatus, accessory

foramina, the postg!enoid, mastoid,

stylomastoid and condyloid foramina

and condyloid canal.
All soft tissues removed from the sinia!

and nasal cavities prior to and during the

skull’s preparation had lost cellular in-

tegrity. Sclerotinized material was only

recovered from the nasal passage. Scan-
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FIGURE 2. l’�xtent of osteolysis on the dorsal skull surface showing lytic cleft

separating the skull and right cornual process and a 1 X2 cm fistula (arrow) in the left

temporal bone (A). Ventral bone surface surrounding the 1\2 cm fistula in the left

temporal hone was proliferative and formed a spiked osteophyte (A, insert). Sagitta!

view of the right frontal sinus showing loss of trabecu!ate partitions and integrity of

frontal diverticula ) 13.
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FIGURE :3. Right hemisection of skull revealing reduced hone in the median septum

and three fistulae (arrows) penetrating the cranial vault. The loss of bone from the

temporal and crania! surface (insert) probably resulted from bacterial action and the

accumulation of suppurative toxins.
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ning electron microscopic comparisons

of the recovered sc!eri ties resembled

sc!erities from third instar hot larvae.

Peritremes or cephalopharyngeal

skeletons were not rec ivered.

The extensive degeneration of cranial

hone probably resulted from virulent

progressive osteomyelitis, the focus of

which resided within the right rostra!

and caudal frontal sinuses. Os-

teomyeli tis and osteolysis, resulti rig

from chronic osteitis, were a likely conse-

quence of toxins, produced by 1)acterial

action, and ischemia caused by the dis-

ruption of local circulation. Loss of

cranial trahecular bone probably oc-
curred in response to the suppurative

inflammatory reaction (Juhb and

Kenedy, 1970, Pathology of Domestic

Animals, Vol. I,2nd ed,, Academic Press,

New York, 593 pp.). The extensive loss

was facilitated by the abundance of

cranial trabecular hone, its large surface

to mass ratio and vascularization.

The continued thinning of the frontal

bone’s ventro’medial surface prol)ably

resulted in penetration of the brain en-

casement. The suppurative material

probably collected in the ventro-caudal

portion of the brain case and produced an

osteolysis of the temporal and occipital

crania! surface. This undoubtedly caused

the observed fistualization and con

tributed to ischemic necrosis of both

bony and subcutaneous tissues. !)eath

presumably came from central nervous

system involvement in the infectious

process.

The cause(s) of the described crania!

osteopathy is far from unequivocal. The

observed periapical infection of the PM,

its erosion of the maxillary medial plate

and penetration of infection into the

maxillary sinus may have (‘ontril)uted to
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a generalized chronic paranasal

sinusitis. Indeed, dental anomalies, coex-

istent with crania! osteolysis, are not

uncommon within southwestern desert

bighorn populations (Allred and
Bradley, 1965, op. cit.; Allred and

Bradley, 1966, op. cit.). Unresolved sinial

empyema, resulting from occluded sinial

orifices, can cause osteitis and os-

teomeylitis (Jubb and Kenedy, op. cit.).

Oestrid myiasis accompanied by sec-

ondary bacteria! infection of the affected

nasopharyngeal and sinia! cavities has

been the implied cause of massive cranial

deformities observed in skeletal collec-

tions from southwestern desert bighorn

populations (Bunch and Allen, op. cit.;

Bunch, op. cit.; Bunch et a!., 1978, Utah

Sci. 39: 97; Paul and Bunch, op. cit.).

Unfortunately, frequency of oestrid
related crania! osteopathy predicted

from these collections is difficult to

assess due to loss of soft tissues, spatial

and temporal biases, inadequacy of field

data and relative inabundance of study

material. Oestrid larvae have been

recovered from only two bighorns suffer-

ing crania! bone degeneration (Bunch et

al., 1978, Proc. N. Am. Wild Sheep and

Goat Symp. p. 261; Paul and Bunch, op.

cit.).

North American wild sheep probably

are infrequent hosts to oestrid flies.

Oestrid larvae have previously been

recovered from Rocky Mountain big-

horn; however, no significant disease-

related problems have been attributed to

their occurrence (Capelle, op. cit.;

Cobbette and Mitchell, op. cit.; Couey,

1958, Montana Fish and Game Comm.

Bull. No. 2, 90 pp; Honess and Frost,
1942, Wyoming Game and Fish Dept.

Bull. No. 1, 126 pp; Scott, 1942, J. Mam-

mal. 23: 345-346). Numerous bighorn
sheep studies from Wyoming and

Colorado have not disclosed a bot

parasitism problem similar to those

suggested to occur in the desert

southwest (Hibler and Thorne, pers.
comm.). Similarly, skeletal collections
from both states reveal no unusual

cranial deformities (Walker, pers.
comm.).

Ecological and physiological tolerance
by the parasite and microhabitat con-
ditions within related hosts may es-

tablish limitations of parasitism within
the same ecological area. For example,
the suggested predisposition of desert
bighorn to aberrant bot parasitism
(Bunch and Allen, op. cit.; Paul and
Bunch, op. cit.) may relate to the thermal
conditions within the nasal passage.

Oestrid larvae are deposited within the

nasal passage during summer months.

Thermocouple recordings of nasal
passage surface temperatures indicate
the anterior passages of desert bighorn to
be substantially warmer than those of
Rocky Mountain sheep (Turner, unpubl.
data). Larval selection of an optimal
thermal environment within the desert
sheep’s nasal passage may restrict larval
development to the upper nasal sinus
and extremities of the paranasal sinuses.
Increased larval size would prohibit es-
cape from sinial passages through the

ethmoidal meatus. Death of the larvae
would provide a necrotic focus for

infection.

Cranial deformities in desert bighorn
have in only a few documented instances
implicated bot parasitism as the causal
agent. The absence of any demonstration
of Koch’s postulates of bodily response to
infection casts doubt on the severity of
bot parasitism to desert sheep survival.
Similarly, bot parasitism occurs in
Rocky Mountain bighorn, but it does not
appear to pose a serious threat to their
survival.
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