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SUMMARY PAGE*
THE PROBLEM

To develop an animal model for dysbaric osteonecrosis.
FINDINGS

Squirrel monkeys were repeatedly exposed to a profile consisting of hyperbaric
ond hypobaric pressures that coused clinical and subclinicol decompression sickness
in the monkeys. No clinical, radiologic, or post-mortem evidence of osteonecrasis
was discovered during either the 6-month pressure exposure period or the 13-month
cbservation nariod that followed .
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INTRODUCTION

Dysboric osteonecrosis has been described in the literature since late in the last .
century under a variety of names, i.e., avascular necrosis, assptic bone necrosis,
and caisson bone dissase (9). It might be best described histopathologically as asepiic,
ischemic csteonecrosis. The dissase has been reported in militory divers (1,15), low
pressure chomber operators (2,7), ond aviators (7). The reiatively high incidence of
specific bone and joint lasions in certain occupations leaves little doubt that it is the
result of compremsion/decompression (10), but the exact pathogenesis is unknown. A
high incidence of bone lesions has been reported in individuals with a history of
decompression sickness (9), which con be coused by diving or flying alone but particu-
larly by combinations of both (4,6).

Attempts to produce the syndrome in experimental animals have had limited success.
Dogs (11) and guinea pigs (5) ore apparently refractory . Lesions have been reported
in swine (14), but, this species is lurge, difficult to handle, expensive to maintain,
and phylogenetically distant from mon. The squirrel monkey is especially suitable for
biomedical ressarch because of its small size, tractability, easy maintenance, and
ready availability (8). (The latter consideration is uncertain at this time, however,
due to export restrictions by the countries of origin.)

The purposs of this study was to provide a suitable animol model for dysbaric
osteonecrosis by subjecting squirrel monkeys, Saimiri sciureus (2), to a combination of

hyperbaric and hypoboric pressures and detecting radiogrophicaliy the bons changes
anociated with the disease.

PROCEDURE
SUBJECTS AND APPARATUS

Thirty male Columbian squir;el monkeys (Saimiri sciureus) were used in the
experiment,

Small Plexiglas cylinders, each divided into two compartments by a solid partition,
served as primary enclosyres for two animals. These cylinders were fitted with
breathing-gas inlet pipes on the side and several small gas-escape ports in the ends,

In this way, relatively high flow rates could be maintained around the animals and
rebreathing of exhaled gas minimized.

A 180-liter hyperbaric chomber that would accommodate five Plexiglas cylinders
wos used for overcompression (Figure 1). Compressed air was supplied from a high-
pressure cylinder bank . Air entering the chamber was directed by a flexible manifold
through the Plexiglas cylinders containing the animals. A flow rate of 15 liters/minute
was mointained throughout the hyperbaric exnosure .
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A lorge mon-rated chomber was used for the hypoboric profile. The small
Plexiglas cylinders were placed on a rack (Figure 2) with 100% oxygen provided
instead of compressed air .

Rodiographs were foken with a 300 mA general Electric*® mochine ond using
25 x 30 cm Spectroline® caosmttes with infensifying screans. The animals were
restrained in dorsal recumbency on the cassettes by o combination of strops ond
wooden blocks.

A 10 mHz Doppler ultrasonic flowmeter ond tronscutoneous probe were used to
detect intravasculor goseous embolism in major thoracic or abdominol vessels. The
Doppler ultrasonic flowmetei measures blood velocity from on extra-vascular position
by detecting frequency shifts incurred by ultrasound reflected by passing blood cells.
Gas bubbles in blood have been noted to be even more effective reflectors of ultro-
sound, ond thus are readily detected and distinguishoble from normal blood flow (13).

METHOD

Five odditional squirrel monkeys were used in a pilot study to develop a pressure
profile that would produce intravascular bubbles in the absence of clinical signs.
Intravasculor gas embolism is o feature of decompression sickness ond is believed to be
resporsible for many of the symptoms (12). Various hyperbaric and hypobaric pressures
and durations, as well as the interval between each, were tested, A combination that
consistently produced bubbles in more than 50% of the five monkeys consisted of
pressurization to 2.4 kg/cmz (80 feet sea woter equivalent) for 3 hours followed immedi-
ately by 1 hour at 0,58 kg/cmZ (15,000 feet altitude equivalent). This profile was
used on the experimental groups.

The thirty conditioned and stabilized experimentul squirrel monkeys were divided
into three groups of 10 each. Group A wos designated as control and was subjected
to all phases of the experimental protocol except for the pressure changes. Groups B
and C were exposed once a week to the pressure profiles for 26 weeks. All groups
were retained and monitored clinically and radiogrophically for osteonscrotic anomalies.
Rodiographs were taken at approximately 3-month intervals,

Two alterations in the protocol occurred, Hematologic determinations had
originally been proposed, but experience with other squirrel monkeys hod shown
collection of blood samples to be a stressful procedure in this species. In addition,
the only consistently accessible peripherai vessel is the femoral vein, Vanipuncture
attempts in this area occasionally result in invasion of the femoral artery, While this
usually causes only minimal ond reversible domoge to the artery, hematomas and partial
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* General Electric Company, Milwaukee, Wisconsin
+ Spectronics Corporation, Westbury, N. Y,
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occlusions con result, The present investigation wus concemed with o bone lesion in
which impaired blood supply hos been incriminated. The stress of the sompling
procedure ond risk of vasculor impairment to the pelvic limb led to a decision to omit
hamatologic determinations. A second changs in the protocol involved not socrificing
one group of the onimals at the end of the dysboric exposures for histopothologic study .
in the complete abesnce of radioclogic evidence of bone changes, o decision was made
fo retain all groups for a longer period to ailow lesions to develop.

RESULTS AND DISCUSSION

No clinical, radiologic, or post-mortem evidence of dysbaric osteonecrosis was

discovered during either the 6-month pressure exposure or the 13-month observation
period that followed .

Five of the 30 onimals have died since the beginning of the experiment, One
monkey from Group C collapsed an how after his 24th exposure to the pressure profile.
Post-mortem findings were consistent with decompression sickness; i .e., subcutansous
emphysema and gasecus emboli in pulmonary and cerebral vesels. The second monkey
belonged o control Group A. During the last week of pressure exposures it developed
tremors and dyspnea while in the Plexiglas cylinder in the hypobaric chamber at sea-
level pressure. The rectal temperature reached 41.2° C during resuscitative efforts ond
then dropped quickly to subnomal, at which time terminal convulsions occurred.
Absence of significont gross or microscopic lesions tends to support a diagnasis of thermo-
regulatory malfunction. A monkey from Group B was found dead in its cage one month
after the had been completed. Post-mortem examination was unre-
morkable. The fourth animal (Group C) was discovered moribund on the bottom of its
cage and expired while being examined . Post-mortem examination revecled a perforated
pyloric ulcer with serous fluid and gostric contents in the abdominal covity . Ancther
animal from Group B died during a surgical procedure to remove an enlargement from
the right arm. Necropsy findings include subcutaneous nocardial granulomate and

pulmonary fibrosis., The exact relotionship betwaen the pulmonary fibrosis and death
under anesthesia is difficult to estoblish.

It must be concluded that the squirrel monkey is not highly susceptible to dysbaric
osteonecrosis. Whether the species is refractory to the disease cannot be established
from the present study. Funding has not been secured to retain thase animals and
monitor them for an extended period; however, efforts will be made to assign the
expased animals to other than terminal experiments and maintain at least an annual
radiographic surveillance progrom.,
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