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In an attempt to develop an animal model for dysbaric osteonecoosis in man,
squirrel monkeys were repetedly exposid to a profile consisting of both hyperbaric
and hypobaric pressures. Clinical and subclinical decomipression sickness was produced.
No clinical, radiologic, or post-mortem evidence of osteonecrosis was discovered
during either the 6-month pressure exposure or the 13-mionth observation period that
followed.
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SUMMARY PAGE*

THE PROBLEM

r To develop an animal model for dysbaric asteonecrosis.

FINDINGS

Squirrel monkeys were repeatedly exposed to a profile consisting of hyperbaric
and hypabaric presmes that caused clinical and subclinical decompression sickness
In the monkeys. No clinical, rodiologic, or post-mortem evidence of osteonecrosis
was discovered during either the 6-month pressure exposure period or the 13-month
abervation -rlod that followed.
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INTRODUCTION

Dysbarlc osteonecrosis has been described in the literature since late In the last
century under a vaiety of names -, I~e., avescular necrasis, aseptic bane necrosis,
andcaison bonedisease (9). It might be beot described islopatholaglcolly asasepic,
Ischemic oastencrois The disease has been reported in military divers (1, 15), low
pressure chamber operators (2,7), and aviators (7). The reiatively high incideum* of
specific bone and joint lesions in certain occupations leaves little doubt that it 4 the

high Incidence, of bone lesions has been reported In Individuals with a history of

decompe-sin sickness (9), which can be caused by diving or flying alone but particu-
laryly combinations of both (4,6).

Attempts to produce the syndrome in experimental animals have had limited success.
Dogs (11) and guinea pigs (5) are app, nty refractory. Lesions have been reported
in swine (14), but, this species is krge, difficult to handle, expensive to maintain,
and phylogene tically distant from man. The squirrel mo n key is especially suitable for
biomedical research because of Its mal size, tractability, easy maintenance, and
ready availaibility (8). (thes latter consideration is uncertain at this time, however,

due to export restrictions by the countries of origin.)

The Fgpups of this study was to provide a suitable animal aw~del for dyobaricI
osteonecrosis by subjecting squirrel mo.ankesys, Saimiri sciwe~us (2), to a combination of
hyperAric arnd hypbobarc pressures and detecting~ i;'Wally the bone changes
aussciated with the disease.

PROCEDURE

SUBJECTS AND APPARATUS

Thirty male Columbian squirfel monkeys (Saimiri sciurous) were used in the
experiment.

Small Plexiglas cylinders, each divided into two compartments by a solid partition,
seirved as primary enclos.wes 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.

5 A 10-liter hyperbaric chamber that would accommnodate five Plexiglas cylinders
i was used for overcompression (F~gure 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 'Iters/minute
was maintained throughout the hyperbaric exý,dsure.
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A large mon-rated chombe was used for the hypoboric profile. The small
Plexiglas cylinders were placed on a rock (Figure 2) with 100% oxygen provided
Insteed oflcoprsse air.

bdlogras weoo token with a 30 mA geoneal Electric' machine and uing
25 x 30 cm Spectromine÷ cassttes with intenslfying scroons. The animals woe
restrained In dorsal recumbency on the cauettes by a combination of straop and
wooden blacks.

A 10 mndz Doppler ultramonic flowmetor and ttanscutaneous probe were used to
detect Intravascular gapous embolism in major thoracic or abdominal vesels. The
Doppler ultraonic flowmete meamures blood velocity from an extra-vascular position
by detecting requency shifts incurred by ultrasound reflected by passing blood cells.
Gas bubbles in blood have been noted to be even mare effective reflectors of ultra-
sound, and thus are readily detected and distinguishable from normal blood flow (13).

METHOD

Five additional squirrel monkeys were used in a pilot study to develop a pressure
profile that would produce intmrvcular bubbles in the absence of clinical signs.
Intravascular gas embolism is a feature of decompression sickness and is believed to be
responsible for many of the symptoms (12). Various hyperbaric and hypobaric pressures P
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/cm2 (80 feet sea water equivalent) for 3 hours followed imm'di-
ately by I how at 0.58 kg/cm2 (15,000 feet altitude equivalent). This profile was
used on the experimental groups.

The thirty conditioned and stabilized experimenful squirrel monkeys were divided

into three groups of 10 each. Group A was 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 radiographically for osteonecrotic anomalies.
Radiographs were taken at approximately 3-month intervals.

Two alterations In the protocol occurred. Hematologic determinations hod
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,
tOw only consistently accessible periphetai vessel is the femoral vein. Vanipuncture
attempts in this area occasionally result in invasion of the femoral artery. While this
usually causes only minimal and reversible damage to the artery, hematomas and partial

* General Electric Company, Milwaukee, Wisconsin
+ Spectronics Corporation, Westbury, N. Y.
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occluions. can result. The pressnt invettigation wa conceorned with.a bane lesion in
which Isipaired blood supply has been Incrtimalteds. The showm of the sampling
procedurle adrisk ofvoAsuar lapoirment totepelvic limb le *adecision t ~

hemaalagc deerminatlons. A second change in the protocol involved not sacrificing
one group of the animeals at the end of the dysbarc exposures for histopattislogic study.
In the complete absence of rodiologic evidence of hone l hanges, a decision was made
to retain all groups for a longer period to aflow lesions to develop.

RIESULTS AND DISCUSSION

No clinical, radiolagic, or post-mortems evidence of dysbaric osteonecrods ws
discovered during either the 6-month pressur exposure or the 13-month observation
period that followed.

Five of the 30 animals have died since thes beginning of the experiment. One
MonelIy from Group C collapsed an how after his 24th exposure to the presue profile.

Ps-morte findings wer consistent with decom pression sickness,- I .*,,, subcutaneous
emphysema and gaseous emboli in pulmonary and cerebral vessels. The sscond moankety
belonged to control Group A. During the lost week of pressure exposures It developed
tremors and dyspe while in the Plexiglas cylinder in the hypobaric chamber at sea-
level prwessre The rectal temperature reached 41 .20 C during resuscitative efforts and
then dropped quickly to subnormal, at which time terminal convulsions occurred.
Absence of significanit gross or microscopic lesions tends to support a diagnosis of thermo-
regulatory malfunction. A monkey from Group B wa found deaw in its cage one month
after the pressur exposmur had been completed. Post-mortem examination was wune-

-akable. The fourth animal (Group C) was discovered moribund on the bottom of its
cage and expired while being examined. Post-mortem, examination revealed a perforated

pylaric ulcer with serous fluid and gastric contents in the abdominal cavity. Another
anirmal from Group S died during a surgical procedure to remnoves an enlargement from
pulmonary fibrosis. The exact relationship betwaen the pulmonary fibrosis and death
under anesthesia Is difficult to establish.

It must be concluded that the squirrel monkey is not highly susceptible to dysbarici
osteonecrosis. Whether the species is refractory to the disease cannot be established
from the presen t study. Funding has not been secured to retain thsem animals and
monitor them for ars extended period; however, efforts will be made to assgn the
exposed animals to other than terminal experiments and maintain at least an annual
radiographic surveillance program.
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