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Use of a hyperbaric chamber to produce simulated
G-induced arm pain
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An experimental model hax been developed o
provoke arm pain by expesing subjects fo in-
creased  wmibient  pressace dnooa hyperbaric
chamber with an mrm extended through a
special opening and  maintained  ae merrimad
afmospheric pressire. Bload is forced vut into
the wrem, cauxing venous congesiion and wlft-
mately arm pain. Sealing the arm in the
chamber door was accomplished by un adjust-
abte ‘camera irls' apening that did rot inter
fere with btood flow. Regional velumes of the
arm were defermined by impedance pledhys-
mography,  Blead  vessel  size and  Blood
flow were determined by senography. Finger
band pressure was determined by Finapres.
Prefiminary  resules  indicate  fhar with o
108 mum Iy pressure increase in the chamber
arm puin was proveked afrer 3-10 min. With
higher pressire arm pain wuas very strong and
developed earfier. The arm pain induced using
thiv methed & simifar o that encountered
diring high G leads with pressure breathing
and low hand position. This is an excelleni
method to simulare and suidy G-induced arm
pain; it provides better physiviogical data than
centrifuge-induced wem pain qnd countermen-
sirex (o redicce arm pain are eayier o test
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Ex]mr,ur-: to hiph +(z forges may causc
pelechiae and pain. especially around the
ankle und feet of fighter pilots [1] lncreased
hydrostatic pressure, with inereased fransmural
pressure, causes overdistension of dependent
biood vessels. nerve stretching and compression
af skelétal muscle, with loss ef plasma volume
L extravascufar tissue, and the occurrence of
pain. These conditions can he offsel by direct
lissue pressurization with an anti-Gosuit when
equippid wilh pressure socks. Mechanisms po-

3

teptially causing this discamfart n the unpro
ected state wre: (1) constriction ol e e
ancoth muscle due Lo miyvopenic and/or neuro:
penic responses from the distending stmuly, this
response s more pronounced on the arterial
siches () increased extravasculiar pressure diue o
sheletal musele contraction from the ant-G
straiming measurcs. and (3} mnereased  yenuous
pressure i the extramities lrom intravasculis
hydrostatic pressure from the high-G exposure

Ceinduced amm pain and pelechioe are expe
rienced by centrifuge subjects o pliva during
extended or repeated periods of high G loads
[2-4]. The pain and perechine usually oceur
when the control stick and throttle, and thus the
hands and the arms, ure positioned below the
heurt level, For the pilot silting in a standard
epection seat, the hand may be in the worst pos-
sibile position, aboul 25 ¢cm below the heart
level. This position may create high arrenal
pressures in the lower arm at @ =Gz with venous
pressures inereasing in similar magnitude to up
to 170 mmHg according o Prior and Tozer |2,
This high intravascular pressure needs a
mechanism th support vessel integrity. The
compliant veins are more vulnerable hizh
itravascular pressures than the arleries due to
their thin wall with a large lumen. relulive
chortage of vascular smooth muscle and a
sparse vasoconsitictor innervation. The result
ing arm pain appears Lo be the result of an
overdistension ot hlond wessels, mainly the
large systemic veins in the lower 2/3rd of the
upper arm

with the introduction of balanced pressure
breathing during G (PBG), with counterpressure
o the thorax, the venous pressure in the arms s
tncreased The result 15 a tendency for mare arm
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Figures 1. Eaxpetwnenta

puin and petechiae in the elbow region during
high snstained G [2], Tn this area the bload vos-
sels are superficinl and withouwt tissus counter-
pressure,

Prior and Tozer [2], in messurements of
torearm venous pressuce at increased G loads
found that arm pain developed when venous
pressure in the arm reached 130 mmllz. Abovy
that pressure, arm pain directly correlated with
venois pressure. Alsa, the incidence of arm
pain increased with the application of PBG.
with (balanced) or without counterpressure
the chest.

Applving a moderately creased pressure
direelly 1o the affected area of the arm during
high G laads s Bikely o reduce the pain and the
development of camillary leakage

Provucation of vessel overdisiension and its
resultant arm patn alse may be accomplished by
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exposing i suhject to-a hiyperbaric pressure in 4
chamber with an arm extended theaugh the wall
w eaposed to atmospheric pressure. This
method of inducing differential pressures in the
arm provides a model fur studying the physio-
towic mechanisms involving G-induced wrm pain
that is muere convenignt than using the centri-
fuge

Methods

An experimental {venous congestion} model has
been doveloped provoking arm pain by expos
ing seated subjects to a hyperbarin pressure ina
chamber with an arm ul almospheric pressure
extended through an opening in the chamber

mire | ) The muidel has been used on S sith-
eets, We hypothesize that Blomd swill be foreed
into the armoand with less venous return vanons
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conaestion amd aliimgtely arm paem il resuli
a condition ol pain that s somilar 10 that expers
cided during sustained G exposure, Sealing the
armt in the shamber door s sccomplished by an
adjustable “camera s’ opening that does not
et leie with blood Tosw. The pressure i the
clannher was wannbomedd wiith somerond e
nemeters with an error of less than 45 mmilg
Clapmeees e repinal volumes of e wm
werd determined by tetrapalar nmpedance
plethysmagraphy on the uppér arm, wheres
chinges in regional bleod volumes were ¢s5nb
el By observing the clunpes in resisionee Lo
iosmall-amplitude 30 KMz altérnatmg Surrent
Blood vessel siee and Dlood fTow were meas-
ured by sonoeraphy (O Tewlen Packard SONOS
LS00 Tmaging System wath an Acounstic Quanni-
Feation 7.0 MHz sector gh-frequency trans
ueerl. Fiuger blood pressure was detenmined
by Finaprests (Ghmeda model 2300, Madison,
Wl The arm pam was estimated by a subjec
tive 01| unit scabe where O indicates no pain at
all, 5 indigates strong pains and 1D masimal

Results

Prelmuonmey results dndicate  that  with o
Lo mmib e pressare anerease in the chamher,
army pain ocourred after 510 mun, With higher
proshipte (25 D30 mumHg b unm pain was wieale)
anid developed earhicr Tha From ome subjec
showed that the ratio between blood MTow ancd
vl domemaron e the pmdal, wlnar wid e
terosseos artertes Raud decreased fo less than half
the control value atter the chamber pressure was
creascd W 73 ounHe s chcacs] by sonogra-
phy (Figere 1) The bload Mow owithen the ea-
dial, ulpar and infarosseds arteries decrsased
ubout | 3ed of the control vulue darine 5 paie ul
T3 mmble hvpecharic chamber pressure and was
maintained at about the same  level during
45 e at 100 mmMBe (Fleares 3-3) The arwe-
rial seres were mainained the same o with only
mmnar chanees durme this exposure. The blood
flow velocity decreased similarly 1o about ane-
bl a0 73 mumHg chamber prossune ad deereised
furthar 10 abonr |78ed a0 the begminning ar 144
manH (Figuere O3 Attes 45 nun at GO mm gt
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velooity relomed somewhat and was obout one
hall ot the control velociy afler 7 man

Thearm yolume mcreased very shghtly wath
mereaseld pressure i the pressure chamber n
our prelinnmary. measurements with impedance
petliysonog iy, The arterial blood pressore an
the Tioper rose approximalely in proportion to
the mereased chamber pressore

Conclusio

L

Aoy pain, similar 1o that encountercd durimg
Tiple €3 lewnds with PRG and/or o low-hand post-
tion, has been induecd by exposing subiccts to
hyperbaric pressure in a chamber with the srm
citended througl an openmg i the chamber
exposed to armaspheric pressure. This differen-
tal presawre model simulates G-mduced  arm

pain and provides o more convenient method 1o
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study physiologie changes, Alsg, cowilermen
sures to reduce arm pain o will be easicr o les
with ties technique:  Uselul  counfermeasire
fechmicues for :Il:l_-h 1 prolection must be vitli
dated using the centrituge
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