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Modification of Postural Tremors under
a Hyperbaric Heliox Environment at 31 ATA
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The deeper men dive, the greater the increases in new physiological
problems. However, thanks to the wisdom of man, these problems are solved
as they appear. Concerning ambient pressure diving with an He-O, gas mix-
ture, a pressing problem awaiting research development is the examination
of HPNS. Tremors are one of the indications of HPNS. It is known that
tremors are manifested in a hyperbaric He-O, environment under ambient
pressure greater than 16 ATA (Bennett, 1965; Zaltzman, 1968). As for
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mammals other than man such as rats, guinea pigs, cats and monkeys, physio-
logical tremors are known to occur in a hyperbaric environment of a He-O,
gas mixture. As a result of studies undertaken in Europe and the U.S.A., it is
reported that physiological tremors of 8-12 Hz appear between 16-31 ATA
for men and between 41-51 ATA for other mammals, and that its amplitude
increases as ambient pressure auguments (Bechrach and Bennett 1973;
Hugon, Fagni, 1981; Hugon, Fagni and Seki, 1983).

As to the compression speed and pressure, both are considered to be
contributing factors in HPNS manifestation.

The present report deals with a comparison of postural tremors in four

divers before and after compression.
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DIVE PROFILE
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Nov. — Dec. 1982
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Characteristics of subjects SEADRAGON-V

Nov.—Dec. 1982
St Age | Height | Weight |Surface Area
(yrs) (em) | (kg) (of)
A 39 182.6 86.4 2.08
B 31 168. 5 63. 0 1.72
C 30 172.6 65. 4 1.78
D 41 162. 7 62. 5 1. 67
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Subj. A Eye Opened
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Sec
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b i
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Tremor with eyes opened and closed at 0m and at 300 m
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Tremor with eyes opened and closed at Om and at 300m
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Subj. C Eye Closed
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Tremor with eyes opened and closed at O m and at 300 m
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Tremor with eyes opened and closed at Om and at 300m
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bz DORABEBICHHEIR-FROFEEEF R o117
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DLEF T - T,

%3, BUSHED 31 ATADRED peak
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Z DFER Subj. A & Subj. C iIgBWT, peak
power 7331ATA T3 1 ATA EHELT t 9%
ZROIEEEROEDRETHEEVB R LN,
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3.3 Clinical observation
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B & Dic—k#73B8E R (arthralgia) OFZ
Hoto MEICE B, #EERECIZIIATA M
T HEADIZAR Y T 5 EF/RAND -7, 21ATA
s SHERE Bic TR (sens of compression)
DB, HBREAL, EBEADPY LTEER
Z1:o SIATAWEEERKIE, 48051 —i,
BRBSIEARD TS, BHESE LR, Lok
HBOF AR INID, HRE, BEREDOFL
F78pot, Lip L, #EERE Clc—IREVISH: & %
F fo i EL (nausea) B Ul ER{ ANz,
WERZ C OB, HPNS OB LV S LD,
U LAPEREROBERE I CLSZR IS LN
15,

% 7o, B (28ATA) ITFEBEAIEDR
203, BERECIcRoniz, 21ATA »oirE
A& CRREERENSEILL /- EDRFINLINI,
L7 LEAAR, BARRD finger to finger test T, Y
EREREARNTIREIB ON D -7

4, & =
HPNS #HO—EEL L TOREBREAOHRE
K TEHHRESNTBY, 19ATA, He—G
TCTFEOBicBIT 2 #IHE (Bennett 1965), 20AT
A, He—0O, TTlFHEDIkHE (Hamilton 1966),
14~16 ATA, He— 0O, F Tk ic 5K (Zalzman
1967) 38 5,
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Power (uV¥bw*)

—— Eye Opened
-——= Eye Closed

6.0

Frequency (Hz)
*bw =band width (0.5Hz)

X6 RERED/ N7 -7 b5 LDOREF

8.0 10.0 12.0 14.0 16.0 18.0 20.0

Typical shapes of Tremor power spectrum (subj. A)

%3 B31ATARBUYB -2,y — EEEHK
Peak power and its frequency at 31 ATA

2 1ATAkRBOBZE—7,g— LEBEK
Peak power and its frequency at 1 ATA
Eye Opened Eye Closed
Subj | power Frequency| Power |Frequency
(uV/bw) |  (Hz) | wV%bw)| (Hz)
A 5136 8.8 5403 8.5
(£1745) | (£0.6) | (£1172) | (£ 0.4)
5 1994 10.4 1745 10. 7
(+ 458) | (£0.8) | (£ 541) | (£ 1.0)
C 2711 10. 8 2373 11.9
(£ 415)| (E£1.7) | CE A7) (£0.3)
D Lo —_— — e —

Values are means(£SD), bw=band width(O.S'Hz)

JAMSTECTR 13 (1984)

Eye Opened Eye Closed
Subj.| power Frequency| Power Frequéncy

uVy bw (Hz) WN7bw | (Hz)

A 6013 8.8 5955 8.8
(£1644) | (£0.3) | (£1357) | (£0.5)

B 2024 10. 9 1848 11. 0
=il ke B32)F G 1.4) | (421 ) (& 1.5)

C 3948 9.7 3288 10. 6
(£1157) | (£1.3) | (£ 842) | (£ 1.8)

D 1522 8.9 1476 8. 4
(+ 651)| (£0.8) | (£ 533) | (£0.8)

Values are means (+SD), bw= band width(0.5Hz)
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F4 1ATABEIUIIATAIRCBUT S
B — 7 Ny — & B

Peak power and its frequency at 1 and

31 ATA
1ATA STATA

Subj.| power |Erequency|l Power |Frequency

w¥bw | (Hz) | uV¥bw | (Hz)

A 5273 8.6 5084 8.8
(£1471) | (£0.5) | (£1491) | (£ 0.4)

E 1853 10. 6 1949 10. 9
(£ 515)| (£0.9) | (£ 492) | (£ 1.5)

& 2566 11.3 3618™ 10. 2
(+ 448)| (& 1.4) | (&1064) | (£ 1.6)

. . L 1500 8.7
(+ 589) | (£0.8)

.Values are means (£SD), bw=band width(0.5Hz)

* Significance in difference between 1 and 31
ATA © p<<0.02
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2 2 ZIcETOREBORIBOEALR ST,
%7, BEEGITORR, ©— /NI —-ItBEE
DR oI, £oDBEINE Subj. A TI13%,
Subj. B T5%, Subj. CT40% -7z, Rostain
(1972), Bennett (1973) SDHEFic L, 62
ATA, He—-0, BE T TOREL 100~ 120%D
BEmAERL, 31ATA, He—O, BIET 4008 DHE
MBRSNIEND, RERTEESDHFRER
LIERTD, 100~400 L EoEEEREMIR
SNEpotc, AEBRBGRTORERREME FW
%, HPNS ORBRMELFFINTW % Rostain
& Naguet (1979, 1980) 5®D/rd 100~ 200 %
SDERTIRE - 10

AEETIE, AlERH,
Tremor), MEHDIRE,

B EL ( intentional
IOV TIRERE LA
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> 7zh3, COMEX #t ({L) @ Sagittaie—IV (62A
TA 50B[) ek WTid, ¥5 L0 EAHICERER
ERDIRIBDO AN R 54172 & Rostainet al (1976)
I3ERE LT3, %72 Bennett (1971), Zaltzman
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MERICEEESRIBOEAMLR SN,  -RE
N 3IREBDIRIESED LIz & W 5,

A%, BEIRE S ORRE CIRIETRIE
50, BIEAEGERN - TL %555, HPNS O#fE
HAREICRE S 4 /cdicid, HIERR, MEGO
RIEHE, ERIREDOTRIOMHZ&h8 THRET
THNRENDA D EBONT,

IRERD BB & L TR ODLDIRRBIRIBI N
TV 5, %ric Hugon, Fagni, Seki( 1983) Dt
FAT K UTRD K D S IT L » THEHE He— O,
TCIRESHE TS EBRIEEN TV S,

Hugon (1980, 1981) {3, AEREL TIN5
RERD RIF & L CHR_ EOMRIc & 255
H (pace maker) HiEHRE) (myotatic oscilla-
tion) H5WiF, TOMENEE L TREIT S &
V9 Desmedt (1978) DikiR%EftT % EERGE
RBE LT, BEUK * 2ic Harmaline 2% 5 L
TOREHE, EUCIOATADEH He—0, IR
Bictx 2 2RB L TORKOHBRER TV

foRiREhic X A IRERIE, BlicBRiE5X152 ¢
iIc & - TH B RERIECRBEARICHEE T 5, kI,
PASH O A8 2 ok U RS #AEE O] B8 (mechanical-
neural loop) 2 T ICHE XE55D BN,

IREAES|IEEECT T ENTEEIVIRRTH S,

Z DIRERIE, BEEDER7E% Bouaziz, Bouaziz
and Hugon ( 1975) HDSHRAEL, FE#a & R%(senso-
ry partitioning) T3 Binder and Stuart (1980)
iC &> TRIES Tz, |

(e BYED B AL D INHE S, #iEETEENC X AKR
(pause ) &BEFHERD golge (&ML SD 4 VNIV R T
&£ 5% 5 (volley) 2 [RIBFICHEHRT 5,

[A=z2o v+ IB=20 Y%L TA V7R
B BE= -0 VITZEIN D EFEENS X
L3N, [AFicEE= 2o v &EE L TIFEIRIC
L T &ic?3 5, D UEBN TR (silent) % &
n, HEBEMIIMET S EICEE, 4 V¥V D
EESE, Pl THNFEZEL T &iIKii 5,
BIHE IR ERREZ R L, ErfieR I3 BeiaEd 5 I
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MEHRIC®TT9 5 T &ic’i 5 (Hagbarth Wallin,
Burke and Lofstedt, 1975), Z®, EBEAFE
e L THRET 3ERICK - T, BEREICHER
NIEE X2 T 2REVBEL S, TORMDERA,
FhBfy & RAEARREI D RIRAEDIE T =53 513 L
DHDTIFEV, Lal, #ERHOBEKERMTEL
T, HHEEEE)ZE (motor pool) FhfhaED &
D IER, £7-x[E]8I7T (recurrent collaterals )
% Renshow #i}d D BI5.0 7% DRLREES DR
fahste . 5 T & HEZE S 1 (Elble and Randall
1976), ZD#ER, BIxEL (tendon tremor ) ASH]
BHINhb,

HERIREID B HAME 1L, AhkheE S RRARRD KER
B ERZN L TABIN TS, ZOFEHE
AT I3 B DR — IXHgD EIERsfE] 25Tl g5 T &
L > TIBBT A ENTE B, FicH ~DEF
5. Z 1-56, EREOIHE, Eiic&-sT Golgi
EANOBEDOMGIEF IS I LIt T5T &Itk
> T, BOGWIRAB IS IEAL, EFHHEAMIT
BLEFICRINAEEZ 5, £ L THEEEE &E
a0 YOEEOREANGEL S, EEDRIEIC
Xt U C#EE25ms DD RKIGEHHEL, Fil TRE
HRIIT5msDBETORIGHBRERONG, DT &
> 5, 25ms+ 75ms = 100ms &\ 5 — DD EIEEFHR
AFEZDHE, TNRMWIOHz E0HRBEREX
HAREE LU THET L ENTE S,

Elble and Randall (1976) i, Renshaw #Hfd
D & B RO RN OmFIc L - T, FEHY
ICEEOIRENDSFIRS 5 T LA EFHFL 72,

SE He—0, BT T4 v % AWV T Hoffman(H)
RSO EI1ERIR 2R D 5 EE L 5B 5 h 728 B,
EZ WL iliEl(ate inhibition) i Z AR50 72 (Hugon
etal 1980), ZHi3, 1ATADZEREBETT
Atronpine (3mg/kg, ¥W) 285 | /-6 & F—
RTH-7-EWS (Hugon and Fagni 1981),

Ryall (1970) (%8RRI REARD HE) K 4t
DX Bl 5 (recurrent ﬁolley) DA VINWVAKE
F S+, Renshaw MiREiIcEWOHIFl (early inhi-
bition) LBV ZRT LD ICEEFH TS DM
HBHLEERWIILT., TOZODEEIHIL, &
BB D BE D SIKEICE 5 60~200ms D &Iz
05 ENBTESEVD, RenshawfifaD b
ROEEER/RT D3, nicotinic LEIH 3 =
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) AEEIE Y v TRADEES L, BOiEEIEER
46D & LT muscarinic & g3V F v PR
M54 5 05,

R E (intercurrent pause) s, nicotinic @
Renshaw Al g @ 4] & e NG ic £ 5 K [EI{E £
(recurrent facilitation) MBS & W S HEIERIC
LT B END,

Hugon (1981) 1%, Hoffman X5 @ [Al18 A%
DB WIF] (early inhibition) i¥, Renshaw D ¥
WMIckEbDE LTS, BOfiflic 20T,
muscarnic D 72 vy J ik > TdHhbEIh/icdD

CHEE L TWS, F-MFEMEEIE, Atropin D

ESEF He — O, BENDEBIcL-> T, KL
-, BXHRETAZ ARV LTV S,
=t He —O, RIE F CTHRE I 2 IREOBEFIcD
T Hugon (1981) (3, &WWNE] D K [EHNH] D I
Wi C LIk » TRET EDTHA D EHE

LTW3,

EE He—O, BabE T T 13358 ic %84 2 IRE D
BFIcOWT, BMERICE >~ THONIRE%
EDTCEBAT->1. VEEHESREDT SN T
AERPTH B0, LOFEREEIRDODVTIISHE
D REZF-RIIL SR, wIFnicLlTdaEN
3k, COEE He — O RE N THRET SIRED
B IFEEsQ, SUAELHERBINEODLEE
Hbitb,

. #&5 & -

AZDITAN—%, 1 ATAML3IATAET
25 m O NEEE S H VT, He ik - Th
HEZiT->7, MEREMEERD 74 N—D&E
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