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Abstract

Head-out water immersion might induce a decrease in maximal respiratory func-
tions during exercise. The purpose of this study was to determine the relationship be-
tween the level of immersion and the maximal respiratory functions during hyperventila-
tion which was assumed to be a ventilatory model during exercise. Pulmonary functions
and maximal voluntary ventilation (MVV) were measured in five male volunteers dur-
ing standing on land (STL), and during immersion to the xiphoid (WIX) and to the
neck (WIN).

Compared with STL, there were significant decreases in all pulmonary functions ex-
cept for FEV, g9 during WIX. Furthermore, during WIN, FVC, FEV; o, and Vs were
significantly lower than STL. MVV and tidal volume (TV_pryy) were significantly de-
creased, whereas respiratoty rate (RR_y\yvy) tended to increase during immersion.

It was suggested that the decrease in expiratory functions indicated by the de-
crease in FVC, FEV; o, and Vas might cause a decrease in MVV during immersion. On
the other hand, the hyperventilation maneuver that was applied in the present study
might have produced a decrease in the ventilatory efficiency during immersion, since an
increase in RR-myy during hyperventilation accompanied by a decrease in TV mvv
might elicit a lower alveolar ventilation possibly due to an increase in dead space ventila-
tion.

Key words: head-out water immersion (WI), hyperventilation, maximal voluntary ven-
tilation (MVV), forced expiratory volume in one second (FEV; o), maximal
expiratory flow rate at 25% of FVC (Vas)
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Table 1 Pulmonary functions during standing on land (STL) and immersion to the
xiphoid {WIX) and to the neck (WIN)
n=>5
STL WIX WIN
FVC 4.82 +0.50 4.51+0.50 4.34 +0.49
(0) (~6.47%2.5%) (— 10.0£3.0%)
%% — L ex

o

FEV1.0 3.93+0.54 3.60+0.48 3.47+£0.49

(¢) (—83+2.3%) (—11.9+1.9%)
ks

FEV1.0% 815+ 59 798+t 3.7 79.6+ 34

%) (-1.9%2.7%) (~2.1%4.3%)

Values are means £ SD. Significance of differences represent, * : p < 0.05,
** . p<0.01, FF*¥:p<0.001. "(mean+SD%)" refers to % change from
STL calculated as "[(in water—on land) ~on land] = 100%".
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+10

LD EFA - THAT A A SN, STL &
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Mo 7275, WINIZ X o TEEIIHENT 5 25 A&
bz,
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—10 ~f

~-20 4 O PEF

®Vs \u

% Change in Expiratory Flow

307] ovs * FVC 3B XU FEV, old MVV & 0 155 A1 B B4R
oV s a4
» - : : BB BN, HBMREIEZ N2 r=0.75(p<0.01),
STL WIX WIN r=20.85 (p<0.001) Td-> 7, T, MVVE

TVomv DI b EWIEAER (r=0.86, p<0.001)
RO 5T, TV vy & FVC & D213 r=0.47,
FEV, o0& D23 r=0.58(p<0.05) O IEAHEASA
b, M, TVoyyvé& RRoqywDHEIZIEEVED
B (r=-—0.87, p<0.001) A3 57z,

Fig. 1 % change in expiratory flow (PEF, Vs,
Vso, Vz5) during standing on land
(STL) and immersion to the xiphoid
(WIX) and to the neck (WIN). “A%”
refers to % change calculated as “[ (in
water — on land) /on land] X 100%”.
Symbols and bars represent means +

SE. Significance of differences from
STL is shown by, * ! p<0.05, ** . p
<0.01.

AN otz UL, WINBEED Viysid WIX 20
LELIETL, STLEDMICEZENED LN
776
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OB NI,

—75, BIKEFICBIT MBS RIRAEE) L, B
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©
( breaths/min )
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01— 70+ 132 (4%)
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Fig. 2 MVV (A), TV_mvw (B) and RR—mwv
(C) during standing on land (STL)
and immersion to the xiphoid (WIX)
and to the neck (WIN). Columns
and bars represent means * SE.
Lines represent % change calcu-
lated as “[(in water—on land) /on
land] X 100%”. Broken lines indicate
individual data and solid lines indi-
cate means. Values are means*SE.
Significance of differences from
STL is shown by, * { p<0.05, ** I p
<0.01.
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BEINUZ-TTREMAE 2 b b, RHRE IC A ZE
DALNDHEITIE, HOEGEIFHRIZ L > TAT A
BT A2 EMeNTEY T, KIFFEIZBWT
HBRKIZEDRMREDOHEICL > T, HENRAK
BGEBR I AT 2SN L 72T REE DS 2 b b,
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® TV-MVV %
-30 T T T
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% Change in Respiratory Volume

Fig. 3 % change in respiratory volume (FVC,
FEVi.0, TV—myy) during standing on
land (STL) and immersion to the
xiphoid (WIX) and to the neck (WIN).
“A %" refers to % change calculated as
“ [(in water — on land) /on land] X
100%”. Symbols and bars represent
means £ SE. Significance of differ-
ences from STL is shown by, * [ p
<0.05, **: p<0.01, **: p<0.001.

(4 %) n=35
=y P

z Kl
= o1 | / )
I / \ TN STL
- fEZ%EE&;%{@’
b e
£ —
g o e
£ ; ] e
& - |
= 207, M ~_WIX OPEF
& v m Vs
= = el 4 0O Vso
5 % ST WIN _
e # @ Vs
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_40 30 ~20 -10 0 (4%)
TV-Mvv

Fig. 4 Relationships between TV_pmyy and
expiratory flow (PEF, Vs, Vso, Vas) dur-
ing standing on land (STL) and im-
mersion to the xiphoid (WIX) and to
the neck (WIN). “A%” refers to %
change calculated as “[(in water —on
tand) /on land] X 100%”. Symbols and
bars represent means = SE. A broken
line refers to a regression line of y=x.
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