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"~ The Experimental Study about the Teaching
Method of Swimming

—from the Aspect of Respiration—
Zenichirs FUJIE, Shird SAKAI and Hitoshi SANO

"SUMMARY

How comes a beginning swimmer can not continue swimming. According to our
studies about the analysis of the spirogram of his respiratory habit, he does not or can not
enough expire, so inspiration becomes shallow and expire level goes up step by step.
It invites him to Hypoventilation that means to decrease tidal volume and to increase
breathing frequency and dead space too. We say that he has difficulties in breathing.

We assert that explosive expiration is rational for quick inspiration on the phy-
siological function and motor innervation. But, generally speaking, a poor swimmer can
not enough to expire under water, therefore, it is better that beginning swimmer should
be taught not only to inspire but also to expire explosively in air than to expire under
water.
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Table 1 13, FREOES, FRROFMERIC X ZMEECLED, LEREICOWT,
SEE () LEEEE D) %R Ui, FHFEM 21.642.66 &, FHxRk 167.7+
4.88 cm, Pk BRERENE, KT 86.95:11.62sec 225 127.884:86.96 sec ThH - 7o
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Table 1. The exchange of vital capacity and breath holding

Breath Erect Sitting Upward

Sub. Sex Age Height hgil?nigg position position position
(sec) (ml) (ml) (mi)
0 5 20 172.0 In air 186.0 (4840) 4780 4460
In water 94.3 4320 4460 4420
Water/air%  50.69 89.25 93.30 99.10
N 8 21 171.6 In air 125.0 (4700) 4380 4400
In water 88.6 4240 4540 4300
Water/air%  70.88 90.21 103.65 97.72
K 5 21 170.2 In air 158.8 (4580) 4520 4360
In water 96.8 3960 *4000 3940
Water/air%  60.95 86.46 88.49 90.36
T 3 27 168.5 In air 101.9 (5120) 5080 5060
In water 95.1 4860 *5100 4980
Water/air%  93.32 94.92 100.39 98.41
0Oi 5 21 166.5 In air 124.0 (4200) 4080 4080
In water 84.1 3660 3720 *3900
Water/air%  67.82 87.14 91.17 97.05
Sw Q 19 157.8 In air 71.6 (3120) 3060 2920
In water 62.8 *2960 2880 *2960
Water/air%  87.7 94.87 94.05 101.36
Z 21.5 167.7 In air 127.88 (4426) 4316 4213
In water 86.95 4000 *4283 4093
SD 2.56 4.83 In air 36.96 646 642 648
In water 11.62 591 469 613
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BB 0D DERSNC X 5%, S#LBHEI 2T bh T35, ESVADY N (AR )
ORI E L, FRC ek e s, MEARZ Tk FRC AVN& L, EEf7, Srfrod
BETI D REIER & BY, LY LWWREEIT 5 BADOMRE (Table 2) RO EZL
Om%%%mihw,~@&ﬁ%,mﬁéﬁmﬁ&ﬁﬁkoﬁﬁkﬁbtok:&ﬁ,%
KT, BRPLEST, MERORAMELTTERSRE S DM, TRICH Tk
FE L) flsag (Efi) 2B LTk, Z0LBEC L 2R BEOEEMNb i\ 7o
DEZZLNDY, BAREMER LT THRESEBERECRTERECHLEHIRETH
%o MEBEWEML, FEBRE 100ml PFEL, 2OWEEY L5 LAEATESB D
T, WEABSPERERS LSBT BREN S D, M T, BKFOBK
ﬁmﬁﬁﬁﬁéﬁﬁééﬁwamk<,%K#%ﬁ%ﬁ,%%*K&ﬁLTiDEVE
%ﬁ?%&%%%b,ﬁmBﬁﬁﬁﬁﬁﬂ&@&f%ﬁbt$ﬂéﬁbfbéo*&Kﬁ,



Kk fEE R DO E BRIV ‘ 145

time by changing body position in air and under water

Prone Lateral Lateral

Lel w z SD
position ggs;fi:lg?ﬁ %’:lﬁg? Ability of swimmer Sport club () ()
(ml) (ml) (ml)
4520 4600 4220 Intermediate Judo 4570 206
4100 *4620 4520 4406 164
90.70 100.43 107.10 _— =
4520 4420 4320 Intermediate Base-ball 4456 124
4120 4280 *4600 ; & 4346 168
91.15 96.83 106.48 : gymnastic — —
4180 4080 4180 Advanced beginner Volley-ball 4316 185
3980 3940 3920 3956 26
95.21 96.56 93.77 " — —
4680 4830 4860 Advanced beginner 4946 154
4740 4940 4740 4893 129
101.28 101.22 97.53 - —
4000 4060 4020 Advanced beginner Volley-ball 4073 63
3680 3800 3860 & 3760 103
92.0 93.59 90.01 soccer-foot ball — —
3020 3060 3020 Intermediate Gymnasitic 3033 60
2760 2900 2900 & 2893 66
91.39 94.77 96.02 figure-skating — —
4153 4183 4103 Subjects are major in physical education
3896 4080 4090 of Yokohama National University.
556 577 550
598 653 627
Table 2. %&& L PRE L REK
B 1585 B CO
7 BA 13.0 406 cc 5.31 5.49%
%) < 53 15.0 424 6.49 5.07
& A 17.7 356 6.27 5.09
WA A 16.0 466 7.46 5.02

EAREEKE: AT p. 634 X 05[H (3)
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HREER

#ERE OFHFE4 80.61£9.76 F, SFHHK 167.2+6.2cm, FIHHE 60.7+6.67 kg
Tholco KkBEDDK X, #1.0% (beginner) 25m LT, #J#k#% (advanced begin-
ner) 25m~50m, % (intermediate) 50m Ll EDR[PkEERESY — DDk DOWT
RTADEL, EERFBIMY O KECOWT B0m LI EOTKEMY RT 0L L,
swimming instructor (%, HAKKEBE —@IEEBOEHKEET 5, ThERA%D
BHEETHLO L Ui, #E%HE DKIKEETL Table 8 O TH %,

Table. 3
Height Weight - o
Sub. Sex Age (cm) (ke) Ability of swimming
M 5 22 162.0 60.0 advanced beginner
So 5 20 168.0 62.0 intermediate
S 5 39 177.5 65.0 swimming instructor
SaK 8 45 160.0 68.0 swimming instructor
T 5 27 168.5 49.5 advanced beginner
z 30.6 167.2 60.7
SD 9.76 6.12 9.67

Table 4 © 7 v — AR CHFRE, Sub. M OBSEIMOFZB T, FHRk
KE 995+330ml, FHPLE 959+849ml R 1L, Bk, Sab. Sak 1k, FHRKE
1716276 ml FHERE 1728+276 ml TH -1, FLBRK—FKEIR, LEELACTh
%, Sub. 8 i3 —27ml, Sub. Sak ¥ —7.0ml *EFEIKEL, HDHWIIRKRA EEL
MO REEN, #5%k% Sub. M +86.1ml, Sub. T (3 +67Tml OELZR L, FRkE
B, KEERE R TR A AR 0.89+£0.16sec E, WERERT 0.77+0.12
sec LAMNL, RELARBELTWBZ E08Ebh5b, 7 v — A OREGENL, MO ikik
CHE L TR SR L VOEAAY R L TR Y, —ERI 1.67£0.268ec TH-
7o E7z, Table 5 DF VAL« Abr—2Th3BE, #iEE M TTFEHRKE 1764+
426 ml PHEYEE 1616+424ml, FDxi: +857Tml LW IOIRAREEY RLTW5, |
BoOM@E™E, Sub. T wd & bh, IV (%) =1168+116 ml, EV (X) =1088+200 ml, IV—EV
=4+85Tml THhoteo AN LZr—N « At e — 27 BB LT, HFEREHIEL,
It () =0.940.24 sec, Et (%) =0.94+0.18sec, —ERF R EH4AETHT, BEE 1601
+339ml, MR E 1632+8347Tml Th -1, BEREIX, TFHBEXEOBALXEKRL, K
FERENE ¥ - R THRES T ebh, BEEFHOREL, 2WRIEER S Z &
L 7B EVCORMEFIER T, > THHRETOREERSL, FHORKHE CIERA
EFFBRELT, RFFVAL—IRa vV br—AEBLTWBEEZLRDY, F)
DELUREOBE L, RELESCTEIR D, COREBEL, BRRCREELT
WS bDEELBNRD, Fig. 5 32z0—y 0HEFITH B, ZTOEBROFIIEDRT
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Table 4. Respiratory volume

Phase No.
Sub.
1 2 3 4 5 6

M Inspired volume (IV) 920 ce 1022 741 1124 746 1457
Expired volume (EV) 971 ce 383 1278 945 1124 1431
Inspired time (It) 0.6sec 0.6 0.8 0.8 0.6 0.6
Expired time (Et) 2.0 sec 0.8 0.8 0.6 1.0 1.0
IV-EV —5lce 639 —537 179 —378 26
It+Et 2.6 sec 1.4 1.6 1.6 1.6 1.6
So Inspired volume (IV) 1227 cc 1482 1303 1329 1431 1533
Expired volume (EV) 1559 ce 1150 987 1482 1840 1227
Inspired time (It) 0.8sec 0.7 0.9 1.0 1.0 0.9
Expired time (Et) 1.4 sec 0.6 0.9 0.8 1.0 0.8
IV-EV —331 ce 332 3060 —153 —409 306
It+Et 2.2sec 1.8 1.8 1.8 2.0 2.0
S Inspired volume (IV) 744 ce 851 1117 1170 1542 1755
Expired volume (EV) 851 ce 1117 1117 1542 1755 1702
Inspired time (It) 1.0sec 0.8 1.2 1.2 1.0 1.2
Expired time (Et) 1.2sec 1.8 1.4 1.4 1.2 1.2
IV-EV —106 cc —266 0 —-312 -212 53
It+Et 2.2sec 2.6 2.6 2.6 2.2 2.4
SaK Inspired volume (IV) 1276 ce 1542 1489 1596 1542 1170
Expired volume (EV) 1010 ce 1276 1489 2021 1117 1915
Inspired time (It) 1.0sec 1.2 0.8 0.8 1.0 0.8
Expired time (Et) 1.2sec 1.2 1.6 1.6 1.0 1.8
IV-EV 266 ce 266 0 —425 425 —T44
It+Et 2.2sec 2.4 2.4 2.4 2.0 2.6
T Inspired volume (IV) T44 cc 1722 798 1436 1117 1064
Expired volume (EV) 798 ce 1596 957 1064 1010 1010
Inspired time (It) 0.6 sec 0.8 0.4 0.8 0.6 0.4
Expired time (Et) 0.8sec 0.8 0.8 0.6 0.8 0.8
IV-EV —b53ce 106 —159 372 106 53
It+Et 1.4sec 1.6 1.2 1.4 1.4 1.2

"Figure below the first place of decimals uncalculated in lung volume.

Ho Ny 7+ AP r—27IRTE, Sub. M i3, IV(X)=1693+359ml, EV (x)=1678=+
382 ml, IV-EV=-+133m!, Sub. T 13 IV (X) =1540-+-211 ml, EV (¥) =1461+188 ml,
IV-EV=+16lml, THo7z, FiEED Sub. So 13, MEBECR T EHELLZ L2

D LT,
Fig. 6 DR S1 v /5 a2 R BRI,
5}}17‘1\1\0

R LD &, BERREL,
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flow & respiratory time (Form: crawl)

Phase No.
7 8 9 10 11 12 13 14 15 T SD

1227 715 1380 1303 818 1406 1099 164 306 995 330
766 1073 1227 894 1227 1150 971 76 869 959 349
0.6 0.4 0.8 0.6 0.6 0.8 0.6 0.6 0.4 062 0.12
0.8 1.0 0.6 1.2 0.6 0.6 0.6 0.6 0.4 0.81 0.38

461 —358 153 409 —409 256 128 588 —563 +386.1 —
1.4 1.4 1.4 1.8 1.2 1.4 1.2 1.2 0.8 1.48 0.3

1482 1380 1482 1523 1380 1380 1533 971 1227 1378 152
1329 1482 1840 1278 1687 1354 818 1533 766 1356 328
0.8 1.0 0.8 1.1 1.1 0.8 0.8 0.4 0.4 0.84 0.2
0.8 0.8 0.8 0.4 0.8 0.7 0.4 0.8 0.4 0.7 0.25

153 —102 —358 266  —307 26 715 —562 461 522 —
1.6 1.8 1.6 1.6 1.9 1.5 1.2 0.9 1.8 1.60 0.30

17656 1916 1436 1596 1542 1436 1436 1064 1223 1372 337
1649 1330 1596 1436 1489 1489 1649 957 1223 1393 281
1.0 1.0 0.8 0.4 0.6 0.8 0.4 0.6 0.6 0.84 0.27
1.2 1.2 0.8 0.8 0.8 0.8 0.8 0.6 0.8 1.04 0.33

106 58  —159 159 53 —52 —302 106 0 —27 —
2.2 1.8 1.6 1.2 1.4 1.6 1.2 1.2 1.4 1.8 0.54

2128 1968 1968 1862 1755 2021 1702 1862 1862 1716 276
1968 2234 1702 1862 1808 2128 1702 1755 1862 1723 357
1.4 1.2 1.0 0.8 1.2 0.8 0.6 0.6 0.6 0.93 0.23
1.4 1.2 1.2 0.8 0.8 0.8 0.8 0.8 0.8 1.13 0.34

159  —266 266 0 532 -—106 0 106 0 -7.0 —
2.8 2.4 22 1.0 2.0 1.6 1.6 1.4 1.4 2.06 0.45

1276 1330 1170 1170 1330 1542 1117 1436 1702 1262 282
1276 1004 1276 1330 1276 1064 17556 1542 904 1194 274
0.8 0.8 0.8 0.6 0.8 0.8 0.6 0.4 0.6 0.65 0.15
0.8 0.4 0.8 0.6 0.8 1.4 1.0 0.8 0.6 0.72 0.16

0 - 26 —106 —159 53 478 —638 —106 798 +67 —
1.6 1.2 1.6 1.2 1.6 1.2 1.6 1.2 1.2 1.37 0.18

BERD Y AN, AR—VIX, A4 vFTA0EBYLS LEHBNCOIRBTE S, b
BDIDE, 7r—AROAy 7 AR —ZDWVT, @ﬁ%M&T LiBES DRSS
w75 AT, (Fig. 1, 2)

Flg. 1 @R T, Sub. M & T »H#gT5% &, HROEFHRPEEIBREBCER LT3

, e Sub. M XKD Y X ARA A — AT, —ERZEIZTRE (Respiratory
phase) KRTAREETH D Z L b, IREEVRRES L, LHTEROBED
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Table 5. Respiratory volume

Phase No.
Sub.
1 2 3 4 5 6

M Inspired volume (IV) 2351 cc 2173 2300 1636 1482 2249
Expired volume (EV) 1891 cc 2275 2275 1508 1482 1782
Inspired time (It) 0.7 sec 1.6 1.6 0.1 0.8 0.6
Expired time (Et) 0.8sec 2.0 1.6 1.0 1.0 0.8
IV-EV 460 cc —102 25 128 0 460
It+Et 1.5sec 3.6 3.2 1.1 1.8 2.4
So Inspired volume (IV) 1533 ec 1380 2173 2249 2147 2300
Expired volume (EV) 715 ce 2351 2300 2147 2300 2300
Inspired time (It) 1.6 sec 1.4 2.0 1.6 1.4 1.4
Expired time (Et) 0.6 sec 2.0 1.2 1.4 1.6 1.6
IV-EV 818 ce —-971 —127 102 —153 0
It+Et 2.2sec 8.4 3.2 3.0 3.0 3.0
S Inspired volume (IV) 1372 ce 1584 1478 1320 1240 1188
Expired volume (EV) 1531 cc 1581 1820 1372 1188 897
Inspired time (It) 0.8 sec 0.8 1.0 0.8 0.8 1.2
Expired time (Et) 1.2sec 1.2 1.4 1.6 1.6 1.2
IV-EV —158 cc 52 158 —52 52 200
It+Et 2.0 sec 2.0 2.4 2.4 2.4 2.4
SaK Inspired volume (IV) 2006 cc 2006 1900 1689 1161 2164
Expired volume (EV) 1848 cc 1636 2455 844 1689 1689
Inspired time (It) 2.0 sec 1.6 1.2 0.8 1.2 1.2
Expired time (Et) 1.6 sec 1.2 2.0 1.6 1.0 1.2
IV-EV 158 ec 369 —554 844 —b28 475
It+Et 3.6 sec 2.8 3.2 2.4 2.8 2.4
T Inspired volume (IV) 1267 cc 1161 1108 1267 1214 1214
Expired volume (EV) 739 cc 792 1478 1161 1108 1056
Inspired time (It) 1.8sec 0.4 0.4 0.8 0.6 0.8
Expired time (Et) 1.2sec 0.8 1.0 0.6 0.8 0.8
IV—-EV 528 ce 369 —369 105 105 158
It+Et ' 2.0 sec 1.2 1.4 1.4 1.4 1.6

Figure below the first place of decimals uncalculated in lung volume.

FHETEbIT, BERLE—EREOLDTHBH ENVBRTED, LTS LRED:
DERFEN P EVDBETH Y, WRCEBOER L 3 JIEHEOFEEAZ OEGEN L
BENTIEEI RS, Sub. T 2 M 8T, 27h 72 v —AOREYERLOOH
LEME LB bh 505, IV=EV=46Tml %1« EBBHTERMIERL, BEREH R
BLTWoTWDS, ZOXEHETHE, DWRIIFRESCHEALDOTH B, EHFEES
DL, EERFEEMDO VA ERE TR T 5ET 52 L8, 20, HEoF »



flow & respiratory time

Kk HEE O ERAVIT

151

(Form: breast)

Phase No.

7 8 9 10 11 12 13 14 15 T SD
1891 1636 1789 1431 1278 1994 1891 1354 869 1754 426
1891 2045 1124 1329 1533 1738 1278 722 1278 1615 424

0.9 0.9 0.8 0.6 0.6 0.9 0.9 0.6 0.6 0.88 0.42
0.9 0.9 0.8 0.8 0.8 0.9 0.8 0.6 0.6 0.95 0.37
0 —409 665 102 —255 256 613 562 —409 4357 —
1.8 1.8 1.6 1.4 1.4 1.8 1.7 1.2 1.2 1.78 0.69
2249 2300 2275 2198 2096 2147 1942 1585 1994 2037 299
2121 2556 1815 2249 2173 1687 1533 2096 1994 2022 449
1.2 1.2 0.8 0.8 1.0 0.8 0.8 1.0 0.8 1.2 0.37
1.4 1.6 0.8 0.8 0.8 0.8 1.8 1.0 0.8 1.1 0.42
128 —256 460 —b1 -1 460 409 511 0 +5 —
2.6 2.8 1.6 1.6 2.0 1.6 1.6 2.0 1.6 2.3 0.67
1056 1161 1056 450 1161 1056 1214 1372 1372 1238 176
1214 1003 1108 950 1214 1214 5267 1161 1003 1198 190
1.2 0.4 0.6 0.6 0.8 0.4 0.6 0.6 0.4 0.73 0.25
0.8 0.6 0.6 0.8 0.4 0.6 0.6 0.8 0.6 0.93 0.39
—158 158 —52 0 —52 —158 —52 211 369 +40 —_
2.0 1.0 1.2 1.4 1.2 1.0 1.2 1.4 1.0 1.66 0.57
1689 1795 1900 2059 1795 1531 1689 1900 1900 1812 244
1742 2059 1689 1795 1636 1689 1636 1348 1900 1743 328
1.2 1.2 1.6 1.2 1.2 1.4 0.8 1.2 1.0 1.25 0.30
1.2 1.4 0.8 1.4 1.0 0.8 1.2 1.0 0.8 1.25 0.35
—-52 —264 211 264 158 —158 52 52 0 +68 —
2.4 2.6 2.4 2.6 2.2 2.2 2.0 2.2 1.8 2.52 0.45
1214 1161 1161 1214 1872 1214 1056 1003 897 1168 116
1320 1214 1214 1214 1161 897 1003 897 1003 1083 200
0.8 0.8 0.6 0.6 0.8 0.8 0.6 0.4 0.4 0.64 0.17
0.8 0.8 0.6 0.8 0.4 0.4 0.6 0.4 0.4 0.69 0.28
—105 —52 —b2 0 211 316 52 106 —125 +83 —
1.6 1.6 1.2 1.4 1.2 1.2 1.2 0.8 0.8 1.33 0.30

=y 7L LTRELBbRS, Alb, BELCERE LSO, LT 4 EFR—E#R
S8 GBEM), MAMKRELTHELE WS Z L Tik/el, WHIEBREEMIZHNTE
(static equilibrium) &\ 352k Xkvd, BLASD —EDV XA AT ETTS BHFE
(dynamic equilibrium) #{F- T3 X5 icBbhb, Fig. 3 1%, Sub. M & S DR E
R EREA VSADEEYREAL LI O TH B, Sub. M OMERHIFROTRERE, TH
Bi7cEhHE &, Sub. S DELLRED BBV FHERTE %,



152 FEILE D « BHER « B %

Table 6. Respiratory volume

Phase No.
Sub.
1 2 3 4 5 6

M Inspired volume (IV) 1559 ce 1124 1278 1763 1789 1533
Expired volume (EV) 1252 cc 920 1789 1738 1585 1840
Inspired time (It) v 1.0sec 0.8 1.2 0.8 1.2 0.8
Expired time (Et) , 1.0sec 0.4 1.0 1.4 0.8 1.2
IV-EV 307 ce 204 —511 25 204 —3807
It+Et 2.0 sec 1.2 2.2 2.2 2.0 2.0
So Inspired volume (IV) ' 1994 cc 1738 1840 1942 1840 2300
Expired volume (EV) 1789 ce 1942 1891 2019 1968 1994
Inspired time (It) 0.4 sec 1.2 1.6 1.2 1.4 1.2
Expired time (Et) 1.6sec 1.2 1.2 1.4 1.6 1.4
IV-EV 205cc —204 —51 —77 —128 306
. It+Et 2.0 sec 2.4 2.8 2.6 3.0 2.6
S Inspired volume (IV) 1117 ce 1117 957 1161 1276 1117
Expired volume (EV) 1161 cc 1223 1161 1223 1478 633
Inspired time (It) 1.2sec 1.6 1.2 1.6 1.2 0.8
Expired time (Et) 1.6sec 1.6 1.2 1.6 1.2 0.8
IV-EV —44 ce —106 —204 —62 —201 483
It+Et 2,8 sec 3.2 2.4 3.2 2.4 1.6
SaK Inspired volume (IV) 2164 ce 2006 1584 1795 1584 1953
Expired volume (EV) 2164 cc 1584 1848 1689 1942 1689
Inspired time (It) - 1.2sec 1.6 1.2 1.2 1.2 1.0
Expired time (Et) 1.6sec 1.2 1.2 1.6 1.4 1.2
IV-EV Oce 422 —264 105 —158 264
It+Et 2.8sec 2.8 2.4 2.8 2.6 2.2
T Inspired volume (IV) 1531 ce 1689 1636 1372 1330 1531
Expired volume (EV) 1636 cc 15684 1276 1223 1636 1689
Inspired time (It) 1.2sec 1.2 1.2 1.2 1.2 1.2
Expired time (Et) : 1.2sec 0.8 1.2 0.8 1.2 0.8
IV-EV —105ce 105 360 149 —-306 —158
It+Et 2.4 sec 2.0 2.4 2.0 2.4 2.0

Figure below the first place of decimals uncaleulated in lung volume.

Fig. 4 13, EffEr7e—n, Abre—2%L&CHRCERDORA AL e /SATHD
B, WERLHDEERMEAERL, ROTTHRLT, ¥hbfT5 LW RBERRTE
MLOEENTI—H ATk, IRV, ERV #XFIED X0, 00 B 5% -
THEREMEE L TV ARRCERE IR S,

CRETORETHCHLLTH DN, RICHHRECDESSTREDOL L, AN
AR DDA T 2 BREBRFCH 5 2 LaxmT—y DG, Fig. b ©XTHE



Kok 88 D ERIIBT TR 153

flow & Respiratory time (Form: back)

Phase No.
7 8 9 10 11 12 13 14 15 Z SD

2045 2300 1840 1482 1942 1994 1994 1022 1738 1693 359
2147 1942 1687 1585 1891 1994 1656 971 2198 1678 382
1.2 1.2 0.8 0.8 = 0.8 0.8 0.8 1.4 0.8 096 0.21
1.2 1.2 0.8 1.2 1.2 0.8 0.6 0.8 1.6 1.01 0.31

—1020 358 153 —103 b2 0 358 51 —46 +133 —
2.4 2.4 1.6 2.0 2.0 1.6 1.4 2.2 2.4 197 0.36

2045 2249 1738 1586 2198 2147 1866 2454 1687 1974 252
2249 1891 1789 1738 2147 2147 2198 1687 1636 1939 189
1.4 1.4 1.0 0.6 0.8 0.8 0.6 0.8 0.8 1.010 0.85
1.4 1.6 0.8 0.8 0.8 0.6 0.8 0.8 0.8 1.14 0.36

—204 358 —-51 —153 51 0 —3b62 707 51 +36 —
2.8 3.0 1.8 1.4 1.6 1.4 1.4 1.6 1.6 213 0.62

1223 1267 1117 1416 1426 1848 2006 1968 1689 1380 338
1117 1223 1014 1330 2006 2006 1689 1425 1689 1361 366
0.8 0.8 0.8 0.8 0.8 1.0 0.8 1.0 1.2 1.04 0.28
0.8 0.8 0.8 1.2 1.2 1.0 1.2 1.0 1.4 1.16 0.29

106 43 53 95 —580 158 316 542 0 +18 —
1.6 1.6 1.6 2.0 2.0 2.0 2°0 2.0 2.6 2.2 0.5

1531 1425 1532 1267 1795 1101 1584 1636 1478 1630 272
1531 1425 1478 1101 1689 1161 1636 1584 1478 1590 249
0.8 0.6 0.6 0.4 0.8 0.8 0.4 0.6 0.6 0.80 0.35
1.0 0.8 0.6 0.8 0.4 0.8 0.8 1.4 0.6 1.02 0.37

0 0 52 105 105 0 52 52 0 +42 —
1.8 1.4 1.2 1.2 1.2 1.6 1.2 2.0 1.2 1.8 0.65

1968 1989 1372 1584 1372 1900 1223 1531 1372 1540 211
1581 1426 1742 1531 - 1372 1372 1372 1478 1056 1461 188
1.2 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.98 0.20
0.8 0.8 1.2 0.8 0.8 0.8 0.8 0.8 0.8 0.90 0.18

437 264 —369 52 0 527 —149 52 316 +151 —
2.0 1.6 2.0 1.6 1.6 1.6 1.6 1.6 1.6 1.8 0.31

5, Fig. 5 1%, #IfkE T L EHES OFVvA L« A b e~ kit s EFRR LA
MR OB LA, #KpgRiE S (Standard expiratory level in water) % Zi#Ei
ER L2 DTH B, HiaAiC Sub. T OFH—EIRKEL, IV (X) =1168+116 ml,
¥—EMRE EV (%) =1083+£200ml, F7A&AMRECRT2REELFKEDEDFE
@)IV—EV=-83ml, —[aI% BFEKE It (¥) =0.6440.17 see, —[EISEHIT BRG] Et(X)
=0.69+0.23 sec, —[EIFIHEEEFRE Rt (¥) =1.88+0.80sec TH b, Sub. S %, IV(¥)
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—_——] - I=Inspired phase
2.0 sec E=Expired phase
Recording speed =150 mm/min

Expiratory standard level in water

|

|

|

|
__ll___ _L -(Repiratory phase)
|

—

I 2.0 sec Recording speed=150 mm/min
I (Respiratory phase)

I—— v - Expiratory standard level in water

Recording speed=150 mm/min

(Respiratory phase)

Expiratory standard level in water

Fig. 1. Respiratory pattern on spirogram [crawl].
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[Sub. M]

Volume

|

I=Inspired phase
E=Expired phase

Recording speed =150 mm/min
— e D

Expiratory standard level in water

[Sub. T] |
Volume ‘
Recording speed =150 mm/min
i
2.0 sec :
1 (Respiratory phase)
Expiratory standard level in water
[Sub. S]
Volume
_I—' Recording speed=150 mm/min
2.0 sec
. (Respiratory phase)
Expiratory standard level in water

Fig. 2. Respiratory pattern on spirogram [breast].
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[Sub. M]

Volume Inspired level

Expired level

4

Swimming start

(Respiratory phase)

Volume Inspired level

Expired level

}

Swimming start

(Repiratory phase)

Standard level in water

Fig. 3. Various phase of inspired and expired level in crawl stroke.

{Sub. 8] {Sub. SaK]

—— —— — —— ———

—— Recording speed =30 mm/min

Full speed stroke fF
Start T ull speed stroke

Start

Fig. 4. Spirogram in crawll stroke.

Standard level in water
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ID]]II[D Advanced beginner [Sub. T]

Veteran swimmer [Sub Si Inspired level
Volume
T
Inspired level
Expired level
~S

Expired level

: ' Swimming start

Standard level in water
Respiratory phase '

Fig. 5. Compared with the various phase of inspired and expired level in
breast stroke.

Volume
S—
|
é ¥ \J l
| Expiratory standard level { in water j'
T T T T T T T T T T T o T e s
(Respiratory phase) Recording speed =150 mm/min

Fig. 6. (Sub. So.) breast stroke spirogram.

1238+176 ml, EV (%) =1198+190ml, IV—EV(X)=+40ml, It(¥)=0.73+0.25sec,
Et (%) =0.98+0.39 sec, Rt(%)=1.66+0.57sec TH -7, Sub. T OFEBFIE LI
B R L, BEMLS T, FHESELXRD 2200 kR TE, ZLTO0RIE, <
RO EBEEZRS = LN TERWEWD BBICETHOTHEHH, HENTS Tlhouicd

AL ERL, BRSO L3 2 L TERVED TURMOERY, HFRLHE
kL, FRELHALTASHRIZLLETL, FIEPREET, BEEELTEVOIR
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Bieb, Bib, Sub. T whaaifie, EFEEHREEMLERALT, Bl DARI RIS
AEleD, LT, MRECRBTONED HE,  OEBHPEMON L Y, LR
AERRAR L), BERECTRESCRD EELLNBEDTH 5D, T Ok R
LT B —YDAH=AAD, 5 LEHERRE EBREBRIC X 2EBRE A0S FRIC
BB EFRINBDOTH AL, BEHEYEDT, L) —BOERABESIERN LIRS
DENRBH D,

p: 3

1) FgbRd MK, BIEREZ b, MEEDOBRICOVT) INELRFREMMRRE, &
13 5, p. 226-231, g 387,

2) XAHBTE MBRRERAERY] ERTHESHRMR, MUEE MHIER] p. 338, MimE:%
DIMKE, Rk,

3) BARBKER I AREE) &k « BER) FEBHIN, p. 634, Vol. 46, No. 8, 1976,

4) HTHE 2) KARES MARHF] p. 332,

5) AERE MEAFTRBKCREEL 5L ONMBHE] 5 29 MRAKET¥E, EgirEmYy .
FRYF RS~ VVEDT A, KEKDOFEREEH,

3. T EVIMPAT

OB IE, TREOLE X, Kk IBERRETCEWT, Bhb v oEH L
HR->T, EBERIZLCEBBOESANRHEELZLRD, MXT, KELH-
T, KRTRYHS T LA cBELYV, LALRBRRREL B TRELR W, 15
DEEMBEZEOAELL D21, RRAMAT dY, ERECRALRTER
bt ETATRTFF VAL <%, KB TRELZONLLE 4 [HEREEE] 217
vy, KEXT 2BECREMCER LT, ~ KRBT HEVIRRDOT 7 =y 78
WO T BHA, BfiOBEME &5 Arbahud, FIOBRCTELWF 72, 7 L vx
X5, £ CTRERERTH 0, WERKAP T HMRED, AOEEETIEY
EEBEZONDDTHDHD, ZOFRICHEE (B OEAERVCCREEREOEDMEIL, 7
BB DOHEIED AL v 7T AOBEBRHFHLIELM Lot Bib, MARRE, MY
BB EBRE (EXBCIRETRR) EERERMO LEN LR T AEREHE L5
AHN=ALTHbD,

S8, BRESHENBREDORECRT B HBEOMY, {FEFREOBILIRD
FIE, H2\WIAEHLOWMEY CALKEHEMROBREMD VL L BIGOMES, &
BRYIFRIEZRD TORBRIE D X700, R TR D 7 A SO TH
EHETHTFETH D, ‘
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Table 7. Spirography

Sub. M Sub. So
in air in water in air in water
VC, predicted (ml) 4076 4076 4303 4308
VC (ml) 3550 3774 4550 4309
%VC 87.1 92.6 106 100
FVC (ml) 3654 3774 4446 4309
FEV1.0 (ml) 3289 2481 . 3930 2616
FEVi1.0% 90 66 81 61
FMF (I/sec) 4.2 3.6 5.7 2.6
MVV (I/min) 140 121 160 136

wE M, ik So DIEEREERY 2E L LTHET . WThIRFERES,
D EBRECONTHREETH S, (Table 7)

BB ABEY E LB CEBELT, AEATHE, BEIRFHERCEBRE Wil &
YELUTESHTIRETH S,
‘ (1979 4 5 A 30 Bi&H)

€

1) BiHE 2)-5), p. 5



