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Effect of Running Training Prescription on Aerobic Work Capacity
in Young Mentally Retarded Persons.

Katsumi ASANO, Shuzo KUMAGAIL* Mutsumi NAGATOMO,**
Akira MATSUZAKA, Kouji HIRAKOBA and Shinichi KATO***

The purpose of this study is to know the effect of running training on the aerobic work capacity
and the potential capacity of physical activity for mental and physical development in young mentally
retarded persons. The mentally retarded subjects were 8 male aged 16.9 to 25.1 years, average 20.8
years with 1Q scores ranging from 33-67 on the standard Binet tests with a mean of 51.4.

The 5 min.maximum ground running was conducted on 5 days per week for a period of 11 weeks.
The mean heart rate during the running showed approximately 185 beats/min.

The submaximal aerobic work capacity test by bicycle ergometer (50 rpm) and the maximal test
by ground running were administered before and after the 11 weeks running training prescription.

It included the submaximal oxygen intake, heart rate, stroke volume and PWC,g,150170 by
ergometry, and the maximal oxygen intake, heart rate and the maximal running distance for 5 min.
by ground running test. :

1) PWC,3 and PWC,s, increased significantly by 19.5% and 10.7%, respectively after training.

2) Submaximal stroke volume and cardiac output showed a tendency of increase after training.

3) Maximal oxygen intake and maximal oxygen intake per body weight increased significantly
by 11.9% and 12.194, respectively.

4) Maximal running distance for 5 min. increased significantly by 8.9% after training.

5) Maximal oxygen pulse increased significantly by 11.7% after training.

6) Although there is no significant correlation between IQ and maximal oxygen intake per body
weight (\'/'o2 max/kg), maximal running distance for 5min., the close relationship between I1Q and

4 Voz max (ml/kg/min), 4Distance (m) after 11 weeks training could be found.

From these results, it may be concluded that the 11 weeks ground running training prescription
for mentally retarded male persons significantly increased both running performance and aerobic
work capacity. Furthermore, it might be suggested that regular physical activity in mentally
retarded persons has a favourable influence for development of psycho-physiological aspects in daily
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Table 1. Physical and mental characteristics

of subjects.

Subject Age 19 Height Weight
(male) (yrs.) (cm) (kg)
T, N 16.9 46 169.5 49.0
T, N 18.3 50 163.6 55.5
K. H 19.2 54 158.7 51.5
Y.S 20.3 55 170.3 62.5
Y. T 20.5 33 157.7 58.5
S. 1 21.2 67 164.1 66.5
H.S 24.9 53 158.2 56.0 .
T. H 25,1 53 158.1 54.0
Mean 20.8 51.4 165.2 56.7
S. D. 2.9 9.6 5.7
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Table 2. Individual and mean(+SD) values of physical characteristics and
cardio-respiratory functions at rest before (B.T.) and after training period (A.T.)

Subject Height (cm) Weight (kg) |Sys.B.P. (mmHg)|Dis.B.P. (mmHg)| R.R. (freq./min)
BT. AT. 4% | BT. AT. 4% | BT. AT. 4% | BT. AT. 4% | BT. AT. 4%
T, N. 169.5 169.5 0.0 | 49.0 50.0 2.0| 124 110 —11.3 { 83 70 —14.5 [ 23.9 24.7 3.4
T,.N. 163.6 164.0 0.2 | 55.5 56.6 2.0 | 133 100 —24.8 | 92 42 —54.3 | 16.2 15.8 —2.5
K.H. 158.7 158.8 0.1|51.5 52.0 1.0| 122 106 —13.1 | 79 60 —24.0 | 16.3 16.1 —1.2
Y.S. 170.3 170.5 0.1 | 62.5 63.4 1.4 | 120 106 —11.7 | 70 56 —20.0 | 18.0 18.8 4.4
Y.T. 157.7 158.4 0.4 | 58.5 55.9 —4.5| 126 110 —12.7 | 78 50 —35.9 | 14.5 18.0 24.1
S.L 164.1 164.3 0.1 | 66.5 66.0 —0.8 | 122 104 —14.7 | 54 40 —25.9 [ 15.0 14.8 —1.3
H.S. 158.2 160.0 1.1]56.0 58.5 4.5| 120 132 10.0 | 70 48 —31.4 | 18.8 14.7 21.8
T.H. 158.1 158.7 0.4 1 54.0 51.0 5.6 126 106 —15.9 | 70 60 —14.3 | 19.7 16.0 18.8
Mean 162.5 163.0 0.3]56.7 56.7 1.4| 124 109 —11.8 | 74 53 —27.5 | 17.8 17.4 8.4
S.D. 52 4.90.4] 5.7 5.8 3.1 4 10 9.8 |11 10 13.2| 3.1 3.3 11.2
Signif. N. S. N. S. P<0.05 P<0.05 N. S.
Subject Voz (1/min) HR (beats/min) | SV (ml/beats) Q (1/min)
BT. AT. 4% | BT. AT. 4% | BT. AT. 4% | BT. AT. 4%
T,N. [0.27 0.31 14.8({90.3 84.8 —6.1| 69 76 10.1 |6.2 6.4 3.2
To.N. [0.27 0.31 14.8|75.7 74.8 —1.2| 56 66 17.9 [4.2 4.2 0
K.H. 0.24 0.22 —8.3(82.0 74.0 —9.8] 48 61 27.1 3.9 4.5 15.4
Y.S. 0.29 0.30 3.5/68.3 68.1 —0.3| 84 66 —21.4 15.8 4.5 —22.4
Y.T. 0.32 0.26 —18.7(77.5 75.2 —3.0| 65 66 1.5 [ 5.0 5.0 0
S.L 0.36 0.38 5.6(69.0 61.4 —11.0] 79 98 24.1 |5.5 6.0 9.1
H.S. 0.24 0.26 8.3(72.2 73.9 2.4/ 70 T1 1.4 5.1 5.3 3.9
T.H. 0.32 0.23 28.1{78.7 75.8 —3.7| 53 68 28.3 |4.2 5.2 23.8
Mean 0.29 0.28 6.0{76.2 73.4 —4.6| 65.5 71.5 11.1 | 5.0 5.1 4.1
S.D. 0.04 0.05 14.5| 8.0 6.8 3.8/ 12.6 11.6 16.9 1 0.8 0.8 13.5
Signif, N.S P<0.05 N. S. N. S.

Sys. B.P. : Systolic blood pressure
Dis. B.P. : Diastolic blood pressure
R.R. : Respiratory rate
Voz : Oxygen uptake

SV

: Stroke volume

Q : Cardiac output

before (B.T.) and after training period (A.T.)

Table 3. Physical work capacity in heart rate of 130. 150. and 170. beats per minute

Subject PWC,3 (kpm/min) PWC,5, (kpm/min) PWC,7 (kpm/min)
B.T. AT A% B.T. AT. A% B.T. AT. A%
Ta..N. 377 410 8.8 523 531 1.5 670 697 4.0
To.N. 628 687 9.4 826 972 17.7 1000 1257 25.7
K. H. 268 428 59.7 422 551 30.6 575 675 17.4
Y. S. 803 770 -4.1 978 970 -0.8 1152 1189 3.2
Y. T. 663 672 1.4 842 844 0.2 1006 1017 1.1
S. L 689 759 10.2 904 941 4.1 1120 1132 1.1
H.S. 506 750 48.2 640 790 23.4 773 1001 29.5
T. H. 404 495 22.5 586 639 9.0 767 782 2.0
Mean 542 599 19.5 715 780 10.7 883 969 10.5
S. D. 183 142 22.8 199 184 11.8 215 226 11.9
Signif. p<0.05 p<0.05 N.S.
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Table 4.

Individual and mean(+SD) values of cardio-respiratory responses to maximal
running for 5 min. before (B.T.) and after training period (A.T.).

VO, max (I/min) |[VO, max (ml/kg/min] VE max (I/min) | HRmax (beats/min)
Subject | B.T. AT. 4% BT. AT. 4% BT. AT. 4% BT. AT. 4%
T,.N. 1.68 1.81 7.7 34.4 36.3 5.5 99.3 101.0 4.9 | 166.1 168.2 1.3
T,.N. 2.63 3.07 16.7 47.4 54.3 14.6 107.8 116.2 7.8 | 183.0 188.4 3.0
K.H 2.15 2.45 13.6 41.8 47.2 12.9 88.9 96.3 8.3 | 193.8 193.8 0
Y.S 3.06 3.26 6.5 48.9 51.7 5.7 107.5 127.6 18.7 | 173.4 174.0 0.3
Y.T 2.65 2.90 9.4 45.4 51.8 14.1 108.4 105.2 -3.0 |.192.6 194.6 1.0
SI 2.87 3.45 20.2 43.2 52.3 21.1 121.7 139.9 15.0 | 181.7 188.2 3.6
H.S 1.97 2.27 15.2 35.2 '38.9 10.5 87.7 98.2 12.0 | 192.0 190.5 -0.8
T.H 2.62 2.78 6.1 48.6 54.5 12.1 122.8 119.4 -2.8 | 184.3 184.2 -0.1
Mean 2.46 2.75 11.9 _| 43.1 48.4 12.1 105.1 113.0 7.6 | 183.4 185.2 1.0
S.D. 0.47 0.54 5.2 5.7 7.1 5.1 13.4 155 7.8 9.8 9.5 1.5
0, pulse max (fnl/beat) Distance (m) RQ Lactate (mg/100ml)
Subject | B.T. AT, 4% BT. AT. 4% BT. AT. 4% BT. AT. 4%
T..N. 10.1 10.8 6.9 875 986 12.7 1.16 1.07 — - - -
T,.N. 14.4 16.3 13.2 1098 1207 9.9 1.14 1.00 - - 82.9 -
K.H 11.1 12.7 14.4 990 1140 15.2 1.17 1.04 - — 118.5 -
Y.S 17.6 18.7 6.3 1170 1268 8.4 1.13 1.08 - — 113.0 -
Y.T 13.8 14.9 8.0 1063 1096 3.1 1.22 1.08 — - 85.3 -
S 15.8 18.3 15.8 1123 1275 13.5 1.11 1.10 - - 106.3 -
H.S 9.7 11.9 22.7 1070 1144 6.9 1.18 1.16 - - 105.9 -
TH-- 14.2 15.1 6.3 1200 1194 -0.5 1.17 1.05 — - 101.5 —
Mean 13.5 14.8 11.7 1074 1164 8.9 1.16 1.07 — - 101.9 -
S.D. 3.1 2.9 5.9 103 95 5.1 0.04 0.05 - - 13.4 -
Table 5. Mean (+SD) values and significance for cardio-respiratory responses
to maximal running for 5 min- running performance before and after training.
Before training After training A% Significance
VO, max '
(1Z/min) 2.46+0.47 2.75+0.54 11.9 p<0.01
VO max/kg
(mlz/kg/min) 43.1+5.7 48.4+7.1 12.1 p<0.01
VEmax
(1 /min) 105.1i13.4» 113.0+15.5 7.6 p<0.05
HRmax
(beats/min) 183.4+£9.8 185.2+9.5 1.0 N.S.
O, pulse max .
Eml/beats) 13.5+3.1 14.8+2.9 11.7 p<0.01
Diﬁfxg‘ce 1073.6+103.4 |  1163.6+94.9 8.9 p<0.01




3.5

3.

2.

\./Og max (1, min)

Fig.4 Individual values for VOznlax(l/

0

5

2.0

After

I . E
; S
- .. X
¢ N
=
)h_ L ] ~
»
«
e g
- e}
>

Before

1 1 1 1 1
1.5 2.0 2.5 3.0 3.5

VO, max (1,/min)

min) before and after training,

— 139 —

After
60 |
et
LIPS °
50
L]
40 T .
L]
30 -
Before
I 1 [ 1
30 40 50 60

VO, max (ml,/kg,/ min)

Fig.5 Individual values for {/Ozmax(ml/

kg/min) before and after training,

After After
140 + . ~ 210+
B
— g
£ . N\
E 120 + 0 § 190 .
— L] el
b . »
o L]
£ | . g |
S 10 . om0 .
A o
80 | 150 |
Before Before
1 1 I L 1 1 1 1
80 100 120 140 150 170 190 210
VE max (!./min) HR max ( beats /min)
Fig.6 Individual values for Vymax before Fig.7 Individual values for HRmax
and after training, before and after training
After
20k After
~ 1300 -
% . O o o
el
1200} °
S . -
E E e °
- 15} o < 1100 | IS
@
‘E . § 1000 -
3 ‘ 7
2 . A 90+
a2 1wl
ON 800 -
Bef
, , Belfore 1 ) ! ] o
10 5 20 800 900 1000 1100 1200 1300
O, pulse max (ml ~beats) Distance (m)
Fig.8 Individual values for O, pulse max Fig.9 Individual values for distance cov-

(ml/beats) before and after training

ered by 5 minutes run before and
after training,



— 140 —

v 7% EH 113.01/min & 7.6% DA B 8

(p<0.05) &R L (K 6 ), Bi# & H 100 1/min
UTFoEZRLIDIE3 A (TaN, KH, 8L
HS) TH-oT,

(3) &= Li#E (HRmax) !

FU—= v 7 HIOFH 183.448/5 0 v — =
V7RI 185. 2 1/ R Lie iR B T
Tilehotc (R7), ki s S 180 /5L
FTaRLEOB2 A (TaN £ YS) OXATH-
2o

(4) K O,k (O, pulse max) :

U —= Vv ZRTORH 13 5ml/HEnb v —
=V 7BICFH 14.8ml/A & 11.7% D H F il
 (p<0.01) Z/RLA (K8),

(5) 5 4MaehEITIHERE

ML —= v ZRiOFE 1074 m (875~1200 m)
B b V== v S BICTH 1164 m(986~ 1275 m)
L 8.9%DEE (p<0.01) BxRLA (F9),

(6) mAEBHRERE (RQ) !

FU—= v ZRIOFER1.16 (1.11~1.22) b
Py =V 7 EOFH1.07 (1.00~1.16) 4B
Z1.00 A EDENRERTED, K5V LN
FIC L BEA OEREEME O ZYUINTER S h
Yoo

() R AEBRE M -pFLERE

Y- = v S BIRoWGERE 3 4B 0Bk
hIlMEL 25 &, ¥ 101.9mg/dl (82.9 ~
118.5mg/dD) %5E L 100 mg/dl ATk 2 A (To.
NLEYT) OBTHote, TOLHICELEDS0
mg/dl LA EDMFFBMELR LIS &b, R
BOBE L AT ALIEEK L b EOER
TERREEYRIAKELES LD TS 2L MNEE
Bd bz,

vV * =

IQ 2 F#51.4 (33~67) ® MRP D HF 8 A
CEHEA 208 )5 5D 7 5 v FehEsr
HEK 5 EC 11 BEERE Lok R, B8, kX
TEBR R L R AEBHROLRIEREECEE
RHENED DI, TPE RS TIIN A
L OHEMMA, OB EEOR
P (p<0.05) BRL T 5, ZOBRR{Liz—EH
2 (SV) o RKERETH0LBbhbd, H
HSVIE b v —=vI7HioFHE5.5ml L b

Vo= v 2Bz 71.5ml & 11 1% 0 K E M
BB, LEhoTAr L —=v 75 MRP D
DI~ DOREMBEREL X V{EEL, XHIME
EHETICELTCWAZ EAHEI RS, ¥
BATEREO LR E SV .1 LR (Q)
DORABRE LB EX2, 3IEFET B0 —FEOLHE
X5 SV B L QO b L — = v 7 I
KT DEANPBD LN D, EFLFATEBR O,E
BEVO)E b v —=v 73k e b IEFAZom
HERLTWADT, bl —=v 7 NH0kEER
KT EBREBEIRIN O, 8% (a—v0,D) DK TE
MEbeblTWdEHEINLY, Z0Ldh
HEFE M PWCip0d L O'PWCisolc 38 13 5 % 10.5
%,9 1D ~=vISBOBEERBE L0
1bDEEZLND.

—BIZ b V== S BORATEBE VO,
#EE (VE) $XU0HEE (HR) oET &t
WA+ 52 EREZhTWb, Tibb, Wil
more 5% HR @ {§ 4>, Faulkner 59X VE o
B L 5K YSEDET, X HIC Knehr H20%
VO, DB # Fh ERERHL T\ 5, AFFRICE
B RK T EBE VO, F— B x LD &
REM T DIE, b v —= v 7R 1180 &
HBEETh s feted E b E L bhb, L
UERATEBROR—MECK T2 HREIEFR
DETFTHRLTED, ZHBPWCak L O
PWCiso D BT LTV %, o HR{EF
DRIz D\ T Tipton B30 kK A&k <
YAERT PV —= v/ EBREANTERSKHR O
BYERBDEbstcBELBL by —=v 7D
B~OREMBERERLEL LD EELLRE
5,

PWC;o»1E (b v — = v 7 g4 882.9 kpm/
mink L O b v — = v 7 #%F15968 . 8kpm/min
1%, BARADEEES Y FE 5T\ 55— 1 M
RERNTH -7, LLUEKIIED MRP & 13138
Ll o IQ »248.6+8.9 T, 4 4 2318.6+2.7F @
MRP i >\ C# 5 L 7z Coleman 'V L b
BUWEERLTW5S,

DEIWE T MRP 0 OEE G RIGIRIGE
DWTHE Lo, b b OBFSHITEEFE O fRIEST
» L S hbHk 0,4EMEE (VO,max) % MRP i
DWTH BT S iy, HR ;180 #1/4LA
t, RQ;10BE, EwcimbIEEE ; 80 mg/



dl L EDE&ESC BT 2UERS S, K7 T v
FENEEOBE T L —= v 7RiigEb R
DEERITIFFREL DS (Fd),

fo e Fem g (HRmax) 238048 & % 180 4A,
DUTRRTEN 2 ARBDLHRT3B, MRP ©
EEEEME L LTt HRmax D{E W2 & 2 HFR
542 Kusano®®3s L OCEEFONED T\ 5, D
R E L CABERA L G EBIC N 508
IR R OEAKEM 2 EE IR L T\ 5, KB
BTOZD 2 ADEE, ETFORBRELLE
NFECECSD EE 2 LRB0, HEEFCRG
SR B0 MR FAOEMNRROETES L
TWBHO0H Lhia,

b U == 730 VO,max (X4 2.46 1/min
ZRL, BARAZEM[ESD 20 3 D 2.97 /min ic
HLTFES T 5 A, Coleman B 1.97 1/min
LOBETH B, E b L—=v I ED VO,
max @ 2.751/min ¥ B A& AN EHREEOD — 1 B H#E
RERICHES LTV 5, &HICBAGAEY) VO,
max ® b LV —= v 7 §iL ¥ 43.1 ml/kg/min
THO, ChFHARAFEEMBID 204 D 50.0
ml/kg/min 2t L F[E % A3, Coleman &' 31.7
ml/kg/min £ O BE X /RLTw5, tlL—=V
7% OB 48.4 ml/kg/min TH H Z ik H
AANEEEOD 1 BERFEANTH ) ZOfEx £
E5ENS NRD DRI, ¥l hdbofEik Ikai
L8k L OBEOVOREED —2 HHERFENA
DIETH - 1o

SEE L V—=v 70K D VO,max R IE T
HBY BT 5, APEO VO,max (1% 2.46
I/min 225 2.751/min -~ 11.99%, B (k&Y b F
¥43.1ml/kg/min X » 48.4ml/kg/min~12. 1
#EEnENEE (p<0.01) DEEARRL T2,
HE, BMABTFOVOmax D b L —=v 7 HE
DT < G920 TP T LB R, Fh
bORBERADINEE LA MRP OfF & LSRR
FEOMEEICD B, T b bIEH SWE 70%V0,
max D 10 % E 3 E, 10 BRIk L CBis
&Y ) VO,max i 11.4% D% %, Ekb-
lom BT RIE#EET H 3 [, 16 BERE#kEE L C
VO,max i< 16.2% D B b T B, F 100
AL 80% V0, max © 5 SR E 3@, 68
RIMESE L CHAEE Y ) VO,max iC 4.1%0 5
M Bdotcs LTW5B, 2D L 5IcAMRP D

— 141 —

VO,max ® b v —= v 7 EFFIC X % BN Hi—

R A OEIIIUE L TV AESEIE, MRP O

BROIFEREA~OLEHRADEAE® DRSS %
—EEELEB LD LB PR B, K& She-
phard® 3 X O Sharkey®®%% VO, max o # in &
COWTHEBLTWA IS, Pr—=v7HoO
VEIKEDEKBETHH A EEE LT es %
Vg

SEE VO,max D b L —=v 7t 8K D
BRI oW THET 5, Ekblom 5% VO,max
HWADOETILEI IR O 2 DN EE T
WOTLDIAHEBERTHA I L, IHEEED
HEPRETH B D FRBIC T —EIaH & D%
KL AbDLERLTWS, BROLVLZh E
IIERR DL LT\ 5, —7, Saltin H¥V 134
WEN LV — = v ZRICEMNAEERBICHS X5
&L, U —= v 2k b BRI O,k
OWEAEMA D bR B LU TVD, Lichis
THEBRRRAT5T 7 AR EE DR RFFSED
MRP DBEICi,  OBEIRM O, 82 DO AIHALE
mb#flcE s EBbhbd, F1AWRTERK
O,k (O, pulse max) #11.7%DEEH (p<o0.
0D ZRULAZ &pb—EHEED AL HER X
REd5, chbDMERELLTHI%D VO,
max ORIME biblicdbDEEL bR, X5
R A#SE (VEmax) 73 7.6% DA EHERL
TWBI EDLOMIEER IV —= v I BT
BOERED D, SO LIERGO R &3t
I O, TOIIEOHELRBL TS L
Ebhbhs,

> 2 performance & LTD 5 SR HET
BEEER BB b b L —= v 7B 8.9%D K E i
(p<0.01) BB, =T VOmax OHIA
NEDRRETHAIM, brv—=vIHFELEKX
EEHELRETH - feicdic F OEEITK 4%
BhieXlsSkilombrtsmEbELON X
5, Bk & & 1074~1164 mDFETER G, AAA
O EHEAE D 20 F O 1250 M b LR 7 [ 1
Hoteo LBL v —=v 7 CHEEED—1
BERENCIATH bR, br—=v7
B 6 ANICEL, Lb T 550 2 Ak 1250
mu k@ 5T\ %, DX 5 e HEfTIE -
\./Ozmax DR E BB E, b —=VHITr =
0.715(p<0.05), tv—=v 7 HCcr=0.777
(p<0.05) OEEHERECH -1z (10,



— 142 —

60  |oBefore r = 0.036
~ o After r=0.125
=
60 g
2 o Before E . °* .
= o Aft -
\:5 er LY & 80 0o
o
2 gl = o .
N g
_é ~— o [
~ Before %40 | N
s | Y =0.053 xX—13.453 g
g 40 e 1 =0.715 (P<0.05) S * 5
(5“ 6/ ° After > P
> Y =0.053 X— 2.848 30 L
20l r =0.777 (P<0.05)
i 1 1 1 ] 1 Jd L 1 1  — ]
800 900 1000 1100 1200 1300 1400 30 40 50 60 70
Distance (m) '
Inteltigence Quotient
Fig. 10 Relationship between distance co- . .

. & po ! 0 Fig. 11 Relationship between 1Q and VO,
vered by 5 minuets run and VO, . ‘
max(ml/kg/min) before and after max(ml/kg/min) before and after
.training period. training period.

10

r=0.713 .
=
g
N
_&0 °
AN
b= [ ]
E .
00
e °
=
= °
®
0 gL 1 1 1 )
30 40 50 60 70

Intelligence Quotient

Fig. 12 Relationship between 1Q and 4
VO, max(ml/kg/min).



D EWIQ &K IE R R EE ¥ L U perfor-
mance & DBRAEHKEFT5, MRP OfgiE & L T
—B1Q EBWTV 52, TR IQ oA THET
B ERTERCOTH > THEEROFERE L

TOEFRCHBEL OBECREREORE, &b

ICHIBEE IZ & 5 HEEFHEO TR OMBER &

LEEBIANLILERSA D, L LSEIT—IN

Q&% —fEEL LTEREL TLcW, EFIQ LH
fAE N ) VO,max & DBIHETE b v —= v 7
it & AR D b hiss o7 (1=0.036 %
LT =0.125) (R1D, & hiZEFH 52, &R
5% X O Yoshizawa B0 #E & RO KR
TH-7. L L Kusano?®ix \"Ozmax LEHE
& (MA) EDOMKAZEOHEEZED TS, £
ST R U — =y 2RO ¥ A AE Y D VO,max
D (A VO,max/kg/min) & 1Q & ORIFY 7 A
oW Th5E, HEOMER ((r=0.713) 235 »
bt (M12), thbOFERMLLIQ LFSKH
EEERE & ORIICARBIETRD By, 1Q & b
V== v 7R OB o R AR
NnEH, TihebbEE & LTRIQ oS W
MRP i OEBR R % X b b VAR R
R LB AW B2 00b L, %
fo—F, AMRP®D I v—= v 70 iEHE K
Vo EBHMOHEILL 5 &, MRP OB
FU—=VZRIICEEL b v — = v 2 BRI AR
CSAKEBL, AEKEL LA, FREE
M BEEMABITLHRTH i 5, &
D= EER O MRP ©LER L OB ED
RE~DOWEFREM X TETEHOTHA 5, %
AR L b MRP OZFEfT b v — = v 7L
LA RFEROBIBMLER S hic s &b
b, —BIEARDKESLETRERRBID S
MRP 0> HR ETHEEH LV —= v
ZALST O L RN BIE L Ebh b,

vV E #

1Q %3 #5 51.4(33~67) D ¥5 7 & i 3% (MRP)
DEFEACEHES 28T/ 7V FLEDS
SREENET N v—=v 7 CEHLIE 185 /5D
S B EEK 5 AT 11 BRI L T 0 REE
SHIFERE, ATEERLOIQ LOBEN LK
L7,

D Fr—=v X ) RERLIAR &I

— 143 —

B X ORI E S EBICEH D Lic, ——EHA
HEEEMER T L,

2) PWCi008 X 'PWClk b v —= v 7%
14 19.5%, 10.7% 0B BEOEKERLI, 20
B L LTRATESROBRO L v —= /L
L B & — B H B o BIMER 2R b h i,

3 \./Ozmax & VOzmax/kg Rhrrv—=v7
X D 11.9%, 12.1% D EEE (p<0.0DD
WA R, ZOBFE L TEERA OIS b
V==V 7RI 11. 7% OFREHE (p<0.0D) %RL
TWAHI EL O FER—EHRHEOH AN HEX
N, THIEA MRP OWIKEDRALTH > Z
& X D BYEIRIN OB oA L BE L T
B EMHER SR,

4 1Q & VO,max/kg DBIHTE v —=v
ZHIH L DHEBEERD bR o eh, Pr—=
v 7B VO,max/kg D% (A VO,max/kg/
min) & ORI TILAE T\ AR B
(r=0.71DMAWD b i, &OEEH»D IQ DLk
BHE - MRP 3B S e S0 Hic X v b
HHIRR A& B DA IR Fvsa Bl LR 5 9 It
BEBBOME LR,

5 MRPOEFI Vv —= v 7B b
V== VRN LR S S AEER LA R
DHHREANE L CHRIER IR, FEEHO
MRP ©:UEM s L OERBHIRAITE ~ O B EF Bt
NRB I i,

¥ D AP FRIx LS I R AL E R
ZEOTHRBHEE, LMy —=v 70k
DIFEC I LERFCE R 718G b % LI FEE
fi—#HT O bREBEOBERLET,

X B

D BhE—5, REBC, EEBE - F)Ek #
B, BABE  BHBEIEORBRNIFEREC
BT A HE5E, AFFEHE 16(4) 1 197—213, 1972

2) Asano, K., Kikuchi. K., Matsuzaka. A., and
Kumagai. S, : Cardiac responses at rest and
during submaximal exercise in children. J.
Physiol. Soc. Japan 41 (8 - 9) : 420, 1979.

3 BEEH, LAE=S, KEA— ! £HFAMKD b
V== v 70T AR SEOERWIZX
Zrr—=v/FHBronwe, FER¥E 1
35—40, 1973

4) Astrand. T : Aerobic working capacity in men



— 144 —

5

6)

(b

8

9

10

11D

12)

13)

14

16>

17

and women with special reference to age, Acta
Physiol. Scand. Suppl. 169. 1960

Astrand. 1. P -O. Astrand, 1. Hallb#ck, and A.
Kilbom : Reduction in maximal oxygen uptake
with age. J. Appl. Physiol. 35 (5) : 649654, 1973
Astrand, P. -0. : Experimental studies of phy-
sical working capacity in relation to sex and
age, Munksgaard. Copenhagen. 1952

Astrand, P. -O. : Effect of sports on the cardio
—vascular system and repercussion on the prac-
tice on the health of masses. Schweiz. Med.
Wschr. 104 : 1538—1542, 1974

Astrand, P. -O. : Aerobic work capacity during
maximal performance under various condi-
tions. Circulation. 20 : 202-—210, 1967
Astrand, P. -O. and K. Rodahl : Physical trai-
ning. Textbook of Work Physiology. 2nd, ed
McGraw Hill, New York. 391-438, 1977
Bar-or. O., J. S. Skinner., V. Bergsteinove, C.
Shearburn, D. Royer., W. Bell., ]. Haas and E.
R. Buskirk : Maximal aerobic capacity of 6
—15 year—old girls and boys with subnormal
intelligence quotients. Acta. Paediat Scand.
Suppl. 217 : 108—113. 1971

Coleman A. E., D. W. Friendith, M. M. Ayoub :
Assessment of the physical work capacity of
institutionalized mentally retarded males.
American Journal of Mental Deficiency 80 (6) :
629—635, 1976

Cunmming G. R., D. Goulding, G. Baggley :
Working capacity of deaf and visually and
mentally handicapped children : Archives of
Disease in Childhood, 46 : 490-494, 1971
Denniston, J. C., J. T. Maher., J. T. Reeves., J.
C. Cruz, A-Cymerman. and R. F. Grover :
Measurment of cardiac output by electrical
impedance at rest and during exercise. J. Appl.
Physiol. 40 (1) : 91-—95., 1976

Ekbiom. B,, P. -0O. Astrand., B. Saltin,, J. Sten-
berg, and Wullstrom : Effect of training on
circulatory response to exercise. J. Appl. Phy-
siol 24 (4) : 518528, 1968

Faulkner, J. A : New perspectives in training
for maximum performence. JAMA 205 : 741
—746, 1968

e, (LIEMEMES, MEREE  br .y P
HRIZ & B EAEOEENNTT B4 5 R &
BRI T ©99—107, 1964

WK - FakIE R FEMK  LHEES DA
72 70%VO,max $iEIC & B HA L L —=v 7

18)

19

200

21)

22)

23)

24)

25)

26)

27)

28)

29)

30

3D

32

~

33

~

w2
N

HROBR, HHEHFEL 6772, 1973

Ikai M, M. Shindo and M. Miyamura : Aerobic
work capacity of Japanese people, Res. ].
Physical Edu. 14 (3) : 135—140, 1970
MEGRE | BHAMK ve=v 7 OFE R RTE
B3 5 R(1)—80% VO,max AT DO + v —=
v IR —EERS 1 L 58—66, 1973
INEARERE | Aerobic work DRI &H. BE
KEFHDERH IR 20 - 169—177, 1971
MEBREF  MALTFOEAML v —=v 7Dl
BB T 00, RKBFEERED 0% A MO
Py —=v R, GEREL 98107, 1973
BRIk A v -2y RAKIC X BRE - D
OHEE | B X FHRETRERE R, 1978
Knehr, C. A,D. B. Dill. and W. Neufeld :
Training and effects on man at rest and at
work. Am. J. Physiol. 136 : 148—156, 1942
Kubicek, W. G., J. N. Karnegis., R. P. Patter-
son, D. A. Wistoe., and R. H. Mattoson : Deve-
lopment and evaluation of an impedance cardi-
ac output system. Aero Med : 1208—1212, 1966
HEFHE B Lo RE LEBREO RE, B
£H 47(5) : 392—393, 1977

HEBE B RoKEIRE L ORMES,
HAEHE 47(6) | 460—461, 1977

BYTHEE | AREEEE O & T ORIBES, Hiik
A 47(7) 1 572—573, 1977

Kusano., K : Maximal oxygen intake of men-
tally retarded boys. J. Human Ergol 2 : 13—19,
1973

BHRS, SEEE  BUEERE - Ak
HIHE - WURHEE & FEREMIEER IOV T, K
HARFHEH ML, BHR¥27.299—307,
1977

KEEE—, FHEED, WHETE KA | FBHes
RotEiEE, &FEF, 1974

Saltin, B.,G. Blomgvist., J. H. Mitchell., R. L.
Johnsson., K. Wilderthal, and C. Chapman :
Response to exercise after bed rest and trai-
ning, Ciculation 38. Suppl VII, 1968

Sharkey. B. ]. : Intensity, duration of training
and development of cardio-respiratory endu-
rance. Med. Sci. Sports. 2 : 197—202, 1976
Shephard R. J. : Intensity, duration, frequency
of exercise as determinants of the response to a
training regime. Int. Z. angew. Physiol. einschl.
Arbeitsphysiol 26 : 272—278, 1968

S ANERER BB EPIE RS E A
W, AERE1 0 98—107, 1973



35) Tipton, C. M., R.J. Barnard. and T. K. Tcheng :
Resting heart rate investigations with trained
and untrained hypophysectomized rats. J. Appl.
Physiol. 26 : 585—588, 1969

36) MU AFHEEUEETRRE | BRAO G ERE
fE. =k, RBRHE, 1975

3D BUA¥HEEFHMBREESR, BT - BEWE
B OREMRIEES RS 3813 5 E B L AR DBAfRIC

BI-+%Brge, FEPRvESE RS 244 1 78—83, 1979

38) Wilmore, J. H., J. H. Royce., R. N. Girandola,
F. I. Katch and V. L. Katch : Physiological
alterations resulting from a 10 week program
of jogging, Med. Sci. in Sports 2 : 7—14, 1970

39 EHRZE), =ZHBC, FAX, BHNEE XEF
BEHEE, ENE—  BHENE L AMEROG
JIEBRED, EORE 290 © 740—743, 1979

— 145 —

40) WM, BEREETF BALFOLFEBANOD
training ©2o\WT(1) 5 v 2 RF B 5HMH5
ROPHREZOWER, BAZTFEERFEMRE? ©
74—82, 1969

41 IWME—, HFHME, FIIR . £ FRFECH
THES oM v —= v/ OHR, KERF2 !
190—196, 1974

42) HIRZEEL, XHEBR | BHEERREEOFTBRREN
FERBELBE T >HE KFORF¥240):
189—194, 1974

43) Yoshizawa. S., T. Ishizaki and H. Honda :
Aerobic work capacity of mentally retarded
boys and girls in junior high school, J. Human
Ergol. 4 : 15—26, 1975



