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Physiological Analysis of some Selected Sports Activities through
Telemetered Heart Rate
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Anthropometric data of 6 male medical students

Age | Body Body

surface

Body Skinfold thickness(mm)

Body fat LBM

No. (D) length | weight area

imen

(em) (kg) (m?) Back [Waist | Arm |Abdo Mean| kg | % ke | %

20.3 176 | 59.0 1.70 8.4
19.9 173 | 55.8 1. 64 8.2
21.5 170 | 64.7 1.73 | 14.6
21.7 167 | 56.2 1. 60 7.9
21.6 169 | 56.9 1.63 7.7
21.0 171 57.2 1.65 | 10.9
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6.9 46| 6.5| 6.6| 82| 13.9 50.8 86.1
441 4.3 57| 57, 7.6 13.7] 48.2 8.3
15,9 81 (13.3|13.0(12.4| 19.2 52.3 80.8
7.3 3.8 6.2| 6.2| 7.9 14.5| 48.3 85.5
1591 58| 6.8| 9.1 9.9 17.4] 47.0] 82.6
9.7| 5.8| 7.5 85| 9.5| 16.5 47.7| 83.5

Mean 21.0/ 171.0 | 58.3 1. 66 9.7
S.D. 2.8 3.03 0.-044 | 2.54

10.0] 5.4| 7.7 82| 9.3] 159 49.1] 15.9
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Fat (kg)=0.653x Mean skinfold thickness (mm)-+
2.91.

NE =% WA A% FE4S 4e 4AFE 60
9 24 & 94 A, wh2Ad A, A Az, %

B At AAH(Harvard step test), =3 (treadmill),

22]y] A4 (6km/hr, 0% A+ % 8.0 km/hr, 8,55
Al A EAse] 7 AdE L AA 2 AR HET
o Ax AFE Aol FAAAE AT ohEel
Zx AV AS2o] sl dE Egk /374' u-E
17 A & (telemetry)o]l 2] 3te] 34 3F3 =

§° Ao st A Fe Zl‘d—'}-"—f’— |

g el REH R b 4 *P
A 8A o) AFA A3t 0%
Ae Fo Aeolrt, whE A7joA
ol AAs Fol AR tF "FQ]'
ok A9, A4 Az
4 B2 Hzelw A ¥
FE(EEY, HEEH, 1967)*
At A A (Harvard step test)&
YL o] 50emE AbgEle 5
Ao webA A3t 5 & AR
45 30 27A9 18 Egke] Bed AV 5H &
drr, Edw Al glolAE LR - EHEHQ65)
of mebd 28 452 FoF ZeA A =k 1E
Bokel Hod 24L& Sl

£¥2 A7 FHe FAY @Y g7 A E
E9t 2.5—3.0F A}o] 9]
;17&—3— Ak 11 A7 Az

it

1o

2 v rTF E
olﬂo‘w‘_‘m

fo

rO

r!i

(o]

o
‘_YLH_,\

PORRS.E
Ho
ok
2
o,
fo

o o it flF o
=

o

o F‘IE::

A99 A3

%74 353 1968—
oz F& WAA el 4.5-5.0% Aol A7
548 &3 T (volley balDe 299 %4
(tossing) & b A HAZAAI 23z & W & A
A e 2.5—3.0% Aolo} AA HEFE FANAU

1004] 5 ¢ 50 9B & AP ow HE Afe =5 F
102 Foke AR BE5524 18 & A&
A gz A A4 £EoE A FEEE
AAY o3 AEL 1504 42717 Al o] BF
727 %k0] SlEw o] A shie) Hda Fo| 26em,
AR o] 18cmojn] ZFEol Atiel 5TH U+
BE &g 9an dg 502 slgke] Aelz, W
We g e 46x st A es Gl 3.28kg A
o Cecil =48t 23AE 24 £53A gt wA
w102 o RRH 183 44 SEFS FaAsgH
3% %7 ARe HFds F9 (Douglas bag)el
Qupgbd e Eae APz e F4L micro-
Scholander #x] (Scholander, 1947)¢l 98 om 24
A2 2 2422 Consolazio(1963) 2] A8k o},
A% Es 24 947 (telemeter) F o] &35 =4,
ol AL AAAS HeEle e TEE

=2
=35

5 Wiz 58

AZAk o] 9AAE FA S 3002 (3 2w A et
od)ol EastmE ofFH AT HA wych

o] AP & 19661 7€l T Aolth

o

A=} 65l glolAl oA AW =R ulEA], 4

Az, e AG A4 f 2ExY AAd o2& &

*lf A3 A AA Y A AR, @78 E o

rﬂH AR HESE A 2%, A1E B A 2% AA
gk},

Y =

Table 2. Oxygen uptake (I, STPD), pulmenary ventilation (1, BTPS) and corresponding heart rate
per minute in various activities up to the maximal oxygen uptake of individual subjects
Treadmill run .
Subject Resting | Standing giycr;ma- Havard Max Vo,
step Submax | Max mi/kg
Vo, 0. 204 0.614 1.102 3. 095 1. 078 3.10* 52.5
14 Vg 5.86 22.2 21.1 77. 4 28. 4 86. 4
Heart rate 60 84 120 162 126 186
Vo, 0.175 0. 581 1.155 2. 409 1.767 2.574%  46.2
24 Vg 4.73 15.4 26.3 71.5 42.6 91.3
Heart rate 65 96 130 155 156 198
Vo, 0. 349 0.473 1.183 2.802%  1.712 2.52 | 39.1
33 Vg ' 8.28 11.5 25.1 82.4 57.0 80.2
Heart rate 73 84 135 168 168 192
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Vo, 0. 330 0. 586 1. 554 2. 907 1.651 2.667% 47.4
43 Vg 7.41 17.6 33.7 86.5 40.0 93.8
Heart rate 68 110 130 162 140 192
Vo, 0. 237 0.379 0.818 2. 658 1. 523 2.560%  45.9
51 Vg 5.95 12.9 21.1 69. 4 39.7 89.6
Heart rate 66 <0 125 192 156 198
Vo, 0. 242 0. 394 1.375 2.712 1. 387 2.764%  48.4
61 Vg 6. 96 12.7 35.9 72.3 34.4 86.3
Heart tate 60 78 152 192 156 204
Mean Vo, 0. 256 0. 505 1. 200 2.778 % 1. 520 2.700 i
S.D. 0. 0822 0. 0953 0. 228 0.217 | 0.227 0.196
Mean V 6.53 15.4 27.2 76. 6 40. 4 89. 4
S.D. 1.13 3.64 5.73 3.21 8.91 9.73
Mean heart rate 65. 3 90.3 132.0 171.8 150. 3 195.0
S.D. 4.53 10. 4 10.1 14.7 13.6 5.58
Mean Ventilation eq, 25.9 30.5 22.7 27.6 26.5 33.3
S.D. 2.39 4. 00 2.48 1.81 0.73 0. 69
Mean oxygen pulse 3.89 5.59 7.56 16.3 10.1 13.9
S.D. 0.74 0. 90 1. 89 1.95 1.17 1. 29
* denotes the maximal oxygen uptake value.
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Fig. 2. Relationship between heart rate per minute

and oxygen uptake per minute in all 6 sub-
jects. The coefficient of correlation between
two was r=.95, and regression equation
was y=. 0079x+1.97.
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Fig. 3. Relation between oxygen uptake and pulmo-
nary ventilation in various sports activities.
Straight line is inflected at the point corr-
csponding to 2 1/min of oxygen uptake and
48 1/min of pulmonary ventilation.
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Fig. 4. Relationship between heart rate per minute
and pulmonary ventilation per minute expr-
essed on a semi-logarithmic scale. The coe-
fiicient of correlation between two was
r==0.96, and regression equation was
y=0. 0085x +3. 33. Symbols same as Fig. 2.
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Fig. 5. Relationship between heart rate and oxygen _
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ek % AA $¥ol AVHAA £% AF 44 Ao 02wl 72w W 0 gx 43
e da AAYE FAhstee AF 45 shfe] L 0.583/minoln <A Ata QA 2.49)0]
A pa A FE o) IARE BAQS, = A0 A AA B 0.2 0) 9 e,

Afzol £% AN AGsE Fdol YAAR 3 A= AABE A 4R A=A, AP Az, o

B ARG Mer REE A3Ee AAG A & vE AR AN, ERY FA B AF dA4AL
E A7l A Adetet A gl opzke] o) sh @-3— 94 HEFE Bobel Moz fa A FE
o ol 6% g AT ol Mzely  FAT ol wis, AAE 9 A TS AF
| of - 122.3, A Eo) A 143.6 beat/min, w]F2 EA o g ae] wlmabel el AR dAgA A
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Table 3, Heart rate measured by telemetry during various sports activities of individual subjects

N Table Catch V{))ll;lsy Dash Staircase up staircase down
0O. .
tennis . ball | tossing 50m 100m | 35 steps | 72steps | 35 steps | 72 steps
1 108 128 126 144 144 108 126 90 96
2 120 153 144 144 150 120 132 108 108
3 144 137 146 144 156 114 132 102 108
| 4 102 137 144 144 156 120 120 g S6
5 140 147 132 156 162 108 132 96 $6
6 120 160 144 162 162 126 138 108 100
Mean 122.3 143. 6 139.3 149.0 155.0 116.0 130.0 99.0 | 100.7
S.D. 15.3 10.8 7. 54 7.28 6. 40| 6. 63 7.32 7.54 5.37
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Table 4. Predicted oxygen uptake of sports activities estimated from the mean heart rate versus mean
Vo, curve (Fig. 2)

Table tennis Catch ball ; Volley ball Dash, 50 meter

2 Ratio to

T
. . }
Vo, Ratio to Vo, Ratio to Vo, Ratio to ' Vo

() | Rest 1 Max | (&) | Rest ] Max | (O | Rest \ ® | Rest | Max

5.4 | 0.47 ‘ 1183 | 4.8 | 0.43

Mean| 0.894 | 3.6 ;0.33 1. 291

1L411| 59 | 051

S.D.| 0.253 1.04 0.095 | 0.253 1. 92 0.11 | 0. 154 1.2 ‘ 0. 068 0.194 1.5 ! 0. 084

Dash, 100 meter Staircase up Staircase down

Vo, | Ratio to 35A75te.ps 72 Steps 35 Steps 72 Steps

l _I;_ Vo, Ratio to Vo, Ratio to Vo, Ratio to Vo, | Ratito

)] est | Max 0) Rest ' Max ) Rest 1 Max ) Rest [ Max 0 ‘ Rest ‘f Max
Mean| 1. 566/ 6.4 0. 57 ! 0.771 3.2 ]0.28 0. 991[ 4.1 0.36 l 0.567 2.4 0.21 ] 0.5:0 2.4 ]0.21
S.D.| 0.176| 1.4 | 0.088 0.094 0.87 | 0.044| 0. 099! 1.1 | 0. 045| 0. 076’ 0.74 | 0. 034/ 0. 056. 0.67 | 0.026

659t o] wrAr] 1.98, 354 2 724 e Aozx o

7] 2.4, 354k 227 3.2, BF 3.6, 72 A 9.2 TEA A

4.1, 7H4 Az 4.7, T FA 4.8 opFe AAE H& 13 Aol A7
54, 50 =] 2els] 5.9, 100w 2l 6.4, ] A 0. 19

T SRehel A A9l 10. 54 o] Giet,
] ﬂ_’n: A3 kol A v
Eeldl AA7E 0.095, ubzA] ]
, 85 =& 72 Algk W&l 9] 0.21, 35 A, LOE’-’_T
0.28, 72 A= 27 0.28 =7 0.33, 7t Az
Table 5. Correlation cofficients and regression equa- 0-44, AT %A 0.44, oFF] AAE 0.47, 50 U}H
tion. =2l7) 0.51, 2 10078 2E|Zle A e Az 43

SAAFEDY Folsh e A A o

5 ; 29| 0.57u}o] $iet,
log Vo, log Vg
: olg st AA ¢FY FFE vz ﬂfi 71Eo
Heart rate r=0.94 r=0. 96
2 gdAA Ak HAFE AT Wt A A4 44
P <. 001 <. 001 o
e ML 5 AN 59 2 S
-log Vo, (liter)=0.0079X Heart rate per min, -+1.97 %n 72 £AE FAEY F A $F5 AFE
logVg(liter) =0. 0085X Heart rate per min -+3.33 ®/)Y JEe % 2E AWl gin 5]_;311—,}.
\70 ratio fo resting .
1 22 3 4 5 6 7 8 9 10 Vg, ratie to maximun
— ——— T 04 05  of
Standing 1 ol 02 03 - ; ,
35¢cr72 steps down | i} Resting N |
350r 72 steps up | o] Standing N |
Table tennis = 350r 72 Steps down i oo}
72 steps up : 8 350r72 steps up §
Family gymnastics T R R b Tuble tennis
Volley ball tossing [ ] Family gymnostics
Catch ball o ) Volley batl tossing
50 meter dash e Cotch bali
160 meter dash SR HRRHRERE 50 meter dash
Maximal V()2 100 meter daosh
Fig. 6. Oxygen uptake in various activities compared Fig. 7. Oxygcn uptake in various activities compared
to the resting oxygen uptake. to the maximal oxygen uptake.
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ABSTRACT

Physiological Analysis of scme Selected Sports
Activities through Telemetered Heart Rate

Kyu Ho Hahn, M.D. and Kee Yong Nam, M. D.
Department of Physiology and Physical Culture
Research Institute, Seoul National University

College of Medicine, Seoul,

Sports activities of freely moving 6 male medical

Korea

students (19.9-21. 6 years) were analysed through tele-
metered heart rate. First, heart rate versus oxygen
consumption were p‘lotted on a semi-logarithmic scale
and resulted in a straight line. Next, heart rate only
was determined during the free sports activity and
corresponding oxygen consumption was determined
from the heart rate-oxygen consumption diagram. The
following results were obtained.

1. The coefficient of correlation between heart rate
and oxygen consumption was r=(0.94 on a semi-
logarithmic plot. The regression equation was:

log Vo.(liter)=0. 0079 x Heart rate(beat/min)+1. 97.

2. Heart rate versus lung ventilation diagram on a
semi-logarithmic plot showed a straight line and
the coefficient of correlation was r==0.96. The
following regression equation was obtained.

log Vg(liter)=0. 0085 % Heart rate (beat/min) +3.33.

3. The relation between oxygen intake and ventilation

showed an inflection at the point corresponding
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to 2.0//min of oxygen intake and 48 1/min of
lung ventilation,
4. Oxygen pulse was: 3,89 ml/beat in resting, 5.59
7.56 in family gymnastics, 16.3 in
and 13.9 ml/beat in the

treadmill test(maximal oxygen intake).

in standing,

the Harvard step test,

5. Telemetered heart rate in the freely moving mus-
122 beat/min in
table tennis, 143 beats in catch ball, 139 beats in
tossing of volley ball, 149 beats in 50 meter dash,
155 beats in 100 meter dash, 116 beats in 35 stair-

case up movement, 130 beats in 72 staircase up

cular activities were as follows :

movement, 99 beats in 35 staircase down movement,

and 100 beats/min in 72 staircase down movement.

The maximal heart rate was 195 beat/min.

6. Oxygen consumptions in sports activities were read
from the logVo,-heart rate diagram substituting
the telemetered heart rate value.

7. Sports activities were assessed in relation to the
maximal oxygen uptake. Ratios of oxygen uptake
of sports activities to the maximal oxygen uptake
were: standing: (.19, staircase down movement :
0. 21, staircase up movement : (. 28 (35 staircases)
and 0. 36 (72 staircases), table tennis : (. 33, family
gymnastics : 0.44, tossing of volley ball: 0. 48,
catch ball : .47, 50 meter dash: 0.51, and 100
meter dash: (. 57.

Assessed on the resting oxygen intake basis, the
order of severity of muscular activities was the same
as on the maximal oxygen intake basis with only one
exception. On this basis 72 staircase up movement

was more severe than the table tennis.
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