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Evaluation of Enérgy Cost in Terms of Oxygen Uptake by
Measuring Heart Rate During Tennis Games

Byung-Hee Chc;, Kyou-Chull Chung and Yeon-Pyo Hong

Deps. of Preventive Medicine and Community Health
College of Medicine, Chung-Ang University, Seoul 151, Korea

The energy expended while playing tennis was determined from the players heart rate and from
the amount of oxygen they consumed:

This study was made using eight healthy but unathletic male college students. Expired air was
collected for 2 minute periods during each game by the Douglas bag method. Samples were collected
when serving and receiving. The air collected was measured using a wet test gas meter. The
amount of air collected was expressed in STPD. Oxygen consumption was determined by measuring
the oxygen content of the expired air with a Orzat gas analyzer. The energy expended during the
tennis games was calculated indirectly, The caloric coefficient of oxygen was multiplied by the
volume of oxygen consumed. The caloric coefficient of oxygen varied from 4.6 to 5.1 keal/liter of
oxygen. In this study the value of 5 keal/liter of oxygen was used in the calculations. The accuracy
of the measurements of energy expended was tested using regression analysis of the measured
volume of oxygen.

The mean values of heart rate, oxygen consumed and energy expended did not vary when the
activity of serving and receiving was compared. The mean value of oxygen consumed during play
w.as 1. 4329+282m!l/min &r 21.6+4.0ml/kg/min. The energy expended was 7.15+1. 46kcal/min or
6.45+1. 23kcal/kg/min. The values were equivalent to 5.5 mets. When the levels of oxygen
consumed were estimated using the formulas, they were found to be higher than the measured

levels. The estimated amounts, however, were within 25% of the measured amounts.
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Table 1. Physical Characteristics of the Subjects
(N=8)

Age Height Weight B.S.A. Standard
Gr.)  (em) Ckg) (m) wt, ratio

mean 21.1 173.9 66. 8 1.80 1.01
+S8.D. 2.23 6.74 9.89 0.15 0.11
CV.(%) 10.5 3.9 14.8 8.3 10.9

*B.SA.. Body Surface Area
*C.V.: Coeflicient of Variance
*S.D.: Standard Deviation
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66.8+9.8%kg, TFUY A TwA A4 (Choi, 1954)
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o9 FFAE LO01E0.1124 AAAEL HAZ=
ZEAA L A AEI
2. ATy

GhH #3324
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Duglas bagel #7120 Z7]¥ wet test gas meter
(Precision Scientific, U.S.A)E EFAAA A stz &
Z4¢] (STPD: standard temperature, pressure dry) =
Zabskod o,

Gas meter® £33 Yot 3719 4¥E Orzat gas
2.4 7] (Fischer, U.S.A.)q] iﬂ?]‘&}.:_ 37159 AsE
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= 3L >4 10% pyrogallic acidE A}-&3t4 5}
(Cotes, 1968).
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AN gatd AzegT. F, wHAAE A& E 20.8+3.6mikg/min. FFAUALNFE 7.0k

A& % (ml/min)& y=-—1513+423.5z(y : ml/min : 1.4keal/min =& 6.2=+1. lkcal/kg/hr@ vt & H T
z : beat/min) g, 28z BHAFTF BHATZ Ax AEY #WolAFE i Aued weldse 44
A4 2 (ml/kg/min) & y=-—24.00-+0. 3634z % °] &3} o] 10.4%, SNl 10.6%R o, AadFAFS |
o] &4 89l v} ' oA FE 17.2~20.1%, oy AxvF2 17.7~20.6%
() dFA 4 - 9 Weld & By
Azl 1 literd oA xu Fe FAAY TS 9. Aurdol o AT Y HEXISui
$E3AE EF3= P F 5.9 keal/l of O, (4.6~5.1 F3

kecal/l of Op) (Kim and Chung, 1983)g9 o2 2, o] & BUx 479 FAAY el A AxAdA g o
ol Fote] B AAF D (keal/min), FHAZG T YA zu e Ads oot 24 #HY FIEAE

AAEF F F(keal/kg/min)-& A AstH o table 3% 2tk & TAAY FFALAHF FAA
X 1862+353. 0ml/ming} 28. 1+5. 39ml/min/kg /minsl

Il & Aot =, B A L ge} 24X = 9,341 8keal/mins}

8.4 1. 6kecal/kg/hreith. Fu] A8 FFAEAA TS

1. BiU A #olAL deks, MaMyzr Y oY 273 = 1849-+-366. 3ml/mins} 28.4-5. 75ml/kg/min
NEUE Az, FFAIAz) RS F4XE 9211 8keal/min
Huz A719 FAAe FulA Autg, A 9} 8.5+1. 7keal/kg/hrglt}. o] & R FX 59 uolA
B9 A B FEAE wble 29 ¢ F,  FF 2d AcAFH FAAT 18.8~20.3%, oM
FAAY FFALTE 140. 0414, 6 beat/min, 1A A v %) 2A A& 19.0~20.0%2 HolA & BH .
2% HTALAH %S 14634293, 3ml/min, w9 A 3. MAMZHZ B o4X AHIES FHRQ HIR
2 FAAFY FEe A v Fe 22.3+4.20ml/ Aitreiy 248 4add TR dviAav e

kg/min, A A1 BFo) ] A 2w 7. 341, dkeal/ Douglas bagtd o2 243 4243 F 2 JvAx
min, BAFEd Tl kv gL 6.7%1. 3keal/ u %o A& w=dly] st -FAT AFs
kg/hrgon, FuAe FFARSFE 140.0+£14.8 table 40} 4] 3.3 w}el zko] % AA AEA 2t g
‘beat/min, FFA=AH L 13954270.9ml/min, = < (p<0. 0D).

Table 2. Mean values of measured heart rate, oxygen uptake and energy cost during tennis games.(N=29)

Service : Receive

Heart rate VO, Energy cost Heart rate VO, Energy cost

beat/min ml/min ml/kg/min kcal/min kecal/kg/hr beat/min ml/min ml/kg/min keal/min kcal/kg/hr

. Mean 140. 3 1463 22.3 7.3 6.7 139.7 1395 20.8 7.0 6.2
+S.D. 14.6  293.3 5.39 1.5 1.3 14.8 270.9 3.58 1.4 1.1
«C.V.(%) 10.4 20.1 18.8 25.6 19.4 10.6 19.4 17.2 20.0 17.7

"i‘able 3. Mean values Qf predicted oxygen uptake and energy cost from heart rate during tennis games. (N=29)

Service Receive

Heart rate VO, Energy cost Heart rate VO, Energy cost

beat/min Ml/min ml/kg/min keal/min kcal/kg/hr beat/min ml/min ml/kg/min kcal/min kcal/kg/hr

Mean 140.3 1862 28.1 9.3 8.4 139.7 1849 28.4 9.2 8.5
+8.D. 14.6  353.0 5.39 1.8 1.6 14.8 366. 3 5.75 1.8 1.7
C.V.(%) 10. 4 19.0 18.8 19.4 19.1 10.6 19.8 20.3 19.6 20.0
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Table 4. T-values for the comparison of the predi-
cted oxygen uptake and energy cost with
the measured values during tennis games.

VO, kcal/min
ml/kg/ kcal/mm keal/

ml/min

kg/hr-

Service Difference 398.5 5.8 2.0 1.7
T-value 4.68 4.62 4.55 4. 47

Receive Difference 454. 2 7.6 2.2 2.3
T-value 5.37 6.01 524 6.05

(P<0.0D)

FAAY AaAHAF, oA avzke AEFA v
3t} 77+ 396.5ml/min =% 5.8ml/kg/mingt 2.0
keal/min =& 1.7kcal/kg/hr #on, FHlAdE 4
A3 % 2AAE 454.2ml/min =& 7.6 mi/kg/
min, o] Y2 & &} FFAE 2. 2keal/min EE 2.3
keal/kg/hr7} A &% 2k 7=

d&He e A&A9 AARAE EHE 2
fig. 1 2 29 Zdt. &, BHANT A=K
Y wo s AR BE AZAe IAALA
»=503.3--0.499z f o=, dAATT FHAZD
add oz Jehll & @& y=8.88+0. 448z% o

+ Difference=Predicted —Measured

ml/ min
Y=0499% «503.3
n=58
r=06310
95% cont limits of the slope
3000 -{ 049920168
Sy = 1207
F=371
b S.E.of stope=0.082 -
e
- 2000
>
€
° -
&
=
@
il
as
= 1000 1
T T v T Y "
0 1000 2000 3000

Predicted { ml/min)

Fig. 1. Regression equation of the measured oxygen
uptake in terms of ml/min on the predicted

oxygen uptake by heart rate and 95% confi-

dence limits of measured values for a given
‘predicted value.
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Fig. 2. Regression equation of the measured oxygen
uptake in terms of ml/kg-min on the predi-
cted oxygen uptake in terms of ml/kg/min
on the predicted oxygen uptake by heart rate-
and 95% confidence limits of the measured.
values and means of measured values for a.
given predicted value.

Azdd #F 39 4B ZF FYsRAeH
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£y 347 98e ¢ & AQqH@e<o. 0D, FAA
of B AEX BELAE BAANT A=A HF
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et al.,, 1963; Braunwald et al., 1967). w&tA $E&
Ao Ao Fe Eud F g vlud 548
7b 2B AT E E3Te o) F R Wy
o] o] 453 g v}(Astrand and Rodahl, 1970).

THEEE e Ul Agre A24AF A
ol WA 4 FAAAAN Sol A FAEe 9
o] uhe] 3] v} (Astrand and Rodahl, 1970; Yoon and
Chung, 1983; Kim and Chung, 1983), =24 o &
o} 224 & treadmillo] A 2.8 817 v} erogometer bicycle
4 g A 2L wad FAAd $5E T Hd
ALHE Aolol, 4% £EA7 A el LT
BT A delE 449 § A& AAA Aol =
olA AR Fg u gt 285t AR A& A
AE de 5949 4444 %&¢ F4%xz, Kim and
Chung(1983)°] A A& Adtpe] 4 A=A &
daAg ol &dtd -HUA AJE & W] La=E
A A FE AR

ol dFA AL g nAH, dvx 379 F
AN el e A Fol = Aol AR ed (p<
0.05). FA A} Fuo A=A T FTAH T 1429.0
+282.0ml/min =& 21.6+3.97ml/kg/ming v}. A&
A&k 1 literd oA &n 3L F 5 keal/l of O
(Kim and Chung. 1983)% X3 343t of ) =] Aw) %
9 HFXE 7.15+%1. 46kecal/min == 6. 45+1. 23kcal
/kg/hr2 4 Passmore and Durnin(1955)2] A % 70kg
2= 194 @Rl A 438 7. 1lkcal/min (6. 1kcal/kg/
hr) gk vl =siglet, olgle kF A2 Az 1. lkcal/
kg/hr (Kim and Chung, 1983)¢] < 5.5met(metabolic
equvalent)ol & 28tglch.

o389, AxAHF AEFXNE QaFe) 47 +3
Ao vlmdtd B o FHIA AEZH 2ot F 25%
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A49E Tl A5 WFe) 2o 2o R
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@u}9} 7o) Passmore and Durnin(1955)9] 4 A = ]
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1. BIM* AAE & Ay FHASF, FTAEAR
HF =T FFU AL FE FAY Ay T o
%} wol 7 gieh,

2. HYx A7 E €99 A=M3 FL 14294282, 0
ml/min =& 21.6+3. 97ml/kg/m1n93\.n_ ol 1] =] & u)
wko 2 Zabsbd 7.1541. 46keal/min =& 6.45+1.23
keal/kg/hr=4 < 5. Smetd) aﬂ%v}ﬁﬂ‘r.
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