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Studies on the Physical Fitness of the Middle and High School Boys

E Up Chae, M.D., Kyu Soo Kim, M.D., Young Eun Choo, M.D,,
Chong Suck Kim, M.D., Won Hyung Woo, M.D. and Pock Tuck Chung, M.D.

Institute of Physical Fitness Research, Kyungpook National University, Taegu, Korea

The effects of physical exercise, gymnastics and sports on the cardiopulmonary function were stu-
died in the middle and high school boys. The subjects were divided into 4 groups; non-training-
group and training group in both middle school and high school boys. In the above groups, pulmonary-
function studies were performed, and blood pressure and the heart rate were also checked to evaluate-
physical fitness during and immediately after running exercise on the tread-mill, with the speed of
5 MPH and elevation of 9% and 11.25%.

The types of sports in the training group were base ball, body building, Taekwondo (Korean.
style boxing) and hand ball.

The results obtained were as followings:

1) In the training group, cardiopulmonary function showed some tendency of the increase com--
paring to the non-training group.

2) The increase in cardiopulmonary function was observed according to the age became older, but-
the clear changes on cardiopulmonary function was not observed as the difference of the group-
between the training and the non-training.

3) The expiratory volume was decreased as the increase of age except 17 years of age for the-
value of the per kg body weight. ‘

4) In the non-training group, the mean value of oxygen consumption under maximum work load.

was increased, while those in the training group was decreased. But it may be noted that oxygen ‘
consumption for the expiratory volume was increased in the training group, and that the oxygen.
cost in the training group was higher than that of the non-training group.
5) The pulse pressure of the high school group during and immediately after running exercise was
observed in the higher value comparing with that of the middle school group It was suggested that
the éhanges of the pulse pressure was owing to the method of determination and that to the decrease-
of diastolic ‘preésure caused by the decrease of beripheral vascular resistance up to critical closing
pressure.

6) Any differences of the changes in the heart rate between the training group and non-training
g;oup was not observed during and immediately after running exercise.

7) The relative value of the expiratory volume to the heart rate was decreased in the elder age

group.
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Table 1. Physical characteristics (Mean+S.E.)

T Phy. char.

\ Age Height(cm) Weight(kg) BSA(m?)
Group

Mid-1 Train. n=13 13.8:+0.33 151.34+2. 27 40.342.99 1.3140.05
Mid-1 Non-train. n=14 13.940.23 150.041.59 37.9£1.30 1.27%0.02
Mid-1 Train. n=13 13.8+0.33 151.3+%2.27 40.3+2. 99 1.31%0.05
Mid-I Non-train. n=14 14.0£0.21 151.4+1.68 38.6+1.24 1.29+0.02
High-1 Train. n=7 17.1%0.28 165.7+1.15 56.411.47 1.624:0.02
High- I Non-train. n=6 17.0£0.40 163.630. 48 49.3x1.67 1.51%0.02
High @ Ttrain. n=7 17.140.28 165.7+1. 15 56.41%1. 47 1.6220.02
High- I Non-train. n=6 17.0£0. 40 163.610. 48 © 49.3+1.67 1.51+0. 02

Mid---Middle school group.

High---High school group.

1 ---The first period of the observation.

I --*The second period of the observation.

The abbreviations appeared in the following tables are the same as the above discription.

Table 2. Static lung volume and ventilatory measurement (liters, BTPS) (Mean+S.E.)

' Lung Vol
\\ TV | IC |ERV| RV | FRC| VC | vCg| TLC| Ri% | MBC | MEC
Group . |~
Mid.-1 Train. n=9 (M) — 1207)1.05{0.80]1.79 322|108 |404]|20.2]118 |108
GE) | — |0.40]0.01]0.05[{0.15(0.32|2.7510.28|1.34|472] 472
Mid.-1 Non-tr. n=9 (M) — | 1.87/1.08 0.78{1.74 312110 |3.91|20.1{100 |98
' (S.E) — 10.33]0.16]0.05]0.07(0.19 | 514 |0.25|0.95|6.60 | 5.5
Mid.-[ Train. n=13 (M) 0.47 122900951074 |1.63/3.2¢41112 | 4121841105 |102
(S.E) 0.02[0.19]0.10{0.05{0.14 | 0.27|4.93 | 0.83/0.93/6.09 3.9
Mid -1 Non-tr. n=13 (M) 0.4812.25|0.82|0.77 |1.46 | 3.00 | 101 |3.8419.9|105 | 102
(S.E) 0.01]0.14 | 0.07{0.05|0.09 {0.18 | 3.65 [ 0.23 | 0.60 { 5.80 | 3.98
High-1 Train. n=7 (M) 0.75|2.411.75|1.08|2.78 | 4.48| 122 |5.56)19.4| 133 | 105
(8.E) —  — | — 10.07] — 10.08)418}0.11]1.02|5.70 | 5.68
High-1 Non-tr. n=5 (M) 0.65[2.79(0.94|1.08]217 |3.87|108 | 482 (223|121 |103
(SED 0.03{0.15]0.08|0.10 | 0.26 {0.17 {5.25 | 0.31 | 1.13 | 5,56 | 4.14
High-I Train. n=6 (M) 0.72(3:28(1.11(0.98{209|4.39|117 |5371182|153 {122
(SE) 0.08{0.16 [0.05]0.03 |0.07 | 0.06 | 4.07|0.07|0.54 | 809 | 651
High-1 Non-tr. n=6 (M) 0.48 1309 |1.07|1.17 | 2.24 | 4.17 | 116 | 5.34 | 21.8 | 120 | 102
(SE) 0.03]0.11[0.08{0.08/0.13 0.19]5.25(0.2310.13|7.75|5.84
n: Number of cases. M: Mean
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Table 3. Maximum oxygen uptake, carbon dioxide out-put and expiratory volume under

running exercise (9% tilt) Mean=+S.E.
- Vent. measure Ve Ve(l/min. /kg) Vo Vo Veos Veos
(/min. /m% (ml/min. /m?) |{(ml/min./kg)|(ml/min./m?)|(ml/min./kg)
Group BTPS BTPS STPD STPD STPD STPD
Mid.- I . Train. n=11| 62.8%3.04 1.62+0.08 21234-135.1 | 53.042.08 | 2074+104. 0} 51. 8+2. 31
Mid.- [ Non-train. n=14 | 58.2+2. 86 1. 46+0.07 17534-98.0 | 46.94-2.08 | 19104122, 8 49.1:£2. 38
Mid.-I Train. = n=12| 59.9+3.41 1.4540.09 2096+164. 4 | 49.6+1. 80 | 2255+172.1] 49. 3%2. 30
Mid.-1 Non-train. n=13 | 59.4+1.73 1.554-0. 04 20061-61.6 | 52.82%1.97 | 2167+69.8 | 56.8=+1, 56
High-1 Train n=7 63.214.70 1.11£0.07 2537+74.0 | 45.0-£1.05 | 2408-+116. 0| 42. 5+1. 50+«
High- 1 Non-train. n=5 62.2+4.17 1. 2640. 06 2316+116.1 | 46.3%+2.19 | 2433+57.1 | 57.1%1.76
High-1 Train. n==o6 71.2+9.09 1.25%0.15 2776+148.0 | 49.5+2. 68 | 2814+250. 3| 50. 014. 02
High- 1 Non-train. n=6 73.3+3.97 1.48+0.07 2624-+105.9 | 52.141.40 | 2875+76.4 | 58. 3+1. 33

n: Number of cases

Table 4. Maximum oxygen uptake, carbon dioxide out-put and expiratory volume under

running exercise (11.25% tilt) Mean+S.E.
w Ve [VeQ/min. fke)| Vo Vo Veor Veor
({/min./m?) (ml/min. /m?) | (ml/min./kg){(ml/min./m?2)|{{m]/min./kg}
Group BTPS BTPS STPD STPD STPD STPD
Mid -1 Train. n=13| 69.2%+2.85 1.78+0.10 22654132. 8 | 57.642.13 | 2274-+120. 9| 57. 4+2. 48
Mid.-1 Non-train. n=12| 72.2+3.29 1.904%0.05 2193+98.3 | 57.141.82 | 2284+128. 1| 59.9+2. 08
Mid.-1 Train. n=12| 69.9%4.11 1. 70+0. 09 2268+179.0 | 55.21.98 | 24124199. 9| 57.3+2.19:
Mid.-I Non-train. n=13| 69.143.01 1.9040. 05 2206+78.6 | 57.6%1.82 | 2356+85.3 | 59.9+2.08.
High~-1 Train. n=7 79.5X6. 28 1.50+0.12 3157:+131.2 | 56.042.16 | 3091%113. 8| 54.9+1. 99
High-1 Non-train. n=5 74.145.22 1.47+0.09 2736£122.8 | 54.5+2.00 | 27034:117. 3| 53. 84-1. 32
High-T Train. n=6 85.1:£8. 00 1.504+0.12 3190+-85.5 | 56.92+1.23 | 3272::119. 8 58.2+£2. 23
High-1 Non-train, n=6 85.2-+3.25 1.73+0.05 28994-135.6 | 49.141. 36 | 31434:162. 0} 63. 6:£1. 92
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Fig. 1. Minute ventilation during maximum work
load under tread-mill exercise. -
T-G++Training group. N-T-G---Non training group.
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Table 5. The change of heart rate under running exercise (Mean=+S.E.)
S, Work load 9% Tilt 11.25% Tilt
period oo? M ResTiRUN 0 | 2| 4 |RUN o] 2| 4] 6| 8| 10

Middl Training 87.6 (177.5 |134.0 |115.4 ]106. 0 |184. 5 |135. 7 [119. 8 [113.7 [111.5 [107. 0 [103.3
ladle n=14 +3. 05{+2. 66,25. 70;2-4. 90|-3. 90/1-2. 42|+ 4. 35|+-3. 73|3-2. 36|1-3. 43|+3. 34/-+3. 41

1st period | Nontraining | 82.4 [181.0 {139. 0 | 118.7113. 0 {182. 0 [139. 0 |126. 0 {114. 4 [109. 3 [110.0 |108. 4
n=14 +4. 16|+2. 05(+5. 84|-4. 38/4:5. 061+ 3, 84{+4. 39{£3. 21|+-4. 05]+-4. 11j+-4. €31+4. 63

Middl Training 82,71 __ 14451172 102. 8 _ 145.2 j116.0 j100.5 j100.2 | 97.7 | 93.4
idaie n=13 +3.41 \ =+2. 92|+2. 77|+2. 49 +3. 0513, 20|£2. 38|3-2. 44|+2, 49|+2, 29

2nd period] Nontraining | 85.1 | _  [141.6 |115.1 |104.0 | __ |148.6 {124. 3 (112.6 | 107. 6{101. 8 [100. 6
n=13 +3. 53 +2, 54)+3. 55{+2. 60 +3. 79{£2, 95|12, 43|+2. 87|+2. 85|*2, 81

High Training | 76.6 {165.5 (120.0 |109.4 | 99.5 (177.5 (139.1 {110.1 {103.1 { 99.4 | 62.9 | 94.4
18 n=7 +2. 97|%5. 43| £9. 94|17, 31{+3. 21|F2. 07/+7. 30,2-5. 03/ +4. 39|+5. 16!4-3. 97|+ 3. 00

1st peroid{ Nontraining | 82.6 {172.5 {150. 2 {122, 4 |112.0 |177.5 |171. 0 |163. 5 |150. 2 |148. 0 |143. 5 |141. 2
n==6 2. 79/3-4. 35,213, 2|7, 56{2F-4. 50|12, 14|F4. 41|78, 35{=+2. 34|+2. 69|+3. 84{+3. 04

Hizh Training 83.3}1 __ [138.3]107.3100.0 | __ 1150.6 |124.6 |111.3 1100.4 | 99.3 | 95. 3
g n=6 +2. 24 =+9. 76i=£8. 56/+6. 58 8. 05)25. 91|34, 98115, 42)+6. 22|4-5. 47

2nd period| Non-training| 94.0 | _  152.3 [128.0 [127.01 __ { 166.0{131.7 {123.7 {120.0 {116.0 1110.7
n=6 +5.74 +3.19+1. 94Ii4. 98 +4. 51143 40/+4. 14|+4. 38)+4. 641-4. 47
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Fig. 9. Heart rate in second period.
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Fig. 11. The changes of heart rate immediately
after and during running exercise in the
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T mwHa
N8O -
160;
140

120

80}

L = o wn-tin
e o s R

ot B ‘3«;;;\:/ ==z il

=

3 .

401

L
20k
oo % TY nesw vy
A 1 1 ' . 1 L 1 1 L )
EONT. EX. o 2 4 . 0 2 4 [ ] 10
’ MINUTES

Fig. 12. Blood pressure of middle school boys in
tread-mill exercise.
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Table 6. The change of blood pressure under running exercise

(Mean+S.E.)

?\Tw | T-M 9% Tilt T-M 11.25% Tilt

B. Min,

Group \P' Z |Rest| o0 | 2 0 2 4 6 8 10
Mid - 1 Syst 118 1151 (139 127 | 182 138 127 118 115 116
Train. yst. +3. 82/45. 25\--4. 06{4-2. 77| £5.12 | £2.71 | £2.55 | +£2.43 | =2.89 | =2 11

Diast 63 |61 |60 |58 62 64 61 61 60 62
n=13 1ast. +3. 44|4-2. 34/-+-1.85{=1.60{ +1.35 | £1.88 | =1.11 | +1.09 | =0.80 | =+2. 40
Mid-1 116 (151 139|129 | 144 138 127 122 118 117
Nontrain Syst. =+3. 65|3. 37|4-5. 02/54. 99 +5.04 | +4.42 | £3.30 | +3.83 | £4.17 | +4.54
Dinst 64 |60 |58 {62 60 60 60 59 57 58
n=14 1ast. +2.18|-+5. 65/=2. 632-1. 45| -=2.45 | +-3.30 | +2.98 | +2.63 | £1.84 | +2.33
Mid - | 113 (172 (150 (135 | 154 141 130 120 115 112
Train Syst. +2.51|4-5. 16|2-5. 00|+2. 61| +6.48 | +6.85 | +6.34 | +4.43 | +3.65 | 2. 49
Diast 66 |53 |60 |70 57 60 63 66 66 65
n=13 rast. +3. 44142, 73/-2. 49)+4. 00, :6.18 | +5.64 | £4.62 | £3.44 | £3.55 | +2.87
Mid - 108 {160 [148 | 134 | 144 130 123 115 109 131
Nontrain Syst. +2.87/+4. 65|+5. 43|+4.97| +5.95 | +£4.71 | +4.836 | +8.58 | +2.37 | +2.13
Diast. 62 |63 |60 |67 55 61 63 65 67 67
n=14 1ast. +2.91i-6. 34--6. 03--4. 71 +6.23 | £5.58 | =5.20 | =4.16 | +3.77 ' +3.83
High- [ 134 |175% (160 |148 | 171 156 144 131 123 120
T‘fam Syst. 6. 0316.10 |-=9. 991-9. 43 +7.67 |+£11.27 | £5.95 | +8.98 | 2-7.61 | +7. 54
Diast 72 | 33+ | 66 | 63 31 35 58 74 77 81
n=7 Hast. 4-7.3410.05 [11.80 |-=9.15| =6.69 | +6.40 | +8.54 | 7.90 | =4.83 | 8. 41
117 166 (142 |131 | 165 160 130 118 114 111
Hich-1 v £2.10/-55. 70+4. 20/ 4.39) £5.00 | +6.66 | £5.00 [+12.99 | £3.71 | +8.94
Nolgtrain Syst. n=2 n=4 n=4 n=4 n=4
Diast 65 | 2+ | 364 | 45 38 68 73 73 80
n=6 hast. +7.35/19.24 |13.16 |+9.08 00 | £25.5 | +£9.54 | £6.40 | +6.40 | +4.71
n=2 n=4 n=4 n=4 n=4
High-I 114|188+ (1654 |148 | 178 161 140 128 125 [ 120
Tom Syst. +4.54{11. 45 [11.58 {+8.67| +£7.69 | +7.16 | 6.57 | +6.57 | 4-6.07 | +5.73
Di 71 |53 (60 |70 51 60 65 71 71 75
n=6 1ast. +1.99|6. 10|-:2. 97]14-6. 32| +5.22 | 40 +5.48 | £3.35 | £3.35 | £6.10
High- 1 115 163 |151 138 | 151 135 129 126 121 116
Nowirain Syst. +3.74+6.23-+7.16-£7. 16| +8.22 | +6.16 | =4.56 | +3.66 | +1.83 | +-2.32
' Di 70 143 |56 |66 41 50 63 61 66 70
n=6 1ast. +3.71/£3. 66/+6.72/17.82| +7.16 | +8.00 | =7.82 | +7.18 | =6.72 | +4.00
n: Number of cases.
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Table 7. Respiratory exchange ratio (R), ventilatory equivalent, index of MOL to resting O; consumption-
and oxygen pulse under running exercise (9% tilt)

—_— Vent. measure . Ventilatory MOI 0 puise

Group equivalent Rest O,

Mid.- 1 Train. n=12 1.08 2.96 10.0 13.0
Mid.- I Non-train n=13 1.05 3.20 8.7 10.1
Mid.- T Train. n=13 0.97 2.71 7.8

Mid.-I Non-train, n=13 1.08 2.96 9.0

High-1 Train. n=>5 0.95 2. 47 10.1 13.3
Higzh- 1 Non-train. n=7 1.04 2.71 8.2 13.6
High-1 Train. n=6 1.01 2.53 12.6

High- I Non-train. n=6 1.10 2.78 13.4

n: Number of cases

Table 8. Respiratory exchange ratio (R), ventilatory equivalent, index of MOI to resting O: consump-
tion and oxygen pulse under runing exercise (11.25% tilt)

Vent. measure. Ventilatory MOI
R equivalent Rest O, O: pulse
roup

Mid.- 1 Train. n=12 1.04 3.09 12.8 13.5
Mid.-1 Non-train, n=13 1.03 3.30 11.5 11.1
Mid.~1 Train. n=13 1.00 3.04 9.8
Mid.- 1 Non-train. n=13 1.04 3.30 10.0
High-1 Train. n=5 0.98 2.68 12.8 15.6
High-1 Non-train, n= 0.99 2.71 13.3 19.1
High-1 Train. n==6 1.03 2.63 13:7
High-1 Non-train. n=6 1.08 2.70 14.7

n: Number of cases
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