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INTRODUCTION

During exercise, energy metabolism is invari-
ably increased. Therefore exercise requires an
adequate supply of oxygen to the active tissues
which in turn require fitness of the pulmonary
function, namely, pulmonary ventilation, alve-
olar gas exchange and pulmonary perfusion.®

It has been well established that the pulmonary
function of athletes is superior to that of non-
athletes. But whether all the parameters of
pulmonary function are uniformly superior in
athletes is a subject to be further pursued. It is
also expected that there is a variation in the
pulmonary function in athletes of different
events.

Therefore, it is important to analyze the
pulmonary function in athletes by measuring not
only the forced vital capacity®*™® but also effort-

dependent pulmonary air flows which indicate
function of large airways, and effort-independent
air flows which reveal that of small airways.+®

This study is aimed at comparing the pulmon-
ary function in athletes of different events with
that of non-athletes, and establishing the predi-
ction equations for the pulmonary function.

METHODS

The subjects were 19 to 22 year-old healthy
college students consisting of 41 non-athletic and
71 athletic subjects. All the athletic subjects
had athletic career of more than 5 years. The
events of athletes include running(18), tennis(6),
rugby(7), volleyball(6), basketball(8), handball
(9), shooting(7) and gymnastics(5). Those with
history of any specific disease or with current
illness were excluded from the experiment.
Smokers were also excluded.
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Table 1. Physical characteristics of different

athletic groups

Age(yr) Height(cm)

Body
weight(kg)

Body
surface
area(m?)

Chest
circum-
ference(cm)

Exercise No. of
career(yr) subjects

Non-athletes 20.9+0.20
Athletes 20.8+:0.24
Runners  21.640.44
21.240.70
20,5+1.19
20.65+0.56
19.740.33*
20.4+0.57
Handball 19.5:+0,38*
Shooting  21.8+0.09
Gymnastics 20, 44-2.24

171.2+0.60
173.940.73%
173.6:1.09%
173.94£1.91
169. 842, 39
172,242.06
180. 742, 99%**
179. 1£1. 46%**
176.942.36** 68.1%
171.0£1.65 63.04
163.9+1.21%**% 59,64

61.2+

66.8+
67.2+
64.5+
66.9-+

Tennis
Rugby
Hockey
Volleyball

Baskethall 70. 84

66.4+0.81%** 1,80-£0.01%** 95,84-0,76%** 5.240.51

72.843.26%%* 1,92:+0.06%%* 98,0-1,93**

1.03 41

71

1.71240.01 90.340. 80
1.69%*
1.76%
2.66
1,98*%

1.80£0.03%** 96,341, 65%** 6.9+0.68
1.8140.03** 99.042,.56%** 8,9+40.29
1.7640.04 98.5:£1.26%% 6,040.32
1.8040.03** 95.5+2.79* 5,3+0.65
8.1+1.30
1.80%** 1,8940.03%** 97,141, 42%** 7,8+0.59
2.45%* . 1.83£0.04*** 03.640.95 7.940.75
1.46 1.74+0.02 92.7+1.71 8.0+0.97
1.99 1.65+0.03 92.641.29 9.5+0.69

—
[ee]

G = © 00U

Values are means and standard errors.

Significantly different from non-athletes: *p<0.05, **p<{0.01, **¥*p<0.001.

Table 2. Forced expiratory volumes in different athletic groups

L

FVC

FEV0.5(FEV0.5%)

No. of

FFV1(FEV1%) subjects

4.02+0.07
4.5140.08%**
4.75+0, 16%**
4.51+0.03*
4.39+£0.27
4.5440. 20

2.97+0.06
3.04+£0.06
3.374£0. 10%**
3.12+0.17
3.11%0.16
3.154+0.18

Non-athletes

Athletes
Runners
Tennis
Rugby
Hockey

(73.9£1.30)
(69.61.12)*
(71.0£1.95)
(69.2:£2.37)
(70.8+1.75)
(69.4+3.27)

3.794+0.07  (94.3:+0.08)
4,11+40.07%% (91.1+1,15)*
4.34+0.12%%*%(01.4+1.22)
4.02+0.20 (89.1%1.44)
3.99:40.20  (90.91£2.06)
4.16+0.22 (91.6:£2.27)

41
71

f—
o]

Volleyball
Basketball
Handball
Shooting
Gymnastics

4.64+0.25%*
4,59+0. 12**
4.5940,23%*
4.28+0.18
3.84:£0.35

3.11£0.29
3.2540.08
3.071+0.14
3.10-0.01
2.59+0.28

(67.013.65)
(70.841.95)
(66.91+1.42)%
(72.4+1.85)
(67.5+£3.60)

4,16:0.29
4,224.0,08*
4,1140.22
4.01+£0.14
3.5040.30

(89.743.37)
(91.9+1,26)
(89.5+1.53)
(93.7£1.13)
(91.1+£2.18)

1.3 © 00 OO 3 U &

Values are means and standard errors.

Values are obtained by the following formula:

170cm
of subject(cm)

observed valueXx Fieight

Significantly different from non-athletes: *p<0.05, **p<0.01, ***p<0.001,

FVC : forced vital capacity.

FEV0.5 : forced expiratory volume for 0.5 second.

_. FEVO0.5
FEV0.5% = Ve X100

FEV1: Forced expiratory volume for 1 second

_ FEV
FEV1%= TVC X100

The pulmonary function was measured with
Cavitron SC-20 spirometric computer by use of
forced vital capacity(FVC) maneuver and maxi-
mal voluntary ventilation(MVV) maneuver.

Pulmonary function parameters measured by
FVC maneuver include FVC, forced expiratory
volume for 0.5 sec(FEV0.5) and its percentage

.

(FEV0.5%), for 1 sec(FEV1) and its percentage
(FEV1%), effort-dependent air flows including
peak inspiratory flow(PIF), forced expiratory
flow 25(FEF25%) and FEF200-1200ml,
effort-independent air flows including FEF50,
FEF25-75%, FEF75% and FEF75-85%. MVV
also was measured by MVV maneuver.

and
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Fig 1-1. Forced expiratory volumes in different athletic groups.
Significantly different from non-athletes: *p<0.05, **p<0.01, **¥p<0,001.
FVC : forced vital capacity.
FEV1: forced expiratory volume for 1 second.
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Fig 1-3. Fcreed expiratory volumes percent in
athletes and non-athletes,
Significantly different from non-athl-
etes: *p<0.05.

Fig 1-2. Forced expiratory volumes in athletes
and non-athletes.
Significantly different from non-athl-
etes: **p<0.01, ***p<0.001.

FVC : forced vital capacity. FVC: forced PY]:}:t\?}) csapacity.
FEV0.5 : forced expiratory volume for FEV0.5%= : 100,
0.5 second. % FVC %
FEV1: forced expiratory volume for 1 FEV1

second. FEV1% ="fvc X100,
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Fig 2-1. PEF(peak expiratory flow) and PIF (peak inspiratory flow) in different athletic
groups. Significantly different form non-athletes:
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Fig 2-2. FEF50% (forced expiratory flow 50%) and FEF75% in different athletic groups.
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Table 3. Expiratory and inspifatory flow rates in different athletic groups

L/sec
PEF FEF25% FEF50%  FEF75% pIF N of
Non-athletes 8.6940.21 8.2140.23 5.8610.22 3.21+0.17 5,43+40.27 41
Athletes 9.394-0.19* 8.36+0.22 5,77+0.17 2.72+0.11 7.46+0,20%%* 71
Runners 10.074-0.31%** 8,0040.34 6.3240.32 3.30+0.26 8.22-+0.36%** 18
Tennis 8.96+0, 52 8,24+0.58 5.90+0.45 2.58+0.19 6.68+0.36 6
Rugby 9.9640.67 8.64+0.43 6.19+0.52 2.6310. 44 5.89+0, 43 5
Hockey 9.664-0.61 8.7240.75 5.78+0.56 3.1140.45 6.67+0,87 7
Volleyball 9.19+0.86 7.6240.91 5.56-+0.88 2,890, 43 7.76£0.67%* 6
Basketball 9.45+0.31 8.65+0.29 5.97+0.23 3.06+0.17 7.2210. 44%* 8
Handball 9.26+0.29 8.34+0.42 5.31+0.37 2,69-+0.29 7.68+0, 48%** 9
Shooting 9.74+0,60 8.78+0.50 5.534-0.28 2,78+0.12 8.03£0. 80%** 7
Gymnastics 7.56+0.83 6.3, -1.01* 4,5540.75 2.5640.19 6,650, 52 5
Values are means and standard errors.
170cm

Values are obtained by the following formula: observed valueXx height

PEF : peak expiratory flow.
FEF25% : forced expiratory flow 257
FEF50% : forced expiratory flow 50%.
FEF75% : forced expiratory flow 75%.
PIF : peak inspiratory flow.

Since the pulmonary function parameters have
significant correlation with physical characteri-
stics especially with height, the measured para-
meters were corrected for height of 170 cm as
follows: Corrected Value=Measured ValueX170
om/Height(cm).

The results were presented as means and
standard errors of corrected values, and Student’s
t-test was used in comparing data. The prediction
equations were derived from the regression equ-

ations for different events for those parameters
that could be predicted from the height.

RESULTS

Forced expiratory volumes in different athletic
groups are shown in Table 2 and Figure 1-1.
Forced vital capacity(FVC) in non-athletes was
4,0240.07L and athletes showed significantly
higher values, the highest being 4.75+0.16L
in runners, followed by volleyball, basketball,
handball, hockey and tennis in the order named.
Rugby and shooting groups showed higher FVC
values than in non-athletes but the difference
FEF75% 3.30::0.26 L/sec,

in runners, was

L/sec'

w}

w
T

EXPIRATORY FLOW
[
T

of subject(cm)
Significantly different from non-athletes: *p<{0.05, **p<{0.01, ***p<0.001.

--0-- ATHLETES
—e&— NON - ATHLETES

INSPIRATORY FLOW

8F

Fig 2-3. Expiratory and inspiratory flow rates
in athletes. Significantly different
from non-athletes: *p<0.05 ***p<
0.001.
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Table 4. Expiratory flow rates and maximal voluntary ventilation in different athletic groups

g menl  TEIE REEE  avvasmn
Non-athletes 7.556+0.20 5.17+0.19 2.66+0.14 145.2+2.55 41
Athletes 8.3340.19%* 5.0440.14 2.30+0.09 152,042.90 71

Runners - 8.914-0, 30%** 5.53+0.27 2.60+0.23 158.9+5., 38* 18
Tennis 8.20+0.48 4,90+0.31 1.954-0.16 152.0+9. 39 6
Rughby 8. 7540, 40* 5.16+0.39 2.47+0.30 151.0+8.84 5
Hockey 8.31+0.58 5.14+0.51 2,27+0.43 158.34-7.38 7
Volleyball 8.234-0.82 4,86+0.70 2.294-036 153.3+11.72 6
Basketball 8.634:0.25% 5.25-£0.25 2.38+0.11 151.847.91 8
Handball 8.05+0.22 4.71+0.30 2.1440.24 145.0+6.05 9
Shooting 8.6540.53* 4,8740.19 1.98+0,14 159.61:9.73 7
Gymnastics 6.52+0.97 4,21+0.53 1.95+0.15 123. 8:+9. 90* 5
Values are means and standard errors.
170cm

Values are obtained by the following formula: observed valueX Treight of subject(om)

Significantly different from non-athletes: *p<0.05, **p<0.0L
FEF200-1200m] : forced expiratory flow 200-1200ml.

FEF25-75% : forced expiratory flow 25-75%.
FEF75-85%  forced expiratory flow 75-85%.
MVYV : maximal voluntary ventilation.

L/sec L/sec
10 + 6t
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Fig 2-4. FEF200-1200ml and FEF75-85% in different athletic groups.
Significantly different from non-athletes: *p<0.05, ***p<0.001.

was not significant. FVC in gymnastics group
was 3.8440.35L which was lower than in non-
athletes. FEV 0.5 in non-athletes being 2.97:%
0.06L. Runners showed significantly higher FEV
0.5 value of 3.37+0.10L and other athletic

groups showed higher values than non-athletes

but the difference was not significant. Gymnastics
group showed lower value of 2,59 which is 0.38L
lower than non-athletes. FEV1 in non athletes
was 3.79+0.07L and FEV1 in runners and
basketball group was 4.34+0. 121 and 4.22:+0.08
L, respectively, and were significantly higher
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Fig 3. Maximal voluntary ventilation(MVV) in
different athletic groups.
Significantly different from non-athletes:
*p<0. 05,
than in non-athletes, FEV1 in other athletic
groups were also higher than in non-athletes.
On the other hand, FEV0.5% in all the athletes
were lower than that of 73.9% in non-athletes,
and FEV1% in athletes were also lower than
94,3% in non-athletes. As shown in Figure 1-2,

FEVs in athletes were higher than in non-
athletes with FEV1 and FVC being significantly
higher. As shown in Figure 1-3, FEV0.5% and
FEV1% in athletes were lower than in non-
athletes.

Forced expiratory and inspiratory flows in
different athletic groups are shown in Table 3
and Figures 2-1, 2. Peak expiratory flow(PEF)
in non-athletes was 8.69+0.21 L/sec. Runners
showed significantly higher value of 10.0740.31
L/sec and other athletes showed higher values,
but gymnastics group showed lower value than
non-athletes, runners showing the highest value
of 8.9040.34 L/sec, but volleyball and gymna-
stics groups showed lower values. FEF50%
in runners, rugby, basketball and tennis groups
were higher than 5.86+0.22 L/sec in non-athl-
otes, but other athletes showed lower values.
slightly higher than 8.21+0.17 L/sec of non-
athletes, but other athletes showed lower FEF75
% values than non-athletes. PIF in athletes was
significantly higher than 5.4340.27 L/sec of
non-athletes, runners showing the highest value
of 8.22:+0.36 L/sec followed by shooting, 8,03+
0.80 L/sec, handball, 7.6820.48 L/sec, volley-
ball, 7.76+0.67 L/sec, and basketbll, 7.22+

Table 5-1. Prediction equations for forced expiratory volumes using body height in different athletic

groups
L
FVC FEV0.5 FEV1
Non-athletes —5.02840.0530 HT —5.5044-0.0496 HT —6.4094-0.0597 HT
Athletes —8.015+40.0726 HT —-3.52040.0387 HT —5,5904-0.0563 HT
Runners —8.526-0.0770 HT —1,8154-0.0303 HT —2.598-0.0405 HT
Tennis —8.561-+0.0757 HT —8.8744-0.0693 HT —8.5904-0.0730 HT
Rughy —13.169-+0. 1027 HT —7.1354-0.0607 HT —10.846+-0.0878 HT
Hockey —7.8434-0.0710 HT —6.9394-0.0576 HT —9.2844-0.0768 HT
Volleyball —5.5304-0.0579 HT ~10.0754-0,0740 HT —8.75740.0729 HT
Basketball —1.5964-0.0364 HT —0.179+40.0181 HT —0.683--0.0287 HT
Handball —11.010-+0.0890 HT —4,1984-0.0417 HT —10.067+40.0811 HT
Shooting —7.50940.0696 HT —0.41740.0207 HT —5.559-40.0561 HT
Gymnastics —1.7944-0.0335 HT ~12,34340.0905 HT —9.200+4-0.0767 HT
HT : height(cm)

FVC : forced vital capacity.

FEVO0.5 : forced expiratory volume for 0.5 second.

FEV1 : forced expiratory volume for 1 second.
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Table 5-2. Prediction equations for PEF, PIF and MVV using body height in different athletic
groups

PEF(L/sec) PIF(L/sec) MVV(L/min)

Non-athletes —2,7334-0.0671 HT —9.638+-0.0882 HT —74,715+1,2902 HT

Athletes —2,458-40.0694 HT —6.,595-40,0818 HT 117.0684-0.2210 HT
Runners —13.211+0.1353 HT —5.7974-0.0817 HT 272.976—0.6373 HT
Tennis —27.8354-0.2127 HT —1.8724-0.0501 HT 260.208—0.6021 HT
Rugby —11.9644-0.1283 HT —20.9194-0.1602 HT —06.648-1,4956 HT
Hockey 7.060--0.0127 HT —13.0984-0.1152 HT —37.824-+1.0942 HT
Volleyball —28.777+0.2133 HT —28.109+40.2012 HT —366.953-+2.9352 HT
Basketball 10.245—1.5751 HT —2,1174-0.0543 HT —102.994+1. 4678 HT
Handball 6.333--0.0167 HT —21.6384-0.1677 HT 27.050+0.7048 HT
Shooting 24.043—0.0825 HT —6,11140,0829 HT 85.929+4-0,4298 HT
Gymnastics —39.270-+0.2841 HT —42.451--0,2981 HT —533,429+3,9832 HT

HT : height(cm)

PEF ; peak expiratory flow.
PIF : peak inspiratory flow.
MVYV : maximal voluntary ventilation.

Table 5-3. Prediction equations for FEF25%, FEF50% and FEF75% using body height in different
athletic groups
I/sec

FEF25% FEF50% FEF75%

Non-athletes —0.368-+0,0505 HT —11.0184-0.0988 HT —16.06240.1127 HT

Athletes —3.658-+0.0702 HT —4,221+40.0582 HT 0.538+4-0.0141 HT
Runners —7.41240.0951 HT 9.083+4-0.0152 HT 13.234—0.0568 HT
Tennis —29.6704-0.2191 HT —21.8324-0.1602 HT —1.6604-0.0247 HT
Rugby —3.296+-0.0732 HT —14.8334-0.1230 HT 2.5964-9.2512 HT
Hockey 5.506-0.0149 HT -24.1774-0.1713 HT —28.989+-0.1872 HT
Volleyball —35,8074-0.2430 HT —29.4964-0. 1960 HT —12.4134-0. 0857 HT
Basketball 9.440—1.8350 HT 1.6074-0.0262 HT 5.984—0.0154 HT
Handball 10.946—0.0145 HT —2.585-+0.0462 HT —10.0274-0.0730 HT
Shooting 34.384—1.1488 HT 25.209~0.1137 HT —0.662-4+0.0204 HT
Gymnastics ~—57.725+4-0.3896 HT —43.5134-0.2923 HT —10,380+0.0784 HT

HT : height(cm)

FEF25% : forced expiratory flow 25%.
FEF50% : forced expiratory flow 50%.
FEF75% : forced expiratory flow 75%.

Table 5-4. :Prediction equation of FEF200-1200ml, FEF25-75% and FEF75-85% using body height
in different athletic groups
L/sec

FEF200-1200ml FEF25-75% FEF75-85%

Non-athletes —0.891+0.0496 HT —12.979--0.1062 HT —12.6264-0.0890 HT

Athletes —4,0534-0.0723 HT —2.067+40.0415 HT —0.172+40.0145 HT
Runners —16.7524-0. 1489 HT 12.515—0.03% HT 8.779—0.0353 HT
Tennis —27.084--0.203% HT —13.7194-0. 1077 HT —1.22740.0185 HT
Rugby —13.058--0.1289 HT —6.32540.0677 HT —4.2204-0.0391 HT
Hockey 17.098—0.0539 HT —23.726-4-0. 1653 HT —20.4814-0.1322 HT
Volleyball —33.4014-0.2333 HT —23.931+0. 1611 HT -10. 172--0.0697 HT
Basketball 15.400—0.0352 HT 4.5754-5.3232 HT —0.4134-0.0163 HT
Handball 11.774—0.0209 HT —7.2244-0.0688 HT —9.756+0.0682 HT
Shooting 18.164—0.0546 HT 9.588—0.0268 HT —1.7474-0.0219 HT
Gymnastics —46.7184-0. 3234 HT —29. 3304-0.2037 HT —12.489--0,0877 HT

HT : height(cm)

FEF200~1200ml : forced expiratory flow 200-1200ml.
FEF25-75% : forced expiratory flow 25-75%.
FEF75-85% : forced expiratory flow 75-85%.
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Fig 4. Correlation of forced vital capacity (FVC)
with height in athletes and non-athletes.
Significant correlation: **p<0.01.

0.44 L/sec, group in the order named. As shown
in Figure 2-3, PEF, PIF and FEF25% in athletes
were higher, but FEF50% and FEF75% in
athletes were lower than in non-athletes.

Table 4 shows forced expiratory flows(Figure
2-4) and MVV(Figure 3). FEF200-1200ml in
athletes was significantly higher than 7.55+0.20
L/sec of non athletes, - runners showing the
highest value of 8.91+0.30 L/sec, followed by
rugby, shooting and basketball group in the order
named. FEF25-75% in runners and basketball
groups were higher than 5.17+0. 19 L/sec of non-
athletes, but other athletes showed lower values.
FEF75-85% in runmers, 2.60+0.23 L/sec, was
higher than 2.56+0. 14 L/sec of non-athletes, but
other athletes showed lower values. MVV in
runners, 158.9-45.31 L/min, was significantly
higher than 145.2+2.55 L/min of non-athletes.
Other athletes showed higher MVV values, but
gymnastics group showed significantly lower
value of 123.8-£9.90 L/min than in non-athletes.

Prediction equations for the pulmonary function
parameters based on height in non-athletes and
athletes of different events are shown in Tables
5-1~4, Table 5-1 shows equations for FEV,
Table 5-2 for PIF and MVV, Table 5-3 for

FEF25%, FEF50% and FEF75% and Table 5-4
for FEF200-1200ml, FEF25-75% and FEF75-85%
Figure 4 shows the correlation between FVC
and height. The correlation coefficients in athl-
etes and non-athletes was 0.66 and 0.44, respe-
ctively, which indicate a high correlation.

DISCUSSION

The pulmonary function is dependent on the
physical characteristics of age and sex.® Hutc-
hinson” reported that the vital capacity is
proportional to the height and inversely proporti-
onal to age but has little relation with the body
weight, . Other investigators®™!V also reported
that pulmonary function is dependent on the
height. In this study, the physical characteri-
stics have considerable variation not only between
athletes and non-athletes but also within the
athletes. In order to eliminate the influence of
this difference, all the pulmonary function
parameters were corrected for average height of
170cm as previously mentioned in methods.

The prediction equations using height derived
for each pulmonary function parameter in this
study will be helpful in predicting the pulmonary
function. Kory et al'® and Morris et al'® found
that the forced expiratory volumes and flows,
and MVV had high correlation with height and
age, and derived prediction equations. Cho and
Park") and other investigators'™'® have made
prediction equations for the pulmonary function
in adolescent non-smokers. Chung et al'® sub-
stituted the height, weight and age of their
subjects into the prediction equations designed
by Kory et al!® and, by comparing the predicted
values with measured ones, found considerable
differences between the two. And they attributed
this difference to racial variation and emphasized
the necessity of designing equations for Koreans.
Suck et al?® have made prediction equation using
height for the pulmonary function in Korean
smokers.

While it is reported that FVC is not signific-
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antly increased by exercise and shows no differ-
ence between athletes and non-athletes® 2,
Ishiko® says FVC has high correlation with the
ability of exercise, and Gaensler?® and other
investigators® 2 reported that FVC in athletes
is higher than in non-athletes. In this study,
FVC in athletes was higher than in non-athletes
and especially was highest in runners. This
might be due to the hypertrophy of the chest
wall, diaphragm, ribs and respiratory muscles
caused by prolonged exercise. 27

Forced expiratory volumes for 0.5 sec(FEV0.5)
and 1 sec(FEV1) in athletes were higher than
in nonathletes, but their percentages to FVC
(FEV0.5% and FEV1%) were lower in athletes.
This implies that FEVs are not increased to the
same proportion as the increase of FVC. It is
notable therefore that athletes show lower FEV
values than non-athletes while they are expected
to show higher ones. These facts provide useful
data in differentiating obstructive from restrictive
lung disorders. FEV0.5% and FEV1% are dec-
reased in obstructive lung disorders but not in
restrictive. Mahler et al3® studied 127 marathon
runners and found low FEV1% values of 66.3%
in 9 of them which they attributed to airway
obstruction. In this study, however, FEV0.5%
and FEV1% in all groups exceeded its normal
range of 58—66%3% and 80—85%% respecti-
vely.

Forced respiratory flows are proportional to
the pressure difference across the airway, that
is, the intrapulmonary pressure, and inversely
proportional to the airway resistance. Firstly,
PEF and PIF are highly dependent on the expir-
atory and inspiratory efforts and are useful in
diagnosing obstruction of large airways.? In this
study, PEF and PIF in athletes were higher
than in non-athletes which clearly indicate that
athletes produced higher intrapulmonary pressure
by utilizing well-developed respiratory muscles
and had lower resistance of large airways.
Secondly, FEF200-1200ml and FEF25% represent
the earlier phase of the forced expiration while
FEF25-75% and FEF50% show the middle phase.

And FEF75% and FEF75-85% show the later
phase and are used as indices for the degree
of small airway obstruction.!®3% In particular,
FEF25-75%, FEF50%, FEF75-85% and FEF75%
are relatively less dependent on the expiratory
effort and serve as the most reasonable indices
to evaluate the organic nature of the lung and
the degree of small airway obstruction., 337

In this study, it should be noted that early-
phase flows such as FEF200-1200m1 and FEF25%
were higher in athletes than in non-athletes but
the mid and end-expiratory flows were lower in
all the athletic groups except runners. This
shows that athletes have higher resistance of
small airways than non-athletes, Many factors!®:
85,3840 can  impair the pulmonary function.
Shephard!*® reported that abrupt exercise in
cold air caused decrease of the pulmonary
function. So the high resistance of small airways
shown in athletes in this study might be due to
heavy exercise performed by athlete during their
trainings and games.

MVYV is the maximum air volume that can be
inhaled and exhaled during unit time. It is the
best index in evaluating the ventilatory function
of the lungs dynamically.* Factors influencing
MVYV include strength of the respiratory muscles,

compliance of the lungs and thorax and the
resistance of the airway and thoracopulmonary
tissuet®, MVYV is increased by the increased
cathecholamine release during exercise which
reduces the airway resistance, stimulation of
the respiratory center, and increased strengh of
respiratory muscles caused by high body temper-
ature®®), and is decreased in obstructive lung
disease in which the airway resistance is incre-
ased.*® Shephard®) and other investigators®s5:48
19 reported that MVV in athletes is higher than
in non-athletes. In this study, MVV was highest
in runners(158.9L/min) and was higher in athl-
etes than in non-athletes. This indicates that
runners and other athletes have stronger respir-
atory muscles, higher compliance of the lungs
and thorax, and lower airwéy resistance than
nonathletes.
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It should be noted that the pulmonary function
in gymnastics group was lower than in other
athletes and even lower than in non-athletes.
The physical characteristics of gymnastics group
such as height and body weight were lower
than in other athletes. But the possible influence
of the inferior physical constitution on the pul-
monary function was eliminated by correcting
all the pulmonary function parameters for the
standard height of 170cm. In gymnastics, the
flexibility of the body is chiefly required and
the pulmonary function may not be so important.
But the exact cause of this low pulmonary fun-
ction in gymnastisc is a subject for a further

study.

SUMMARY

This experiment was aimed to elucidate the
pulmonary function parameters and their pred-
iction equation in different athletic groups.

A total of 112 male college students éged

between 19-22 years were divided into 71 athletes
and 41 non-athletes. The 71 athletes were subdi-
vided as follows: 18 runners, 6 tennis players,
15 rugby players, 7 hockey players, 6 volleyball
players, 8 basketball players, 9 handball players,
7 shooters and 5 gymnastic players who have
undergone regular - physical training for the
respective exercise for at least five years.
In order to eliminate the physical difference in
each group, the data obtained were reevaluated
to the corrected values by taking the height of
each participant to be 170cm.

The pulmonary parameters studied were FVC
(forced vital capacity), FEVO.5(forced expir-
atory volume for 0.5 second), FEV0.5% FEV1,
FEV1% PEF(peak expiratory flow), FEF25%
(forced expiratory flow 25%), FEF50%, FEF
75%, PIF(peak inspiratory flow), FEF200-1200
ml, FEF25-75%, FEF75-85% and MV V (maximal
voluntary ventilation), using a spirometric com-
puter.

The results obtained are summarized as follows:

FEV showed higher values in all the athletic

groups except gymnastics comparing with the
non-athletes., In the FEV experiment, FVC
showed the highest value in runners, followed
by the volleyball, basketball, handball, hockey
and tennis in the order named. FEVO0.5 was
significantly higher in runners than in non-
athletes, and FEV1 in the runners and basketball
were significantly higher than in non-athletes.
But FEV0.5% and FEV1% were significantly
lower in athletes than in non-athletes.

In the respiratory flow experiment, PEF was
higher in all the athletic groups except gymn-
astics comparing with the hon-athletes and
particularly the value of runners was signific-
antly higher than the non-athletes. FEF25% was
higher in all the athletic groups except volleyb-
all and gymnastics. FEF50% was lower in all
the athletic groups except runners, rugby, bas-
ketball and tennis. FEF75% was lower in all
the athletic groups except runners. PIF(peak
inspiratory flow) was higher in all the athletic
groups than in non-athletes. In particular the
values in runners, shooters, handball, volleyball
and basketball were significantly higher than in
non-athletes. FEF200-1200m] was higher in all
the athletic groups except gymnasts comparing
with the non-athletes, with significant increase
of FEF200-1200ml in runners, rugby, basketball
and shooters. FEF200-1200ml in runners, rugby,
basketball and shooters. FEF25-75% was lower
in athletes except runners, and basketball groups
than in non-athletes. FEF75-85% was lower in
all the athletic groups except runners comparing
with the non-athletes,

MVV was significantly higher only in the
runners than in non-athletes, but significantly
lower in gymnastics than in non-athletes.

Prediction equations for all of the pulmonary
function parameters in different athletic groups
were derived from the observed data and the
body height.

From the above, we should note that FVC,
FEV1 and effort-dependent air flows such as PEF,
PIF and FEF200-1200ml were significantly higher
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but effort-independent air flows such as FEF50%,
FEF25-75%, FEF75% and FEF75-85% were lower
in athletes than in non-athletes. It is likely
that large airways of athletes are superior to
those of non-athletes, but small airways of
athletes are inferior to those of non-athletes.
We should also note that pulmonary function
parameter showed the highest values in runners.
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