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Abstract: The theme of the present study is to stress the importance of
duration ofwarm+up exercise on respiratory functions in ath.letes. Significant
improvements in athletic performance was achieved due to warm-up exercise
owing to increase in blood flow, muscle and core temperature. The optimum
intensity and duration are required to bring about the desired warm-up. A
close examination on respiratory functions and its relationship with exercise
has not been studied extensively. The present investigation is to explore the
various respiratory functions in relation to the intensity and duration in pre
adolescent athletes before and after warm-up exercise. The results show a
significant increase in vital capacity aner 25 min and n significant reduction
in FEVos > FEF7S'i and FEF2:>_7:>\11 aner 45 min of worm-up exercise. The results
suggest that a warm-up exercise of short duration (25 min) and mild intensity
was beneficial than long duration (45 min) and intense exercise. Although the
performance of athletes was not directly measured during exercise, these
data demonstrate the benefit of warm·up.
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INTRODUCTION

Physical performance can be improved
following warm-up exercise (1). The benefit of
the higher temperature during exercise lies
in the fact that the metabolic processes in the
cell can proceed at a higher rate as these
processes arc temperature dependent. At
higher temperature, the exchange of oxygen
from blood to the tissues is much more rapid
(2). This in turn helps in the transmission of
nervous impulse faster. The duration and
intensity of warm-up should be adjusted
according to the environmental temperature
and the amount of clothing. With regard to
duration of warm-up, Hogberg and Ljunggren
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(3) observed better results after]5 min warm
up rather than 25 min which remains
unaltered even after extending the time upto
30 min. Warm-up exercise are designed to
prepare the body for ensuring sporting activity
(4). They have two functions (i) to prevent
injury and OJ) to enhance performance. During
exercise the lungs and chest wall helps in the
maintenance of homeostatic regulation of
arterial blood gases at minimum cost (4). As
the intensity of exercise is increased, the
threat to a steady state of ventilatory response
results and thereby an "upward drift" in
breathing frequency and minute ventilation
results (4). So far no systematic studies have
been published on respiratory functions during
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warm-up exercise in Indian athletes. So the
present investigation aims to explore the
relationship of 'lung volumes' and 'flow rates'
with different duration and intensity of warm
up exercise in order to pin point the exact
duration of warm-up exercise necessary for
pre-adolescent athletes.

METHODS

The study was conducted on 14 male pre
adolescent elite athletes with 10-15 yrs of
age from the coaching camp of Rajiv Gandhi
Indoor Stadium, Kochi. Athletes were
pertaining( exercise regularly for last 2 yrs.
Most of them have taken part in competition
on various sports in district and state level.
The athletes were classified as Group I and
Group II on the basis of duration of exercise
and asked to conduct warm-up exercise for 25
and 45 min respectively. Warm-up exercise
conducted by the athletes include muscle
stretch exercise, pushups, jumps, short run,
leg and arm exercise etc. The duration of
exercise was exceeded by increasing the
frequency of exercise to double.
Anthropometric measurements like age, height
and weight were measured. The two groups
show more or less similar anthropometric
measurements (Table I). The factors viz.
temperature and humidity was not taken care
off. Respiratory functions were measured by
using spirometer (Vitallograph Compact - II,
England) before and immediately after the
exercise. The values are converted by the
spirometer itself into B.T.P.S. units. The
parameters measured were vital capacity (VC),
inspiratory vital capacity (lVC), forced vital
capacity (FVC), forced expiratory volume in a
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second (FEV!), peak expiratory flow (PEF),
forced inspiratory flow (FIF), forced expiratory
flow (FE F), forced mid flow time (FMFT),
maximum voluntary ventilation (MVV indirect).

Athletes were wearing loose comfortable dress
and the exercise was done during morning
session of coaching camp. Mean, standard
deviation and paired 't' tests were calculated
(5).

RESULTS

Lung volumes and {low rates after 25 minutes
warm up exercise (Group l): A significant
increase was noticed in VC « 0.01) in athletes
after exercise from the basal condition (Table
II). Mean IVC «0.05) shows a significant
reduction from the basal condition after
exercise (Table II). Flow rates like PIF «0.01)
and FIF2SIl> «0.01) also shows a significant
reduction after exercise (Table III).

Lung lJolumes and {lOIU rates after 45 minutes
warm up exercise (Group Il) A significant
decrease was noticed in FEVo.5 «0.05) after
warm-up exercise from the resting condition
(Table IV). Mean FEF15'J> «0.05) and FEF25.

15% «0.05) show a significant decrease from
the basal condition (Table V).

DISCUSSION

An optimum intensity and duration of
exercise is necessary in order to get the effect
of warm up (6). But too much of warm-up can
impair the performance (7). From the prescnt
study, a significant improvement in "lung
volumes" was noticed in athletes after 25 min
of warm-up exercise (Group I). This shows

Parameter

TABLE I : Anthropometric measurements of a~hletes.

Group 1 Group 11
(n=7) (n=7)

(Mean ± SD) (Mean ± SD)

Age (yrs)
Height (em)
Weight (kg)

11 ± 1.83
148.71 .± 10.95
38.42 ± 8.28

12 ± 2.08
155.86:t 11.71
41.43± 7.80
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TABLE II Lung volumes in Group I athletes.

Parameter
(units)

VC (1)

IVC (l)

FVC (l)

FEV l (l)

FEVo.s (I)

FEVo~VC%

FEV\NC%

FEVlIVC%

FEVlFVC%
MVV1ND (l/min)

NS - Not significant

At rest
("",7)

(Mean ± SD)

1.60 ± 0.32

1.22 :t: 0.14

1.71 :t: 0.26

1.34 :t: 0.31

0.90 :t: 0.31

52.86 :t: 15.24

87.17 :t: 27.61

109.71 :t 23.91

78.43 :t: 12.67

50.14:t: 11.74

After exercise
(m=7)

(Mean ± SD)

1.67 :t: 0.31

1.21 :t: 0.15

1.70 :t: 0.24

1.32 :t: 0.24

0.88 :t: 0.25

56.14 :t: 17.50

81.14:t: 12.54

107.14:t: 25.75

84.57 :t: 15.49

50.86 :t: 7.78

P lIalue

<0.01

<0.05

NS
NS
NS
NS
NS
NS
NS
NS

TABLE III : Flow rates in Group J athletes.

Parameter
(unils)

PEl<" Olmin)

FEF25'l (lIs)

FEFSO'l (lIs)

FEF1S'l (lis)

FEF0.2_\.2 (lJs)

FEFu _7s'Jo (lIs)

FMFT (5)

PIF (lIs)

F1F2s'JI (lIs)

FIF5O'JO (lis)

FIF75'J1 (1/s)

NS - Not significant

AI rest
(n",7)

(Mean :t: SD)

116.85 j; 50.15

1.80 :t: 0.94

1046 ± 0.60

1.21 :t: 0.55
1.51 :t: 0.78
1.40 :t: 0.58

0.69 :t: 0.22

2.24 :t: 0041

1.83 :t: 0.38
2.09 :t: 0.42

1.91 :t: 0.55

After exercise
(n=7)

(Mean :t: SD)

113.14 :t: 33.52
1.68 ± 0.62
1.50 j; 0.60

1.26 :t: 0.55
1.47 :t: 0.51
1.45 ± 0.51

0.67 :t: 0.31
2.11 :t: 0.49

1.71 j; 0.40

2.03 :t: 0046

\.96 :t: 0.56

P I/alue

NS
NS
NS
NS
NS
NS
NS

<0.01

<0.01

NS
NS

Parameter
(units)

TABLE IV : Lung volumes in Group II athletes.

AI rest After exercise
m=n m",n

(Mean ± SD) (Mean :t: SD)
P I/a/ue

VC (l)

IVC (l)

FVC (1)

FEV\ (1)

FEVo.r. (I)

FEVoflVC%
FEV\NC%
FEV\IFVC%
FEVlTVC%
MVV1ND (l/min)

NS . Not significant

l.85 j; 0.52
1.42 j; 0.47

1.66 j; 0.49
1.54 j; 0.54
1.09 j; 0045

91.86 j; 9.06
82.14 j; 11.25

91.86 j; 9.06

101.70:t: 13.26
62. ± 24.60

1.83 :t: 0.68
1.44 :t: 0,47
1.75 j; 0.53

1.50 ± 0.50
0.96 ± 0.34

85.43 :t: 7.02
85 :t: 16.13

85.43 :t: 7.02
97.00:t: 16043

56.00 :t: 18.55

NS
NS
NS
NS

<0.01
NS
NS
NS
NS
NS
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TABLE V : Flow rates in Group II athletes.

Parameter At rest After exercise
(ullit!) (11""7) (11",,7) P value

(Mean %SD) (Mean:!: SD)

PEF (I1min) 152.57 :!: 78.87 122.00 % 47.81 NS
FEF25-. (115) 2.46 % I.:!3 1.91 % 0.93 NS
FEF5fM' (lIs) 2.12:!: 1.22 1.81 % 0.68 NS
FEF76.. (l1s) 1.25 % 0.53 1.16 % 0.39 <:0.05
FEFo.2_12 (/5) 2.04 % 1.45 1.73 % 0.88 NS
FEF25-15.. (l1s) 2.00 :!: 1.03 1.66 % 0.65 <:0.05
FMFT (II) 0.46 :!: 0.14 0.57 :t: 0.17 NS
PIF (Ifll) 2.62 :!: 1.09 2.30 % 0.96 NS
FIF25.. (lIs) 2.14 :l: 1.08 2.09 :t: 0.95 NS
FIF500. O/s) 2.25 % U5 2.17%0.89 NS
fo'IF15'l (Ifs) 2.36 :!: 0.96 2.07 :!: 0.96 NS

NS - Not significant

that the lung volumes tends to increase during
warm-up exercise due to increase in 02
demand. But it was also observed that in 45
min of warm-up exercise (Group II), there was
no remarkable change in lung volume. This
may be due to the fact that lung volumes tend
to increase to a particular duration and
intensity of exercise that is optimum and after
which they tend to become normal or
decreased.

There are a number of factors on which
respiratory functions are dependent; they
includes body size, age, sex, weight and height
(8,9,10,11). The pulmonary function attain its
maximum at the age of 18 (9,10) after which
it remains steadily for a shortwhile and then
declines (8). In the present study, the athletes
were from the age group 10·15 (Table I). They
were undergone regular warm-up exercise for
the last 2 years even though the total number
of subjects were low.

The present findings reveals that VC
shows a significant increase after warm-up
exercise from the basal condition in Group I
athletes. This was in tune with the
observations made by Woolcock et al (12) in
athletes. The spurt of increase observed in
VC after warm-up exercise of 25 min duration
may be achieved with the power of inspiratory
muscles or by altering the mechanical

properties of the chest wall in athletes due to
regular training. No change in IVe was
observed after warm-up exercise from basal
condition. Therefore, it can be said that rve
was not affected during warm-up. The
involvement of inspiratory muscles during ve
was not the same in Ive.

From the present study, it is clear that
PIF and FIF25 '1> were not innuenced by warm
up exercise in Group I athletes. This was in
tune with ohservation made by Best and
Taylor (13) that now rates are not dependent
on lung volumes. In the present study,
alLhough an increase in VC was observed, the
now rates was reduced when compared with
warm-up exercise. This may be due to the
fact that inspiratory transpulmonary pressure
produced by a given respiratory stimulus falls
with an increase in lung volume (14) while
the recoil pressure of the lungs and chest wall
increases.

FEVo5 «0.01) shows no improvement after
45 min duration of warm-up in Group II
athletes. This was in tune with observations
made by Malhotra (15) that FEV1 values are
lower in Indian athletes when compared to
their Swedish counterparts and the resting
respiratory volumes do not affect the athletic
training. It is the measurement of dynamic
physiological function during maximal
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physical effort which is important in this
regard.

Flow rates like FEF25% and FEF25.75% was
decreased after warm-up exercise in Group II
athletes. The initial part of an expiratory FVC
curve (FEF25%) depends on noo
bronchopulmonary factors like neuromuscular
factors and mechanical equipment factors like
inertial distortion (16). The terminal portion
of the curve (FEF75%) is relatively variable
due to the factors like maintenance and
coordination of efforts which are to some
extent exercise dependent (16). The above
mentioned neuromuscular, mechanical and
exercise dependent factors have affected
decrease in FEF25_75%and FEF75% may explain
the status of small airways (17). As the
subjects in the present study are having pre
adolescent age, their growth of airways is
unequal and thus FEF25-75% is decreased. The
above statement support the result made by
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Marienne, Jonathan and Louis (18) that there
is unequal growth of airways and airspaces
between 8 and 12 yrs and the chest
development is more marked at the age of 12.
To sum up, warm-up exercise, prior to physical
activity affects the physiological responses of
respiratory function. It is clear from the
present study that vital capacity tend to
increase only upto 25 min duration of warm
up exercise and the other lung functions either
decreased or unaltered. Therefore the
optimum time required for warm-up exercise
may be recommended as 25 min for pre
adolescents athletes and not 45 min.
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