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ABSTRACT: BACKGROUND: It is well known that exercise has a significant effect on
respiratory functions. As reports on effects of exercise in Akhada Pahalwan on Pulmonary
Functions are not available; the present study was carried out in young male adults of Eighteen
to Thirty years of age group to assess their Pulmonary Functions. METHODS: Subjects were
divided into two groups (study group and control group). Subjects of Study group (Akhada
Pahalwan, n = 37) were engaged in exercise in Akhada for at least two years. Control group (n =
30) was of medical students not engaged in any regular exercise. Lung volumes were recorded
by Pulmonary Function test machine and analysed statistically. RESULTS: It was found that
akhada pahalwan (Study group) had larger lung volume as compared to control group.
CONCLUSIONS: Findings of the present study emphasize the benefits of exercise in Akhada
Pahalwan on Pulmonary functions.
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INTRODUCTION: It is well known that exercise has a significant effect on respiratory functions
[1, 2, 3,4]. Exercise increases flow of blood to various organs thereby delivering more nutrients
thus improving their functioning. The effect of exercise on these organs when they are put to
endurance tests has been a subject of discussion in the past. Irrefutable evidence now exists to
show that regular physical activity slows the rate of decline of most of the physiological
parameters that we associate with health and fitness - viz muscle strength, aerobic capacity,
reaction time and joint flexibility [5]. Previous studies in this field have shown that sports
persons have higher values of lung volumes in comparison to their control counterparts who
are not engaged in any kind of regular physical exercises [6, 7].However, the lung functions of
traditional Indian Akhada Pahalwan have not been studied so far.

AIMS AND OBJECTIVES: The aim of the present study was to investigate and report pulmonary
functions of traditional Indian Akhada Pahalwan and compare these values with the pulmonary
functions of young healthy adults of same age group not routinely engaged in any specific
exercise.

MATERIALS AND METHODS: The present study was conducted on sixty seven male volunteers
divided into two groups.
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Study group: Young male adults (18-30 years) pursuing physical activity regularly in the
Akhada for at least two years (Akhada Pahalwan, n = 37).

Control group: Healthy male medical students, not routinely engaged in any specific exercise
acted as age and sex matched controls (n = 30).

Akhada pahalwan perform traditional exercises which are Isometric exercises and
Isotonic (Dynamic) exercises. In isometric exercises, we increase the static strength of the
muscles without affecting the endurance significantly [8, 9]. This is performed in practising
wrestling in the ring with a fellow pahalwan. In isotonic (Dynamic) exercises, the tension
remains unchanged and the muscle’s length changes, i.e. primarily increases the endurance
power without affecting the static strength [10, 11, 12]. For example, most of the exercises
including traditional Indian instruments and techniques are used to perform, most common are
oil massage, push-up and sit up, digging the clay in the ring. Instruments used are wooden
“Mugdar” (or Indian style dumbbell), which are broader at the distant end and with a handle at
the other end, rope climbing and Malkhamb which is a wooden pillar about 8 feet in length
tapering towards the top and oil is rubbed over it. A pahalwan using co-ordination of hands and
feet, climbs over it reaches its top and balances over its tip that gives him lot of strength and co-
ordination. Pahalwan also uses single bar, double bar for different exercises.

Their exercises can be classified as Aerobic and Anaerobic exercises. Aerobic
Exercises consist of wrestling, oil massage, climbing on rope. Anaerobic exercises include rest of
the exercises like moving around mugdar, use of dumbbell, weight lifting.

The study was approved by the ethical committee of the institution and a written
informed consent was taken from all the individuals of study and control group in accordance
with the protocol.

Lung function parameters (Forced Vital capacity, FVC; Tidal volume, TV; Inspiratory
vital capacity, IVC; Inspiratory reserve volume, IRV; Expiratory reserve volume, ERV; forced
expiratory volume in first second, FEV1; Peak Expiratory flow rate, PEF; Maximum Expiratory
Flow rate, MEF) were recorded on Spirometer. An interview schedule was used for all subjects
in the study to obtain information related to age, socioeconomic status, and relevant personal
and family history. Kuppuswamy’s Socioeconomic Status Scale including criteria like education,
occupation and family income was used and accordingly individuals belonging to middle class
family on the basis of this scale were included. Personal history included diet, addiction if any to
smoking, alcoholism or others. Exercise history included regularity in Akhada for at least past
two years and duration of exercise performed each day in hours. Before the test every subject
was examined thoroughly with special emphasis on respiratory system and those having any
kind of respiratory problem e.g. bronchitis, bronchial asthma, tuberculosis and addiction if any
to smoking, alcoholism or others were excluded from this study.

Height and weight were measured while the subject was standing erect on a plain
platform without shoes. Every subject was wearing routine outfit while recording the weight.

EQUIPMENTS USED:

SPIROMETER: Modern Computerized Pulmonary function test machine manufactured by
Ganshorn Medizin Electronic (Gmbh) Germany. The machine has Power cube system exclusively
designed to measure and display lung function parameters. Determination of the mobilized lung
volumes and partial volume is possible with Power Cube Spiro. The most important parameters
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of spirometry are the inspiratory and expiratory vital capacities. The value obtained is corrected
to body surface area (BSA) and body temperature and pressure saturated

with water vapor (B.T.P.S.) The software contains prediction equations both for adults and
children. Measuring scale stand was used for measuring height in centimeters. Electronic
weighing machine was standardized and used for measuring weight in kilograms.

STATISTICAL ANALYSIS: Done using SPSS for windows. Statistical calculation was done by
unpaired student ‘t’ test. A p value of < 0.05 was considered significant.

RESULTS: The measured anthropometric factors are statistically non-significant between the
study and control groups (p > 0.05, Table 1). The Forced Vital capacity (3.98+0.56 L) and Tidal
volume (0.86+0.37 L) in study group (akhada pahalwan) were found to be significantly
increased (p < 0.05, Table 2) as compared to in control group (FVC 3.61+0.27 L and TV
0.69+0.16 L). Inspiratory vital capacity (3.86+0.56 L), Inspiratory reserve volume (1.84+0.63 L),
Expiratory reserve volume (1.33+0.56 L) and Forced expiratory volume in first second
(3.47+0.43 L/second) in study group (akhada pahalwan) were greater than the control group
(IVC, 3.46+0.27 L; IRV, 1.6£0.33 L; ERV, 1.32+0.35 L and FEV1, FE3.31+0.26 L/second), although
difference was not statistically significant (p > 0.05, Table 2).

The values of FEV1 as percentage of FVC were significantly higher in control group (91.2
+ 5.53 %) as compared to study group (86.22 = 6.68 %) (p < 0.05, Table 2). The Peak Expiratory
flow rate (7.60+1.67 L/second), Maximum Expiratory Flow rate between 25-75 % of vital
capacity (MEF 25-75 %, 4.54+0.87 L/second), Maximum Expiratory Flow rate at 50 % of vital
capacity (MEF 50 %, 5.26+1.13 L/second ), Maximum Expiratory Flow rate between 75-85 % of
vital capacity(MEF 75-85 %, 7.10+1.84 L/second) and Maximum Expiratory Flow rate at 25 %
of vital capacity (MEF 25 %, 2.46 L/second) were higher in control group than akhada pahalwan
(PEF, 7.10+£1.59; MEF 25-75 %, 4.30£0.87; MEF 50 %, 5.16+1.17; MEF 75-85 %, 6.37+1.71 and
MEF 25 %, 2.30+0.78), although difference was not statistically significant (p > 0.05, Table 2).

DISCUSSION: It is a well known fact that pulmonary function parameters are influenced by race
age, sex, height, weight and other unknown variables having a wide range of normal values [13,
14, 15, 16]. The large metabolic demand of strenuous exercise requires an efficient oxygen
transport system from the atmosphere to the active tissues. The results of the present study
support the idea that physical training has a facilitative effect on ventilatory function and
physically active persons have greater lung function values in comparison to sedentary persons
[17,18,19, 20, 21].

It is of interest that, akhada pahalwan had larger values of FVC, IVC, IRV, ERV and FEV1.
It may be because they perform the traditional Indian exercises involving both aerobic as well
as anaerobic exercises. During exercise they maintained higher muscular strength and aerobic
power throughout, As the exercise progresses, anaerobic work capacity tends to be higher [22],
so that the general physiological profile of the successful pahalwan is of one with high anaerobic
power, high anaerobic capacity, high muscular endurance, average to above average aerobic
power and normal flexibility [23]. Unfortunately, data on the isolated effects of Akhada on
fitness and the type of training programme most effective for success in Akhada are scarce.

The possible explanations for their higher lungs volumes is that with repeated bouts of
regular physical exercise, pulmonary minute ventilation is increased during maximal-exercise.
These changes are accompanied by adaptations in ventilatory dynamics of tidal volume and
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respiratory rate. Regular training increases tidal volume both at rest and during exercise [24].
The activities performed in akhada like push-ups and sit-ups required squatting and this leads
to increase in intra-abdominal pressure which in turn pushes the diaphragm up. Prolonged
exercise results in increased strength and endurance of muscles of diaphragm. This results in
increase in expiratory volumes. The Valsalva maneuver consists of taking a deep breath and
holding it just prior to lifting a very heavy weight. When the thoracic spine region is inflated, it
creates an increase in intrathoracic pressure. Forced expiration against a closed glottis will
further increase intrathoracic pressure. Since a deep breath will cause the diaphragm to
contract and descend into the abdominal cavity, an increase in intra-abdominal pressure
ensues. Increased intrathoracic pressure is achieved rather easily because the rib cage provides
a firm enclosure for the thoracic cavity. It also helps in increasing the strength of rib cage and
accessory muscles of inspiration, which leads to increase in vital capacity [25].

Their activities like digging the red clay, massaging and climbing the rope increases the
strength of muscles of shoulder girdle, which leads to increase in the vital capacity. Other
activities like moving around of Mugdar results in increase in the strength and endurance of
intercostal muscles and the accessory muscles of inspiration which include the
sternocleidomastoid, the scalene, the pectoralis major and minor and the latissimusdorsi which
leads to expansion of thoracic cavity, and provide increased space for lungs to expand. Regular
forceful inspiration and expiration for prolonged periods during exercise leads to the
strengthening of the respiratory muscles, both voluntary and involuntary. This helps the lungs
to inflate and deflate maximally. This maximum inflation and deflation is an important
physiological stimulus for the release of lung surfactant [26] and prostaglandin [27] into the
alveolar spaces thereby increasing the lung compliance and decreasing the bronchial smooth
muscle tone respectively.

When we compared FEV1 as percentage of FVC we found that physically active persons
(akhada pahalwan) have less value than the control group. Similar findings have been obtained
by Shapairo and Paterson [28] in their studies on U.S. naval divers during rigorous physical
training programme designed to build endurance. Ekblom and Hermansen [29] have also
measured lung volumes in eight top athletes belonging to the Swedish National teams and have
found lower values. The reason for this is that the training of muscles of shoulder girdle leads to
an increase in the vital capacity by reason of the increased strength of the accessory muscles of
inspiration. The change is not accompanied by a corresponding increase in the forced expiratory
volume, so the proportion of the forced vital capacity, which these subjects can expire in first
second, tends to be relatively low [30].

The PEF and MEF was insignificantly (p > 0.05) higher in control group than study
group. It shows that these tests are not influenced by physical training. These results support
the findings of Gordon et al. [31], Newman et al. [32], Stuart and Collings [4], although, many
studies show significantly higher values in physically active persons [17, 18, 19, 20, 21]. Further
longitudinal studies are required to confirm these findings.

CONCLUSIONS: Akhada is a traditional Indian exercise pattern, which includes both aerobic and
anaerobic exercises and almost every group of muscles are worked upon. However, there is
paucity of scientific data as hardly any studies have been performed on these subjects. Within
the limitation of our study we can conclude that most of the lung volumes (IVC, TV and FVC)
increases following Akhada exercise in the young male adult due to strong muscles of
respiration. But with the latest sophisticated and impressionable gymnasium coming up it is
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slightly difficult to convince young adults to adopt traditional Akhada exercise routine
However, it is suggested that further studies need to be taken up on persons practising in
akhada on various other physiological parameters in order to scientifically document the
holistic influence on the body physiology.
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Table 1. COMPARISON OF ANTHROPOMETRIC FACTORS

Anthropometric Study group | Control group p Value RESULT
factors (n=37) (n=30)
Mean + S.D Mean = S.D

Age (years) 20.77 £ 2.70 21.4+3.20 > 0.05 Non-
significant

Height (cms) 172.56 £7.19 169.9 £ 6.09 >0.05 Non-
significant

BSA (m?) 1.83+0.14 1.68 £ 0.13 >0.05 Non-
significant

Weight (kg) 70.25+ 9.84 59.73 +8.73 >0.05 Non-
significant

Abbreviations: Body Surface Area, BSA

Table 2.COMPARISON OF LUNG FUNCTION PARAMETERS IN STUDY AND CONTROL GROUP

Results
. Study group | Control group
Lung function parameters
(n=37) (n=30) Value
Mean = S.D | Mean * S.D P

Inspiratory vital 3.86+0.56 | 3.46+0.27 <005 | Slenificant

capacity (litres)

Inspiratory reserve 1.84+0.63 |1.6+033 005 | Non

volume (litres) significant

Expiratory reserve 1334056 |132+035 |>005 | o

volume (litres) significant

Tidal volume (litres) 0.86+0.37 |0.69+0.16 <0.05 | Significant

FVC (litres) 3.98+0.58 3.61+0.27 <0.05 | Significant
N -

FEV, (litres) 347+043 | 3314026 |>005 | .o
significant

FEV1/FVC % 86.22+6.68 | 91.2+5.53 <0.05 | Significant

MEF 25-75 % 4.30+0.87 454 +0.87 >0.05 | Non-
significant

MEF 25 % 2.30+0.78 2.46 £ 0.60 >0.05 | Non-
significant
significant
significant

PEF 7.10 + 1.59 7.60 £ 1.67 >0.05 | Non-
significant
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