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Abstract
Objective-To determine the physical and
physiological profile of kabaddi players
and the physiological demands of playing
a kabaddi match.
Methods-Maximum aerobic capacity
(VO2max), maximum ventilation
(VEmax), 02 pulse, respiratory equivalent
(RE), maximum heart rate, and 02 debt
were assessed on 16 players. The somato-
type of the players was calculated by the
Heath and Carter method. Heart rate was
monitored during a selection trial match
on eight players who represented India in
the Asian Games, 1994. From the playing
heart rate, oxygen consumption (V!02)
was computed through a heart rate v V02
regression equation. Maximum lactate
was evaluated from the blood samples col-
lected at the end ofthe match.
Results-The average heart rate and oxy-

gen consumption during the match were

146.5(SD 9.25) beats min-' and 2.25(0.59)
litre min-' respectively. During raiding the
maximum heart rate attained varied from
162.4(11.3) to 177.4(4.2) beats min-'. Out of
40 min of match play a raider raided on

average on 8.13(2.03) occasions. The aver-

age time per raid was 20.8(6.26) s. The
match heart rate and oxygen consumption
was 72.3-83.3% of the maximum heart
rate, and 43.5-70.5% of VO2max respec-

tively. Maximum lactate at the end of the
match was 6.13(2.53) mmol litre-'.
Kabaddi players had the somatotype of
2.68--4.71-1.83, with absolute back
strength of 175.0 kg. VO2max and 02 debt
were 3.59(0.36) litre min-' [47.82(3.68) ml
kg'1 min-'] and 5.3(1.85) litres (70 ml kg-')
respectively.
Conclusions-Kabaddi is an intermittent
sport. The rest pause during the game is
sufficient for recovery. During raiding the
main source of energy is anaerobic.
(BrJ Sports Med 1996;30:232-235)

Key terms: kabaddi; maximum aerobic capacity; oxygen
debt; somatotype

Functional preparation by sportsmen and
women depends on the physiological demands
of their particular sport. An evaluation of the
exercise responses of high level sports competi-
tors during competition can form a sound basis
for the players' systematic development. The
demands of various sports disciplines have
been extensively studied.'5 However, studies
on the physiological demands of kabaddi are

scanty.` Although there have been sporadic
investigations, a systematic evaluation of the
physiological demands of this sport have not
yet been undertaken in an organised way, since
up to now the sport has been confined to a few
Asian countries and has not been included in
any major international competitions such as
the Asian Games. However, in 1986 the game
was for the first time included in the Asian
Games as a demonstration game. Subse-
quently, in the 1990 and 1994 Asian Games,
five countries participated in the competition.
European and erstwhile USSR countries have
also recently begun to play the game.
Kabaddi is an outdoor game played on a soft

natural soil field of 12.5 x 10 metres. The field
is divided by a middle line into two equal
halves. Seven players on each side participate,
and the game is played into two halves of 20
minutes each, with an interval of five minutes.
The present study was carried out with the

aim to determining the physiological require-
ments of kabaddi so that the selection and
training of the players can be planned in a sci-
entific and methodical way.

Methods
The study was conducted on 16 national
kabaddi players attending the national camp at
the Sports Authority of India, Southern
Centre, in preparation for the Hiroshima Asian
Games of 1994. The team won the gold medal.
Body fat percentage was calculated from

skinfold thickness measured with a Harpenden
caliper at four sites-biceps, triceps, subscapu-
lar, and suprailiac. To calculate body fat
percentage, the formulas of Durnin and
Rehman9 and Siri' were used. Somatotype was
calculated by the Heath-Carter method."' Back
strength was measured with a back dynamom-
eter. Cardiorespiratory variables such as oxy-
gen consumption (VO2), ventilation (VE), and
heart rate were measured during graded
exercise on treadmill.'2 Initial speed of the
treadmill was 8 km h-' with an inclination of
2% and thereafter the speed was increased by 2
km h-' after every 2 min until a plateau ofV02
was attained or the respiratory quotient (RQ)
value went up to more than 1.1.13 During the
recovery phase the physiological variables were
monitored until the oxygen consumption
returned to normal resting level. Oxygen debt
was calculated by the standard method de-
scribed by Fox et al. 14

The entire experiment was performed at a
room temperature varying from 23-250C with
relative humidity varying between 50% and
60%.
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Table 1 Morphological and physiological
Indian kabaddi players

Age (years)
Height (cm)
Weight (kg)
Body fat (%)
Lean body mass (kg)
Endomorphy
Mesomorphy
Ectomorphy
Back strength (kg)
V02max (litre min')
V02max (ml kg-' min')
VEmax (litre min')
02 debt (litre)
02 debt (ml kg-')
02 pulse (ml bear')
Respiratory equivalent at VO2max (1. 1 of

2-()
Maximum heart rate (beats min-')

The regression equation of VC
was calculated to estimate oxyg
tion indirectly from heart rate.
Heart rate monitoring in acti

was done on eight players final]
represent India in 1994 Asian Ga
help of a Sport Tester (PE-3000)
Oy, Finland). Data stored in the n
Sport Tester were downloaded ti
and analysis was done using suit
(Polar, Finland).
Blood samples were drawn frs

tip using an automatic pricker. B
were collected between two and
after the end of the match into
tube containing fluoride and n
servative. The samples were a
standardised automatic lacta
(Analox Instruments) within 30 i

lection.

I variables in to assess the extent to which the game taxes the
circulatory system. The mean match heart rate

Mean (SD) in the first half varied from 132.9 to 149.0
beats min-', that is, 72.3% to 79.9% of the

27.00 (2.80) maximum heart rate, while in the second half it
175.00 (4.80) varied from 143.5 to 158.0 beats min-', that is,
14.13 (2.26) 77.2% to 83.3% of the maximum heart rate.
64.30 (4.20) The overall mean heart rate in the first halfwas

4.71 (0.50) 143.4(11.5) beats min-' (76.8% of maximum
1.83 (0.62) heart rate), while in the second half it was

172.00 (24.00)
149.5(7.5) beats min-' (80. 1% ofthe maximum

3.59 (0.36) herra)47.82 (3.68) heart rate), significantly higher than in the first
124.70 (13.80) half (P < 0.01). 02 consumption during the

5.30 (1.85) match varied from 1.69 to 2.77 litre min'
70.40 (23.04)
17.00 (1.82) (43.5% to 70.5% of V02max). In the first half
34.88 (3.23) the raiding heart rate varied from 162.4 to

186.00 (7.00) 177.1 beats min- , that is, 87.2% to 95.0% ofmaximum heart rate. In the second half it var-
ied from 167.8 to 177.4 beats min' , that is,

)2 v heart rate 90.0% to 95.2% of the maximum heart rate.
ren consump- During raiding, 02 consumption varied from

2.98 to 3.55 litre min- (76.8% to 90.6% of
ial matchplay V02max).
ly selected to The average heart rate over the whole match
mes, with the was 146.5(9.25) beats min-' , that is, 78.7% of
i(Polarelectro the maximum heart rate (table 3).
nemory of the The mean recovery heart rate and 02
o a computer consumption during the 5 min interval are
table software presented in table 4. The mean minimum

heart rate attained in the fifth minute of recov-
)m the finger ery was 109.7(10.9) beats min-'.
Blood samples The number of raids and the duration of
four minutes each raid are presented in table 5. The mean
a heparinised maximum lactate accumulated after the match
Litrite as pre- was 6.13(2.53) mmol litre'1 (table 5) and
nalysed in a ranged from 2.8 to 11.8 mmol litre-'. A
ite analyser comparison of maximum lactate of kabaddi
min after col- players with other disciplines is presented in

the figure.

Results

Morphometric and physiological characteris-
tics are presented in table 1. The mean height
and body weight were found to be 175 cm and
74.9 kg respectively. Kabaddi players had a
somatotype of 2.68-4.71-1.83. Maximum
aerobic capacity (V02max) and anaerobic
capacity (V02 debt) were found to be
3.59 litre min-' and 5.3 litres respectively. The
kabaddi players had the absolute back strength
ofl 75.0 kg.
Mean(SD) of the match heart rate and raid-

ing heart rate, along with 02 consumption
every 4 min through the match are presented in
table 2. The results are expressed both in abso-
lute terms and as a percentage of the heart rate,

Discussion
In our earlier investigation on the 1990 Asian
Games gold medalist kabaddi team we re-
ported that kabaddi players have an
endomorphic-mesomorphic physique.! The
present group of players also had an
endomorphic-mesomorphic physique (2.7-
4.71-1.83). Significant differences were not
observed in the mesomorphic and ectomor-
phic components of the somatotype between
the 1990 team and the present team. However,
the endomorphic component was significantly
reduced (P < 0.01) in the present group. This
was due to a significant decline in body fat
during training (unpublished data). The mean
age of this group was also same as the 1990

Table 2 Mean (SD) ofgame and raiding heart rate (percentage ofmaximum heart rate) along with [°2 consumption (percentage of V02max)] duringkabaddi match.

Average heart rate ofgame Oxygen consumption ofgame Raiding heart rate Oxygen consumption during raidingTime (beats min') (litre min') (beats min') (litre minW')
1-4 min 132.87 (12.8)[72.30 (7.5)] 1.69 (0.73)[43.5 (20.5)] 162.37 (11.3)[87.2 (7.1)] 2.98 (0.51)[76.8 (12.2)]
5-8 min 139.00 (17.6)[74.60 (9.6)] 1.96 (0.86)[49.3 (21.5)] 168.37 (11.4)[89.9 (5.8)] 3.14 (0.60)[79.7 (11.4)]
9-12 min 142.75 (17.0)[76.60 (9.4)] 2.14 (0.73)[55.1 (20.2)] 171.37 (10.5)[90.9 (6.6)] 3.29 (0.46)[86.3 (8.6)]
13-16 min 147.73 (18.7)[79.10 (9.4)] 2.24 (1.03)[57.2 (26.5)] 176.00 (05.3)[94.0 (4.7)] 3.43 (0.38)[87.4 (8.5)]
17-20 min 149.00 (08.5)[79.90 (4.4)] 2.39 (0.46)[61.5 (15.1)] 177.13 (09.0)[95.0 (4.9)] 3.55 (0.37)[90.6 (8.3)]
21-24 min 143.50 (17.7)[77.20 (11.5)] 2.01 (0.98)[52.3 (27.7)] 173.75 (12.2)[93.3 (8.2)] 3.34 (0.36)[85.6 (12.9)]
25-28 min 158.00 (06.0)[83.30 (8.6)] 2.77 (0.46)[70.5 (10.4)] 177.38 (04.2)[95.2 (3.8)] 3.51 (0.30) [89.6 (7.5)]
29-32 min 151.38 (11.4)[83.20 (7.9)] 2.36 (0.53)[60.9 (17.3)] 176.25 (09.7)[94.6 (5.1)] 3.40 (0.32)[86.9 (10.0)]33-36 min 149.50 (12.6) [80.20 (6.6)] 2.42 (0.71)[61.5 (17.6)] 176.37 (11.2)[94.6 (6.0)] 3.54 (0.59)[89.7 (10.3)]
37-40 min 145.25 (14.3)[79.30 (8.5)] 2.27 (0.77)[57.6 (18.8)] 167.75 (11.6)[90.0 (6.1)] 3.20 (0.72)[80.9 (13.5)]
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Table 3 Mean (SD) ofgame heart rate and 02 consumption during kabaddi match

Variable First half Second half Total match

Heart rate (beats min-') 143.40 (11.50) 149.50 (7.5) 146.50 (9.25)

02 consumption (litre min') 2.15 (00.58) 2.35 (0.6) 2.25 (0.59)

group. This indicates that the
age of body fat in the 1990 grc
effect of age but of a modifi
composition. The new rules of
late that a player cannot partic:
tition if his body weight is me
Players have therefore regula
weight by controlling body fat c
diet and training. Lean bod
present group was higher by 2.
1990 group. However, this difl
statistically significant. The op
percentage for different spc
varies from 6% to 15% in In
sons,15 except for heavyweigh
weightlifters. In kabaddi, exce
hinder quick movement across
the execution of explosive at
ments and jumps. It will incr
expenditure in moving around
strength in the 1994 grou
[172.00(24.00) kg] than in t
[162.56(18.08) kg]. Improvem
mass and a reduction in body
in a trend to greater strength
group than in the 1990 group.
however, was again not statistic
Greater strength in kabaddi p
during raiding as well as in ca
can push the catchers and n
more readily if he is physical]
the same holds true for catchin
The heart rate and 02 Co

sponse during match play have
as an index of the stress on th
tory system.'6 The average he
consumption attained in the m
beats min' and 2.25 litre m
The average heart rate was
threshold heart rate [167.2(3.
and was 78.4% of the maxin

(In CD Co
c Co Co C E

C C C o e
0 Z-. 0
r_ >. :>.

. a)) mE .0 *
'D 0 0 0 -
m m m 0 0
m I .

L 0LL

Comparison ofmaximum lactate in kabaddi players and in

higher percent-
)up' was not an
cation of body
F kabaddi stipu-
ipate in compe-
Dre than 80 kg.
Lted their body
content through
y mass in the
1 kg than in the
[erence was not
timum body fat

Table 4 Mean (SD) of recovery heart rate and oxygen
consumption during 5 minutes interval

Heart rate (beats 02 consumption
Time min') (litre min)

1 st minute 126.7 (10.7) 1.15 (0.43)
2ndminute 116.7 (11.6) 0.84 (0.35)
3rd minute 116.0 (10.2) 0.80 (0.30)
4th minute 111.0 (8.0) 0.62 (0.33)
5th minute 109.7 (10.9) 0.62 (0.26)

Table 5 Mean (SD) of duration and number of raiding
and maximum lactate after the end of the match

Variable Mean (SD)

Duration of raid (s) 20.80 (6.26)
Number of raids per match 8.13 (2.03)
Maximum lactate (mmol litre-') 6.13 (2.53)

)rts disciplines The average game heart rate is lower than in
Ldian sportsper- basketball (170 beats minf'), kayaking (176
t wrestlers and beats minf'), soccer (165 beats min' 17) and
ss body fat will hockey [157(15.1) beats minf'].' It is compa-
3 the court, and rable to the average heart rate of boxing
nd agile move- (148 beats min') and canoe paddling (143
ease the energy beats minf')." However, the average heart rate

the court. Back of kabaddi is higher than volleyball (110-125
ip was greater beats min') and weightlifting (120-123 beats
he 1990 group min')). This game is of an intermittent type in
ent in lean body which the players have time to recover; the
fat has resulted pauses for rest in kabaddi are adequate for

l in the present heart rate to fall by a notable extent. It is
The difference, observed that out of 40 minutes of matchplay,
cally significant. a raider has to raid on an average of 8.13(2.03)
layers is helpful occasions. The average time per raid was

Ltching. A raider 20.8(6.26) seconds. The total time spent on

nake an escape raiding will be around 169 seconds per match.
ly stronger, and The rest of the time the player is involved in
ig the raider. catching, holding, and locking the opponents
onsumption re- and watching the raiding actions of his team

been employed mates. If a raider or a catcher is raided
ie cardiorespira- out/caught out, he has to stand out in the
art rate and 02 sitting block. It is clear that kabaddi players
Latch were 146.5 have sufficient time for recovery and the
in-l respectively. average heart rate during the match remains
lower than the below the anaerobic threshold level. We found
06) beats minf'] that in the first half and the second half the
num heart rate. heart rate of the players remained below 130

beats min' for 4.94(3.21) minutes and
3.27(2.27) minutes respectively, that is, the

8.7 heart rate remained below 130 beats min' for
24.7% of the time in the first half and for
16.3% of the time in second half. In total if five

6.1 minutes of recovery time is included, then out
of 45 minutes of play the heart rate of a player
remains below 130 beats min' for 29.3% of the
total time. During the interval the average
recovery heart rate after five minutes decreased
to 109.7(10.9) beats mimf'. During raiding the
heart rate and 02 consumption attained varied
from 162.4 to 177.4 beats min' and from 2.98
to 3.55 litre minf' respectively, that is, 87.2% to

at .x 95.2% of the maximum heart rate and
76.8% to 90.6% of the VO2max, indicating

m) ,5 that the dominant energy source during
'xR nO raiding is anaerobic, since the heart rate and
0
m n VO2max are above the anaerobic threshold

level. During raiding, players do not take any
breaths and have to perform intense spurts of

players of other explosive action - jumping, moving, and quick
turning-into the opponents lobby while con-
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Physiological responses in kabaddi players 235

tinuously chanting the word "kabaddi". Dur-
ing such activities the dominant energy source
will be anaerobic. Anaerobic threshold estima-
tion in a team game gives good insight into the
relative dominance of aerobic and anaerobic
demands. 18

Lactate accumulation at the end of the
match was 6.13 mmol litre-'. This is higher
than in hockey [5.6(2.0) mmol litre-']' and
badminton [4.7(1.9) mmol litre-'] (unpub-
lished data), but lower than in boxing'9 and
soccer (8.0 mmol litre-')."0 The high level of
lactate can be attributed to the raiding compo-
nent of the match.
The importance of aerobic-anaerobic capac-

ity and other cardiorespiratory responses in
kabaddi was explained in our earlier study.8
Aerobic-anaerobic capacity as well as other
cardiorespiratory variables in the present
group are comparable to the 1990 group. It can
be inferred that about 48 ml kg-' min' of
VO2max and 4-7 litres of 02 debt will be satis-
factory for a kabaddi player to achieve Asian
level. However, higher values will be advanta-
geous.

CONCLUSION
From the present study it can be concluded
that kabaddi is an intermittent type of game.
The average heart rate attained during a match
is 146 beats min-'. The rest pause during the
game is sufficient to allow recovery to a marked
extent. During raiding the main source of
energy release is anaerobic. The maximum lac-
tate accumulated at the end of the match is
6.13 mmol litre'1. To meet the demands of the
match kabaddi players should have an
endomorphic-mesomorphic physique (2.68-
4.71-1.83) with body fat below 13%. A
VO2max of 48 ml kg-' min-' and an 02 debt of

70.4 ml kg- will be satisfactory for a kabaddi
player.
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