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ABSTRACT

Introduction: Physiological and body composition variables have important
role for assessment of training status and evaluation of health status of athletes.
Regular monitoring of these variables during training may provide valuable
information to coaches for training and selection of players’ training protocol
participating in both team sports and individual events.

Purpose and objectives of the study: The aims of this study were to compare
physiological and body composition variables between male athletes participat-
ing in team sports (football) and individual sprint event and also to correlate
training duration (both in years and hours per week) of male athletes participat-
ing in both team sports as well as sprint with physiological and body composition
variables.

Applied Methodology: The study was carried out with thirty-year-old (n=30)
and BMI matching male Indian athletes participating in team sports (football,
n=16) and individual sprint event (n=14), having minimum 2 years of official
training. They were in post competitive phase during the test. Several physiolog-
ical and body composition variables were assessed such as height, weight, body
mass index, training age (years), training time (hours/week), fat mass, fat-free
mass, body cell mass, muscle mass, VO, max, maximal power, training intensity
and fatigue index following standard protocol.

Achieved major results: The sprinters were found to possess significantly
more fat free mass (p < .01), body cell mass (p < .01), muscle mass (p < .01),
less fat mass (p < .05) and more average anaerobic power (p < .01) than their
peers - football players. However, no significant correlation was found between
any of the measured physiological and body composition parameters and the
training status of these players.

Conclusion: This study would provide useful information for assigning train-
ing protocols to the athletes participating in team sports and individual sprint
events on the basis of physiological and body composition parameters.

Key words: football, sprint event, training status, anaerobic power, fatigue index

titive sports world. This can only be achieva-

Every sportsman or nation wants to show
their dominance by challenging other nations
by showing supremacy in sporting performan-
ce in international competitions. Thus this
challenge excites, inspires and motivates all
the nations to sweat and struggle to run faster,
jump higher, throw far and display greater stre-
ngth, endurance and skills in present compe-

ble through scientific, systematic and planned
sports training by channeling them into suit-
able games and sports and finding out their
potentialities.

Individual sport athletes practice in groups
or individually. They compete individually and
have individual results, which can be part of a
team result. Team sport athletes practice mostly
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in groups and they compete with a team and the
team shares the results (Lindwall et al., 2002).
To develop the most effective training program,
it is important that the coach know and be aware
of the physiological demands the athlete expe-
riences during competition. Most team sports
(e.g. basketball, football, hockey, rugby, vol-
leyball) can be described as moderate-to-long
duration exercise including repeated bouts of
high-intensity activity combined with periods
of low-to-moderate active recovery or passive
rest. Players’ capability to execute repeated
sprints with short duration recovery in between
is an important determinant of performance in
intermittent team sports (Spencer et al., 2005;
Rampinini et al., 2007). This activity pattern
determines to a great extent the physiological
necessities of team sports. This is in contrast to
coaches training individual sports athletes, such
as sprinters, who generally perform a separate
event requiring maximal effort. The physiologi-
cal demands imposed on those athletes are easier
to be aware of; consequently, the design of their
training program is more clear-cut. The training
program for the sprinter is focused primarily on
developing power, improving running technique
and speed and increasing speed endurance. Also,
the training program for the sprinter is unlike that
of the football player, whose primary emphasis
during anaerobic conditioning is to get ready for
repeated bouts of high intensity activity with
limited rest intervals. In contrast, the sprinter’s
training program is less concerned with improv-
ing fatigue rate and more concerned with the
quality of each sprint.

Numerous studies have been carried out to an-
alyze the effect of training on various body com-
position and physiological parameters, having
an impact on performance of athletes from dif-
ferent sports (Charmas, Gromisz., 2019; Genc et
al., 2019; Manna et al., 2010). Physiological and
body composition variables have important role
for assessment of training status and evaluation of

health and cardiovascular status of athletes. Regu-
lar monitoring of these variables enables coaches
to assess the current status of players participating
in both team sports and individual events and the
degree of their training adaptability and to formu-
late their training schedule accordingly to achieve
the desired performance. However, studies on the
physiological and body composition parameters
of male athletes participating in both team sports
and individual events specifically in relation to
training are lacking in India. In view of this, this
study was undertaken with the following aims:

1. To compare physiological and body com-
position variables between male athletes
participating in team sports (football) and
individual sprint event.

2. To correlate training status of male ath-
letes participating in both team sports as
well as sprint with selective physiological
and body composition variables.

METHODOLOGY

Ethical Statement

The study was designed as a cross- section-
al non invasive study. All experimental proce-
dures were conducted in full accordance with
the World Medical Association Declaration of
Helsinki after taking permission from the Insti-
tutional Ethics Committee. A written informed
consent was obtained as per declaration of Hel-
sinki from all the athletes below the age of 18
years from the parents or guardians. Before tak-
ing the measurement, the players were instruct-
ed according to Heyward & Stolarczyk (1996)
by the following guidelines: 1. No heavy exer-
cise 12 hours before the test; 2. No large meals
an hour before the test and 3. Consumption of
liquids limited to 1% of body weight or two 8 0z
glasses of water, 2 hours before the test.

Subjects
Thirty Indian male athletes with similar
age group and body mass index (BMI) partic-




JOURNAL of Applied Sports Sciences 01/2021

ipating in individual sprint event (n=14) and
team sports (footballers) (n=16) were selected
for the study. An informed consent was tak-
en from the subject prior to testing and pro-
tocol was clearly explained to them. They
were selected from Come and Play Scheme
of Sports Authority of India (SAI), Jawaharlal
Nehru Stadium, New Delhi. The athletes had
a history of participation in at least state level
competitive events with minimum of 2 years
formal training and were in post competitive
phase during the conduction of the test. The
players were reported to be training for at least
10 hours per week during the current season,
were non-smokers, and none of them was tak-
ing any medication at the time of testing.

Procedure

All the subjects were evaluated for various
physiological and body composition variables
at Human Performance Laboratory, SAI and
conducted during morning hours on similar
day. They underwent body composition evalu-
ation first and then sub maximal exercise test-
ing with the help of bicycle ergometer after
being familiarized with the exercise protocol,
followed by a field test Running-Based Anaer-
obic Sprint Test (RAST). The subjects had a
light meal at least 2 hours before the exercise
test. Their medical history and training dura-
tion was assessed by a preset questionnaire.

The training was relatively common to all
the participants of the study besides the skill
training. Hours per week of sports training
(hours/week) were self-reported by athletes
and were concluded by multiplying training
sessions in a week by hours per training ses-
sion. Body weight and height were measured
with the use of a scale (SECA GmBH & Co.
KG., Hamburg, Germany) to the nearest 0.1 kg
and 0.1 cm respectively. BMI was calculated
as the ratio of weight to height squared.

Body composition was measured with med-

ical body composition analyzer (SECA mBCA
model 515, Hamburg, Germany) which is an
eight-electrode segmental multi frequency bio-
electric impedance analyzer (MFBIA) that
measures impedance at 19 different frequencies
ranging from 1 kHz to 1 MHz under uniform and
controlled laboratory conditions. It consisted of
evaluation of body cell mass (BCM)), fat free mass
(FFM), fat mass (FM) and muscle mass (MM) of
the athletes of both groups (Thurlow et al., 2018).

The subjects were asked to relax for 5 min-
utes, following which pre-exercise heart rate was
recorded by observing the heart rate from Polar
(H7) heart rate monitor (Aggarwala et al., 2018).

VO, max was calculated with Astrand
6-minute sub-maximal protocol, on Cycle
Ergometer (model Monark LC7TT, Sweden)
(Aggarwala et al., 2018). This test was done
by one individual at a time. Test protocol was
explained to the subjects and it was ensured
that they understood it clearly. The work in-
tensity per session was gauged by heart rate
monitor. Maximal heart rate (MHR) was cal-
culated, and 75% of MHR was estimated for
the protocol. Before the beginning of the test,
the seat was adjusted with respect to the par-
ticipant’s height. This was followed by a 2-3
minuets warm-up without resistance. The par-
ticipants were asked to maintain 60 cadences
throughout the protocol. After 3 minutes, the
load was increased to 75 N and the participant
was asked to continue paddling. Once the heart
rate was seen to be stabilizing, the load was
increased to 100 N and later up to 125 N ac-
cording to the capability of the participant. If
the participant was not able to paddle any fur-
ther, the load was decreased slightly. ‘Astrand
protocol’ is a submaximal protocol for aerobic
capacity assessment, therefore, 75% of MHR
was calculated and it was ensured that the heart
rate of participant was maintained within the
calculated heart rate. The participants fol-
lowed the protocol, and paddled for 6 minutes,




COMPARATIVE PHYSIOLOGICAL ...

S. Chatterjee, U. Hasan, S. Chatterjee

however if the heart rate did not stabilize, the
test was extended for another minute. After the
complete protocol, participants were asked to
continue paddling at 25 N loads with proper
breathing, for next 3 minutes for cool down.
Average anaerobic power and fatigue index
were determined by running based anaerobic
sprint test (RAST). A 35 m long track was set. The
participant was asked to reach the opposite end of
the track, as fast as he could. Then, 10 second rest
was given to the participant. The same procedure
was repeated 6 times. The time was recorded with
a stopwatch. Average anaerobic power and fa-
tigue index were calculated by putting the values
of each lap in the equation (Zagatto et al., 2009).

Statistical Analysis

All statistical analysis tests were performed
with statistical package for social sciences (SPSS)
version 20.0 (SPSS Inc., Chicago, IL, USA). The
normality of the data was checked with Shapiro
Wilk test. Difference between selected physio-
logical and body composition variables among
athletes participating in team sports and individ-
ual events were checked by applying parametric
unpaired Student’s 7-test. Correlation between

the selected variables was checked with Pear-
son’s Correlation coefficient. The correlation co-
efficients (7) were classified as very weak (0.0—
0.2), weak (0.2-0.4), moderate (0.4-0.7), strong
(0.7-0.9) or very strong (0.9—1.0) in all cases
(Akoglu, 2018). All the data were expressed as
mean + SD. Criterion alpha level of p < .05 was
used to determine statistical significances.

RESULTS

The comparison of various body compo-
sition and physiological parameters between
Indian male athletes participating in compet-
itive team sports and individual events is de-
picted in Table 1. It was revealed that FFM,
BCM, MM and anaerobic power were signifi-
cantly higher in athletes participating in indi-
vidual events than in the athletes participating
in team sports (p < .01). On the other hand,
athletes participating in team sports had sig-
nificantly more amount of fat mass than the
athletes participating in individual events (p
< .05). The rest parameters were found to be
altered in a statistically insignificant manner
in both groups.

Table 1. Comparison of selective physiological and body composition variables among male
athletes participating in team game and individual events with their significance level

N Team game Individual event T value (level of
om Parameters _ _ A
n=16 n=14 significance)

1. Age (years) 17.56+1.31 17.57£1.86 0.0159%8
2. Height (cm) 171.13+£5.65 175.07+7.73 1.576%128
3. Weight (kg) 58.81+6.46 63.43+7.05 1.859007
4. BMI (kg/m?) 20.00+1.89 20.64+1.21 1.1180%27
5. Training (years) 3.63+1.85 3.71+1.43 0.146°8%
6. Training (hours/week) 24.88+7.71 26.36+7.17 0.54505%
7. FM (kg) 6.85+4.22 4.73+1.82 -1.9650:033*
8. FFM (kg) 50.38+8.3 58.36+6.18 3.0440005*
9. BCM (kg) 28.57+4.71 33.10+3.51 3.0960-004*
10. MM (kg) 24.61+1.94 28.82+2.50 5.1840-000%
11. VO,max. (ml/kg/min.) 43.23+9.03 46.47+12.39 0.7990432
12. AverageAnaerobic Power (W) 464.13+105.78 596.79+135.76 3.005%006
13. Fatigue Index(W/sec.) 5.69+£2.65 5.66:2.96 -0.158%97

Values are expressed as Mean+ SD. * represents p <.05, ** represents p <.01, BMI= Body mass index,
FM= Fat mass, FFM= Fat free mass, BCM= Body cell mass, MM= Muscle mass, V02 max= maximum

aerobic capacity
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Table 2 shows Pearson’s correlation coet-
ficient between training experiences in years
and duration in hours/week with various body
composition and physiological variables in

athletes practising team sports. None of the pa-
rameters were found to be significantly related
with one another.

Table 2. Pearson’s Correlation of training experience (years) and duration (hours/week) with

the selected physical and physiological parameters of Indian Athletes of Team game (n=16)

FM FFM BCM MM VO,max. Average Anaerobic Fatigue Index
(kg) (kg) (kg) (kg) (ml/kg/min.) Power (W) (W/sec.)
Training 174952 089074 (0670805 - ()]209 3370211 335024 181054
(years) - . . . . . .
Training 02499  180%%  156°57  -358017 - 164954 309024 -2610%
(hrsiwk) - . . . . . .

FM= Fat mass, FFM= Fat free mass, BCM= Body cell mass, MM= Muscle mass, VO2 max= maximum

aerobic capacity

Table 3 shows Pearson’s correlation coef-
ficient between training experiences in years
and duration in hours/ week with various
body composition and physiological variables

in athletes participating in individual events.
None of the parameters was found to be sig-
nificantly related with one another.

Table 3. Pearson’s correlation of training experience (years) and duration (hours/week) with

the selected physical and physiological parameters of Indian athletes of individual events (n=14)

FM FFM BCM MM VO,max. Anaerobic Power Fatigue

(kg) (kg) (kg) (kg)  (ml/ kg/ min) W) (W/sec)

Training 279030 30302 30]10% 330025 063083 335024 181054
(years) . . . . . . .

Training 252038 112070 153060 _ 087076 -06]08 -.14406 03509
(hrs/wk) . . . . . . .

FM= Fat mass, FFM= Fat free mass, BCM= Body cell mass, MM= Muscle mass, VO, max= maximum

aerobic capacity

DISCUSSION

Body composition and physiological pa-
rameters can be possibly used to detect poten-
tially talented athletes for a specific sports dis-
cipline. Hammami et al., (2012) observed that
height & weight operated as an influencing pa-
rameter of physical performance. In this study,
the athletes participating in sprint event were
found to be taller and heavier than footballers,
although the difference was statistically insig-
nificant. This may be attributed to the develop-
ment of muscles in due course of time with the
type of training undertaken by the sprinters.

Body composition was observed to play a
vital role in estimation and prediction of per-
formance of an elite player. Body composition
goals vary between sports and among athletes
within the same sports. For example, very
high- intensity, very short duration track and
field athletes benefit from high muscularity,
but sprinters also benefit from a relatively low
percentage of body fat while throwers (e.g.,
discus) benefit from having a percentage of
body fat that is higher than that of most other
athletes. Within a team sport, players may be
distinguished by position and may have differ-
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ent body composition goals. The sprinters in
the present study were found to possess signifi-
cantly more fat free mass (p < .01), body cell
mass (p <.01), muscle mass (p <.01) and less
fat mass (p < .05) in comparison to their age
and BMI matched football players, although
all the mentioned body composition variables
were found to be within normal range in both
groups. These results are supported by the find-
ings of Barbieri et al. (2017) who stated that
sprinters with larger muscle mass and lower
adiposity, less ectomorphy and more strength
showed better performances. However, no sig-
nificant correlation was established between
fat mass (FM), fat free mass (FFM), and mus-
cle mass (MM) of athletes of both groups with
training years and hours per week. These ob-
servations were supported by previous results
described by Rossi et al. (2017) where, it was
stated that, in the off season i.e., the period of
time after the conclusion of the season where
athletes decrease sport specific skill work and
start to focus on functional movement and
strength development, no significant changes
in body composition were found during mild
training regimes regardless of a supervised or
unsupervised conditioning training program.
Body Cell Mass (BCM) is a comparatively
new approach for assessing body composition.
BCM is the total mass of ‘oxygen-exchanging,
potassium-rich, glucose oxidizing, work-per-
forming’ cells of the body (Andreoli et al.,
2003). In our study, no significant correla-
tion was established between body cell mass
(BCM) with training years and hours per week
in either of the groups, contrasting to the pre-
viously conducted studies by Quieterio et al.
(2008). They proposed that athletes training for
more than 9 hours per week showed a greater
level of BCM, i.e., more weekly training hours
were associated with greater levels of BCM
and lower levels of body fat. Also, a compara-
tive study was done by Randékova (2005), on

athletes and non-athletes. The obtained results
showed high content of BCM due to regular
training. The obtained results from this study
could possibly be due to the small sample size.
It is possible, that with larger sample size, body
composition components might have shown
correlation with the training status.

High level of aerobic capacity is indis-
pensable for achieving success in many sports;
therefore, the determination of VO, max is of
special importance as it plays the key role in
professional sports - it is the reflection of any
athlete’s physical capability (Rancovic et al.,
2010). The VO,max indicates upper limit of
body’s ability to consume oxygen and maxi-
mum rate of energy released from oxidative
process primarily. It is the highest rate at which
an individual can intake oxygen during exer-
cise and serves as the most popular index of
aerobic fitness of sports persons (Armstrong,
Weisman, 1994). In the current study, the foot-
ballers (43.23+£9.03 ml/kg/min) and sprinters
(46.47+12.39 ml/kg/min) had more or less the
same VO, max with a small range of variation
and the difference was also found to be statis-
tically insignificant. The reason could be that
they were involved in a similar kind of training,
which was based on strength endurance and
explosive strength. It also implies that at least
in our population overlaying regular resistance
training to an endurance program or vice versa
will not decrease performance in power events
at the cost of endurance and vice versa.

A significant difference (p < .01) was seen
in average anaerobic power between the sprint-
ers and footballers. This difference can be at-
tributed to the nature of the activity done by
the sprinters and to their larger muscle strength
and not to faster muscle contractile properties.
The sprinters continuously perform the activity
with high explosiveness for pretty longer pe-
riod of time than the footballers. Whereas in
football, moves such as sprint during counter-
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attack situations, for example, highlight the an-
aerobic power. The maximum effort toward the
goal or to intercept a move is notorious so that
the anaerobic power becomes a very important
variable during decisive moments of the match.
Short accelerations are also highlighted in the
anaerobic power and occur often during the
game. The nature of the test was also favor-
able to sprinters and footballers as they go for
sprinting activities during their workout. De-
gens et al. (2019) studied physiological aspects
among four distinct athlete groups and found
significant changes in anaerobic power in team
and sprint athletes compared to the endurance
athlete and non- athletes, similar to this study.
During intense exercise, muscle and blood
lactate can rise to very high levels. Lactate ac-
cumulation causes an increased concentration
of hydrogen ions and corresponding acidosis,
a primary factor in muscle fatigue. Athletes
with high fatigue index numbers should train
to improve lactate tolerance in order to promote
quicker recoveries from explosive bursts of
speed and power. Mohor et al. (2005) observed
that, fatigue or impaired performance in soccer
happened through various phases of game, to
operate in different periods of the match. In this
study, the footballers and sprinters had more or
less the same fatigue index values with a small
range of variation and the difference was also
found to be statistically insignificant. Also, no
inter- correlation was obtained in any measure-
ment between aerobic and anaerobic power
values. However, Singh et al. (2014), analyzed
fatigue levels in the Indian male hockey players
and found significantly high fatigue levels in
all of them with training. A similar study found
several performance factors significantly as-
sociated with training-induced fatigue, in elite
youth football players (Fitzpatrick et al., 2019).
Also, Thorpe et al. (2016) cited significant
changes in fatigue along with muscle soreness
and sleep, during competitive season in football

players, post 3-week training done by them. In
same line, Tomlin and Wenger (2002) showed
a negative relation between aerobic capacities
with fatigue in athletes.

LIMITATIONS

This was a cross- sectional study and did not
study the effects of specific training programs
in pre- post condition, where the differences
between the two groups may be to some extent
attributable to genotypic differences (Erkine et
al., 2014; Hagberg et al., 2001) rather than dif-
ferent training programs. Secondly, the sample
size taken for the present study was relatively
small. Larger sample sizes in future research
will be essential to better comprehend train-
ing status for athletes participating in team
sports as well as in individual events. Thirdly,
training experience for these players was low,
being a maximum of three years, which may
have influenced the results, and hence deserve
further research. Fourthly, indirect measure-
ments were used to quantify both aerobic and
anaerobic power among the players. Finally,
all the measurements were made at the end of
the competitive season.

CONCLUSION

This article considers the effect of sports
specific training on the key parameters of fit-
ness and attempts to relate these changes to the
adaptations seen in the body’s physiological
systems with training. The physiological and
body composition data of the present study can
act as a basic frame of reference for monitoring
and assigning or preparing the sports specific
systematic training protocols for both footbal-
lers and sprinters.
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