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	 abstract�
	 Background:	 �‪The present study was aimed to evaluate the evidential comparison of anthropometric, body 

composition, physical fitness parameters and muscle damage indices between soccer and field hockey 
players.

	 Material and methods:	 �‪Forty-one young Indian male players (including soccer, N = 18, and hockey, N = 23) were evaluated for 
anthropometric parameters (height, weight, BMI, BMR), and physical fitness variables (grip strength, 
back strength, flexibility, VO2max, anaerobic power) using standard procedures. Body composition (fat 
mass, fat free mass, cell mass, muscle mass, fluid content, glycogen, minerals, body density) was 
assessed by using multi-frequency bioelectrical impedance analyzer (BIA). Muscle damage indices 
(lactate dehydrogenase, LDH; creatine kinase, CK-MB) were measured via standard spectrophotometric 
assay protocols.

	 Results:	 �‪Grip strengths and VO2max were found to be significantly higher among field hockey players, whereas 
lower values were found for relative anaerobic power (Wpower). LDH and CK-MB were found to be 
higher in soccer players. The correlation study depicts a positive relation between Wpower and LDH  
(r = 0.307, insignificant) and CK-MB (r = 0.330, p < 0.05).   

	 Conclusions:	 �‪Field hockey players have better muscular coordination and body balance with generous endurance 
capacity as they have higher strength indices and VO2max. Higher glycolytic capacity and sprinting 
ability was found among soccer players. 

	 Key words:	 �‪body composition, strength indices, VO2max, relative anaerobic power, lactate dehydrogenase, creatine 
kinase.
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introduction�
An athlete’s acceleration, agility, endurance capacity, explosive power, and 
muscular strength indices can be influenced by the body morphology, whereas 
the body composition affects the strength and acceleration [1]. Morphological 
and physiological fitness for match play depends upon the work rate requirements 
for the athlete’s physical training regimen, frequency of competition, stage of the 
competitive season, etc. [2]. Sarkar et al. [3] also reported the vital role of physique, 
body composition, hydration level, strength variables and nutritional status of an 
athlete to predict the performance level.

Exercise-induced muscle damage following a high intensity workout session, 
particularly in pre-competitive training session includes repeated muscle 
action, is hypothesized to be either mechanical, metabolic or both in nature 
[4–6]. Nybo et al. [5] suggested reduced power, increased creatine kinase (CK) 
and lactate dehydrogenase (LDH) levels as the most significant indicators 
of muscle damage [5]. CK and LDH are released from the sarcoplasm into 
the blood stream as a result of disruption in the sarcomere due to repeated 
high intensity exercise [7]. Conversely, lower values may point to inadequate 
training loads not promoting the adaptation [4].

Soccer and field hockey are both similar in nature, but the player’s physiological 
demands are different as the skill-related physical fitness components, i.e., agility, 
body balance, coordination, power, reaction time and speed, are meant to be 
different in a sport-related manner [8]. Many studies have tried to reveal the 
comparative differences between soccer and hockey by mostly identifying general 
anthropometry [9–11], fitness parameters [9–11], or cardiac efficacy [12]. At the 
same time, studies involving muscle damage indices along with fitness profile and 
body composition are rare.

However, there have been numerous rule changes in both games, especially in 
hockey which transforming it into a faster and more skilful game [11]. As a result, 
there is a lack of recent research on the comparative assessment of physiological 
and muscle damage characteristics of elite young male soccer and hockey players.

The aim of the present study was to characterize the muscle damage indices along 
with the physical fitness parameters and body composition profile in both groups. 
The study also intended to establish a statistical relationship between muscle 
damage markers, body composition and some fitness variables during the pre-
competitive phase.

material and methods�
subjects�
The present cross-sectional study was carried out on 41 young Indian male 
players (including 18 soccer players, mean age = 15.4 ±1.75 years and 23 
field hockey players, mean age = 15.8 ±1.85 years) living in the Eastern part 
of India. The sample size was calculated by using PS Power and Sample Size 
Calculation version 2.1.30. Type I error probability for a two-sided test is 0.05. 
Power (probability of correctly rejecting the null hypothesis of equal population 
means given n pairs of patients and a Type I error probability) is 0.8. The 
difference in population means (δ) = 20. Standard deviation within the group (σ) = 
13. Therefore, the calculated Sample Size was 8. However, considering 20% drop out,  
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performers with minimum 4 yrs of formal training history and came from the 
Eastern part on India. The players had similar socio-economic status and dietary 
habits and they were clinically examined by physicians of sports medicine just 
before commencing the study protocol [13]. A complete explanation of the 
procedures, potential risks and benefits of the tests were explained to all the 
subjects, and signed consent was obtained prior to the testing.

training regimen�
The systematic training program was formulated by the qualified coaches 
under the guidance of scientific experts. The implemented training regimens 
were similar for both games except the skill training, and it was applied on 
an average of 4 to 5 hours with warm-up and cool-down sessions before and 
after the main practice every day except Sundays. Both morning and evening 
sessions comprised physical and skill training for one and two hours each, 
respectively. Physical training included different strength, speed and endurance 
training as well as flexibility exercises. Sports specific strength and endurance 
training followed. The players were also provided with psychological training 
sessions beside the technical and tactical training.

anthropometric and various fitness measures�
Physical characteristics, i.e. standing height (cm) was measured to the nearest 
0.1 cm using a Seca Alpha stadiometer (model – 213, Seca Deutschland, 
Germany), and body weight (kg) was measured to the nearest 0.1 kg using 
calibrated Seca alpha weighing scales (model 770) following the standard 
procedure [14]. The Body Mass Index (BMI) was calculated [15]. Handgrip 
strength (kg), relative back strength (/kg body weight) and trunk flexibility (cm) 
were measured with the help of a handgrip dynamometer (Grip-D, Takei A5401, 
Takei Scientific Instruments Co., Ltd., Japan), a back strength dynamometer 
and a sit-reach flexometer (Lafayette Instrumental co, USA) using standard 
procedures [16].

evaluation of aerobic and anaerobic power�
A modified 20m multistage fitness test (Beep test) was conducted to measure 
the maximal aerobic capacity (VO2max). Players had to maintain the running 
speed over the 20m distance with the increasing frequency of ‘beep’ sound. 
The final estimation of VO2max was found from the shuttle scores by using a 
standard chart of the beep test [5]. Running-based Anaerobic Sprint Test (RAST) 
was conducted to measure the players’ power output. Six consecutive sprints 
were done with maximum acceleration and a 10-sec break after each sprint. 
Each sprint time was recorded by using the Brower timing gate system (Brower 
Timing Systems, USA) [5]. Absolute peak power was the maximum power found 
among 6 runs of each individual, and the relative peak power (Wpeak) was then 
calculated. Anaerobic power of each run and Wpeak were calculated from the 
following formula:
•	 Power = (Weight × Distance ²) ÷ Time ³
•	 Relative peak power = (Absolute peak power ÷ body weight)

body composition�
Body composition, including body fat mass (FM, %), fat free mass (FFM, kg), total 
body water (TBW, %), TBW:FFM, extra cellular water (ECW, %), ECW:FFM, intra 
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cellular water (ICW, %), ICW:FFM, ECW: ICW, body cell mass (BCM, kg), BCM: 
weight, muscle mass (MM, kg), MM: weight, total body potassium (TBK, gm), total 
body calcium (TBCa, gm), glycogen (gm) and minerals (kg), weremeasured 
using multi-frequency Bioelectrical Impedance Analyzer (BIA) with the 
standard procedure (Maltron Bioscan 920-2, Made in UK) [5].

measurements of biochemical parameters�
Blood samples were obtained from the antecubital vein in a random condition. 
Immediately after blood collection, both of the tests for lactate dehydrogenase 
(LDH, U/L), creatine kinase (CK-MB, U/L) and hemoglobin (Hb, mg/dl) were 
done via standard protocol. Hemoglobin (Hb) levels were determined using a 
Beckman Coulter Gen S system (Beckman Coulter Inc., Fullerton, CA, USA) 
[17].

measurements of CK-MB�
CK-MB assay is based on the dephosphorylation of creatine phosphate, the 
liberated ATP being linked to the glucose/hexokinase/glucose-6-phosphate 
dehydrogenase reactions. N-acetyl cysteine is used to reactivate the enzyme, 
which is rapidly inactivated due to the oxidation of the sulphydryl groups in 
the active site of the enzyme. The rate of NADPH formation, measured pho-
tometrically is proportional to the catalytic concentration of CK-MB and the 
CK-MB activity also measured at 340 nm [18].

Percentage of CK-MB activity in the sample:

CK-MB Activity 	 
------------------------ × 100 = % CK-MB Activity
CK Total Activity

assay for lactate dehydrogenase (ldh) �
The lactate dehydrogenase method is based on the conversion of pyruvate to 
lactate, at a temperature of 37°C and a total reaction time of 120 s. A measured 
amount of serum – diluted threefold – is added to the strip, which contains 
pyruvate and NADH. Lactate dehydrogenase activity is measured by means of 
reflectance spectroscopy, by the rate of the disappearance of NADH at 340 nm 
with reference to a calibration curve generated using lactate dehydrogenase 
calibrators [19]. 

statistical analysis�
Statistical Program for Social Sciences (SPSS) version 16.0 for Windows (SPSS 
Inc., Chicago, Il, USA) was used to analyze the dataset of the present study. 
All values were expressed as means ±standard deviation (SD). Differences 
in the variables between the groups were analyzed through an independent 
sample t-test. Pearson correlation was run between some vital parameters to 
establish the relationship. Scatter plots including a regression equation were 
also done. A confidence level at 95% (p ≤ 0.05) was considered as significant.
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results�
Table 1 presents a comparison of various anthropometric parameters between 
male soccer and hockey players. No significant differences were identified for 
the following variables: age, height, weight, BMI and BMR. However, hockey 
players were found to be slightly heavier than soccer players in a height 
balanced manner.

Table 2 reveals a comparison of body fluids and hydration status between 
soccer and hockey players. No significant differences were identified for 
the following body fluid parameters: TBW, TBW:FFM, ECW, ECW:FFM, ICW, 
ICW:FFM, ECW:ICW, plasma volume.

Table 1. A comparison of various anthropometric parameters between male soccer and field hoc-
key players

Parameters Soccer players 
(n=18)

Hockey players 
(n=23)

Level of 
significance 

(2 tailed)

t value

Age (yrs) 15.4±1.75 15.8±1.85 0.539(NS) -0.621
Height (cm) 167.4±7.90 167.9±5.78 0.827(NS) -0.220
Weight (kg) 55.9±7.16 58.8±7.04 0.201(NS) -1.302
BMI (kg/m2) 20.0±1.97 20.6±1.52 0.294(NS) -1.063

BMR 1768.4±164.57 1787.9±134.17 0.679(NS) -0.417
Values are mean ± SD, NS = not significant, BMI= Body mass index, BMR= Basal metabolic rate.

Table 2. A comparison of body fluid levels between male soccer and field hockey players

Parameters Soccer players 
(n=18)

Hockey players 
(n=23)

Level of 
significance  

(2 tailed)

t value

Total Body Water (%) 60.9±11.06 60.4±4.73 0.836(NS) 0.208
TBW:FFM 0.7±0.11 0.7±0.02 0.684(NS) -0.413

Extra Cellular Water (%) 35.6±4.94 34.5±6.08 0.524(NS) 0.643
ECW:FFM 0.4±0.05 0.4±0.04 0.650(NS) 0.457

Intra Cellular Water (%) 64.4±4.94 65.5±6.08 0.524(NS) -0.643
ICW:FFM 0.8±0.09 0.8±0.14 0.313(NS) -1.023
ECW/ICW 0.6±0.12 0.5±0.14 0.585(NS) 0.551

Plasma volume (lt) 2.7±0.71 2.6±0.69 0.620(NS) 0.500
Values are mean ± SD, NS = not significant, ECW/ICW= Extra cellular water/Intra cellular water.

Table 3 represents a comparison of body composition between soccer and 
hockey players, where all the following variables showed no significant 
differences between them. BF %, FFM, protein mass and TBCa were found to 
be slightly higher in hockey players than in soccer players, whereas a slightly 
higher value in body density was identified among soccer players than in their 
hockey peers.

Table 4 depicts a comparison of physical fitness parameters between soccer 
and hockey players. Handgrip strength (right side, p < 0.05 and left side,  
p < 0.01), VO2max (p < 0.001), Wpower (relative anaerobic power, p < 0.05) 
were found to be significantly higher in male hockey players than in their 
soccer peers. However, soccer players were found to be insignificantly more 
flexible than hockey players.
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Table 3. A comparison of body composition parameters between male soccer and field hockey 
players

Parameters Soccer players 
(n=18)

Hockey players 
(n=23)

Level of 
significance  

(2 tailed)

t value

Body Fat (%) 15.6±5.38 17.5±6.87 0.338(NS) 0.969
Fat Free Mass (kg) 47.2±6.81 48.5±6.68 0.551(NS) -0.601

Body Cell Mass (kg) 26.6±3.87 26.9±3.02 0.786(NS) -0.274
BCM: weight 0.5±0.04 0.5±0.02 0.056(NS) 1.966

Muscle Mass (kg) 23.3±3.67 23.8±3.03 0.611(NS) -0.513
MM: weight 0.4±0.03 0.4±0.03 0.226(NS) 1.231

Protein mass (kg) 8.5±2.29 9.5±1.73 0.106(NS) -1.655
TBK (gm) 125.1±17.9 128.1±14.46 0.556(NS) -0.594

TBCa (gm) 947.8±184.90 957.2±133.28 0.851(NS) -0.190
Glycogen (gm) 434.3±66.36 437.0±57.22 0.890(NS) -0.139

Mineral (kg) 3.2±1.01 3.4±0.61 0.606(NS) -0.519
Body density (kg/lt) 1.2±0.70 1.1±0.02 0.312(NS) 1.042

Values are mean ± SD, NS = not significant; TBK= Total body potassium, TBCa= Total body calcium, BCM= Body cell mass..

Table 4. A comparison of physical fitness variables between male soccer and field hockey players

Parameters Soccer players 
(n=18)

Hockey players 
(n=23)

Level of 
significance 

(2 tailed)

t value

HGS-R (kg) 38.8±4.58 41.6±4.10 0.050* -2.012
HGS-L (kg) 38.4±4.19 42.6±4.67 0.005** -3.003

RBS (/kg wt.) 2.0±0.21 2.0±0.20 0.628(NS) -0.488
Trunk flexibility (cm) 15.1±7.0 12.8±3.05 0.202(NS) 1.314
VO2max (ml/kg/min) 46.5±4.51 53.5±4.26 0.000*** -5.087

Absolute anaerobic power (watt) 418.8±110.88 383.5±72.61 0.226(NS) 1.231
Relative anaerobic power (watt/kg) 7.4±1.42 6.5±0.85 0.023* 2.416

Values are mean ± SD,*= p<0.05, **= p<0.01, ***= p<0.001, NS = not significant; HGS-R= Handgrip strength (Right), 
HGS-L= Handgrip strength (Left), RBS= Relative back strength.

Table 5 reveals a comparison of some biochemical parameters between male 
soccer and hockey players. After the comparison, LDH and hemoglobin were 
found to be significantly (p < 0.05) higher in soccer and hockey players, 
respectively. However, a higher prevalence of CK-MB was identified in soccer 
players but in a statistical insignificant manner.

Table 5. A comparison of some biochemical parameters between male soccer and field hockey 
players

Parameters Soccer players 
(n=18)

Hockey players 
(n=23)

Level of 
significance 

(2 tailed)

t value

LDH (U/L) 253.3±64.11 219.8±32.78 0.036* 2.171
CK-MB (U/L) 31.1±15.08 26.6±4.60 0.236(NS) 1.223

Hemoglobin (mg/dl) 14.4±0.83 15.0±0.91 0.018* -2.466
Values are mean ± SD,*= p<0.05, NS = not significant; LDH= Lactate dehydrogenase, CK-MB= Creatine kinase (MB isoenzyme).

Table 6 presents the correlation coefficient between some vital parameters 
with RBS, Wpower and VO2max from the combined data of the studied young 
male athletes. Only CK-MB positively and significantly (p < 0.05) correlated 
with relative anaerobic power. On the other hand, LDH and CK-MB positively 
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correlated with RBS and anaerobic power output but negatively correlated 
with VO2max. All three fitness indices positively correlated with relative 
BCM, relative MM and negatively correlated with FM% but in a statistical 
insignificant manner.

Table 6. Pearson correlation between some body composition variables and biochemical marker 
enzymes with vital physical fitness parameters

RBS Wpower VO2max

FM % -.145 -.181 -.054
Relative_BCM .167 .254 .033
Relative_MM .003 .277 .048

LDH .192 .307 -.203
CK-MB .055 .330* -.118

*= p<0.05, FM%= Fat mass %, Relative_BCM= ratio of BCM: weight, Relative_MM= ratio of MM: weight, LDH= Lactate 
dehydrogenase, CK-MB= Creatine kinase (MB isoenzyme), RBS= Relative back strength, Wpower= Relative anaerobic 
power, VO2max= Maximum oxygen consumption.

discussion�
Soccer and field hockey are similar in nature, but the player’s physiological 
profiles are different as the skill-related physical fitness components are 
meant to be differ among both the games [8]. These games have specific 
demands for the body size, shape, body fluids concentrations, minerals content, 
cardiovascular endurance, muscular strength, body balance etc., which are the 
most important prerequisites to succeed in the competition [20]. The present 
study provides a clear difference between the games when compared for the 
muscular strength, endurance capacity and anaerobic power along with some 
marker enzymes for skeletal muscle damage.

Physique, including height and weight, plays a vital role for better performance 
[21]. The present study identified field hockey players as slightly heavier 
than soccer players, while the age and height have no such differences. This 
difference in body weight may be due to the higher proportion of FM% and 
FFM in the same group. The present result may count as advantageous for 
hockey players, as both the games belong to high contact division play where a 
good amount of fat can reduce the chance of injury during play [20]. However, 
the reduced FM% in soccer players may also depict their higher ability to 
accelerate and gain speed during the game [2]. 

Significantly higher handgrip strength for both hands (right, p=0.05 and left, 
p=0.005) was found among hockey players which might help them to hold 
the stick firmly and to take a forceful strike in the proper direction [22]. This 
significantly higher muscular isometric strength may be due to the muscular 
hypertrophy and higher protein mass content among hockey players than in 
soccer players, and the same was proved by Hoffman et al. [23]. The similar 
content in body weight balanced BCM, MM along with ions and mineral balance 
in both the present groups may depict the identical muscular hypertrophy 
development and muscular contractility after systematic training [3].

Body’s hydration status is a measure of athlete’s performance as hypohydration 
(>2% body mass loss) can impair endurance performance [6]. However, 
performance in team sports (i.e., soccer, hockey) is dependent upon cognitive 
functioning (e.g., attention, decision of passing, reaction time, etc.), the execution 
of sport-specific technical skills (e.g., shooting, passing, dribbling, etc.) and 
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related to the hydration status. The present study showed no significant 
differences between the variables of hydration and the fluid status. This may 
indicate the similarity in exercise intensity of workouts during training sessions 
and as well as during playing sessions [24].

Aerobic capacity certainly plays an important role in modern field hockey and 
has a major influence on technical performance and tactical choices [22]. The 
present study depicted a significant increase in VO2max (p < 0.001) in hockey 
players than their soccer counterparts. The increase in the peripheral factor 
gradient, i.e. muscle capillary and mitochondrial density, may be acting as 
responsible factors for improving VO2max in the field hockey players [25]. 
Bassett and Howley [26] also observed an increase in VO2max which might 
be due to a certain increase in cardiac output as a result of muscular over 
perfusion during exercise. According to some researchers, the probable reason 
against the improvement in VO2max might be the increase in left ventricular 
(LV) muscle mass, LV contractility during exercise, stroke volume which 
ultimately increased the cardiac output [27, 28].

In the present study, relative anaerobic power output was found to be 
significantly (p = 0.023) higher in soccer players which may indicate the 
higher lactate tolerance of these players than their hockey counterparts [29]. 
The present result may confer the higher sprinting ability of soccer players 
within the anaerobic zone and depict a higher glycolytic activity level [30, 31]. 
However, some studies corroborate the same result of improved anaerobic 
power output even at the lactate threshold point in sedentary men [29]. 
MacDougal et al. [31] reported that short but intense sprint training (around 
≥ 90% HRmax) can enhance glycolytic and oxidative enzyme activity, as well 
as maximum short-term power output.

The activity levels of CK and LDH have been used as indicators against muscle 
damage due to high intensity exercise under resistance or aerobic training [8, 
9]. In the present study, relative anaerobic power positively correlated with the 
resting value of LDH (r = 0.307, insignificant) and CK-MB (r = 0.330, p < 0.05). 
Although LDH was found to be significantly higher among the group of soccer 
players, along with the significantly higher relative anaerobic power, which 
may confer the involvement of excessive moderate to high intensity eccentric 
phase muscle activity [9]. Increase in the resting LDH activity for up to 24 hours 
may result from the immunological and hormonal changes due to stress-tension 
association with aerobic and resistance training [32]. Moreover, Urhausen 
and Kindermann [33] said that some athletes show only small increases in CK 
activity and that was due to a lower permeability of muscle cell membranes.

conclusions�
Systematic training within the hydration limit corroborates more muscular 
damage (increased CK and LDH) among the soccer players than among the 
hockey players, which was associated with the reduction in muscular strength 
and endurance in the same group. On the other hand, creatine kinase showed 
a significant positive relationship with relative anaerobic power. The study may 
also reveal a higher glycolytic activity and sprinting ability of soccer players by 
better maintenance of the anaerobic zone with higher relative anaerobic power. 
Overall, this type of study can help to strengthen the database of South-East 
Asian team athletes and can be used as baseline data for future research.
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limitation of the study�
The present study does not have any sedentary data (control group) to compare. 
It does not conclude the positional variance between the playing groups as the 
data were not collected as per the playing position.
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