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Abstract: With the purpose to establish a relationship between physical characteristics of the players and
biomechanical variables of service in lawn tennis present study was structured. For the purpose of the study
twelve intervarsity level players were recruited as the subjects. A camcorder was used to video record the
movement of the subjects. 2D Data were collected from movement onset to the follow-through phase. Silicon
Coach Pro7 motion analysis software was used to digitize the variables. Whereas for acquiring data on physical
characteristics of the subjects; a stadiometer was used to record height; a portable weighing machine was used
to scale body weight; a steel measuring tape was used to measure the arm and leg length. Pearson product
moment correlation coefficient was applied to establish the relationship between physical characteristics of the
subjects and biomechanical variables of service. Results of the study shows, at preparation phase there is
significant relationship exist among age and ankle angle, height and ankle angle, weight and ankle angle
whereas no significant relationship observed in the remaining pairs of variables. At wind-up phase a negative
significant relationship exist among elbow angle and all selected variables of player’s physical characteristics.
A negative significant relationship also documented between age and knee angle. On the other hand other pairs
of variables show no significant relationship at wind-up phase. There is significant relationship exists among
height and shoulder angle, height and hip angle, arm length and hip angle, leg length and hip angle, whereas
negative significant relationship documented in between arm length and knee angle, leg length and knee angle.
Insignificant relationship reported in the tested pairs in the study in between player’s physical characteristics
and different joints angles at force-generation phase. At follow-through phase significant relationship found
between weight and wrist angle, whereas insignificant relationship observed in the remaining pairs tested in
this study.
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INTRODUCTION direct  the  ball  into the service area on the opponents

Tennis is a precision sport in which control over weapon.  It  provide  an  effective  attack  because  in  this
everything you do is vitally important [1]. And yet this the ball can be hit with a tremendous amount of force [3],
element of control is the one which both beginners and which reducing the opposition’s reaction time and
even players with some experience often find the most consequently their ability to return the ball [4]. Thus the
difficult to acquire. The modern game of tennis originated serve  is  one  of  the  most  important  skills in tennis [5,6].
in the United Kingdom in the late 19  century as ‘lawn A tennis player must acquire it, in order to have anth

tennis’ which has inherent connections to various effective attack [7-9]. 
field/lawn games as well as to the ancient game of real The physical characteristics of a tennis player play an
tennis [2]. After its invention it spread throughout the important role in service. As one’s muscles generate
world. It is an Olympic sport and it is played at all levels power into service. Arm length, leg length and height of
of society at all ages. the players influence the angle of projection and

Service is an opening gun of tennis. It is putting the contribute for the proper placement of the ball into
ball into play. The primary objective of the serve is to opponents’ court.

side  of  the  court.  Serve  is an effective offensive
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For the analysis the serve can be broken down into
the four phases: a) preparation, b) wind-up, c) force-
generation and d) follow-through phase. In the
preparation phase the player determines the location and
type of serve they are going to hit, based on the
positioning of the opponent and their knowledge of the
opponents limitations. During the course of the wind-up
the players’ weight is initially shifted from the front foot
to the rear foot. Concurrently the left arm tosses the ball
(in case of right handed player); consistency is imperative
to the performance of the serve. It is important for a
consistent toss, to have the left arm extended throughout
the toss. The striking action of the force-generation phase
is initiated via the extension of the legs and the downward
acceleration of the tossing arm. This phase of the skill
commences following contact with the ball. In the follow- Fig. 1: Showing an over view of the experimental setup of
through phase player recovers his/her lost balance. subject and camcorder position.

Biomechanical analysis of the skills and role of
player’s physical characteristics involved in each phase
enables us to give effective instruction and appropriate
technical cues to improve the performance of tennis
players [10-12]. Therefore this study was structured to
establish the relationship between player’s physical
characteristics and biomechanical variables of service. 

MATERIALS AND METHODS

Subjects: The subjects for the study were recruited from
the north-zone intervarsity men’s tournament which was
held  at   Aligarh   Muslim   University,  Aligarh,  India  in
December 2010. The number of selected subjects was
twelve who willingly volunteered in this study. Only right
handed players were recruited in this study to maintain
the homogeneity of the subjects. All selected subjects do
not have any injury within six month on the date of data
collection. 

Tools and Equipments: Standard and specific tools and
equipments were used to capture and analyze the data.
The experimental apparatus used in this research work
were camcorder with tripod, stadiometer, measuring tap,
weighting machine, motion analysis software and
computer.

Data Collection and Analysis of Biomechanical
Variables: For recording 2-D biomechanical data a high
speed Canon Legria HF S10 camcorder was used. The
camcorder was placed on a rigid tripod at a height of 1.5
metres from the ground and at a distance of 10 metres
from the midpoint of the base-line; it was placed on the
right side of the subject in line to the base-line (Figure 1). Fig. 2: Showing all four phase of service.
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The shutter speed of the camcorder was adjusted at a Statistical Treatment: In the first phase of data analysis
higher speed (1/2000  of a second) in order to eliminate descriptive statistics of all variables were computed.th

the blurring effects while processing the recordings. After Pearson product moment correlation coefficient was
all field  settings   and   a   standardized   warm-up   lasting applied in the second part to establish the relationship
15 min (i.e., submaximal  run,  sprinting,  practice  serve), between player’s physical characteristics and
subjects  were  asked  to  serve  for  three  times.  There biomechanical variables of service in lawn tennis. The
is 30 second rest in between each trial. Each participant SPSS (v.16) software was used to perform all statistical
was allowed to use his own racquet during data functions. Significance threshold was set at 0.05 level with
collection. Two-dimensional coordinate data of service 10 degree of freedom.
from one (right) side of the body of the subjects were
recorded with camcorder. Data were collected from RESULTS
movement onset i.e. preparation phase to the follow-
through phase. Coordinate  data  were  filtered  and then The objective of this scientific endeavor was to
kinematic variables were digitized with the help of Silicon establish a relationship between variables of player’s
Coach Pro7  motion  analysis  software.  The  variables physical characteristics and biomechanical variables of
which were digitized i.e. wrist, elbow, shoulder, hip, knee service. In the table given below investigator present the
and ankle joints angles for preparation, wind-up, force- results of the study undertaken.
generation and follow-through phases. The ball toss Table 2’s readings shows that there is significant
height was taken at course of wind-up phase, angle of relationship exist among age and height, age and weight,
projection was digitized at the time of force-generation age and arm length, age and leg length, height and weight,
phase and ball velocity was taken from the force- height and arm length, height and leg length, weight and
generation to 10  frame. arm length, weight and ball toss height, arm length and legth

Data Collection and Analysis of Player’s Physical relationship existed among rest of selected pairs of
Characteristics: For acquiring data on players physical variables.
characteristics of the subjects; a stadiometer was used to A critical evaluation of Table 4 revealed that there is
record height of the subjects; a portable weighing significant relationship exist among age and ankle angle,
machine was used to scale subject’s body weight; a steel height and ankle angle, weight and ankle angle whereas
measuring tape was used to measure the arm and leg no significant relationship observed in the remaining pairs
length of the subjects. of variables.

length, arm length and ball velocity, whereas insignificant

Table 1: Mean and Standard Deviation (SD) of Player’s Physical Characteristics and Biomechanical Variables

Variables Mean ± SD

Age (years) 21.75 1.82

Height (cm) 169.67 4.27

Weight (kg) 67.58 10.75

Arm Length (cm) 57.25 3.14

Leg Length (cm) 88.83 3.16

Angle of Projection (degree) 11.16 1.59

Ball Toss Height (mts) 1.49 0.07

Ball Velocity (m/s) 48.92 6.27

Table 2: Relationship among Player’s Physical Characteristics and Biomechanical Variables 

Height Weight Arm Length Leg Length Angle of Projection Ball Toss Height Ball Velocity

Age 0.66* 0.88* 0.73* 0.61* 0.14 0.53 -0.24

Height 0.80* 0.77* 0.62* 0.04 0.47 -0.14

Weight 0.64* 0.52 -0.10 0.64* 0.03

Arm Length 0.96* 0.06 0.46 -0.60*

Leg Length -0.10 0.45 -0.62*

Angle of Projection -0.46 -0.44

Ball Toss Height 0.25

*Significant Tab. r= 0.53
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Table 3: Mean and SD of Different Joints Angles at Preparatory Phase

Joint Angles Mean ± SD

Wrist Angle (Degree) 150.00 10.40

Elbow Angle (Degree) 132.08 6.53

Shoulder Angle (Degree) 129.58 11.10

Hip Angle (Degree) 166.33 7.01

Knee Angle (Degree) 163.17 13.98

Ankle Angle (Degree) 97.67 4.74

Table 4: Relationship among Player’s Physical Characteristics and Different Joints Angles at Preparatory Phase

Wrist Angle Elbow Angle Shoulder Angle Hip Angle Knee Angle Ankle Angle

Age -0.17 0.06 -0.20 -0.40 -0.02 0.61*

Height -0.11 0.06 -0.32 -0.11 -0.15 0.64*

Weight -0.09 0.10 -0.20 -0.26 -0.22 0.60*

Arm Length -0.03 0.04 -0.12 -0.47 -0.21 0.47

Leg Length -0.04 -0.04 -0.03 -0.50 -0.25 0.33

*Significant Tab. r= 0.53

Table 5: Mean and SD of Different Joints Angles at Wind-up Phase

Joint Angles Mean ± SD

Wrist Angle (Degree) 136.92 9.08

Elbow Angle (Degree) 91.75 20.39

Shoulder Angle (Degree) 153.92 7.68

Hip Angle (Degree) 183.33 16.53

Knee Angle (Degree) 167.92 6.23

Ankle Angle (Degree) 152.42 5.74

Table 6: Relationship among Player’s Physical Characteristics and Different Joints Angles at Wind-up Phase

Wrist Angle Elbow Angle Shoulder Angle Hip Angle Knee Angle Ankle Angle

Age 0.24 -0.70* -0.34 -0.19 -0.62* 0.09

Height -0.02 -0.66* -0.34 0.16 -0.43 0.19

Weight 0.10 -0.73* -0.30 -0.22 -0.37 -0.06

Arm Length -0.18 -0.64* -0.09 0.20 -0.45 0.30

Leg Length -0.26 -0.61* 0.07 0.20 -0.31 0.32

*Significant Tab. r= 0.53

Table 7: Mean and SD of Different Joints Angles at Force generation Phase

Joint Angles Mean ± SD

Wrist Angle (Degree) 173.83 5.39

Elbow Angle (Degree) 173.83 9.16

Shoulder Angle (Degree) 169.33 10.54

Hip Angle (Degree) 151.25 11.49

Knee Angle (Degree) 179.75 14.50

Ankle Angle (Degree) 116.75 4.43

Table 8: Relationship among Player’s Physical Characteristics and Different Joints Angles at Force generation Phase

Wrist Angle Elbow Angle Shoulder Angle Hip Angle Knee Angle Ankle Angle

Age -0.36 0.15 0.55 0.57 -0.52 -0.17

Height -0.33 -0.19 0.63* 0.64* -0.53 -0.05

Weight -0.53 -0.18 0.55 0.57 -0.52 -0.24

Arm Length -0.10 0.26 0.55 0.72* -0.76* -0.13

Leg Length -0.03 0.25 0.39 0.68* -0.75* -0.13

*Significant Tab. r= 0.53
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Table 9: Mean and SD of Different Joints Angles at Follow-through Phase

Joint Angles Mean ± SD

Wrist Angle (Degree) 140.33 9.52
Elbow Angle (Degree) 161.75 5.38
Shoulder Angle (Degree) 98.97 29.47
Hip Angle (Degree) 160.33 6.80
Knee Angle (Degree) 141.00 21.12
Ankle Angle (Degree) 106.25 9.05

Table 10: Relationship among Player’s Physical Characteristics and Different Joints Angles at Follow-through Phase

Wrist Angle Elbow Angle Shoulder Angle Hip Angle Knee Angle Ankle Angle

Age 0.55 -0.16 0.20 -0.32 0.12 -0.46
Height 0.54 -0.36 0.49 -0.27 0.11 -0.25
Weight 0.58* -0.33 0.34 -0.25 0.01 -0.49
Arm Length 0.49 -0.08 0.34 -0.55 0.28 -0.03
Leg Length 0.40 -0.10 0.23 -0.57 0.28 0.11

*Significant Tab. r= 0.53

From the above cited Table 6 it is quite clear that For the analysis purpose the serve movement was
negative significant relationship exist among elbow angle divided into four phases and at the preparatory phase it
and all selected variables of player’s physical was found that there was significant relationship exist
characteristics. A negative significant relationship also among age and ankle angle, height and ankle angle,
documented between age and knee angle. On the other weight and ankle angle whereas no significant
hand other pairs of variables show no significant relationship observed in the remaining pairs of variables
relationship at wind-up phase in this study. in this phase. At wind-up phase it was found that

As evidenced in the Table 8 that there is significant negative significant relationship exist among elbow angle
relationship exists among height and shoulder angle, and all selected variables of player’s physical
height and hip angle, arm length and hip  angle,  leg characteristics. A negative significant relationship also
length and hip angle, whereas negative significant documented between age and knee angle. On the other
relationship documented in between arm length and knee hand other pairs of variables show no significant
angle, leg length and knee angle. Insignificant relationship relationship at wind-up phase in this study. At force
reported in the tested pairs in the study in between generation phase it was observed that there was
player’s physical characteristics and different joints significant  relationship  exists  among  height and
angles at force-generation phase. shoulder  angle,  height  and  hip  angle,  arm  length  and

Readings of Table 10 shows that a significant hip  angle, leg length and hip angle, whereas negative
relationship found between weight and wrist angle at significant relationship documented in between arm
follow-through phase, whereas insignificant relationship length and knee angle, leg length and knee angle.
observed in the remaining pairs tested in this study. Insignificant  relationship  reported  in  the   tested  pairs

DISCUSSION and  different  joints  angles  at  force-generation  phase.

From the results of study it is attributed that there significant  relationship  found  between  weight  and
was no statistically significant relationship found between wrist  angle at follow-through phase, whereas
variable of physical characteristics and angle of insignificant relationship observed in the remaining pairs
projection. Hence we can say that there is no role of tested in this study.
variables of physical characteristics on the angle of
projection. When we talk about ball toss height it was CONCLUSION
found that except weight a variable of physical
characteristics there was insignificant relationship In light of the findings of this study it may be
reported among the variable of physical characteristics concluded that the physical characteristics of a tennis
and ball toss height. Arm and leg length had a significant player doesn’t have any relationship with biomechanical
relationship with ball velocity which attributes that length variables of service in lawn tennis. It is further concluded
of the extremities influence the ball velocity. that:

in  the study in between player’s physical characteristics

In  the  last phase that is follow through phase a
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C There is significant relationship among ankle angle Lower Limb Coordination and Shoulder Joint
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C Elbow angle has a negative relationship with all Sports Exercise, 40: 308-315.
variables of physical characteristics at wind-up 9. Chow, J.H., J.H. Shim and Y.T. Lim, 200. Lower Trunk
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