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Abstract
Purpose: Aim of this study was to investigate the effect of 8 weeks core training program on some physiological and 

physical parameters of handball team’s female players. 
Material: Volunteers were separated two groups as CTG (training group) and CG (control group). CTG was applied core 

strength training 30 min sessions 8 weeks and 3 days per week additionally handball trainings. CG wasn’t 
applied any core training. Effects of different core training regimes were compared after eight weeks with 
repeated measures MANOVA for the tests. 

Results: Neither group demonstrated difference for body composition measurements for repeated test scores and 
between groups comparisons. Significant difference was found BFP (body fat percentage) parameters on 
CTG. Sprint, agility, SLJ (standing long jump) scores did not increase in any groups and no difference was 
found between groups. Significance was found in VJ (vertical jump), back and leg strength, right and left 
hand grip strength, flexibility, balance parameters on CTG. Also significance was found in all core parameters 
on CTG. 

Conclusions: Results indicate that core trainings were very effective on performance based features especially on strength 
and core stability. So these exercises should be included in the training programs of female handball players.

Keywords: core training, female students, handball, performance analysis.

Introduction1

The aim in sport is to develop sporty athletes’ physical 
suitability and maximize sporting success. In order to 
achieve the desired sporty success, it is necessary to have 
a high morphological structure in the branch as well as the 
motoric characteristics that can fulfill the requirements 
of the branch. Core training can be done by helping to 
maximize these features. Because the greater the core 
power, the greater the power generation in the arms and 
legs [1]. 

The “core musculature” can be defined generally as 
the 29 pairs of muscles that support the lumbo-pelvic-
hip complex in order to stabilize the spine, pelvis, and 
kinetic chain during functional movements [2]. The core 
muscle is defined as the muscles around the spine and the 
abdomen, and functions essentially to maintain spinal 
stability and pelvic balance [3]. Core strengthening has 
come into prominence in sports training as a method to 
condition athletes with the hope of preventing injury to 
the spine and/or extremities. The main emphasis of core 
strengthening is focused on muscular stabilization of the 
abdominal, paraspinal, and gluteal muscles to provide 
better stability and control for sporting activity [4].

Handball is a very strenuous body-contact team sport 
that places heavy emphasis on running, jumping, running 
speed, and throwing, and requires substantial strength 
levels to hit, block, push, and hold during game actions 
[5]. Core strength is an essential part of any athlete’s 
total fitness. Handball athletes cannot ignore this facet 
in their physical training because handball is not a one 
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dimensional game; players are constantly shifting their 
body from side to side or rotating their bodies toward 
the ball. One strategic level of handball requires that one 
keeps their opponents running and off-balance, hence 
many directional changes during a match. 

In order to improve athletic performance, we need 
to work out what features core training has developed, 
which is a type of training that teams use frequently, and 
in which period it should be applied. It’s thought that with 
the strengthening of the core area the needed features 
when playing handball such as balance, agility, speed and 
jump will increase.

In this study, it is aimed to measure the effects of core 
training applied to handball players on these parameters. 
It is thought that knowing the effect of the core training 
sessions on the physical and physiological characteristics 
of the athlete will guide the athletes and the coaches as 
well as contribute to the sports sciences.

Material and Methods
Subjects: After the pre-test period, 20 athletes 

were divided into two groups; 10 core training group 
(CTG) and 10 control group (CG). For the sake of no 
difference between the groups in terms of both physical 
and physiological terms; the final state of the groups 
was determined in the form of 10 CTG (age=17.80±1.4 
years, height=153.2±5.8 cm, weight=60.03±7.9 kg), 
10 CG (age=17.60±1.89 years, height=166.6±5.8 cm, 
weight=63.30±6.3 kg). In addition, parental signed 
consent was obtained from parents of each player to 
participate in the study.
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Procedures: During the application phase of the 
study, subjects were applied an 8-week core training 
program, except for their own training days. During 
the training period, subjects did not participate in any 
training programs for basic motoric features, they just 
participated in technical and tactical training programs of 
their team. CTG participated in the core training program 
for approximately 60 minutes, including 20 minutes of 
warm-up and 10 minutes of cool-up exercises in 3 days 
(Monday, Wednesday, Friday). 

Training Plan: The trainings of the CTG were carried 
out in the sports hall of the club under the supervision 
of the researchers. The training hour was 18:00 for each 
training. The training program was planned to be 10 
repetitions and 2 sets for each movement for first week and 
the subjects were given 1 minute between repetitions and 
3 minutes between sets in order to provide full recovery. 
Besides, the number of repetitions was increased each 
week, additional movements were added in fifth and 
seventh weeks, adhering to the principle of progressive 
increase of load [6] as the athletes develop adaptations 
to the training. In Table 1, there is an 8-week training 
program applied to CTG.

Physical Measurements: In this section under the title 
of physical measurements, the information about height, 
weight, body mass index (BMI) and body fat percentage 
(BFP) measurements of the subjects participating in the 
study will be explained. 

The height of the subjects participating in the study 
was measured with Holtain brand stadiometer with a 
sensitivity of 0.01 cm. The length of the subjects was 
determined in anatomical position (barefoot) and the 
result was recorded as “cm”. The weight measurements of 
the subjects were measured with a sensitivity of 0.01 kg in 
anatomical position (barefoot) and the result was recorded 
as “kg”. BMI values were determined by “BMI = weight 
(kg) / (height)2” formula. BFP values were obtained by 
bioimpedance analysis (Tanita MC 780; Tokyo, Japan). 

Motoric Performance and Field Measurements: 
In the study, various tests were used to determine the 

performance characteristics of handball players. 
Dynamometers were used especially when determining 

strength characteristics. Pro Agility and 505 tests to 
determine agility skills, 10 and 30 m test to assess their 
speed and acceleration abilities were applied to handball 
players. In addition, the lower extremity explosive 
force of the athletes was evaluated with standing long 
jump in horizontal direction and vertical jump tests. Sit 
and reach test was also applied to subject to determine 
flexibility and Star Excursion Balance Test (SEBT) was 
used to measure balance skills. Besides, plank, isometric 
back extension endurance, sit up and push up tests were 
applied to determine core stability and endurance features 
of subjects. Before the measurements, the athletes were 
warmed up and flexibility exercises were applied. 

Muscular strength tests: Handgrip  strength  was 
measured for right and left hands with a dynamometer 
(Takei, Japan). The subjects were placed sitting with 0° 
of shoulder flexion, 90° of elbow flexion, and the forearm 
in neutral. Maximal back strength and leg strength were 
measured using a back and leg muscle dynamometer 
(Takei, Japan). The length of the handle chain was adjusted 
to fit each subject, so that the angle of the subjects’ knees 
was at 45°. Two trials were performed in each exercise. 
The best score of two measurements was recorded [7].  

Pro agility test: Markers were placed at 0, 5, and 10 
yards with timing gates on the 5-yard line, to indicate 
where participants start and finish. Participants began 
in a neutral 3-point position with feet either side of the 
midline, participants then turned and ran 5 yards to the 
right side and touched the line with the right hand, and 
then ran 10 yards to the left, touched the line with their 
left hand the ran back through the start line to the finish. 
The trial was then completed in the other direction, with 
a third trial completed off the preferred foot. The fastest 
trial was recorded [8].

505 agility test: Subjects sprinted forward from the 
15-m cones and the timing began once they passed the 
5-m cones. When the subjects reached the 0-m cones, 
the subject made a 180° change of direction and sprinted 

Table 1. 8-week core training program

Movements 1st 
Week

2nd 
Week

3rd 
Week

4th 
Week

5th 
Week

6th 
Week

7th 
Week

8th 
Week

Uneven Plank 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
Crunch 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
Abdominal Oblique Side Plank 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
Super Plank with Leg Raise 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
Lying Side Crunch 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
Superman 2X10 2X15 2X20 2X25 2X25 2X30 2X30 2X35
V-Up 2X25 2X30 2X30 2X35
Windshield Wipers 2X25 2X30 2X30 2X35
One Arm / Leg Plank Balance 2X25 2X30 2X30 2X35
Mountain Climber 2X30 2X35
Single Leg Bridge 2X30 2X35
Air Bike Crunches 2X30 2X35
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back through the 5-m cones, at which point the timer 
was stopped. All subjects completed 3 trials of the 505 
agility test with 2–5 minutes’ rest between each trial [9].

Vertical jump test
The vertical jump (VJ) is one of the most frequently 

used tests of power and explosiveness in strength and 
conditioning [10]. Standing erect with the feet flat on the 
floor, the client reaches as high as possible on the tape, 
with the arm and fingers fully extended and the palm 
toward the wall. This is recorded as the beginning height. 
Standing about a foot away from the wall, the individual 
brings the arms downward and backward, while bending 
the knees to a balanced semisquat position, and then jumps 
as high as possible, with the arms moving forward and 
upward. The tape should be touched at the peak height of 
the jump with the fingers of the arm facing the wall [11]. 
The best of three trials were recorded as “cm”. 

Standing long jump test
The standing long jump (SLJ) is another frequently 

used test of lower body explosive performance. This test 
may be used in conjunction with the VJ test, because 
it provides information about vertical and horizontal 
displacement. The measurement was made between the 
heel where the subject touched down after the horizontal 
jumping from the starting line and the best of three trials 
were recorded as “cm” [10,12]. 

10m-30m speed and acceleration tests: The speed 
skills of the subjects were measured by 10 and 30 meter 
tests. The subjects started the test from the starting line 
located 1 meter behind the starting photocell (Newtest 
2000; Newtest Oy, Oulu, Finland). Acceleration and 
speed values of the subjects were recorded through the 
photocells placed at 10th and 30th meter. Each participant 
repeated the test twice, and the best one was recorded as 
“seconds”. 

Flexibility test: Flexibility of the trunk was determined 
from a sit-and-reach test using a standard sit-and-reach 
box. The subjects sat in front of a sit-and-reach testing 
box, where the feet meet the testing box. The subjects 
were informed to reach forward, with palms down and 
one hand on top of the other along the measuring scale of 
the testing box. The recorded score for this test was the 
average of 2 trials [7]. 

Star Excursion Balance Test (SEBT): The SEBT was 
performed with the participants standing in the middle of 
a grid formed by eight lines extending out at 45° from 
each other. The participant was asked to reach as far as 
possible along each of the eight lines, make a light touch 
on the line, and return the reaching leg back to the center, 
while maintaining a single-leg stance with the other leg in 
the center of the grid. Participants were instructed to make 
a light touch on the ground with the most distal part of 
the reaching leg and return to a double-leg stance without 
allowing the contact to affect overall balance. They began 
with the anterior direction and progressed clockwise 
around the grid. All participants began with a right stance 
leg in the center of the grid. After completion of the three 
trials in the eight directions and 5-min rest period, the 

test continued with a left stance leg. The balance score 
was calculated by using the formula, “reach distance/leg 
length x 100” [13].

Core stability and endurance tests: Plank, isometric 
back extension endurance, sit up and push up tests were 
applied to determine core stability and endurance features 
of handball players.

Plank test
The plank protocol required participants to maintain a 

static prone position with only forearms and toes touching 
the ground. Proper form required feet together with toes 
curled under the feet, elbows forearm distance apart, and 
hands clasped together against the floor mat. Participants 
maintained eye contact with their hands, a neutral spine, 
and a straight line from head to ankles. The child was 
given one 5-s practice trial, and the examiner instructed the 
child into the proper position, followed by a brief period 
of rest. The test began when the participant demonstrated 
the correct position. Participants were allowed to deviate 
from the correct position once and could continue the test 
if they immediately resumed the correct starting position. 
The test was terminated on the second deviation from the 
correct position or if the participant did not return to the 
correct position after the first warning [14]. 

Isometric back extension endurance test
Endurance was evaluated by timing (holding time 

measured in seconds) how long the subject was able to 
hold the upper part of the body horizontal, while lying 
prone, with no support beyond the upper border of the 
iliac crest. The hands were kept behind the neck and the 
thighs and ankles were fixed to the table by 2 wide straps. 
Subjects were instructed to hold the position as long as they 
could. During testing, subjects received encouragement 
once if their position fell under the horizontal level. The 
position was indicated by a plumb bob hanging from 
the ceiling that was adjusted to contact the back when 
the horizontal position was maintained. If the position 
was not immediately corrected, or if the subject claimed 
that the position could no longer be held due to fatigue 
or discomfort, the test ended and the holding time was 
recorded [15]. 

Sit up and push up tests
These tests were applied to subjects for 1 minute and 

only proper applications of subjects in this time were 
recorded as sit up and push up scores.

Statistical Analysis. 
The data obtained from the pre and post-training 

measurements of handball players were analyzed in the 
IBM SPSS 19 statistical program. Descriptive statistics 
are categorized according to all handball players and 
groups. The pre and post-test distributions of the variables 
were examined according to groups, the normality of the 
distributions and the homogeneity of the variance were 
determined by the Mauchly’s Sphericity Test and the 
Levene Test. Analysis of intergroup, intra group and the 
effect of training was carried out with multiple analysis 
of variance (MANOVA) in repeated measurements. 
Bonferroni test was used for Post Hoc comparisons, the 
significance level was accepted as 0.05.



300

   PHYSICAL 
  EDUCATION 
OF STUDENTS

Results
The average age, height, weight and BMI of 20 

handball players were seen as 17.7±1.6, 166.1±5.6, 
61.6±10.80, 22.14±2.4, respectively. 

There is no significant difference between groups 
before the training period for all descriptive variables 
(tabl. 2).

The pre and post-test measurements of physical 
characteristics of the subjects, such as weight, BMI and 
BFP, are compared in terms of inter-group, intra-group 
and group*test interaction (tabl. 3). According to this, the 

increase in the weight and the decrease in BMI values of 
CTG was statistically significant, whereas these data were 
not statistically significant. In the BFP values, group*test 
interaction was seen and it was understood that this 
interaction resulted from CTG.

As can be seen from the results that significance was 
found in VJ, back and leg strength, right and left hand grip 
strength, flexibility, balance parameters in favor of CTG. 
Also significance was found in all core parameters on 
CTG. These significances affect the test*group interaction 
(p<0.05).

Table 2. Descriptive statistics of handball players and comparison of physical measurements among groups

Group Mean-Standard 
Deviation Min. Max. Comparison Between 

Groups

CTG Age 17.80±1.4 16 18

(n=10) Height (cm) 153.2±5.8 145.6 171.8

Weight (kg) 60.03±7.9 43.1 69.6

CG Age 17.60±1.89 16 18

(n=10) Height (cm) 166.6±5.8 153.4 171.5

Weight (kg) 63.30±6.3 51.1 70.4 Chi-Square P

TOTAL Age 17.7±1.6 16 18 -0.397 0.691

(n=20) Height (cm) 166.1±5.6 145.6 171.7 -0.454 0.650

Weight (kg) 61.6±10.80 43.1 70.4 -0.984 0.325

*p<0.05

Table 3. Comparison of pre and post-test changes of physical features of groups

Group N Pre-Test Post-Test Intra-Group 
Change (%)

Test*Group 
F p

Physical Features

CTG 10 60.03±7.9 60.19±7.8 0.16 (0.27)*

Weight (kg) 0.075 0.788

CG 10 63.30±6.3 63.43±6.2 0.13 (0.21)

CTG 10 22.07±1.91 21.98±1.84 -0.09 (-0.41)*

BMI 0.615 0.443

CG 10 22.21±2.07 22.16±2.02 -0.05 (-0.96)

CTG 10 13.57±2.32 13.44±2.32 -0.13 (-0.96)*

BFP 0.575 0.017*

CG 10 13.63±2.49 13.59±2.46 -0.04 (-0.29)

*p<0.05, BMI: Body Mass Index, BFP: Body Fat Percentage 
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Table 4. Comparison of pre and post-test changes of explosive force, agility and speed and acceleration tests of groups

Group N Pre-Test Post-Test Intra-Group 
Change (%)

Test * Group 
F p

Explosive Force Tests

VJ (cm)

CTG 10 32.54±4.02 32.80±4.02 0.26 (0.80)*

24.816* 0.001

CG 10 31.56±2.49 31.59±2.46 0.03 (0.10)

SLJ (cm)

CTG 10 163.80±20.48 164.75±20.64 0.95 (0.58)*

1.692 0.210

CG 10 154.50±13.96 155.20±14.11 0.70 (0.45)*

Agility Tests

Pro Agility 
(sec)

CTG 10 8.17±0.51 8.14±0.50 -0.03 (-0.37)

3.060 0.096

CG 10 8.15±0.40 8.15±0.20 -0.001 (-0.01)

505 Agility 
(sec)

CTG 10 4.86±0.19 4.83±0.19 -0.03 (-0.62)*

0.450 0.511

CG 10 4.86±0.20 4.83±0.20 -0.03 (-0.62)*

Speed and Acceleration Tests

10 m (sec)

CTG 10 2.10±0.20 2.09±0.20 -0.01 (-0.48)

0.096 0.760

CG 10 2.14±0.13 2.13±0.12 -0.01 (-0.47)*

30 m (sec

CTG 10 5.13±0.52 5.12±0.51 -0.01 (-0.19)*

0.356 0.558

CG 10 5.25±0.37 5.24±0.36 -0.01 (-0.19)*

*p<0.05, VJ: Vertical Jump, SLJ: Standing Long Jump

Discussion
When the body composition changes of handball 

players are examined, it was observed that BMI and BFP 
of CTG decreased by 0.41% and 0.96% respectively after 
the training program and this decrease created statistical 
significance in the test*group comparison (Table 3). 
The existing studies which show the effect of core 
stabilization exercises on body compositions give quite 
different results from each other and it is considered that 
this difference is due to the study groups. While studies on 
sedentary individuals show that in general positive effects 
have been achieved on body composition [16-19], this 
effect has not been shown in some other studies [20,21], 
however a change is mostly not seen in studies with 
athletes [22]. For example, a Pilates training program 
that consisted of 7 exercises of 2 to 3 sets with 15 to 20 
repetitions each with a 45-sec rest interval twice a week 
for 6 weeks (in addition to basketball team training), 
was not sufficient to change body composition in young 
basketball athletes [23]. In this study, the application of 
the training program at the beginning of the season and 
the differences in body composition in the intra-season, 
half season stages of athletes [24,25] can explain the 

change in body composition with training.
Explosive power, agility and speed tests showed that 

there was a difference between groups for VJ test only 
and that the core training group increased the jump height 
by 0.8% (Table 4). Both correlation and experimental 
studies investigating the effect of core training programs 
on agility and speed tests reveal different results. Many 
studies show that the positive effect of core stabilization 
studies on athletic skills such as jump, speed, agility in 
which the ability to produce quick power is important 
remains low [26-30]. In the systematic review carried 
out by Reed et al., 13 of the 24 studies were conducted 
with athletes and the majority of the positive performance 
improvements resulting from these studies were due to 
sports-related training and sport-specific measurements. It 
was revealed that the change in performance skills such as 
basic strength, sprinting and jumping was not sufficiently 
provable by core stabilization studies [30]. In another 
study, both dynamic and static working groups, who 
practice core training on unstable surface, did not develop 
vertical jump, health ball throwing, 20 m sprint scores. 
Increased core stabilization ability as a result of both types 
of training did not affect sports-related performance [29].
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Some studies also show positive development in lower 
extremity power output with core stabilization training 
[31-33]. For example, as a result of core strength training 
applied to 19 young players on stable and unstable surfaces 
with football training, while trunk extension strength 
increased by 5%, this increase improved 10-20 m sprint 
performance by 3% and shot speed by 1%33. However, it 
was revealed some developments in core rotational power 
related to the upper extremity, such as hitting, throwing 
in many studies [34-36]. It can be generally said that the 
contribution of core stabilization studies to various power 
tests differ, but the effect of lower extremity power and 
power tests is less than the effect of upper extremity 
tests. As in this study, core exercises only include body 
stabilization exercises to strengthen global and local 
muscles, hip joint muscles that provide the link to the 
lower extremity cannot activate enough in these exercises 
may explain this situation.

It was observed that the training program had a 
significant impact on both the sit and reach test and the 
balance test (Table 5). After the training program, the sit 
and reach score increased by 13.54% in CTG, and the 
right and left SEBT scores increased by 5.74% and 2,2%, 
respectively. In all tests, the test*group relationship was 
statistically significant. In this respect, the core training 
program has significantly increased the flexibility of 
the spine (especially thoracic and lumbar), hamstring 
flexibility and balance skill. There are many studies 
in the literature that show that balance test scores have 
increased thanks to the development of core stabilization 
skills [19, 29, 37-40]. In a 12-week body stabilization 
study conducted with 17 male footballer, the static and 
dynamic balance skills of athletes increased significantly 
compared to the control group [41]. In addition, the 
opposite of this, it was said that balance exercises also 

increased the test performance of core stability [42]. The 
relationship between flexibility and core stabilization 
training is not seen as much. However, the development 
of flexibility in this study can be explained by assuming 
that studies involving the applications of pilates [20, 43] 
in which similar core exercise structures are being studied. 
For example, as a result of pilates exercises applied by 
20 people for 45 minutes and two days per week for 8 
weeks, measurements were made using sit and reach 
and lumbo-pelvic stabilization tests. In 0, 4 and 8 week 
scores of subjects were 27.69 cm, 31.77 cm and 34.89 
cm, respectively. In the study, in addition to lumbo-pelvic 
stabilization, the flexibility characteristics of the subjects 
were improved [43].

For all muscular strength and endurance 
measurements, the CTG shows significant improvement 
compared to CG (Table 6). According to this, the right-left 
hand grip strength for CTG was 3.14%, 3.24%, and the 
leg and back strength were 14.1%, 13.7%, respectively. 
The increase in core stability and endurance tests was 
more pronounced for CTG and the rates of change were 
seen as %26.27, %25.09, %19.8, %17.44 in plank, back 
extension endurance, sit up, push up, respectively. Similar 
developments were introduced in studies examining 
core stabilization training and the development of core 
stabilization and endurance skills [22,28,29]. While the 
core test-specific performance increased with the Swiss 
ball stabilization exercises applied twice a week for 6 
weeks (Swiss ball prone stabilization core stability test and 
Sahrmann test of core stability), no change was observed 
in the running economy at different speeds, myoelectric 
fatigue level in different muscles, and the running posture 
[7]. In a study consisting of 10 experimental and 10 control 
group, 50 m swimming time developed by 2% with 12-
week core trainings. In addition, medium and high-level 

Table 5. Comparison of pre and post-test changes of flexibility and balance tests of groups

Group N Pre-Test Post-Test Intra-Group 
Change (%)

Test * Group 
F p

Stand and Reach Test

Flexibility 
(cm)

CTG 10 24.00±6.41 27.25±7.22 3.25 (13.54)*

6.746* 0.018

CG 10 24.65±8.26 25.15±8.26 0.50 (2.03)*

Star Excursion Balance Test (SEBT)

SEBT (right)

CTG 10 637.74±72.39 674.32±73.84 36.58 (5.74)*

519.154* 0.000

CG 10 643.07±63.55 648.40±62.87 5.33 (0.83)*

SEBT (left)

CTG 10 655.96±102.74 670.41±100.07 14.45 (2.20)*

38.948* 0.000

CG 10 658.84±81.07 663.20±80.79 4.36 (0.66)*

*p<0.05
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developments were observed in asymmetric straight arm–
pull-down test compared to control group. At the same 
time, EMG activity of maximal voluntary contraction of 
core muscles was increased [44]. 

Conclusion
As the results show that both training types let the 

players improve movement related measurements of core 
stability but did not transfer into any anaerobic skills and 

body composition. Core stability training is not generate 
sufficient stimulus to improve power and strength 
dependent performance skills like sprint and agility and 
not required to be the main part of handball conditioning 
programs.
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Table 6. Comparison of pre and post-test changes of muscular strength and core stability and endurance tests of 
groups

Group N Pre-Test Post-Test Intra-Group 
Change (%)

Test * Group 
F p

Muscular Strength Test

Hand Grip 
Right (kg)

CTG 10 31.17±4.79 32.15±4.70 0.98 (3.14)*
24.816* 0.000

CG 10 28.30±4.68 28.54±4.67 0.24 (0.85)*

Hand Grip 
Left (kg)

CTG 10 27.74±3.71 28.64±3.71 0.90 (3.24)*
81.520* 0.000

CG 10 27.93±3.76 28.04±3.76 0.11 (0.39)*

Leg Strength 
(kg)

CTG 10 104.25±16.41 118.95±15.90 14.70 (14.10)*
439.2* 0.000

CG 10 95.70±18.36 98.30±16.61 2.60 (2.72)*

Back Strength 
(kg)

CTG 10 92.65±12.52 106.35±12.40 13.70 (14.79)*
108.81* 0.000

CG 10 88.75±10.23 93.70±10.07 4.95 (5.58)*
Core Stability and Endurance Tests

Plank
CTG 10 93.01±22.58 117.44±21.44 24.43 (26.27) *

282.79* 0.000
CG 10 87.00±14.85 89.10±15.53 2.10 (2.41) *

Back 
Extension 
Endurance

CTG 10 110.85±25.24 138.66±25.33 27.81 (25.09) *
171.313* 0.000

CG 10 107.08±18.56 110.18±18.05 3.10 (2.90) *

Sit up (reps)
CTG 10 20.20±1.89 24.20±1.62 4.00 (19.80) *

66.818* 0.000
CG 10 19.90±2.47 20.40±2.68 0.50 (2.51)

Push up
(reps)

CTG 10 19.50±2.72 22.90±2.56 3.40 (17.44) *
47.676* 0.000

CG 10 18.60±2.50 19.20±2.90 0.60 (3.23)

*p<0.05
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