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ABSTRACT

Yildiz, S, Pinar, S, and Gelen, E. Effects of 8-week functional vs.
traditional training on athletic performance and functional movement
on prepubertal tennis players. J Strength Cond Res 33(3): 6561—
661, 2019—In recent years, studies on functional training (FT) have
gained importance among older adults and health care services, but
there is a lack of research on the athletic performance of children.
Fundamental movement skills are basic skills that need to be
improved by the age of 10, and these skills are fundamental to every
sport. While developing these basic movement skills, some athletic
abilities of children should not be neglected and will be a basis for
the future. In this way, children will have the ability to perform their
sport-specific movement skills easily when the age of specialization
comes. Our hypothesis is that increased functional movement will
enhance athletic performance of child tennis players. Question of
the study is “will increased functional movement enhance athletic
performance of child tennis players?” The purpose of this study is to
investigate the effects of the FT model on the athletic performance
of young athletes. This study included 28 young tennis players
(mean age: 9.6 * 0.7, height: 134.1 * 6.8, body mass: 31.3 *
4.1, and fitness age: 3.1 = 1.1) who have an 80% or more dom-
inant side based on the lateralization test and a functional movement
screen (FMS) score below 75%. Ten subjects were included in
each of the FT group (FTG) and the traditional training group
(TTG), 8 subjects were included in the control group (CG). The
training program was implemented on 3 nonconsecutive days in
a week for 8 weeks. All subjects performed CG exercises; FTG
performed additional exercises based on the FT model, and TTG
performed additional exercises based on the TT model. Flexibility,
vertical jump, acceleration, agility, balance, and FMS tests were
conducted before the training program, at the end of the fourth
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and the eighth week. The Friedman test analysis method bearing
intragroup repeated measurements was used to evaluate the effects
of the training program on the dependent variables among weeks
(beginning the fourth week and the eighth week) since groups
display distribution in nonparametric order. The differences between
the averages were tested with Wilcoxon post hoc analyses. The
Kruskal-Wallis Test analyses method was used to evaluate the ef-
fects of the training program on dependent variables among the
groups (CG, TTG, and FTG). The differences between the averages
were tested with Mann-Whitney U post hoc analyses. Intraclass
correlation coefficient (ICC) values were calculated to determine
the test-retest reliability of all measurements. According to the data,
there was no difference in performance measurements between
CG, TTG, and FTG before the exercise program (p > 0.05), but
the differences between the groups were significant (o < 0.01)
after 4 weeks and 8 weeks. A significant decrease was found in
FMS score in CG (p < 0.01), while no difference was found in
other parameters (p > 0.05). In TTG, FMS score significantly
decreased (p < 0.01), dynamic right balance (p < 0.01) and
dynamic left balance (p < 0.05) increased. But, no statistically
significant difference was found in other parameters (p > 0.05) in
TTG. In FTG, all parameters improved, and differences were statis-
tically significant (p = 0.001). Based on these results, the FT model
seems to be more effective than the TT model in terms of increasing
athletic performance.

Key WorDs FMS, functional training, muscular imbalance,
unitlateral loading

INTRODUCTION

unctional training (FT) can be considered as a new
training method for athletes, although it is often used
especially for older adults (13,17,18,25,37), patients
with stroke (4,26,33,34), and postoperative patients
(2,5). In FT, the traits such as strength, flexibility, balance, and

coordination required in the target movement are
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TasLe 1. Control group's training program.*

Workouts Time (min) Sets Rest Intense

Forehand groundstroke ball feeding 1 3 1:1 %60-80
Backhand groundstroke ball feeding 1 3 1:1 %60-80
Forehand-backhand groundstroke rally 1 3 1:1 %60-80
Forehand-backhand volley rally 1 3 1:1 %60-80
Smash 1 3 1:1 %60-100
Service 1 3 1:1 %60-100
Return 1 3 1:1 %60-100
Kind of game points combinations 1 2 1:1 %60-100
Match combinations 5 1 1:1 %60-100

*The training program lasted 8 weeks. During the training program, ball feeding is performed to prevent the loss of time and resting
frequency. The training program started with 10-minute warm-up (running + stretching) and ended with 10-minute cooling (stretching).

The main training session lasted for 45 minutes.

trained (9,10,14,36,38,40). Through this training method, which
is usually performed in the form of simulating the target move-
ment, the target movement itself is improved rather than a spe-
cific muscle (3). The traditional training (TT) method,

TaBLE 2. Traditional training program.*¥

Workouts Reps Sets Rest  Explanation
Chest press 10 3 1:2 With resistance
band
Shoulder press 10 3 1:2 With resistance
band
Lateral pull- 10 3 1:2 With free weight
down
Biceps curl 10 3 1:2 With resistance
band
Triceps push- 10 3 1:2 With resistance
down band
Seated leg 10 3 1:2 With resistance
extension band
Leg curl 10 3 1:2 With resistance
band
Standing calf 10 3 1:2 With body
rise weight
Modified push- 10 3 1:2 With body
up weight
Sit-up 10 3 1:2 With body
weight

*RM = repetition maximum.

iThe training program lasted 8 weeks. Resistance
band levels of the participants were identified with 6RM
test before starting the training program. At the end of
each session, the resistance of the participant who is able
to repeat much more has been increased. The training
program started with 10-minute warm-up (running +
stretching) and ended with 10-minute cooling (stretch-
ing). The main training session lasted 45 minutes.
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however, involves exercises to increase the strength and dura-
bility of a certain muscle. These exercises are performed unidi-
rectionally, and usually, the sagittal axis is used. Thus, with
intensive loading, improvement is rapid only in the relevant
muscle (40). Besides, the TT is designed for exercise with free
weights in supported or at fixed position or with fixed training
machines (39). However, movements in daily life or sporting
events are performed on multiple axes using multiple muscle
groups and joints at the same time. Moreover, these movements
are performed without any support and not in a fixed position.
For this reason, it can be considered that the TT method alone
cannot suffice in achieving the desired performance level.

While movements were performed on a fixed floor in the
TT method, they continue from a fixed floor through
a nonfixed floor in the FT method. Balance, coordination,
and proprioception develop along with strength and endur-
ance because of the increased requirement for balance (30).
In their study with female soccer and volleyball players,
Oliver and Di Brezzo (30) investigated the effects of a train-
ing program involving functional balance training during the
season. They added functional balance training to the train-
ing program of volleyball players who continue to receive
strength and conditioning training. There was no additional
exercise for soccer players. According to pre-test and post-
test values, there was a significant improvement in sit-up and
single-leg hop performances of volleyball players while a sig-
nificant increase was observed only in sit-up performance of
soccer players. These results suggest that it would be worth-
while to include FT in the TT program.

Because of the competitive nature of tennis, professional
athletes exceedingly push the physiological limits through-
out the year (21,24). To achieve this competence, athletes
start to overload at a young age. However, in bilateral sports
such as tennis, unilateral loading from a young age leads to
muscular imbalances and associated injuries in athletes
(1,19,20,28,32). The implementation of sport-specific
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TaBLe 3. Eight-week functional training program.*

Week 1 Week 2 Week 3 Week 4
Squat Nonresistance With res. band Single leg S. leg with chair
Dead bug Symmetric and Symmetric and Symmetric and Symmetric and

Climbing man

asymmetric limbs up

Table position with
trunk flx and ext.

asymmetric limbs up
and touch

Table position with
trunk flx and ext.

asymmetric limbs up
and touch

Walking on four limbs,
limbs not ext.

asymmetric limbs up
and touch

Walking on four limbs,
upper limbs
extended.

Plank Standard position Standard and side One lower limb up and  One lower limb up and
plank side plank side plank
Bridge Standard position Hip up and down in One leg extended Hip up and down with
standard pos. one leg extended
Chop Chop with body ext. Chop with body ext. Chop with squat pos.  Chop with squat pos.
Lift Lift with body ext. Lift with body ext. Lift with squat pos. Lift with squat pos.
Push up Wall push-up Wall push-up Hands on chair Standard position
(60-70°) (40-50°)
Pull up Lateral pull-up, legs on  Lateral pull-up, legs on  Lateral pull-up, one leg Lateral pull-up, one leg
ground ground up up
Med. Ball throw  To up in squat pos. To up in squat pos. To back with body ext. To back in squat pos.
with jumping
Week 5 Week 6 Week 7 Week 8
Squat S. leg with Swiss ball  Single-leg hop S. leg on balance pad S.L. on b. pad with
handling R.B.
Dead bug Single-side limbs up Single-side limbs up Combined limbs up Combined limbs up
Climbing man Walking on four limbs,  Walking on four limbs, Walking on four limbs, Walking on four limbs,
limbs extended. limbs extended. limbs extended. limbs extended.
Plank One lower limb up and  Cross limbs up and Cross limbs up and Cross limbs up and
side plank one leg up one leg up side one leg up side
plank plank
Bridge Hip up and down with  Hip flex-ext. One leg Hip add-abd. One leg  Hip add-abd. One leg
one leg extended extended extended extended
Chop Chop with squat pos.  Chop with squat pos. = Chop with squat pos.  Chop with squat pos.
with plantar flex. with plantar flex. with plantar flex. with plantar flex.
Lift Lift squat pos. to ext. Lift squat pos. to ext. Lift squat pos. to ext. Lift squat pos. to ext.
pos. pos. pos. with plantar pos. With plantar
flexion flexion
Push-up Feet on chair One leg up and Feet on Swiss ball Feet on Swiss ball
extended
Pull-up Lateral pull-up, feet on  Lateral pull-up, feet on  Standard pull-up Standard pull-up

Med. ball throw

Swiss ball
To wall with squat pos.
FH-BH side

Swiss ball
To wall with squat pos.
FH-BH side

To wall with squat pos.
FH-BH side

To wall with squat pos.
FH-BH side

*Week 1-2: Every session has 10 exercises. 16—-20 rep., 50-70%, 4-2-1 (ex.-iso-con.), 1 set, 30 seconds. Rest, 3 session/week,
10 minutes. Warm-up/40-50 minutes of training/10 minutes of cooling; Week 3-4: Every session has 10 exercises. 14-18 rep., 50—
70%, 3-1-1 (ex.-iso-con.), 1 set, 40 seconds. Rest, 3 session/week, 10 minutes. Warm-up/40-50 minutes of training/10 minutes of
cooling; Week 5-6: Every session has 10 exercises. 12-14 rep., 50-70%, 2-1-2 (ex.-iso-con.), 1 set, 50 seconds. Rest, 3 session/
week, 10 minutes. Warm-up/40-50 minutes of training/10 minutes of cooling; Week 7-8: Every session has 10 exercises. 10-12 rep.,
60-70%, 1-0,5-2 (ex.-iso-con.), 1 set, 60 seconds. Rest, 3 session/week, 10 minutes. Warm-up/40-50 minutes of training/10 minutes
of cooling. Players were on off-season while this research had been conducted. This is general preparing season. After 8 weeks, they

can continue to tennis-specific preparing season.

training at early ages, when basic mobility skills should be
developed in line with a child’s developmental stages, nega-
tively impacts the basic level of mobility in children (16).
This may either result in poor performance later when chil-
dren are supposed to be elite-level athletes or lead to career

ending injuries at an early age (22). As with all sports, tennis
sports can be the cause of injury if the athlete does not have
the necessary competence. Athletes competing in various
age groups will be at risk of serious injury to both upper
and lower extremities (42). Although studies on the
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functional training group; TTG = traditional training group.

*CMJ = countermovement jump; FMS = functional movement screen; CG = control group; FTG

implementation of FT for adult athletes exist, no studies on
children were found in the literature. Most of these studies
are aimed at identifying disability risks and rehabilitation
(27). As a tennis player, they need to develop ground reac-
tion force and transfer this force to the upper body vertically.
After that, they need to change direction of force to the
transverse plane for follow-through phase of any stroke in
tennis. So, for that reason, tennis players need to put multi-
directional movements in their training sessions. Basic
mobility skills are basic skills that need to be improved by
the age of 10, and these skills are almost fundamental to
every sport (41). While developing these basic movement
skills, some athletic abilities of children should not be ne-
glected and will be a basis for the future. In this way, children
will have the ability to perform their special mobility skills
easily when the age of expertise comes. After 10 years of
age, it is important to develop some athletic abilities such as
agility, strength, mobility, flexibility, speed, balance, coor-
dination, and should be a continuum of age and sport-
related skills (43). Our hypothesis is that increased func-
tional movement will enhance athletic performance of
child tennis players. Question of the study is “will increased
functional movement enhance athletic performance of
child tennis players?” The purpose of our study is to inves-
tigate the effects of FT and TT implementations on the
development of athletic performance and functional move-
ment in children.

METHODS

Experimental Approach to the Problem

Participants were divided into 3 groups as FT group (FTG),
TT group (TTG), and control group (CG). Control group
practiced routine tennis training 3 days a week for 8 weeks.
In addition to the same routine tennis training, FTG and
TTG participated in FT and TT programs, respectively. It is
important to put CG to define difference between experi-
mental groups. All group performed functional movement
screen (FMS), balance, jumping, acceleration, and flexibility
tests before the training at the end of the fourth and the

TasLe 5. Comparison of differences between
the measures of significant differences in the
control group (CG) performances of the CG
with Wilcoxon test.*

Parameters with Post- Post-
significant Mid-test, test, pre- test, mid-
difference pre-test  test test

FMS (total score) z —1.841 —2.384 —2.226
p 0.066 0.017 0.026

*FMS = functional movement screen.
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TaBLe 6. Comparison of differences between the measures of significant differences in the TTG performances of the

TTG with Wilcoxon test.*

Parameters with significant difference

Mid-test, pre-test

Post-test, pre-test Post-test, mid-test

Right dynamic balance z —0.051 —2.395 —2.803
P 0.959 0.017 0.005
Left dynamic balance z —1.070 —2.497 —2.701
P 0.285 0.013 0.007
FMS (total score) z —2.449 —2.354 -1.709
P 0.014 0.019 0.088

*FMS = functional movement screen; TTG = traditional training group.

eighth weeks of the training. Participants in the study
consisted of athletes who did not receive any fitness training,
but only tennis-specific technical and tactical training. The
aim of our research is to demonstrate the effects of a training
program that solves muscular imbalance and similar prob-
lems resulting from unilateral loading with tennis training in
these athletes. Our hypothesis is that increased functional
movement will enhance athletic performance of child tennis
players. Question of the study is “will increased functional
movement enhance athletic performance of child tennis
players?”

Subjects

A total of 28 male healthy child tennis players (mean * 8D
age: 9.6 = 0.7 years; height: 134.1 + 6.8 cm; body mass: 31.3 +
4.1 kg; and training duration: 3.1 = 1.3 years) who voluntarily

participated in tennis training for at least 2 years, who were at
least 80% dominant based on the lateralization test, and who
had an FMS test score of 15 or below were included in the
study in November and December in 2012. All participants
had competed in tennis tournaments in 10 years and under
category, notably the Marmara region in Turkey before the
study. The participants had to be free of injury in order to
participate in the study. Participants were asked to quit all
resistance workouts outside the study. Participants were
divided into 3 groups, FTG (z = 10), TTG (» = 10), and
CG (n = 8), after pre-test measurements. There was no
statistical difference between the groups with respect to
athletic performance, age, height, body mass, or training
duration. Before participating in the study, subjects were
informed of the potential risks and benefits and provided

TasLe 7. Comparison of differences between the measures of significant differences in the FTG performances of the

FTG with Wilcoxon test.*

Parameters with significant difference

Mid-test, pre-test

Post-test, pre-test Post-test, mid-test

Flexibility z —1.682 —2.803 —2.803
p 0.093 0.005 0.005
CMJ z —2.209 —2.809 —-2.814
p 0.027 0.005 0.005
10-m acceleration z —0.765 —2.812 —2.805
p 0.444 0.005 0.005
T-test—agility z —1.632 —2.803 —2.803
p 0.103 0.005 0.005
Right dynamic balance z —1.682 —2.803 —2.803
p 0.093 0.005 0.005
Left dynamic balance z —1.244 —2.803 —2.803
p 0.214 0.005 0.005
Static balance z —-2.510 —2.809 —2.805
p 0.012 0.005 0.005
FMS (total score) z —2.209 —2.809 —2.831
p 0.027 0.005 0.005

*FTG = functional training group; CMJ = countermovement jump; FMS = functional movement screen.
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*CMJ = countermovement jump; FMS = functional movement screen; CG = control group; TTG = traditional training group; FTG = functional training group.

written informed consent to participate in accordance with
the policies and procedures of the Helsinki Declaration.
The written consent was also completed by the parents
of all underage participants who participated in the study.
The subjects were told not to exercise on the day before
a test and to consume their last (caffeine-free) meal at least
3 hours before the scheduled test time. The study was
approved by the Human Research Ethics Committee of
the Marmara University.

Procedures

An orientation/trial period was used for subjects in FTG
and TTG at the beginning of the training program to
introduce the training process and to demonstrate the
implementation of FT and TT, respectively. In this process,
the 6 repetition maximum method was used to determine
the training level and the intensity (load level-weight) to be
used in training sessions for each subject. Repetition
numbers were rechecked weekly. Resistance was increased
by 5-10% for participants who could increase repeat num-
bers by +2. The training program continued for 3 noncon-
secutive days in a week for 8 weeks. Functional training and
TT program is developed on the base of stabilization and
endurance phase of optimum model of the National Acad-
emy of Sports Medicine’s suggestions. At this point of view,
programs were developed with FT approach. We aimed to
eliminate the children’s unbalance due to unilateral loading
and to increase their total athletic performance. The pur-
pose of this program was to establish the connections
between the trunk, upper body, lower body and the
extremities. We tried to generate these connections by
using the kinetic chain in force generation and force trans-
fer. These participants also continued their routine training
programs (CG training program) simultaneously.

All 3 training programs in the study included 3 phases: (a)
warm-up period (10 minutes of running and stretching
exercise), (b) main exercise period (45-50 minutes), and (c)
cool-down period (10 minutes of stretching exercise). Warm-up
and cool-down exercises were performed according to the rec-
ommendations of Gelen (15). All players were on off-season,
and there were no tournament schedule while this research
was held. When they finished their 8-week training program,
the subjects were able to start tennis-specific high-performance
training through the macrocycle training program.

Control Group Trainming Program. The routine training pro-
gram, which is implemented by all 3 groups, started with a 10-
minute warm-up phase followed by the main phase in which
tennis-specific stroke techniques are exercised and ended with
a 10-minute cool-down phase. The athletes were requested to
play approximately 60-100% intensity. Support of their
coaches ensured the attendance of subjects for 8 weeks. During
the training period, the coaches threw a ball to the subjects
constantly watching the time and rest frequency (Table 1).
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TaBLE 9. Intergroup relations of parameters with
significant difference in mid-test performance
values with Mann-Whitney U post hoc

analyses.”
Parameters with TTG- FIG- FIG-
significant difference CG CG TG

CcMmJ z —2.278 —2.552 —0.153
p 0.023 0.011 0.878
z —0.135 —3.223 —3.496

p 0.892 0.001 0.000

FMS (total score)

*TTG = traditional training group; CG = control group;
FTG = functional training group; CMJ = countermove-
ment jump; FMS = functional movement screen.

Traditional Training Program. Previous studies were used in
the preparation of the TT program (40). The training pro-
gram involved single-joint movements that engage local
muscle groups uniaxially or sagittally. Bearing in mind the
age group of the subjects, the main exercise period was
formed with 3 sets of 10-12 repetitions and breaks to allow
them to relax. The main period lasted 45-50 minutes after
10 minutes of warm-up phase. The exercise was terminated
with 10 minutes of cool-down (Table 2).

Functional Training Program. The training program consisted
of movements that will complement the kinetic chain and bring
the dominant and recessive traits of the athletes to the same
level. Athletes and trainers can use this program on the off-
season or on the preseason phase (Table 3). These movements
involved exercises that the athlete will perform on 3 planes for
the muscle and muscle groups that are used in stroke techni-
ques in tennis and form the kinetic chain of this technique such
as push, pull, rotation, crouch, lift, and jump (8). To increase the
resistance of the athlete against gravity and to develop their
proprioception, these movements were performed in environ-
ments that require increasing levels of balance. Participants used
their own body weight, elastic resistance band, and medicine
ball to develop their functional movement capacity.

It is important to consider the functional capacity of the
subject when planning the FT program. However, it is time-
consuming and expensive to determine the characteristics of
each individual muscle. The observation-based FMS test
that was developed by Cook et al. was used instead (6,7). In
this assessment method, the 7 basic movements (deep squat,
hurdle step, in-line lunge, shoulder mobility, active straight
leg raise, trunk stability push-up, and rotatory stability) used
in sports are evaluated. Each movement is assessed out of 3
points, and a total of 21 points can be earned.

Measurement Procedure. The FMS test was conducted after the
level of dominance in tennis players was determined with

a lateralization questionnaire. Then, the balance (dynamic and
static), jumping (countermovement jump [CM]J]), acceleration
(10-m sprint), flexibility (sit and reach), and agility (T-test) test
batteries were utilized during the subjects’ athletic perfor-
mance assessment. After the measurements, an 8-week
training program was started. At the end of the fourth and
eighth weeks of the training program, the FMS test and the
athletic performance test batteries were repeated. The subjects
were prepared before the measurements by implementing
a dynamic warm-up protocol in accordance with the
recommendations of Gelen (15).

Functional Movement Screen. A person’s functional capacity
was assessed with a FMS test using the total score obtained
from a total of 7 movements (8). Each movement was scored
between 0 and 3 points, which means that a participant
could have a score total between 0 and 21 points (Table 1).
The scores obtained from each movement are added to cal-
culate the total FMS score of the individual (6,7).

The Y Balance Test that was developed through mod-
ification of the Star Excursion Balance Test was used to
measure the dynamic balance (31). The Balance Error
Scoring System (BESS) test was used for static balance
measurement (35). The CM]J technique was used to deter-
mine the jump performance. Jumps were performed on the
jump mat (Newtest 2000; Newtest Ltd., Oulu, Finland)
where flight and time of contact were measured. Subjects’
hands were on their waist during both jumping techniques.
Subjects’ acceleration performances were measured using
a photocell in a distance of 10-m length (Newtest 2000).
Subjects’ lower extremity flexibilities were assessed by the
sit and reach (Takei Sci., Co., Ltd, DGTK-5403, JP) test as
in Ellis et al. (12). T-test was preferred to measure agility
performance. The agility performance of subjects was mea-
sured using Newtest equipment, specifically the photocells
that use fixed sensors (Newtest 2000).

Statistical Analyses

The structure of the study follows an intragroup and
intergroup pattern [A X (B X S)] containing repeated
measurements. The Friedman test analysis method, bear-
ing repeated intragroup measurements, was used to evalu-
ate the effects of the training program beginning during the
fourth and eight week of training, since groups display
distribution in nonparametric order. The differences
between the averages were tested with Wilcoxon post
hoc analyses. The Kruskal-Wallis Test analysis method
was used to evaluate the effects of the training program
on dependent variables among the groups (CG, TTG, and
FTG). The differences between the averages were tested
with Mann-Whitney U post hoc analyses. Intraclass corre-
lation coefhicient result (ICCR) values were calculated to
determine the test-retest reliability of all measurements.
The significance level for the whole procedure was estab-

lished as p = 0.05.
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TasLe 10. Intergroup relations of parameters
with significant difference in post-test
performance values with Mann-Whitney U post
hoc analyses.”

Parameters with TTG- FIG- FIG-
significant difference CG CG TG
Flexibility z —2.001 —3.378 —3.326
p 0.045 0.001 0.001
cMmJ z —2.521 —3.573 —2.744

p 0.012 0.000 0.006
10-m acceleration z —1.247 —2.535 —1.666
p 0213 0.011 0.096
z —0.667 —2.757 —2.460
p 0505 0.006 0.014
Right dynamic balance z —1.688 —3.465 —2.646

p 0.091 0.001 0.008
Left dynamic balance z —0.889 —3.288 —2.646
p 0.374 0.001 0.008
z —2.586 —3.573 —3.790
p 0.010 0.000 0.000
FMS (total score) z —1.220 —3.626 —3.841

p 0.222 0.000 0.000

T-test—agility

Static balance

*TTG = traditional training group; CG = control group;
FTG = functional training group; CMJ = countermove-
ment jump; FMS = functional movement screen.

REsuLTS

The data obtained in this study are given in the following
tables. Also, test-retest reliability for the obtained data was
within the acceptable range for all measurements (0.82 <
ICCR > 0.96).

When the pre-test, mid-test, and post-test values of the
groups were considered, there was a significant decrease in
FMS scores in CG (p < 0.05) (Table 4) while there was no
significant difference in other parameters (» > 0.05). In TTG,
there was a significant increase in dynamic balance (p <
0.05) while a significant decrease in FMS scores (p < 0.05)
was observed. No significant difference was observed in
other parameters (» > 0.05). In FTG, a significant increase
was observed in all parameters (p < 0.05).

Wilcoxon post hoc values have shown that improvement
has occurred especially after the mid-test (Tables 5-7).

In the mid-test measurements, CM], static balance, and
FMS scores were significantly different (p < 0.05), whereas
no significant difference was observed in other parameters.
In the mid-test measurements of the vertical jump perform-
ances, there was a significant difference between CG and
TTG and between CG and FTG (p < 0.05) whereas no
difference was found between TTG and FTG (p > 0.05).

When the post-test performance values were compared
between groups, significant differences were found in all
parameters (p < 0.05). In the post-test measurements, there
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was a significant difference between the vertical jump per-
formances of CG and TTG (p < 0.05); however, the differ-
ence between CG and FTG and between TTG and FTG
was more pronounced (» < 0.001 and p < 0.01, respec-
tively). When the flexibility data were evaluated, significant
differences were found between CG and TTG (p < 0.05),
CG and FTG, and TTG and FTG (p < 0.001). When the
acceleration data were evaluated, no significant difference
was found between CG and TTG and between TTG and
FTG (p > 0.05) while there was a significant difference
between CG and FTG (p < 0.05). When the agility data
were analyzed, no significant difference was found between
CG and TTG (p > 0.05). However, there were significant
differences between CG and FTG and between TTG and
FTG (p < 0.05). When the right dynamic balance data were
analyzed, no significant difference was found between CG
and TTG (p > 0.05) while highly significant differences were
found between CG and FTG as well as between FTG and
TTG (p < 0.01). When the left dynamic balance data were
analyzed, no significant difference was found between CG
and TTG (p > 0.05), but highly significant differences were
found between CG and FTG and between TTG and FTG (p
< 0.01). When the static balance data were analyzed, statis-
tically significant differences were found between CG and
TTG (p < 0.05); however, more pronounced differences
were observed between CG and FTG and between TTG
and FTG (p < 0.001). When the FMS data were considered,
no significant difference was observed between CG and
TTG (p > 0.05) while there were highly significant differ-
ences between CG and FTG and between TTG and FTG
(p < 0.001).

Pre-test, performance variable’s differences compared with
Kruskal-Wallis test between groups and p values obtained,
arithmetically means of groups in pre-test were shown in
Table 8. According to these data, no significant difference
was found in any parameter in preseason (» > 0.05). This
situation showed that groups were homogeneously distributed.

Midseason, performance variable’s differences compared
with Kruskal-Wallis test intergroups and p values obtained,
arithmetical means of groups in midseason were shown in
Table 9. According to these data, there was no significant
differences for the parameters of flexibility, speed, agility,
right side dynamic balance, left side dynamic balance, and
right-left balance (p > 0.05), but there was a significant dif-
ference between vertical jump and FMS scores (p < 0.001).
Even if there was statistically no difference for the static
balance, the value was very close to the significant difference
(p = 0.05).

Mann-Whitney U test analyze results were given in the
Table 9, showing which group caused the significant differ-
ence in midseason parameters. According to these data in
midseason, there is significant difference between CG and
TTG, and CG and FTG (p < 0.05); but there was no sig-
nificant difference between TTG and FTG (p > 0.05).
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The FMS scores during midseason showed a significant
difference between CG and TTG, and CG and FTG.
however, there was no significant difference between TTG
and FTG (p > 0.05).

There was no significant difference found for right-left
dynamic balance difference (» > 0.05), but there was signif-
icant difference found for the parameters of flexibility (p <
0.001), vertical jump (p < 0.001), static balance (» < 0.001),
FMS (p < 0.001), agility (» < 0.01), right dynamic balance (p
< 0.01), left dynamic balance (p < 0.01), and speed (p <
0.05).

Postseason, performance variable’s differences between
groups compared with the Kruskal-Wallis test and p values
obtained, arithmetical means of groups in postseason were
shown in Table 10.

Mann-Whitney U test analyze results were given in the
Table 10, showing which group caused significant differ-
ences in postseason parameters. According to these data:
flexibility, there was the significant difference between CG
and TTG (p < 0.05), and a very significant difference was
found between CG and FTG (p < 0.001), and TTG and
FTG (p < 0.001).

Vertical jump, there was a very significant difference found
between all groups, CG and TTG (p < 0.01), CG and FTG
(» < 0.001), TTG and FTG (» < 0.01).

Speed, there was no significant difference found between
CG and TTG, and TTG and FTG (p > 0.05), but a signifi-
cant difference found between CG and FTG (p < 0.05).

DiscussioN

The most striking result of this study was the statistically
significant changes in the FMS scores of the participating
child athletes during the 8-week period.

When the changes between measurements were exam-
ined, FMS scores of FTG increased (p < 0.01) while those of
CG and TTG decreased (p < 0.01). This may be explained
by the fact that there was more sport-specific loading instead
of focusing on the development of basic mobility skills in
childhood when development is rapid. Adverse effects of
early specialization as explained in the long-term athlete
development model (16) have also been observed in our
study. Only 8 weeks of FT has eliminated these negative
effects. The FMS scores of normal and overweight, preado-
lescent, and sedentary children in primary school were com-
pared in a study (11). The mean FMS score for normal-
weighted children who are not involved sports was reported
as 15.5. The children in the same age group had lower FMS
scores based on pre-test values in this study, although they
were involved in sports (CG: 13.1, TTG: 13.0, FTG: 14.0).
Previous studies suggested a threshold FMS score of 14.0 for
FT (23,29). Individuals who score below this value, espe-
cially for child athletes in development phase, should be
included in practices for FT. It is believed that there may
be a decrease in the level of functional movement in indi-
viduals otherwise.

When the athletic performance was examined in light of
the data, it was found that all values were significantly
improved in FTG (p < 0.01); there were significant increases
in the vertical jump and balance values in TTG (p < 0.05).
No significant difference was found in any athletic perfor-
mance values of CG and the other athletic performance
values of TTG (p > 0.05). No previous study was found in
the literature on implementation of FT in preadolescent
athletes. Song et al. (36) implemented a 16-week FT pro-
gram in elite high school baseball players and reported an
increase in strength and flexibility. Weiss et al. (40) inves-
tigated the effects of FT and TT methods on muscular
strength and endurance, flexibility, agility, balance, and
anthropometric measures by implementing a 7-week FT
and TT program to a group of 38 mixed-gender partici-
pants aged between 18 and 32 years. In that study, there
was a significant increase only in the flexibility features of
the FTG; unlike the current study, no significant differen-
ces were found in other features. The fact that the subjects
in the current study had been involved in sports may
explain the differences. Besides, other studies (39) have
suggested that including a mixed-gender group and seden-
tary subjects might have limited the effect of training in the
work by Oliver et al. (30) have investigated the effects of
functional balance training on unstable grounds on the
single-leg squat and the 1-minute sit-up test in athletes in
the collegiate women’s volleyball and soccer teams in the
National Collegiate Athletic Association (NCAA) Division
L. Significant increases were observed in the functional bal-
ance training group compared with the CG. The results
obtained in this study support the conclusions of the cur-
rent study. Yildiz (42) had examined the relationship
between FMS and athletic performance in elite karate ath-
letes. The results showed that there is a significant rela-
tionship between FMS and flexibility, squat jump, core
stabilization (p < 0.01), and back and leg strength (p <
0.05). There is no significant correlation between handgrip
strength. With FMS test battery of the deep squat that
requires vertically force production, potential performance
outputs of vertical jumping ability could be predicted. The
athlete has to have both good mobility and stability in the
ankle, knee, and hip areas to perform jumping continu-
ously. This is important for power output not to outflow
and maintain the quality of movement during dynamic
movement (41).

There were no previous studies comparing CG with
TTG and FTG in the literature, which highlights the
significance of the current study. There was no significant
difference between the performance values of groups in
pre-test measurements (» > 0.05), which indicates that
the subjects were homogeneously distributed throughout
the groups. In the mid-test measurements, however,
CM], static balance, and FMS scores were significantly
different (» < 0.05), whereas other parameters were not
significantly different. Significant differences were found
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between CG and TTG and between CG and FTG in ver-
tical jump performance (p < 0.05); there was no difference
between TTG and FTG (p > 0.05). The results of the
current study suggest that even a 1-month fitness-
training program can be effective for young athletes in
their developmental period. This effect was observed in
both TTG and FTG compared with CG. When the end
of 8-week training period’s data was evaluated, there were
significant differences between all performance values of
the groups. Significant increases were found in flexibility,
vertical jump, and static balance values of TTG compared
with CG (p < 0.05). When FTG and CG were compared,
FTG was found to have significant increases in all perfor-
mance data. These increases were found normal when the
fitness-training programs (TT and FT) were taken into
consideration. When FTG and TTG were compared, there
was no significant difference in flexibility values, but FTG
had a significant increase in all other performance values.
When FMS data were analyzed, no significant difference
was found between CG and TTG (p < 0.05), but there
were significant differences between CG and FTG and
between TTG and FTG (p < 0.001). According to this
result, our hypothesis has been proved. In their compari-
son of 5-week FT and TT exercises, Tomljanovic et al. (39)
did not find a significant difference, which might in part be
explained by the duration of the study. In the current
study, the effect of FT exercises on athletic performance
and functional movement could be observed especially
between the fourth and eighth weeks. There was a signifi-
cant difference between TTG and FTG at the end of the
eighth week, although there was no significant difference
between the performances after 4 weeks. This suggests
that FT exercises for young tennis players should be de-
signed for at least 8 weeks. Furthermore, the decrease in
FMS scores in the CG and TTG after the mid-test at the
fourth week is noteworthy. This may be explained by the
muscular tension created by intense exercise loads at a time
of rapid development of the body. Individual motor skills
of working muscles may develop, but the quality of move-
ment may decrease if exercises are not performed in accor-
dance with the principles of functional movement (if
exercises are mostly performed on single joints and on
a single plane). Muscles that do not communicate and
cooperate with each other as a result of single joints and
single plane exercises will lead to problems in movement.
For this reason, it is recommended that the athletes and
coaches perform the exercises according to the FT
principles.

PRACTICAL APPLICATIONS

Tennis is performed with movement patterns just like
other sports. Because of this, it is very helpful to see
athlete’s movement pattern’s quality who competes in
underage categories. If there is any problem about pattern,
it would be corrected at that time, and improved quality of
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movement pattern would provide the increase in athletic
performance.

There should be exercises aimed at improving the
performance of the movement, not the performance of the
muscles during training of children.

When designing exercises for the children before puberty,
care should be taken to improve the characteristics of the
movement rather than improving those of individual
muscles.

Care must be taken to ensure that movements included in
the designed training program are those that engage
multiple joints, continue in the different axes, and train the
entire body.

The implemented FT program takes effect between the
fourth and the eighth weeks. Thus, exercises should be
planned for at least 8 weeks.

In bilateral sports branches such as tennis, training should
be designed to include the exercise that trains the non-
dominant side of the body and the movements to eliminate
muscular imbalance.

Exercises and games should be designed following the FT
principles that enhance basic mobility skills rather than the
intensive training of sport-specific skills in preadolescent

children.
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