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Abstract  FMS is one of the test battery that is used 
very common recently. Asymmetries and limitations of the 
functional movement patterns could be detected with this 
test battery. Study’s purpose was to evaluate the 
relationship between FMS and athletic performance 
parameters in prepubertal children. 28 male children 
voluntarily participated in the study (Age: 9.6 ± 0.7 years, 
Height: 134.1 ± 6.8 cm, Weight: 31.3 ± 4.1 kg, and 
Training Duration: 3.1 ± 1.3 years). In study’s results, a 
very significant relationship was found between FMS and 
static and dynamic balance and flexibility and CMJ 
(p<0.01). A significant relationship was found between 
FMS and agility and acceleration (p<0.05). Athletic 
performance parameters may predict with FMS test battery 
in prepubertal children. After athletic performance 
predicted if the quality of functional movement patterns are 
improved next stages of development may increase 
children’s tennis performance. 
Keywords  Tennis, FMS, Prepuberty, Athletic 
Performance 

1. Introduction
Fundamental movement skills are the essential skills that 

should be improved until 10 years old and these skills are 
almost foundation for every sport [1-3]. While improving 
these fundamental movement skills some athletic abilities 
of the children should be neglected and they will be a basis 
for the future. In this way when the age of specialization 
comes children will have competencies for performing 
sport-specific movement skills easily. After 10 years old 
it’s important to improve some athletic abilities such as 
agility, power, mobility, flexibility, speed, balance, 
coordination and there should be a continuation with 
respect to age as well as sport-specific skills [1-4]. 

Flexibility is described as an ability to move joint 
through its range of motion [5]. Also, flexibility is an 

ability that should be improved as much as needs of sport 
[6, 7]. Mostly terms of flexibility and mobility are neither 
confused nor used for each other. Mobility expresses 
having enough range of motion to make a movement in 
movement pattern’s itself and it’s further than flexibility 
[8]. In children, mobility and flexibility are important skills 
that should be improved proper to stages of development 
and shouldn't be lost for the next stages [3]. Muscle 
imbalance is one of the main reasons for the injuries [5]. In 
Tennis, it’s thought that one of the reasons for the injuries 
too [9]. If an athlete doesn’t have competencies, athletes 
who compete in the ages groups will be under the serious 
risk of injury upon both upper and lower extremities [9-12]. 

Balance is an ability to place the center of gravity 
through the base of support [13]. Balance system 
continuously takes assistance from the structures of visual, 
vestibular, somatosensorial to maintain proper body 
position [14]. This ability is performed both static and 
dynamic and has a unique place for the sports performance 
[14]. Balance is used to evaluate various abilities [13]. 
There are various test to evaluate balance performance 
such as Single Leg Stance Test, Stork Test, Star Excursion 
Balance Test [15], Balance Error Scoring System Test, Y 
Balance Test [13]. 

Vertical jumping is accepted as a distinctive ability in 
the most of sports. Sports such as tennis, basketball, soccer, 
handball, volleyball that requires vertical force production 
as the result of applied force to the ground and due to 
common usage vertical jumping ability in these sports, this 
ability requires testing [16-22]. In a study previously done 
showed that hopping ability between 10-15 years increases 
with growth [23]. Evaluation of this performance is 
important for the athlete. 

Acceleration is the first 10 m in the sprint [24, 25]. 
Acceleration ability describes the rate of change of velocity 
or how quickly an athlete can change the velocity of 
motion [26]. Agility is the rapid body movements in 
response to stimulus and it includes reactiveness [27]. 
These two abilities are performed as complex in the tennis. 
The athlete performs acceleration-deceleration and change 
of direction proper to the way of the coming ball or not the 
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change of direction. In jumping, skipping, hopping 
activities benefit from the stretch-shortening cycle and this 
ability improves with growth too [28]. 

It’s needed a test battery that will evaluate and give an 
idea about performance parameters of the athlete about 
these described abilities. Athlete's mobility and stability, 
muscular strength and flexibility, coordination and balance 
levels could be evaluated with FMS test battery [8, 29]. 
FMS test battery recently has been very popular to predict 
different situations and abilities [30-33] 

In a study, it's indicated that FMS could be an effective 
testing tool to evaluate stability and mobility levels of the 
children and adolescents between 10-17 years old [34]. In a 
study showed that FMS’ individual pointing system could 
be a predictor to decide performance parameters of the 
athletes who compete in U16-U19 [35]. Another study 
indicated that FMS points could give information about 
physical performance [36]. Our study’s purpose was the 
evaluation of the effectiveness of FMS to predict athletic 
performance parameters and to detect relationship between 
functional movement and athletic performance of children 
tennis players who are 10-12 years old. 

2. Materials and Methods 

2.1. Subjects 

28 Healthy children tennis players voluntarily 
participated in the study (Age: 9.6 ± 0.7 years, Height: 
134.1 ± 6.8 cm, Weight: 31.3 ± 4.1 kg, and Training 
Duration: 3.1 ± 1.3 years). 

Participants warmed up according to Gelen’s 
recommendations [37] just before athletic performance 
tests not before FMS test battery. The study was approved 
by the Human Research Ethics Committee of the 
University and required permissions were obtained from 
children’s family. All stages of the study were done 
properly to the declaration of Helsinki. 

2.2. Measurement Procedure 

After FMS test, balance (static and dynamic), jumping 
(CMJ), acceleration (10 m sprint), flexibility (sit & reach) 
and agility (T-test) test batteries was carried out by athletes. 
Performance tests were performed twice and the best result 
was accepted. 

2.3. Functional Movement Screen (FMS) 

FMS is a test battery that consists of 7 main and 3 
clearance tests. In the test with respect to quality of 
movement, participants get point between 0-3. Participants 
would have 0-21 points from 7 seven tests and maximum 3 
points each. 

Participants balance tests measured with Y Balance Test 
(dynamic) and Balance Error Scoring System (BESS) 
(Static). CMJ test was performed on a mat (Newtest 2000, 
Oulu, Finland) and flight and ground contact times took 
into consideration. Participant’s Acceleration Tests were 
evaluated with a photocell system that is 10 m (Newtest 
2000, Oulu, Finland). Participants lower body flexibility 
results were obtained from Sit and Reach Test (Takei Sci., 
Co., Ltd, DGTK-5403, and JP). Agility Test was measured 
with T-Test and photocell system was used to measure 
times (Newtest 2000, Oulu, Finland). 

2.4. Statistical Analysis 

SPSS was used for statistical analysis. All performance 
parameters and FMS points were correlated with each other 
and Pearson Correlation Test was used. 

3. Results 
In our study, there is a very significant correlation 

between FMS and Flexibility, CMJ, Dynamic and Static 
Balance (p<0.01). Significant correlation found between 
FMS and speed, agility (p<0.05).  

Table 1.  Corelation of FMS and athletic performance 

 Flexibility CMJ 10 m speed T- Test Dyn. Balance 
Right 

Dyn. 
Balance Left Static Balance 

FMS 
Pearson Correlation ,735** ,570** ,441* ,449* ,622** ,700** ,842** 

Sig. (2-tailed) ,000 ,002 ,019 ,017 ,000 ,000 ,000 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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4. Discussion 
In tennis evaluation of physical competencies is a need. 

While creating training programs for athletes it’s necessary 
to have a starting point. By this way, physical 
competencies appropriately could be increased. 

In FMS test battery with the Deep squat that requires 
vertically force production, potential performance outputs 
of vertical jumping ability could predict. In our study, a 
very significant correlation was found between FMS and 
vertical jumping (p<0.01). The athlete has to have well 
both mobility and stability in the ankle, knee, and hip areas 
to perform CMJ continuously. This is important for not 
leaking of power output and maintaining the quality of 
movement during dynamic movement. In childhood and 
adolescent periods jumping performance improves [38]. 
One of the important parameters that affect CMJ 
performance is the stretch-shortening cycle that eccentric 
and concentric contractions occur one after the other. This 
ability could be improved with a planned and periodized 
programme in 10-12 years old children. Another parameter 
that affects vertical jumping performance is the ankle joint 
dorsiflexion that lets eccentric contraction of the calves at 
the wider degrees [39].  The athletes would be able to 
perform better movement patterns with an improvement in 
this ability. As the result tennis performance will be 
positively influenced. In our study, a very significant 
relationship was found between FMS and flexibility 
(p<0.01). In a study, it’s indicated that more elasticity in 
muscle-tendon units is related to weaker power outputs in 
prepubertal children [40]. For flexibility 6-11 ages is 
accepted important periods for the development of this 
ability [41]. Preventing this ability during this period is 
important to inhibit movement limitations of children. Due 
to this concern, FMS test battery could be used as a tool for 
evaluation of flexibility. 

Other results of our study showed that a very significant 
relationship was found between FMS and static and 
dynamic balance. (p<0.01) In FMS with Deep Squat, 
In-line Lunge and Hurdle Step Tests balance assessment 
can be possible on two leg stance, tandem position and one 
leg. It was indicated that if balance ability is improved 
lower body asymmetry would decrease [42]. Balance 
ability was also related to injuries [43]. Due to this, 
detection of the asymmetries would decrease the 
occurrence of the injuries. It could be detected that which 
parts of the body have asymmetry and which parts of the 
body would take place a problem for the athlete with FMS. 

Lastly, in our study, the significant relationship was 
found between FMS and 10m sprint and agility (p<0.05). 
Agility includes acceleration phase. These two abilities 
may benefit from each other. Basic factors that constitute 
speed are stride length and cadence [44]. During the 
acceleration phase, ground contact time is more [41]. In 
this phase, athlete applies more force to the ground with a 
wider degree. This situation requires more physical effort. 

Hip, knee, ankle areas work coordinated together at the 
wider degree to produce force. In FMS test battery this 
acceleration ability could be evaluated with Hurdle Step 
test [8]. In this test, the athlete performs almost same 
movement pattern with acceleration and an implication 
could be obtained with respect to quality of movement. 
While running for the proper technique arms need to be 
used [44]. If the athlete can’t use arm movements 
effectively and if there is any limitation it’s thought that it 
would affect athlete’s speed performance. In FMS, 
Shoulder Mobility Reaching Test makes possible to assess 
athletes’ shoulder complex’s movement capability. Agility 
includes deceleration, stop and reacceleration processes. 
During deceleration athlete benefits from eccentric 
contraction [26]. In In-line Lunge Test effectiveness of 
eccentric contraction is one of the abilities that is tested it 
means basically testing of deceleration [8]. Tennis is a 
sport that mainly requires improved acceleration and 
deceleration abilities. FMS test could give us an 
opportunity to assess athletic performances with functional 
movement pattern. 

5. Conclusions 
To obtain valid data from test battery about performance 

whole tests should be associated with each other. This test 
gives us an opportunity to see limitations and asymmetries 
as well as potential prediction of athletic performance. 
Tennis is performed with movement patterns just like other 
sports. Because of this, it’s very helpful to see athlete’s 
movement pattern’s qualities that compete in underage 
categories. If there is any problem about pattern it would be 
corrected at that time, improved quality of movement 
pattern would cause the increase in athletic performance 
[32]. 
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