
Running is one of the most popular sports 
branches in the world, attracting the interest of hun-
dreds of thousands of people of all ages.1 The main 

reason behind this is regarded as the accessibility, 
low-cost and ease of application as well as the phys-
iological and psychological benefits of running.2 
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ABS TRACT Objective: The present study aims to examine investi-
gation the -actinin-3 (ACTN3) gene polymorphism (rs1815739) and 
functional movement screen (FMS) values in young runners competing 
at the national level. Material and Methods: Forty-five young runners 
(29 male 64.4%, 16 female 35.6%) competing at the national level in 
different clubs affiliated to the Turkish Athletic Federation and training 
regularly at least 5 days a week voluntarily participated in the study. 
The DNA isolation of oral swab samples was carried out using the spin 
column (MN Macherey-Nagel, Germany) method. The genotyping pro-
cess was performed using the real-time polymerase chain reaction 
method. Results: The FMS test battery was used to determine the func-
tional capacity. According to the findings obtained, it was determined 
that in the FMS evaluation of the female runners, the runners with the 
CC genotype had a significantly higher mean score compared to the 
runners with the CT genotype (p<0.033) while in the male runners, the 
runners with the CT genotype had a significantly higher mean score 
compared to the runners with the TT genotype (p<0.031). However, in 
the FMS evaluation of the overall runners, no significant difference was 
found (p>0.205). Conclusion: It is thought that the FMS test battery 
and the ACTN3 gene polymorphism, which is among the important 
variables responsible for non-impact injuries, can be effective in the 
level of muscle damage, the type of muscle injury, the prediction of in-
juries and reducing the risk factors that may cause injuries. 
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ÖZET Amaç: Sunulan çalışma, ulusal düzeyde yarışan genç koşucu-
larda -aktinin-3 [-actinin-3 (ACTN3)] gen polimorfizmi (rs1815739) 
ve fonksiyonel hareket analizi [functional movement screen (FMS)] 
değerlerini incelemeyi amaçlamaktadır. Gereç ve Yöntemler: Araş-
tırmaya, Türkiye Atletizm Federasyonuna bağlı farklı kulüplerde li-
sanslı olarak ulusal düzeyde yarışan, haftada en az 5 gün düzenli 
antrenman yapan 45 genç koşucu (29’u erkek %64,4, 16’sı kadın 
%35,6) gönüllü olarak katılmıştır. Ağız sürüntü örneklerinin DNA izo-
lasyonu spin kolon (MN Macherey-Nagel, Almanya) yöntemi ile ger-
çekleştirilmiştir. Genotipleme işlemi gerçek zamanlı polimeraz zincir 
reaksiyonu metodu ile gerçekleştirilmiştir. Fonksiyonel kapasitenin be-
lirlenmesi için FMS test bataryası kullanılmıştır. Bulgular: Elde edilen 
bulgulara göre kadın koşucuların FMS değerlendirmesinde, CC geno-
tipe sahip koşucuların ortalama puanının CT genotipe sahip koşucu-
lardan (p<0,033), erkek koşucularda ise CT genotipe sahip koşucuların 
ortalama puanı TT genotipe sahip koşuculardan (p<0,031) anlamlı bir 
şekilde daha yüksek olduğu tespit edilmiştir. Ancak toplam koşucula-
rın FMS değerlendirmesinde genotipe göre anlamlı bir farklılık tespit 
edilmemiştir (p>0,205). Sonuç: Darbelere bağlı olmayan yaralanma-
lardan sorumlu önemli değişkenlerden ACTN3 gen polimorfizmi ve 
FMS test bataryasının, koşucularda kas hasarı düzeyine, kas yaralanma 
tipine, yaralanmaların önceden tahmin edilmesine ve yaralanmalara 
neden olabilecek risk faktörlerinin azaltılmasına etkili olacağı düşü-
nülmektedir. 
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However, the increasing popularity of running can 
also cause an increase in the number of injuries re-
lated to running. This increase stands out as an im-
portant problem in terms of both the health and 
performance of runners. In addition to these, in cases 
where competitive long-distance runs, intense train-
ing, frequent competition and other similar loads are 
increased, athletes can be exposed to injury and dis-
eases. When the risk of injury in runners is evaluated, 
it is known that approximately 50% of athletes suffer 
more than one injury each year. Although running-
induced injuries are affected by countless factors, the 
age, training volume, history of previous injuries and 
running kinematics of athletes are regarded as the 
main determinants of the likelihood of suffering in-
juries related to running.3 

In previous studies, it was reported that in order 
to reach high performance levels or protect them-
selves from non-impact injuries, it is necessary for 
runners to utilize the results of tests in which genetic 
factors are determined in addition to field and labo-
ratory tests.4 One of the polymorphisms that are 
thought to be related to non-impact injury is the 
alpha-actinin-3 (ACTN3) gene.5 The ACTN3 gene is 
a 901-amino-acid gene found in the q13.1 region of 
the long arm of chromosome 11 that codes for the 
ACTN3 protein in our genome, which forms the thin 
muscle fiber in the sarcomere muscle unit.6 The 
ACTN3 polymorphism, which is a determining fac-
tor for high-speed muscular contraction and high 
power generation, is categorized as CC (fast-twitch 
fiber type b), CT (fast-twitch fiber type a) and TT 
(slow-twitch fiber) genotypes. When the related lit-
erature is reviewed, it is observed that the ACTN3 
gene polymorphism is related to not only athletic per-
formance, but also injury.7 For example, it was re-
vealed that the skeletal muscles of individuals with 
the ACTN3 XX genotype are more frequently ex-
posed to damage related to traumatic, toxic and 
metabolic factors compared to those with the RR 
genotype. In other words, it was reported that athletes 
with the ACTN3 XX genotype are more susceptible to 
certain non-impact injuries such as muscle injury, 
ankle sprains and exercise-induced muscle damage.8 
When the impact of the ACTN3 R577X gene poly-
morphism on muscle damage in athletes competing in 

ultramarathons was investigated, it was determined 
that athletes with the XX genotype suffered more 
muscle damage compared to athletes with the RR 
genotype according to the findings obtained after a 
competition.5 In a similar study conducted with foot-
ball players, it was determined that footballers with 
the XX genotype were more susceptible to non-con-
tact musculoskeletal soft tissue injuries compared to 
footballers with the RR or RX genotypes.9 In contrast 
with these findings, in a study conducted on Japanese 
female athletes (football, volleyball, basketball and 
badminton), it was found that athletes with the RR 
genotype suffered more severe muscle damage com-
pared to athletes with the XX genotype.10 

Branch selection and intense training may affect 
the musculoskeletal status of athletes in the lower age 
category and cause them to get injured. Potential 
sports injuries in this age group can be predicted be-
forehand.11 Certain studies reported that the func-
tional movement screen (FMS) has the ability to 
predict injury-prone individuals.12,13 FMS takes many 
functional movement patterns necessary in athletics 
into account and constitutes an auxiliary element to 
determine potential injury risks.14 When previous 
studies utilizing the FMS test battery are examined, it 
was reported that athletes with a mean score of 14 or 
less on the FMS were 15 times more likely to get in-
jured compared to athletes that scored higher on the 
FMS.14 Another study supporting this was conducted 
on professional football players. It was found that 
footballers with a mean score of 14 on the FMS were 
at risk of suffering more severe injury compared to 
athletes with higher scores.15 Another study on vari-
ous sports branches was conducted by Shojaedin et 
al. According to the results obtained, an odds ratio 
was calculated at 4.70, meaning that an athlete has an 
approximately 4.7 times greater chance of suffering a 
lower extremity injury during a regular competitive 
season if they score less than 17 on the FMS.16 In the 
context of previous studies carried out with different 
populations and groups, it can be said that individu-
als having the TT genotype or the T allele and low 
score FMS is linked with injury. However, due to the 
limitations of previous studies, the effect mechanism 
of the rs1815739 polymorphism on injury could not 
be fully clarified. 
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Therefore, it was stated that possessing field and 
laboratory findings in addition to the genotype anal-
yses of athletes may be necessary in order to detail 
the mechanism of action of non-impact injuries in 
runners, achieve long-term performance development 
and minimize the risk of injury.17 Both ACTN3 and 
the FMS test battery are important factors that need to 
be carefully examined in order to predict potential in-
juries beforehand, reduce the risk factors that may 
cause injuries and prevent the recurrence of injuries. 
It is clear that not only ACTN3, but also FMS findings 
are needed to better understand the relationship be-
tween non-impact injuries in runners. In this context, 
the present study aims to examine the ACTN3 gene 
polymorphism and FMS values in young runners 
competing at the national level. We hypothesized that 
female, male and overall runners with TT genotype 
would be present with lower scores on the FMS. 

 MATERIAL AND METHODS 

ETHICS COMMITTEE AppROvAL 
Prior to its initiation, the study was evaluated by 
Lokman Hekim University Ethics Committee and 
approved (date: May 31, 2022, no: 2022/9-1). Ad-
ditionally, the present study was prepared in accor-
dance with the Declaration of Helsinki protocol of 
principles. 

STuDY GROup 
Forty-five young runners (29 male 64.4%, 16 female 
35.6%; Xage (years)=14.50, SD 1.43; Xheight (cm)= 
165.49, SD 8.18; Xweight (kg)=47.78, SD 8.33;  
Xsports experience (years)=3.08, SD 1.65; XFMS=16.57, 
SD 1.75; Distance: Female (1,500 m-2,000 m), male 
(2,000-3,000 m) competing at the national level  
in different clubs affiliated to the Turkish Athletic 
Federation and training regularly at least 5 days a 
week voluntarily participated in the study.  

AppLICATION pHASE 
Forty-five male and female young runners (partici-
pants) aged 12-17 voluntarily participated in the pre-
sent study. The participants were informed regarding 
the measurement procedure and the study 1 week 
prior to the start of the study. Before the measure-
ments, informed consent and demographic informa-

tion forms were collected from the participant groups. 
In general, the participants took part in the test using 
the sports equipment they use in training. After the 
participants were informed about the FMS test bat-
tery, scoring was performed through a simultaneous 
evaluation by a physiotherapist and a sports scientist, 
and the scores were analyzed afterwards.18 In the 
study, oral swab samples for the ACTN3 gene poly-
morphism analysis were taken from all groups 2 
times. The measurements of the study were per-
formed in cooperation with the hospital where the 
participants carried out their routine controls during 
the preparation period. The oral swab samples taken 
from the athletes were taken to Gazi University Med-
ical Genetics Laboratory. The DNA isolations of the 
samples sent to the laboratory were carried out. 
rs1815739 polymorphism in the ACTN3 gene were 
studied using real-time polymerase chain reaction 
(PCR). All molecular analyses were performed in 
Gazi University Medical Genetics Laboratory.  

DATA COLLECTION TOOLS 

ACTN3 rs1815739 Genotyping 
The DNA isolation of oral swab samples was carried 
out using the spin column (MN Macherey-Nagel, 
Germany) method. The DNA samples isolated were 
measured in a spectrophotometer (NanoDrop, ND 
1000, USA). Afterwards, the DNA samples were 
placed in a freezer (-20°C). The DNA samples ob-
tained were both evaluated in an agarose gel elec-
trophoresis and measured in a spectrophotometer to 
determine their DNA purity and amount.  

For the rs1815739 SNP region containing the 
C/A-T missense mutation in the ACTN3 gene, real-
time PCR was used with particular primers. Probes 
were used to label the PCR products to be amplified. 
Melting curve analysis was used to distinguish be-
tween mutant and wild types. The analysis was car-
ried out using specialized software. The results were 
confirmed using control DNA. Negative and positive 
controls were used to further validate the PCR pro-
cess. 

FMS 
The FMS test consists of seven sub-tests (deep 
squat, hurdle step, in-line lunge, shoulder mobility, 



active straight-leg raise, trunk stability push-up and 
rotary stability). Prior to the measurements, infor-
mation about the test was given by the applicators 
and the movements were demonstrated. In the test, 
each movement was repeated 3 times. The partici-
pants were asked to report any pain or unrest that may 
occur during the application of the movements to the 
expert making measurements. During scoring, the 
participants’ scores from the right and left sides of 
their bodies were recorded. The lowest score 
achieved by a participant from a movement was con-
sidered as the result of the test. Each test is scored be-
tween 0 and 3 in itself. The maximum FMS test score 
is 21.19,20 The test is scored as follows: 0 points if the 
participant feels pain during a movement; 1 point if 
the participant was unable to perform or complete a 
movement during the test; 2 points if the basic form 
of a movement was demonstrated but completed with 
some compensation; and 3 points if the basic stan-
dard of a movement was demonstrated accurately 
without compensation. 

DATA ANALYSIS 
The statistical analysis of the data was performed 
using the SPSS 25.0 (Statistical Package for Social 
Sciences, Chicago, Illinois, United States) program. 
In the evaluation of the data, descriptive statistical 
methods (number, percentage, mean and standard de-
viation) were used. Before performing any analysis 
on the data, the study determined whether they met 

the requirements for parametric tests. To that end, the 
variables were tested for normality while Kol-
mogorov-Smirnov and Levene’s tests were used for 
homogeneity of variance. As result of these tests, 
non-parametric tests were performed for the variables 
distributed. Therefore, Mann-Whitney U test (by 
comparing the variables of 2 genotypes) was per-
formed to examine the genotypic differences among 
the female runners, while the Kruskal-Wallis test was 
used for the male and overall genotypes. In order to 
determine which groups caused the significant dif-
ference determined after Kruskal-Wallis, the Mann-
Whitney U test technique was used. The hypotheses 
were tested with a confidence interval of 95% and a 
significance level of p<0.05. 

 RESuLTS 
The present study aims to clarify whether there are 
any associations between FMS and the ACTN3 
(rs1815739) polymorphism. Three groups that were 
male runners, female runners and total runners have 
been chosen to asses this aim. Our results underlined 
that there were not any siginificant diffirences for as-
sociation of the rs1815739 polymorphism with FMS 
within the total runners (p>0.005; Table 1). Impor-
tantly, the association of the rs1815739 polymor-
phism with female and male runners were statistically 
significant (p=0.033, p=0.031; Table 2, Table 3 re-
spectively). 
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Gender Variable Genotype n X Total ranking **Mann-Whitney U Z p value 
C/C 8 11.00 75.50  

Female FMS C/T 8 6.00 134.50 12.000 -2.132 0.033* 
T/T - - -

TABLE 2:  rs1815739 association with the FMS within the female runners.

*p<0.05; **Mann-Whitney u test (by comparing the variables of 2 genotypes); FMS: Functional movement screen.

Gender Variable Genotype n Average ranking df **X2 p value Significant difference 
C/CA 18 23.94  

Total FMS C/TB 18 25.42 2 3.171 0.205 -- 
T/TC 9 16.28

TABLE 1:  rs1815739 association with the FMS within the total runners.

**Kruskal-Wallis (by comparing the variables of 3 genotypes); FMS: Functional movement screen; C/C=A; C/T=B; T/T=C. 



 DISCuSSION 
When studies conducted in the field of sports genet-
ics are examined, it is observed that despite certain 
improvements in injury awareness and preventive 
strategies, the incidence of these injuries is still high. 
Thus, in the present study, the ACTN3 gene poly-
morphism and FMS values of licensed runners com-
peting at the national level in different clubs affiliated 
to the Turkish Athletic Federation were evaluated. 
According to the findings obtained, in the FMS as-
sessment of the female runners, it was determined 
that the runners with the CC genotype had signifi-
cantly higher mean score than those with the CT 
genotype while in the male runners, the runners with 
the CT genotype had a significantly higher mean 
score than those with the TT genotype. However, in 
the FMS evaluation of the overall runners, no signif-
icant difference was found based on genotype. While 
we expected to see significantly TT genotype lower 
FMS score for female, male overall runners, our find-
ings did supports only female and male claim. 

When the literature related to the ACTN3 gene 
polymorphism is reviewed, many studies on non-im-
pact injuries are found. For example, in the study con-
ducted by Shang et al. on marathon runners, it was 
reported that although athletes with the XX genotype 
were more prone to injury compared to athletes with 
the RX and RR genotypes, they also had a higher in-
cidence rate of muscle injuries compared to the ath-
letes with the RX and RR genotypes.21 In another 
study on marathon runners, it was determined that 
athletes with the XX genotype experienced more se-
vere lower extremity muscle pain compared to ath-
letes with the RR genotype.22 In a study conducted 
on professional football players, it was determined 
that footballers with the XX genotype were more sus-
ceptible to muscle damage following eccentric exer-

cise compared to footballers with the RX and RR 
genotypes.23 In the study conducted by Kim et al. 
with Korean elite ballet dancers, it was reported that 
the incidence of ankle injury was 4.65 times higher in 
ballet dancers with the XX genotype compared to 
those with the RX and RR genotypes.24 Similar stud-
ies supporting these findings are also found.25,26 In 
the related literature, it was reported that the RR 
genotype had a protective effect on injury. Addi-
tionally, the fact that the XX genotype is more com-
mon in injured individuals indicates that it may be a 
risk factor for non-impact injury.27 Based on the fact 
that the number of individuals with the RR genotype 
is higher in the present study, it can be said that this 
is consistent with the literature and that these indi-
viduals carry a lower risk of suffering non-impact in-
juries. There are also different studies.3,28 Different 
results could be a result of comparison of the athletes 
from diverse disciplines, type of training, studying 
with non-homogenous and limited groups, and lim-
ited history of the participants such as unclear eth-
nicity, sport experiences, and epigenetics. 

The functions of FMS, which also has an im-
portant place in pre-season tests, are commonly uti-
lized to reduce risk factors that may cause injuries, 
prevent the recurrence of injuries and determine the 
risk of injury. When previous studies on FMS are ex-
amined, in the study conducted by Bulğay et al. with 
long-distance runners, although no significant differ-
ence was found between the runners with and without 
a history of injury, the athletes with no history of in-
jury scored higher.29 In another study, it was reported 
that athletes with a history of injury scored higher 
compared to athletes without a history of injury, al-
though this difference was not significant.30 While 
there are similar studies in the related literature, there 
are also differing studies. In studies with different 
features, it was reported that athletes with a history 
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Gender Variable Genotype n Average ranking df **X2 p value Significant difference 
C/CA 10 11.70 B>A 

Male FMS C/TB 10 20.60 2 6.977 0.031* B>C  
T/TC 9 12.44

TABLE 3:  rs1815739 association with the FMS within the male runners.

*p<0.05; **Kruskal-Wallis (by comparing the variables of 3 genotypes); FMS: Functional movement screen; C/C=A; C/T=B; T/T=C. 



of injury may perform better than those without a his-
tory of injury as a result of specialized injury treat-
ment, such as physical therapy or strength training.29 
It can be said that conducting genetic tests in addi-
tion to field and laboratory tests in order to minimize 
the non-impact injury levels of runners may con-
tribute to a healthier interpretation of injuries in run-
ners. 

With the movement patterns included in the 
FMS test battery, potential injuries can be prevented 
and athletic performance can be increased.31 In order 
to determine FMS scores as a result of core training, 
the core stability training program conducted 3 days 
a week for 8 weeks was found to result in a signifi-
cant improvement in the overall scores of the athletes, 
particularly in the hurdle step movement pattern. As 
a result, it was reported to increase FMS scores and 
dynamic postural control.32 In another study, Bodden 
et al. applied an eight-week individual exercise pro-
gram to professional martial arts athletes 4 days a 
week and reported an increase in FMS scores.33 

While the fact that the group of runners in the 
present study are homogeneous is regarded as the 
strong aspect of the study, the number of runners that 
could be reached limits the study. It is thought that 
findings obtained from future studies conducted with 
different sports branches and wider sample groups 
will provide significant contributions to sport sci-
ences field experts and practitioners. Another limita-
tion of the study was the menstrual cycle not included 
in the calculation when measurements were taken 
from female participants. 

 CONCLuSION 
Based on the findings obtained and the literature re-
view performed, it can be said that XX genotype car-
riage may be a risk factor for injury, and that RR 
genotype carriage has a protective effect in non-im-
pact injuries. It can also be said that runners with high 
mean scores from the FMS test battery carry a lower 

risk of injury, and that this may be an effective factor 
in performance improvement. 

It is thought that the FMS test battery and the 
ACTN3 gene polymorphism, which is responsible for 
and among the significant variables of non-impact in-
juries, may be effective in predicting injuries be-
forehand, reducing risk factors that may cause 
injury, the level of muscle damage and the type of 
muscle injury. Based on this, it can be suggested 
that genetic tests are taken into consideration as 
well as field and laboratory tests in order to mini-
mize injuries in runners, and that these approaches 
are developed as much as possible. More replica-
tion studies are needed to provide clearer informa-
tion about the research. 

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise, 
working conditions, share holding and similar situations in any 
firm. 

Authorship Contributions 

Idea/Concept: Celal Bulgay; Design: Celal Bulgay, Meriç 
Ödemiş, Damla Selin Yıldırım; Control/Supervision: Işık 
Bayraktar, Korkut Ulucan, Mesut Cerit; Data Collection 
and/or Processing: Mehmet Ali Ergün, Celal Bulgay, Korkut 
Ulucan; Analysis and/or Interpretation: Celal Bulgay, Işık 
Bayraktar; Literature Review: Celal Bulgay, Damla Selin 
Yıldırım; Writing the Article: Celal Bulgay, Işık Bayraktar, 
Damla Selin Yıldırım; Critical Review: Korkut Ulucan, Mesut 
Cerit, Mehmet Ali Ergün; References and Fundings: Işık 
Bayraktar, Mehmet Ali Ergün; Materials:Celal Bulgay, Işık 
Bayraktar, Mehmet Ali Ergün.

Celal BULGAY et al. Turkiye Klinikleri J Sports Sci. 2023;15(2):223-9

228



Celal BULGAY et al. Turkiye Klinikleri J Sports Sci. 2023;15(2):223-9

229

1. Saragiotto BT, Yamato Tp, Hespanhol Junior LC, Rainbow MJ, Davis IS, 
Lopes AD. What are the main risk factors for running-related injuries? Sports 
Med. 2014;44(8):1153-63. [Crossref]  [pubMed]  

2. vitti A, Nikolaidis pT, villiger E, Onywera v, Knechtle B. The "New York City 
Marathon": participation and performance trends of 1.2M runners during half-
century. Res Sports Med. 2020;28(1):121-37. [Crossref]  [pubMed]  

3. Bulğay C, Çetin E, Orhan Ö, Ergün MA. The effects of the ACTN3 and ACE 
genes on the sportıve performance of athletes. Inonu univ J phys Educ Sport 
Sci. 2020;7(1):1-12. [Link]  

4. Bulğay C, Sercan Doğan C, Karapınar G, polat T, Cetin E, ulucan K. Farklı 
branşlardaki sporcuların kollajen tip v gen (COL5A1) rs12722 polimorfizm-
lerinin dağılımı [Distribution of collagen type v gene (COL5A1) rs12722 poly-
morphisms of athletes in different branches]. Gaziantep university Journal of 
Sport Science. 2021;6(1):63-74. [Crossref]  

5. Moreno v, Areces F, Ruiz-vicente D, Ordovás JM, Del Coso J. Influence of 
the ACTN3 R577X genotype on the injury epidemiology of marathon runners. 
pLoS One. 2020;15(1):e0227548. [Crossref]  [pubMed]  [pMC]  

6. Zempo H, Tanabe K, Murakami H, Iemitsu M, Maeda S, Kuno S. ACTN3 poly-
morphism affects thigh muscle area. Int J Sports Med. 2010;31(2):138-42. 
[Crossref]  [pubMed]  

7. Ahmetov II, Fedotovskaya ON. Current progress in sports genomics. Adv Clin 
Chem. 2015;70:247-314. [Crossref]  [pubMed]  

8. Zouhal H, Coso JD, Jayavel A, Tourny C, Ravé G, Jebabli N, et al. Associa-
tion between ACTN3 R577X genotype and risk of non-contact injury in trained 
athletes: a systematic review. J Sport Health Sci. 2021:S2095-
2546(21)00074-0. [pubMed]  

9. Massidda M, voisin S, Culigioni C, piras F, Cugia p, Yan X, et al. ACTN3 
R577X polymorphism is associated with the incidence and severity of injuries 
in professional football players. Clin J Sport Med. 2019;29(1):57-61. [Cross-
ref]  [pubMed]  

10. Iwao-Koizumi K, Ota T, Hayashida M, Yonetani Y, Nakata K, Kinoshita K, et 
al. The ACTN3 gene is a potential biomarker for the risk of non-contact sports 
injury in female athletes. J Mol Biomark Diagn. 2014;S6(002). [Crossref]  

11. Chang WD, Chou LW, Chang NJ, Chen S. Comparison of functional move-
ment screen, star excursion balance test, and physical fitness in junior ath-
letes with different sports injury risk. Biomed Res Int. 2020;2020:8690540. 
[Crossref]  [pubMed]  [pMC]  

12. Kiesel K, plisky pJ, voight ML. Can serious injury in professional football be 
predicted by a preseason functional movement screen? N Am J Sports phys 
Ther. 2007;2(3):147-58. [pubMed]  [pMC]  

13. Chorba RS, Chorba DJ, Bouillon LE, Overmyer CA, Landis JA. use of a func-
tional movement screening tool to determine injury risk in female collegiate 
athletes. N Am J Sports phys Ther. 2010;5(2):47-54. [pubMed]  [pMC]  

14. Loudon JK, parkerson-Mitchell AJ, Hildebrand LD, Teague C. Functional 
movement screen scores in a group of running athletes. J Strength Cond 
Res. 2014;28(4):909-13. [Crossref]  [pubMed]  

15. Garrison M, Westrick R, Johnson MR, Benenson J. Association between the 
functional movement screen and injury development in college athletes. Int 
J Sports phys Ther. 2015;10(1):21-8. [pubMed]  [pMC]  

16. Shojaedin SS, Letafatkar A, Hadadnezhad M, Dehkhoda MR. Relationship 
between functional movement screening score and history of injury and iden-
tifying the predictive value of the FMS for injury. Int J Inj Contr Saf promot. 
2014;21(4):355-60. [Crossref]  [pubMed]  

17. Bulgay C, Sercan Dogan C, Çetin E, polat T, Eken BF, Akkoç O, et al. Colla-
gen type 1 gene (COL1A1) rs1800012 polymorphism in long and short dis-

tance runners. Turkish J Sport Med. 2020;56(1):28-32. [Crossref]  
18. Okada T, Huxel KC, Nesser TW. Relationship between core stability, func-

tional movement, and performance. J Strength Cond Res. 2011;25(1):252-61. 
[Crossref]  [pubMed]  

19. Cook G, Burton L, Hoogenboom B. pre-participation screening: the use of 
fundamental movements as an assessment of function-part 2. N Am J Sports 
phys Ther. 2006;1(3):132-9. [pubMed]  [pMC]  

20. Cook G, Burton L, Hoogenboom B. pre-participation screening: the use of 
fundamental movements as an assessment of function-part 1. N Am J Sports 
phys Ther. 2006;1(2):62-72. [pubMed]  [pMC]  

21. Shang X, Li Z, Cao X, Xie C, Gu M, Chen p, et al. The association between 
the ACTN3 R577X polymorphism and noncontact acute ankle sprains. J 
Sports Sci. 2015;33(17):1775-9. [Crossref]  [pubMed]  

22. Del Coso J, valero M, Salinero JJ, Lara B, Díaz G, Gallo-Salazar C, et al. 
ACTN3 genotype influences exercise-induced muscle damage during a 
marathon competition. Eur J Appl physiol. 2017;117(3):409-16. [Crossref]  
[pubMed]  

23. pimenta EM, Coelho DB, Cruz IR, Morandi RF, veneroso CE, de Azambuja 
pussieldi G, et al. The ACTN3 genotype in soccer players in response to 
acute eccentric training. Eur J Appl physiol. 2012;112(4):1495-503. [Crossref]  
[pubMed]  

24. Kim JH, Jung ES, Kim CH, Youn H, Kim HR. Genetic associations of body 
composition, flexibility and injury risk with ACE, ACTN3 and COL5A1 poly-
morphisms in Korean ballerinas. J Exerc Nutrition Biochem. 2014;18(2):205-
14. [Crossref]  [pubMed]  [pMC]  

25. Del Coso J, Salinero JJ, Lara B, Gallo-Salazar C, Areces F, puente C, et al 
ACTN3 X-allele carriers had greater levels of muscle damage during a half-
ironman. Eur J Appl physiol. 2017;117(1):151-8. [Crossref]  [pubMed]  

26. Belli T, Crisp AH, verlengia R. Greater muscle damage in athletes with ACTN3 
R577X (RS1815739) gene polymorphism after an ultra-endurance race: a 
pilot study. Biol Sport. 2017;34(2):105-10. [Crossref]  [pubMed]  [pMC]  

27. de Almeida KY, Cetolin T, Marrero AR, Aguiar Junior AS, Mohr p, Kikuchi N. 
A pilot study on the prediction of non-contact muscle injuries based on ACTN3 
R577X and ACE I/D polymorphisms in professional soccer athletes. Genes 
(Basel). 2022;13(11):2009. [Crossref]  [pubMed]  [pMC]  

28. pereira MA, Rosse IC, Silva AC, Coelho pJFN, de Castro BM, Becker LK, et 
al. Influence of alpha-actinin-3 R577X polymorphism on muscle damage and 
the inflammatory response after an acute strength training session. Biomed 
Res Int. 2022;2022:5447100. [Crossref]  [pubMed]  [pMC]  

29. Chapman RF, Laymon AS, Arnold T. Functional movement scores and longi-
tudinal performance outcomes in elite track and field athletes. Int J Sports 
physiol perform. 2014;9(2):203-11. [Crossref]  [pubMed]  

30. Agresta C, Slobodinsky M, Tucker C. Functional movement ScreenTM-- nor-
mative values in healthy distance runners. Int J Sports Med. 
2014;35(14):1203-7. [Crossref]  [pubMed]  

31. Bulğay C, Zorlular A, Kafa N, Çetin E, Aksen-Cengizhan p. uzun mesafe 
koşucuların fonksiyonel hareket analizi normlarına göre değerlerinin belir-
lenmesi [Functional movement sreenTM- normative values in healthy dis-
tance runners]. Gazi J phys Educ Sport Sci. 2019;24(4):189-98. [Link]  

32. Bagherian S, Ghasempoor K, Rahnama N, Wikstrom EA. The effect of core 
stability training on functional movement patterns in college athletes. J Sport 
Rehabil. 2019;28(5):444-9. [Crossref]  [pubMed]  

33. Bodden JG, Needham RA, Chockalingam N. The effect of an intervention 
program on functional movement screen test scores in mixed martial arts ath-
letes. J Strength Cond Res. 2015;29(1):219-25. [Crossref]  [pubMed] 

 REFERENCES

https://link.springer.com/article/10.1007/s40279-014-0194-6
https://pubmed.ncbi.nlm.nih.gov/24809248/
https://www.tandfonline.com/doi/full/10.1080/15438627.2019.1586705
https://pubmed.ncbi.nlm.nih.gov/30889965/
https://www.researchgate.net/publication/344220767_Kosucularda_ACTN3_ve_ACE_Genlerinin_Sportif_Performansa_Etkisi
https://dergipark.org.tr/tr/pub/gaunjss/issue/60042/793223
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227548
https://pubmed.ncbi.nlm.nih.gov/31990958/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6986710/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0029-1242808
https://pubmed.ncbi.nlm.nih.gov/20222007/
https://www.sciencedirect.com/science/article/abs/pii/S0065242315000219?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/26231489/
https://pubmed.ncbi.nlm.nih.gov/34284153/
https://journals.lww.com/cjsportsmed/Abstract/2019/01000/ACTN3_R577X_Polymorphism_Is_Associated_With_the.10.aspx
https://journals.lww.com/cjsportsmed/Abstract/2019/01000/ACTN3_R577X_Polymorphism_Is_Associated_With_the.10.aspx
https://pubmed.ncbi.nlm.nih.gov/28817413/
https://www.hilarispublisher.com/open-access/the-actn-gene-is-a-potential-biomarker-for-the-risk-of-noncontact-sports-injury-in-female-athletes-2155-9929.S6-002.pdf
https://www.hindawi.com/journals/bmri/2020/8690540/
https://pubmed.ncbi.nlm.nih.gov/32309441/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7136771/
https://pubmed.ncbi.nlm.nih.gov/21522210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953296/
https://pubmed.ncbi.nlm.nih.gov/21589661/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953387/
https://journals.lww.com/nsca-jscr/Fulltext/2014/04000/Functional_Movement_Screen_Scores_in_a_Group_of.5.aspx
https://pubmed.ncbi.nlm.nih.gov/24662154/
https://pubmed.ncbi.nlm.nih.gov/25709859/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4325284/
https://www.tandfonline.com/doi/abs/10.1080/17457300.2013.833942
https://pubmed.ncbi.nlm.nih.gov/25363795/
https://journalofsportsmedicine.org/full-text/557/tur
https://journals.lww.com/nsca-jscr/Fulltext/2011/01000/Relationship_Between_Core_Stability,_Functional.36.aspx
https://pubmed.ncbi.nlm.nih.gov/20179652/
https://pubmed.ncbi.nlm.nih.gov/21522225/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953359/
https://pubmed.ncbi.nlm.nih.gov/21522216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2953313/
https://www.tandfonline.com/doi/full/10.1080/02640414.2015.1012098
https://pubmed.ncbi.nlm.nih.gov/25687200/
https://link.springer.com/article/10.1007/s00421-017-3542-z
https://pubmed.ncbi.nlm.nih.gov/28154975/
https://link.springer.com/article/10.1007/s00421-011-2109-7
https://pubmed.ncbi.nlm.nih.gov/21842214/
https://www.e-pan.org/journal/view.php?doi=10.5717/jenb.2014.18.2.205
https://pubmed.ncbi.nlm.nih.gov/25566457/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4241924/
https://link.springer.com/article/10.1007/s00421-016-3507-7
https://pubmed.ncbi.nlm.nih.gov/27913923/
https://www.termedia.pl/Greater-muscle-damage-in-athletes-with-ACTN3-R577X-RS1815739-gene-polymorphism-after-an-ultra-endurance-race-a-pilot-study,78,28887,0,1.html
https://pubmed.ncbi.nlm.nih.gov/28566803/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5424449/
https://www.mdpi.com/2073-4425/13/11/2009
https://pubmed.ncbi.nlm.nih.gov/36360246/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9690673/
https://www.hindawi.com/journals/bmri/2022/5447100/
https://pubmed.ncbi.nlm.nih.gov/36567902/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9788900/
https://journals.humankinetics.com/view/journals/ijspp/9/2/article-p203.xml
https://pubmed.ncbi.nlm.nih.gov/23630121/
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-0034-1382055
https://pubmed.ncbi.nlm.nih.gov/25144432/
https://dergipark.org.tr/tr/pub/gbesbd/issue/49196/508229
https://journals.humankinetics.com/view/journals/jsr/28/5/article-p444.xml
https://pubmed.ncbi.nlm.nih.gov/29405798/
https://journals.lww.com/nsca-jscr/Fulltext/2015/01000/The_Effect_of_an_Intervention_Program_on.28.aspx
https://pubmed.ncbi.nlm.nih.gov/23860293/

