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ABSTRACT Objective: The present study aims to examine investi-
gation the a-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.

Keywords: Athletic performance; FMS; runners;
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OZET Amag: Sunulan ¢aligma, ulusal diizeyde yarisan geng kosucu-
larda a-aktinin-3 [o-actinin-3 (ACTN3)] gen polimorfizmi (rs1815739)
ve fonksiyonel hareket analizi [functional movement screen (FMS)]
degerlerini incelemeyi amaglamaktadir. Gere¢ ve Yontemler: Aras-
tirmaya, Tirkiye Atletizm Federasyonuna bagl farkli kuliiplerde li-
sansli olarak ulusal diizeyde yarisan, haftada en az 5 giin diizenli
antrenman yapan 45 gen¢ kosucu (29’u erkek %64,4, 16’s1 kadin
%35,6) goniillii olarak katilmistir. Agiz stiriintii drneklerinin DNA izo-
lasyonu spin kolon (MN Macherey-Nagel, Almanya) yontemi ile ger-
ceklestirilmistir. Genotipleme islemi gergek zamanlt polimeraz zincir
reaksiyonu metodu ile gerceklestirilmistir. Fonksiyonel kapasitenin be-
lirlenmesi i¢in FMS test bataryasi kullanilmistir. Bulgular: Elde edilen
bulgulara gore kadin kosucularin FMS degerlendirmesinde, CC geno-
tipe sahip kosucularin ortalama puaninin CT genotipe sahip kosucu-
lardan (p<0,033), erkek kosucularda ise CT genotipe sahip kosucularin
ortalama puani TT genotipe sahip kosuculardan (p<0,031) anlamli bir
sekilde daha yiiksek oldugu tespit edilmistir. Ancak toplam kosucula-
rin FMS degerlendirmesinde genotipe gore anlamli bir farklilik tespit
edilmemistir (p>0,205). Sonug: Darbelere bagl olmayan yaralanma-
lardan sorumlu dnemli degiskenlerden ACTN3 gen polimorfizmi ve
FMS test bataryasinin, kosucularda kas hasari diizeyine, kas yaralanma
tipine, yaralanmalarin 6nceden tahmin edilmesine ve yaralanmalara
neden olabilecek risk faktorlerinin azaltilmasina etkili olacag: disii-
niilmektedir.

Anahtar Kelimeler: Atletik performans; FMS; kosucular;
yaralanma riski; polimorfizmi rs1815739

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.! 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.’
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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.’

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.* One of the polymorphisms that are
thought to be related to non-impact injury is the
alpha-actinin-3 (ACTN3) gene.’ 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
ACTNS3 protein in our genome, which forms the thin
muscle fiber in the sarcomere muscle unit.® 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.” 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.®
When the impact of the ACTN3 R577X gene poly-
morphism on muscle damage in athletes competing in

224

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.’ 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.’ 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.'’

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.!! Certain studies reported that the func-
tional movement screen (FMS) has the ability to
predict injury-prone individuals.'>!"* FMS takes many
functional movement patterns necessary in athletics
into account and constitutes an auxiliary element to
determine potential injury risks.'* 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.!* 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.!> 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.'® 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.!” 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.

I 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%; X,ge (years)=1_4.50, SD 1.43; Xpeight (em)™
1_65.49, SD 8.18; Xyeight (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-
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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.'® 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,
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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,
cach 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 21.1%%0 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.

DATAANALYSIS

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.

I 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).

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

Gender Variable Genotype n Average ranking df o G p value Significant difference
C/ct 18 23.94

Total FMS CIT® 18 25.42 2 317 0.205
T 9 16.28

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

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

Gender Variable Genotype n X
C/C 8 11.00

Female FMS CIT 8 6.00
T

Total ranking **Mann-Whitney U z p value
75.50
134.50 12.000 -2.132 0.033*

*p<0.05; **Mann-Whitney U test (by comparing the variables of 2 genotypes); FMS: Functional movement screen.
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TABLE 3: rs1815739 association with the FMS within the male runners.

Gender Variable Genotype n Average ranking df X2 p value Significant difference
c/ct 10 11.70 B>A

Male FMS CIT® 10 20.60 2 6.977 0.031* B>C
T/Te 9 12.44

*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.

I 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.?! 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.”? 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-
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cise compared to footballers with the RX and RR
genotypes.” 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.?* Similar stud-
ies supporting these findings are also found.?>*° 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.?’” 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.**® 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 Bulgay 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.” 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.** 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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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.”
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.*' 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.* 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.*

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.

I 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
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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.
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