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Regular practice of badminton players will lead to the formation of repetitive move-
ment patterns as a significant factor causing outer elbow pain, commonly referred as
tennis elbow. This study was aimed to identify the contribution of repetitive move-
ments to tennis elbow risks in badminton players, to examine the relationship between
repetitive movements and tennis elbow risks, and to investigate the differences of ten-
nis elbow risk based on the repetitive movement status and the player status. The meth-
od used was the observational study with a correlational approach involving 122 play-
ers of student badminton organization, known as UKM, from four universities selected
using the purposive and cluster sampling methods. The dependent variable of this
study was the tennis elbow risk, while the independent variables were repetitive move-
ments and the player status. The ordinal linear regression statistical test results ob-
tained a p-value estimated parameter of p = 0.418 and a pseudo R-Square value of
11.4%. Spearman statistical test was obtained (p=0.020) with a value of r = -0.210.
The Kruskal-Wallis H statistical test was obtained (p=0.040). The Mann-Whitney sta-
tistical test was also obtained (p=0.005). Repetitive movements contribute to the risk
of tennis elbow in badminton players and affect the condition. In addition, there is a
weak relationship between repetitive movements and tennis elbow. Repetitive move-
ment status and player status affect the risk of tennis elbow in badminton players.
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INTRODUCTION

The prevalence of tennis elbow in the general pop-
ulation is 1-3% and 10% is in women (Kwapisz et al.
2018). The incidence rate of tennis elbow in the produc-
tive age of 20-65 years shows the highest risk at 40-50
years (Keijsers et al. 2019). In addition, the incidence of
tennis elbow is also often found in badminton players,
with a prevalence of 12.5% (Karahan et al. 2013).

Tennis elbow can occur due to repetitive move-
ments or overuse activities on the forearm extensor
muscles, causing degeneration of the extensor carpi
radialis brevis (ECRB) and extensor digitorum com-
munis. Repetitive movements of wrist extension, radial
deviation, and forearm supination are causes of tennis
elbow in tennis and badminton players (Buchanan BK,
2022; Kumar and Stanley, 2011).

Based on the status of badminton players, there are
differences in the level of overuse injury where athletes
have a higher risk. This can occur because an athlete
training capacity is denser and most of the athlete time
is spent in training for competition preparation (Senior
Lecturer et al. 2009).

The problem with functional activity due to tennis
elbow is pain with grip (DImitrios 2016). Therefore, the
activities of badminton players usually disrupted by
tennis elbow are gripping the racquet and hitting a
backhand shot (Buchanan BK et al., 2022). Holding the
racquet with repetitive movements can cause overuse of
the forearm extensors, resulting in the tennis elbow.
Pain caused by tennis elbow can reduce performance in
badminton players (Sufitni 2004).

Designing the ratio of rest and exercise in repeti-
tive movements to meet aerobic capacity needs during
competition can be a preventive measure to reduce the
risk of tennis elbow. In addition, as a control measure
against tennis elbow, attention should be paid to chang-
es in training, a more aggressive style of play, modifi-
cation of the grip and forehand with an open position,
and improving the physical abilities of players (Fu et al.
2021; Ibrahim Hamed Ibrahim Hassan and Mohammed
A. Elgammal 2018).

It is not widely known what percentage of repeti-
tive movements contribute to the tennis elbow risk, es-
pecially in badminton players. This is the premise of
this study to see and identify the contribution of repeti-
tive movement to the risk of tennis elbow in badminton

players, the relationship between repetitive movement
and the risk of tennis elbow in badminton players, dif-
ferences in the risk of tennis elbow based on the status
of repetitive movement in badminton players, and dif-
ferences in the risk of tennis elbow based on the status
of badminton players.

METHODS

This study used observational research with a cor-
relational approach. This study was conducted to obtain
data on factors or variables interrelated with other vari-
ables whose structure and nature are more complicated
or complex. This study aimed to see and identify the
contribution of repetitive movement to the risk of tennis
elbow in badminton players, the relationship between
repetitive movement and the risk of tennis elbow in
badminton players, differences in the risk of tennis el-
bow based on the status of repetitive movement in bad-
minton players, and differences in the risk of tennis el-
bow based on the status of badminton players.

Participants

This study used a purposive sampling method with
a cluster sampling approach. The population in this
study were members of badminton UKM consisting of
178 members. The sampling size after being processed
using the OpenEpi platform resulted in a sample size of
122 divided into 4 clusters, namely 44 members of
UKM badminton Universitas Muhammadiyah Surakar-
ta, 38 members of UKM badminton Universitas Islam
Indonesia, 20 members of UKM badminton Universitas
Slamet Riyadi, and 20 members of UKM badminton
Universitas Sebelas Maret.

Inclusion criteria and exclusion criteria determined
the sample in this study. The inclusion criteria in this
study were members and players, both athletes and non-
athletes, in badminton UKM for more than six months
with a vulnerable age of 17-23 years. Exclusion criteria
in this study were players with a history of arm injuries
for less than six months and unwilling to be research
subjects.

Sampling Procedures

Sampling technique is a technique used to deter-
mine the research sample. The sampling technique used
in this study was purposive sampling with a cluster
sampling approach, included in the probability sam-
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pling type. The cluster sampling approach obtains a
sample by dividing several regions or groups with simi-
lar characteristics (Gulo 2002).

Materials and Apparatus

This research used the pain-free grip strength test
instrument, employing a hand grip dynamometer meas-
uring instrument to detect the presence of lateral epi-
condylitis or tennis elbow by measuring the level of
hand strength until pain arises (Wyn Lim 2013). This
test is positive if there is pain in the lateral humeral epi-
condyle. In addition, the repetitive task assessment
(ART) tool was used to assess common risk factors in
repetitive movements contributing to upper limb disor-
der development (Great Britain 2010). The media used
to measure the level of repetitive movements was the
Assessment of Repetitive Tasks (ART), namely by tak-
ing videos to analyze direct assessments using the vide-
os taken.

Procedures

A pain-free grip strength test was performed with
the subject sitting in a chair, arm in 90° flexion, and
holding a grip dynamometer. The test was carried out
3x/hand with a 1-minute rest period per session. The
test is positive if there is pain in the lateral epicondyle
of the humerus. This instrument used an ordinal scale
with an interpretation of values > 36 very good, 31-36
good, 25-30 quite good, 19-24 moderate, and <19 poor
for women, while an interpretation values for men were
> 56 very good, 51 -56 good, 45-50 quite good, 39-44
moderate, and <39 poor (Wyn Lim 2013). The repeti-
tive task instrument (ART) assessment tool used video
media. The Assessment of Repetitive Tasks (ART) tool
used an ordinal scale with an interpretation of a value of
0-11 as low risk, a value of 12-21 as moderate risk, and
>22 as high risk (Great Britain 2010).

Ethical clearance was used to ensure that the re-
search had met the principles of respecting human dig-
nity, the principle of doing good, beneficial, and not
harmful, and the principle of justice. Data collection
was carried out based on the respondent consent
through informed consent. This study has received ap-
proval from the Research Ethics Committee of Tk—II
04.05.01 Dr. Soedjono Hospital and an Ethical Feasibil-
ity Letter with No. 214/EC/11/2023.

Data Analysis

Data analysis and interpretation in this study used
univariate, bivariate, and multivariate analyses. The
univariate analysis involved mean, median, mode, vari-
ance, standard deviation, range, frequency, and N value.
The bivariate analysis used the ordinal linear regression
test, Spearman's test, and Mann Whitney test. At the
same time, the multivariate analysis used the Kruskal-
Wallis test.

RESULT

The study began with data collection on the char-
acteristics of the research sample. Data were obtained
through questionnaires, examination of pain-free grip
strength tests directly with respondents, and analysis of
repetitive movements through videos of respondents
who had met the inclusion and exclusion criteria. The
first evaluation before the intervention was conducted
on a sample of respondents who had met the inclusion
and exclusion criteria. The participation of respondents
until the research was completed was 100% allocated
successfully following the entire series of research pro-
cesses. The data characteristics of this study are as fol-
lows:

Univariate Analysis

The data presentation used was descriptive statis-
tics to describe the parameters of each variable. These
parameters included the center value (mean, median,
mode) and dispersion value (variance, standard devia-
tion, range). Then, the total score was measured to add
to the characteristics of the data.

Based on table 1, the pain-free grip strength test
examination results were obtained. The average value
was 27.9; the median value was 27.9, and the frequently
appeared value was 16.9. The assessment of repetitive
tasks (ART) tool examination gained an average value
of 12.5, the median value of 9, and the frequently ap-
peared value of 9.

Bivariate and Multivariate Analysis

The overall data were not generally distributed
using the ordinal linear regression test to test for differ-
ences. Based on the ordinal linear regression statistical
test results, the goodness of fit p-value on the person
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Table 1. Univariate Analysis

Inspection N F Y% Mean + Std Deviation Range  Median Variance Modus
Gender 122
Men 122 88 72.1
Women 122 34 27.9
Status 122
Athlete 122 36 29.5
Non-Athletes 122 86 70.5
gfr’e"n;’heeTeGs’t’p 122 27.9+8.11 3830 279 65.7 16.9
Male 122 30.8+7.18
Good enough 122 2 2.2
Medium 122 6 8.8
Bad 122 79 86.9
Female 122 20.3+£4.90
Good enough 122 7 7.7
Medium 122 10 11
Bad 122 16 17.6
ART TOOLS 122 12.5+5.56 15.2 9 31 9
Low Risk 122 85 69.7
Medium Risk 122 28 23
High Risk 122 9 7.3
VAS 122 0.22 +£0.82 5 0 0.68 0
Mild Pain 122 119 97.6
Moderate Pain 122 3 2.4
Mill’s Test 122
Positive 122 15 12.3
Negative 122 107 87.7

Source: Primary Data, 2023

and deviance was (p=0.908), meaning that the research
model fitted the empirical data or was feasible. In the
Pseudo R-Square, the value was 11.4%, meaning that
repetitive arm movements affected 11.4% of the risk of
tennis elbow for badminton players. The test of parallel
lines had a p-value (p = 0.908), meaning that the result-
ing model had the same parameters. In other words,
these variables had indicators that could explain the
cause and effect of the independent and dependent vari-
ables. The results of parameter estimates showed a p-
value (p=0.418) so that HO was accepted, meaning that
there was no contribution of repetitive movements to
the risk of tennis elbow for badminton players.

The results of Spearman's test obtained the results
of the p-value (p = 0.020), meaning that p <0.05, so

there was a relationship between repetitive movements
and the risk of tennis elbow in badminton players. The
coefficient correlation value was (r= 0.210), meaning
that the higher the value of the assessment of repetitive
tasks (ART) tool, the worse the risk of tennis elbow.

Based on the ordinal linear regression statistical
test results, the goodness of fit p-value on the person
and deviance was (p=0.908), meaning that the research
model fitted the empirical data or was feasible. In the
Pseudo R-Square, the value was 11.4%, meaning that
repetitive arm movements affected 11.4% of the risk of
tennis elbow for badminton players. The test of parallel
lines had a p-value (p = 0.908), meaning that the result-
ing model had the same parameters. In other words,
these variables had indicators that could explain the
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Table 2. Bivariate and Multivariate Analysis

R Square __p-Value R Conclusion
Test of Contribution ofRepetitive Movement toTennis Elbow
Ordinal Linear Regression
Goodness Of Fit
Person 0.908 Model Fit
Deviance 0.908 Model Fit
Pseudo R-Square
Cox and Snell 0.048
Negelkerke 0.066
Test Of Parallel Lines 0.908 Same Parameters
Parameter Estimates 0.418 HO Accented
Test the Relationship ofRepetitive Movement to Tennis Elbow
HO Rejected
Spearman’s 0.020 -0.210 . .
Weak Relationship
Differential Test of Repetitive Movement against Tennis Elbow
Kruskal-Wallis H 0.040 HO Reiected
Difference Test of PlaverStatus and Tennis Elbow
Mann Whitney 0.004 HO Rejected

Source: Primary Data, 2023

cause and effect of the independent and dependent vari-
ables. The results of parameter estimates showed a p-
value (p=0.418) so that HO was accepted, meaning that
there was no contribution of repetitive movements to
the risk of tennis elbow for badminton players.

The results of Spearman's test obtained the results
of the p-value (p = 0.020), meaning that p <0.05, so
there was a relationship between repetitive movements
and the risk of tennis elbow in badminton players. The
coefficient correlation value was (r= 0.210), meaning
that the higher the value of the assessment of repetitive
tasks (ART) tool, the worse the risk of tennis elbow.

The Kruskal-Wallis H test results obtained a p-
value (p=0.040), meaning that p<0.05, so there was a
difference in the risk of tennis elbow based on repeti-
tive movement status in badminton players. The Mann-
Whitney test results obtained a p-value (p=0.004),
meaning that p<(0.05. It also gained a mean value of
4.82 in non-athletes and 4.47 in athletes, so there was a
difference in the risk of tennis elbow based on the status

of badminton players, with a higher risk in non-athletes.

DISCUSSION

A joint injury in badminton players is a tennis el-
bow (Zam and Pristianto, n.d.). Several factors, includ-
ing poor playing techniques and repetitive movements,
can cause tennis elbow. When badminton players per-
form poor playing techniques repetitively, it can in-
crease the risk of tennis elbow. Repetitive movement
means doing the same activity or movement on the arm
for more than 1 hour/per day (Winston and Wolf,
2015).

Tennis elbow can occur due to repetitive move-
ments. This is because the repetitive movement can
cause micro-trauma to the extensor carpi radialis brevis
muscle to partial rupture of the extensor carpi radialis
brevis tennoperiosteal acute or chronic (Basak et al.,
2018; Jindal et al., 2013; Muki Pratono, 2006). Another
description of the process of tennis elbow is due to fi-
broblasts and vascular hyperplasia, also known as angi-
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ofibroblastic, which occurs in tendons damaged by re-
peated microtrauma (Cutts et al. 2020).

Based on the results of the ordinal linear regres-
sion statistical test, the result of p>0.05 was obtained,
meaning that HO was accepted so that there was no con-
tribution of repetition movements to the risk of tennis
elbow in badminton players. A Pseudo R-Square value
of 11.4% was obtained, meaning that the arm repetitive
movement factor had an 11.4% effect on tennis elbow
in badminton players, and other factors had 88.6% in-
fluence. In line with the research of Karahan et al.,
(2013), the incidence of tennis elbow in badminton
players is only 12.5%, meaning that tennis elbow is a
minor injury to badminton players. However, functional
activities in badminton players are entirely disrupted,
such as when holding the racket and doing backhand
movements, because these activities can activate the
appearance of pain and reduce the player hitting perfor-
mance (Buchanan BK, 2022).

Repetitive movement is a risk factor for tennis el-
bow in badminton players. The theory follows the re-
search of Ahmad et al., (2013), stating that several fac-
tors cause tennis elbows, such as late backhand, dura-
tion of the training, frequency of play, racket size, rack-
et weight, and repetitive movements performed for
more than two hours.

Repetitive movements, especially wrist extension,
commonly cause tennis elbow. The backhand move-
ment is considered the most significant source of tennis
elbow. This is because, for the needs of the stroke, the
athlete must make extensions combined with radial de-
viation and contract the wrist continuously. If the
movement is done repetitively, it will cause repetitive
injury to the extensor carpi radialis brevis (ECRB) mus-
cle which can reduce the function of the affected limb,
namely the lateral epicondyle, so that it becomes the
beginning of the appearance of tennis elbow (Vicens et
al. 2017; Wolf 2015).

The results of Spearman's statistical test on p-
correlation obtained a p-value (p = 0.020) with a value
of (r = 0.210), meaning that there was a weak relation-
ship between repetitive movement and the risk of tennis
elbow, so that the higher the value of the assessment of
repetitive tasks (ART) tool, the worse the risk of tennis
elbow. The result of this research is also supported by
the results of Haahr and Andersen (2003) research us-
ing a logistic regression test where the odds ratio (OR)

of 3.7 was obtained so that the exp (b) value was 40.5,
meaning that repetitive movement had an influence of
40.5% on tennis elbow.

The results of the Kruskal-wallis H statistical test
obtained p <0.05, meaning that HO was rejected so that
there were differences in the risk of tennis elbow based
on the status of repetitive movements in badminton
players. The results of the Mann-whitney statistical test
obtained p<0.05, meaning that HO was rejected, so
there was a difference in the tennis elbow risk based on
badminton player status. Different results are found in
previous research conducted by Senadheera et al.,
(2019), showing 13.33% of the incidence of tennis el-
bow in badminton players. However, the incidence was
caused by the player lack of flexibility training, so there
was no significant relationship with tennis elbow based
on extrinsic factors, such as player status and length of
playing time.

Based on the player status, the mean value was
4.82 in non-athletes and 4.47 in athletes, so the higher
risk of developing tennis elbow was found in non-
athletes. These results align with the opinion of Owens
et al., (2015) in his research, stating that there is often
an imbalance or untrained upper limb muscles in non-
athletes or recreational players, so there is a high possi-
bility of the risk of tennis elbow in non-athletes or rec-
reational players.

Another opinion regarding the risk of injury based
on player status is also explained by Syahmirdza
Indra Lesmana (2020) in his book, stating that athletes
are more at risk of repetitive injury. This can happen
because athletes do strength and conditioning exercises
to prepare for the match so that they can strengthen and
activate the anti-gravity muscles. As a result, if athletes
are lazy and no longer do routine training, the anti-
gravity muscles do not work optimally anymore. Other
tissues, such as ligaments, meniscus, and cartilage, need
to re-adapt to load changes, increasing the risk of re-
current injuries in athletes.

This study had limitations, including that research-
ers had not carried out specific homogeneity of inclu-
sion criteria in the form of different training duration
for each UKM.
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CONCLUSION

The results of the statistical test between repetitive
movement and tennis elbow obtained the value of pa-
rameter estimates (p=0.418), meaning that there was no
contribution of repetitive movement to the risk of tennis
elbow in badminton players. The Pseudo R-Square val-
ue was 11.4%, meaning that repetitive movement on the
arm affected 11.4% of tennis elbow in badminton play-
ers. The results of Spearman's statistical test obtained a
p- correlation value (p = 0.020) with a value of (r =
0.210), meaning that there was a weak relationship be-
tween repetitive movement and the risk of tennis elbow
so that the higher the value of the assessment of repeti-
tive tasks (ART) tool, the worse the risk of tennis el-
bow. The results of the Kruskal-wallis H statistical test
obtained a value of (p = 0.040), meaning that there were
differences in the risk of tennis elbow based on the sta-
tus of repetitive movement in badminton players. The
statistical test results between the risk of tennis elbow
based on the player status with the Mann-whitney sta-
tistical test obtained a value (p=0.005), meaning that
there was a difference in the risk of tennis elbow based
on the status of badminton players.
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