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ABSTRACT 

This study aims to identify the risk of anterior cruciate ligament (ACL) injury in petanque 
athletes at Jakarta State University (UNJ). This research is a quantitative descriptive study 
using a cross-sectional survey design. There were 18 research subjects consisting of 10 male 
athletes and 8 female athletes. Characteristics of research subjects such as body weight and 
Body Mass Index (BMI) were measured using the Xiaomi MI scale. Assessment of hamstring 
and quadriceps muscle strength is assessed using an electromyography (EMG) tool when 
performing manual muscle testing (MMT). The research results showed that the research 
subjects had a normal BMI category, namely 22.31 for men and 22.09 for women. 
Statistically, there were no significant differences in hamstring and quadriceps muscle 
strength in the right (p=0.448) and left (p=0.376) legs for male subjects. Meanwhile, for 
female subjects, there was also no significant difference found between hamstring and 
quadriceps muscle strength on the right (p=0.429) and left (p=0.232) legs. Thus, it can be 
concluded that UNJ petanque athletes have a low risk of ACL injury, because they have 
hamstring and quadriceps muscle strength that is not significantly different (balanced), and 
is supported by a normal BMI category. Further studies need to be carried out by combining 
and considering other variables in identifying the risk of ACL injury. 
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INTRODUCTION 

Sports injuries are often experienced by athletes which causes athletes to 

experience a decrease in their level of physical activity (Emery & Pasanen, 2019; 

Yuliana & Kushartanti, 2020), psychological pressure (Chan et al., 2017), even 

career-ending athlete (Ristolainen et al., 2012). Sports injuries often occur in the 

lower extremities with an incidence rate of 53%, followed by 35% of upper 
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extremity injuries, 12% of which occur in the head, neck and trunk (Sytema et al., 

2010). 

Anterior Cruciate Ligament (ACL) injury is an injury to the lower 

extremities, namely to one of the ligaments located in the knee joint. The percentage 

of ACL injuries is quite high in athletes and is mostly caused by non-contact sports, 

reaching 70-80% (Acevedo et al., 2014). ACL injuries cause several problems, such 

as knee joint imbalance (Fernandes et al., 2016), decreased level of exercise 

(Arundale et al., 2018), a long recovery process (Zaffagnini et al., 2015), even if no 

proper treatment is received actually increases the risk of re-injury (Beischer et al., 

2020), and over a long period of time the risk of experiencing knee osteoarthritis 

and lower extremity dysfunction (Zebis et al., 2009). Therefore, early identification 

of the risk of ACL injury in athletes is important, as a strategy for primary 

prevention, that is, injuries are prevented before they occur. In addition, it helps 

athletes to achieve maximum performance, without being hampered by functional 

impairment due to sports injuries. 

Hamstring and quadriceps muscle strength imbalances are often used to 

detect the risk of knee-related injuries (Ruas et al., 2019). In line with other research 

which states that hamstring-quadriceps imbalance is associated with non-contact 

foot injuries in athletes (Kim & Hong, 2011). Meanwhile, the risk of ACL injury is 

associated with decreased hamstring strength, but not the quadriceps muscle (Myer 

et al., 2009) or differences in the average activity of the vastus lateralis and 

semitendinosus muscles (Zebis et al., 2009). 

Assessment of the balance of quadriceps and hamstring muscle strength 

against the increase in risk of knee injury from year to year often uses the 

quadriceps-to-hamstrings (Q/H) ratio. The most popular assessment of the Q/H 

ratio is assessed using the isokinetic test (Coombs & Garbutt, 2002; Myer et al., 

2009; O’donnell et al., 2020). Therefore, this study will measure the balance 

between hamstring and quadriceps muscle strength through electromyography 

(EMG) measurements. 

Electromyography (EMG) is a tool that can record muscle activity and is 

widely used in the fields of Sports Science and Sports Medicine (Lee et al., 2022). 

EMG via electrodes attached to the surface of the skin will translate the signals 
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resulting from muscle activity when contracting into graphs that can be viewed 

using EMG analysis software (Lee et al., 2022). Normally, EMG signals will be 

seen when carrying out a conscious maximum contraction or Maximum Voluntary 

Contraction (MVC) with the support of maximum isometric movements in each 

muscle (Cho et al., 2022). Several studies use EMG to analyze muscle strength 

(Wang et al., 2022), muscle activation (Lee et al., 2022), and injury risk analysis 

(Duan, 2021; Hewett et al., 2005).  

Petanque is a non-contact sport played by throwing an iron ball forward 

toward a wooden ball (jack) to get points, and throwing an iron ball toward the 

opponent's ball so that the opponent's ball moves away from the jack (Pelana et al., 

2021). There are two position techniques for throwing iron balls in the sport of 

petanque, namely, standing position and squatting position (Pelana et al., 2020). In 

the sport of petanque, the lower extremities, especially the knee joints, have an 

important role. Petanque athletes who throw in a squatting position use their 

strongest leg as support (Pelana et al., 2020). This position makes the lower 

extremities, especially the knee joints, work harder because it functions as a support 

for body weight and keeps the body's balance stable. Bearing in mind that the lower 

extremities, especially the knee joint, have an important function for the body, 

namely that they must support the body's weight (Vaienti et al., 2017). Meanwhile, 

the effects of an ACL injury can disrupt an athlete's physical abilities and even 

threaten an athlete's career. In Indonesia, research assessing the risk of ACL injury 

in petanque athletes is still very limited. Thus, this study aims to identify the risk of 

ACL injury in petanque athletes at Jakarta State University by assessing the balance 

of hamstring and quadriceps muscle strength. 

 

METHOD 

Universitas Negeri Jakarta petanque athletes totaled 24, consisting of 13 

male athletes and 11 female athletes. However, there were 18 athletes who met the 

criteria to be the subject of this study, consisting of 10 men and 8 Female. Research 

subjects were selected based on predetermined inclusion criteria, namely active as 

petanque athletes at Universitas Negeri Jakarta and willing to become research 

subjects marked by signing an informed consent. Meanwhile, the exclusion criteria 
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for this study were participating in sports other than petanque, and having a history 

of knee or lower extremity injuries that interfered with activities.  

A total of 18 research subjects who met the criteria for this research signed 

informed consent. Furthermore, information related to the characteristics of 

research subjects such as body weight and BMI was measured using the Xiaomi MI 

scale 2 which has been proven to have validity as a tool for measuring body 

composition (Alidadi et al., 2019). The standard for measuring body composition 

is that research subjects are in good health with a stable water and electrolyte 

balance (Kyle et al., 2004). Subjects were asked not to eat, drink and do physical 

activity for at least 3 hours before measurement, and to keep their bladder empty 

(Domaradzki & Koźlenia, 2022). Before taking measurements, the subject first 

rested for 30 minutes and wore a light cloth without metal (Alidadi et al., 2019). 

Finally, EMG was used in this study to see the strength of the hamstring and 

quadriceps muscles from the peak values produced when performing manual 

muscle testing (MMT) with maximum isometric contractions. MMT on the 

quadriceps muscle group is carried out in a sitting position with the knee extended 

at 450 from knee flexion (Lee et al., 2022) and EMG electrodes are attached to the 

quadriceps muscle. Meanwhile, MMT on the hamstring muscle group is carried out 

in a prone position, the knees are bent (flexed) to 750 (Lee et al., 2022) and the 

EMG electrode is attached to the hamstring muscles. Research subjects performed 

three trials and each isometric contraction lasted 5 seconds with a 30-second rest 

between each trial (Navacchia et al., 2019). 

Data were analyzed using SPSS version 26. Basic characteristics were 

analyzed using descriptive statistics such as number, mean, percentage and standard 

deviation. Data normality uses the Shapiro-Wilk Test. Next is the Independent 

Samples Test to determine the difference in the average peak values of the 

hamstring and quadriceps muscles. Meanwhile, the Malen-Whitney test is used for 

data that is not normally distributed. The significance level was set at p<0.05. 
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RESULT AND DISCUSSION 

Result 

This study used 18 subjects, consisting of 10 male and 8 female, and met 

the criteria for being the subject of this study. Data on the characteristics of the 

research subjects are presented in Table 1. 

Tabel 1. Data on Research Subject Characteristaics Grouped by Gender 

Characteristics Male Female 

Gender, n (%)     10 (55,56)    8 (44,44) 

Age   21,9 ± 2,28   21,13 ± 3,87 

Height (cm) 169,4 ± 6,20 155,87 ± 3,64 

Body Mass Index (BMI)  22,31 ± 3,77   22,09 ± 4,41 
Data are presented as mean ± standar devation 

Tabel 2. Results of Data Analysis of Peak Hamstring and Quadriceps Muscle Values for Study 
Subjects 

Gender Variabel N Mean Std. Deviation P-Value 

Male 

Left Quadricep 10 346,5 1,98 
0,376 

Left Hamstring 10 347,2 1,59 

Right Quadricep 10 350,6 7,19 
0,448 

Right Hamstring 10 347,7 1,54 

Female 

Left Quadricep 8 350,1 5,18 0,232 
Left Hamstring 8 347,7 2,12 

Right Quadricep 8 350,1 7,77 0,429 
Right Hamstring 8 347,0 2,33 

The results of the data analysis of the peak values of the hamstring and 

quadriceps muscles of the research subjects which were measured using EMG by 

performing maximum isometric contractions during manual muscle testing (MMT) 

concluded that there was no significant difference found between the strength of 

the hamstring and quadriceps muscles on the right and left sides in male and female 

research subjects. This is evidenced by each value of p> 0.05. Thus, it can be stated 

that the strength of the hamstring and quadriceps muscles on each side of the leg in 

men and women has the same or balanced strength. The peak values for the 

hamstring and quadriceps muscles of the research subjects are also presented in 

figures 1 and 2. 
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Figure 1. Peak values for the hamstring and quadriceps muscles of male subjects  

Figure 2. Peak values for the hamstring and quadriceps muscles of male subjects 

 

Discussion 

Sports injuries can happen to anyone, both in contact and non-contact sports. 

This study aims to identify the risk of ACL injury in petanque athletes at Jakarta 

State University. Based on the data presented in Table 1, male research subjects 

amounted to 55.56% and female research subjects amounted to 44.44%. On 

average, male and female research subjects had a normal BMI category, namely 

22.33 for male subjects and 22.09 for female subjects. Previous research states that 

a high BMI or teenagers who are overweight/obese are associated with an increased 

risk of knee injury, compared to normal weight (Richmond et al., 2016; Munthe et 

al., 2021). This is because excess body weight/obesity will put greater pressure/load 

on soft tissues and joints (Prieto-González et al., 2021). This, research subjects have 

a low risk of experiencing knee injury because they have a normal BMI category 

so that the soft tissue and joints in the knee do not receive a large load/pressure. 
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Meanwhile, in the data presented in Table 2, no significant differences were 

found between the strength of the hamstring and quadriceps muscles in male and 

female subjects on each side of the leg. Proven by the results of statistical analysis 

using the Independent t-test and Man-Whitney test (for non-normally distributed 

data), each showing a p-value>0.05. Previous research stated that the highest risk 

of causing Anterior Cruciate Ligament (ACL) injury in female athletes in the future 

is that there is an average difference in the semitendinosus and vastus lateralis 

muscles (Zebis et al., 2009). Supported by the results of other research. The 

imbalance of hamstring and quadriceps muscle strength is a predictor of athletes 

experiencing knee-related injuries (Perkins & Canavan, 2023). Hamstring muscle 

endurance and reduced hamstring strength relative to quadriceps endurance and 

quadriceps strength are factors that influence the occurrence of overuse knee 

injuries during competition in female collegiate athletes (Ryman Augustsson & 

Ageberg, 2017). The measurement results showed that there was no significant 

difference between the strength of the hamstring and quadriceps muscles in the 

research subjects, thus reducing the risk of experiencing knee injuries, especially 

ACL. This illustrates that there is a good relationship between agonist-antagonist 

strength and good knee joint stability. During knee extensor concentric strength, 

hamstring eccentric strength is very important to maintain knee joint stability (Ruas 

et al., 2019). Balanced muscle strength can significantly reduce the risk of injury 

(Croisier et al., 2008). The most common recommendation to reduce knee strength 

imbalances and injury risk is with eccentric quadriceps and eccentric hamstring 

exercises (Ruas et al., 2018.). 

The results of this study may provide insight into the risk of ACL injury in 

athletes. Apart from that, it helps coaches to evaluate the strength and balance 

between the hamstring and quadriceps muscles, so that coaches can use it as a 

consideration for designing and compiling sports injury prevention programs. 

However, the limitations of this study are in identifying the risk of ACL injury, only 

assessing the variables of hamstring-quadriceps muscle strength balance and BMI. 

Previous research has shown the importance of combining several different 

screening tests (Schweizer et al., 2022), such as using alternative methods to 

determine the hamstring-quadriceps (H: Q) ratio while considering other 
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neuromuscular variables (Ruas et al., 2019). Additionally, assessing muscle 

strength imbalances along with other factors provides a better understanding of the 

relationship between hamstring to quadriceps ratio (H:Q) and injury (Kellis et al., 

2022).   

 

CONCLUSION 

The results of the study showed that there was no significant difference 

between the strength of the hamstring and quadriceps muscles on each side of the 

leg in male and female research subjects. In addition, male and female subjects have 

a normal BMI category. Thus, it can be concluded that petanque athletes at Jakarta 

State University have a low risk of ACL injury. In future studies, it will be important 

to combine multiple screening tests and consider other variables associated with 

ACL injury risk. 
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