
22 

International Journal of Physical Education, Exercise and Sports 

www.physicaleducationjournal.com 

Online ISSN: 2664-9896, Print ISSN: 2664-9888 

Received: 24-02-2025, Accepted: 25-03-2025, Published: 09-04-2025 

Volume 7, Issue 1, 2025, Page No. 22-27 

 

Biomechanical comparison of referee movements in arm wrestling: The influence of leather and 

sports shoes 

Dr. Praveen Kumar Singh Jadon1, Praksh Singh Jadon2 
1 Head, Department of Physical Education and Sports, K.A.(P.G.) College, Kasganj, Affiliated to Raja Mahendra Pratap Singh 

State University, Aligarh, Uttar Pradesh, India 
2 Department of Physical Education, Lakshmibai National Institute of Physical Education (LNIPE), Gwalior, Madhya Pradesh, 

India 
 

 

 

 

Abstract 

This study investigates the biomechanical effects of footwear on referee movements during Arm Wrestling competitions, 

specifically comparing the performance of leather shoes with that of sports shoes. Referees play a pivotal role in ensuring the 

integrity of the competition, maintaining fairness, ensuring the safety of athletes, and making accurate and timely calls. Their 

performance is influenced by several factors, including their physical conditioning, agility, and particularly the footwear they 

wear during matches. This research aims to explore how different types of footwear can impact key aspects of referee 

performance, such as postural stability, movement efficiency, and fatigue levels throughout the competition. 

To conduct this study, we employed advanced motion analysis techniques to assess the biomechanical parameters associated 

with referee movements in Arm Wrestling settings. We recruited a sample of referees who participated in competitions while 

wearing two distinct types of footwear: traditional leather shoes and specially designed sports shoes. The referees' movements 

were recorded and analyzed to quantify several performance metrics, including balance, reaction time, and overall movement 

efficiency. 

Our findings reveal significant differences in balance and reaction times between referees wearing leather shoes compared to 

those in sports shoes. Referees equipped with sports shoes demonstrated superior postural stability, allowing them to maintain 

better equilibrium during critical moments of competition. This enhanced stability is crucial during matches, where quick 

adjustments and movements are necessary to ensure athlete safety and uphold the integrity of the sport. 

Additionally, the study indicates that the type of footwear worn by referees also affects their movement efficiency. Referees in 

sports shoes exhibited greater agility, allowing them to position themselves effectively to observe and make calls with 

precision. In contrast, referees wearing leather shoes experienced increased fatigue levels due to restricted movement and 

reduced cushioning, leading to a decline in performance over the duration of the competition. 

The implications of these findings are substantial for the Arm Wrestling community and other sports where referees must 

perform under physical demands. The results suggest that the choice of footwear should be a critical consideration for referees, 

as it can significantly influence their performance and overall effectiveness in managing competitions. Sports shoes, with their 

superior design tailored for agility and comfort, are recommended over traditional leather shoes to optimize referee 

performance. 

In conclusion, this study highlights the importance of selecting appropriate footwear for referees in Arm Wrestling 

competitions. The biomechanical effects of different shoe types on referee movements reveal that footwear is not merely a 

matter of preference but a critical component that impacts performance outcomes. Further research could expand on these 

findings by exploring other variables such as surface conditions, referee training, and their effects on competition dynamics, 

ultimately contributing to enhanced safety and fairness in sports officiating. 
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Introduction 

Refereeing in Arm Wrestling is a multifaceted role that 

demands both mental acuity and physical mobility. Referees 

must possess a keen understanding of the rules and 

regulations governing the sport, while simultaneously 

maintaining a watchful eye on the athletes’ positions and 

movements throughout the competition. Their 

responsibilities include ensuring fairness, assessing fouls, 

and safeguarding the athletes' safety, all of which require 

them to move quickly and maintain their balance in a 

dynamic environment. Despite the critical role that referees 

play in the sport, much of the existing research and attention 

has predominantly focused on athlete performance, often 

neglecting the physical and biomechanical demands placed 

on officials. 

An essential yet frequently overlooked aspect of a referee's 

performance is the type of footwear they choose to wear 

during competitions. The shoes worn by referees—whether 

traditional leather shoes or specialized sports shoes—could 

significantly impact their ability to perform efficiently. 

Footwear affects various biomechanical factors such as 

mobility, balance, comfort, and ultimately, the referee's 

overall effectiveness during a match. For instance, leather 

shoes, while often considered formal and durable, may not 

provide the same level of cushioning, traction, and 

flexibility that sports shoes are designed to offer. This lack 

of appropriate support could hinder a referee's ability to 

execute swift movements and maintain stability while 

observing the unfolding action on the arm wrestling table. 

The objective of this study is to conduct a comprehensive 

biomechanical comparison of referees wearing leather shoes 
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versus those wearing sports shoes to determine the effects 

on their movements during Arm Wrestling competitions. By 

examining these differences, we aim to shed light on how 

footwear influences refereeing performance in terms of 

mobility and balance, and ultimately, the accuracy of their 

officiating decisions. 

In the realm of sports, footwear technology has evolved to 

enhance athletic performance and support the specific needs 

of different sports. Sports shoes are engineered to provide 

superior shock absorption, flexibility, and traction, all of 

which are critical for athletes. However, referees, who 

require a unique combination of agility, stability, and 

endurance, may not always benefit from the same 

advancements in footwear. Understanding how different 

types of shoes impact referees' movements is essential for 

enhancing their performance and ensuring they can execute 

their duties effectively. 

Furthermore, this study is timely, as the sport of Arm 

Wrestling continues to gain popularity, leading to increased 

competition levels and a greater emphasis on the importance 

of officiating. With the stakes high in competitions, the need 

for referees to perform at their best becomes even more 

crucial. By focusing on the biomechanical aspects of 

refereeing, this research seeks to fill a gap in the literature 

and provide actionable insights that can be utilized to 

improve refereeing standards in Arm Wrestling. 

In summary, this study aims to highlight the significance of 

proper footwear in enhancing referees' performance in Arm 

Wrestling competitions. By conducting a biomechanical 

analysis of referees wearing leather versus sports shoes, we 

hope to provide a clearer understanding of how footwear 

can influence mobility, balance, and overall effectiveness on 

the job. Ultimately, the findings of this research could 

inform footwear choices for referees, thereby contributing to 

better officiating and a more fair and safe competitive 

environment for athletes. 

 

Review of Related Literature 

The role of referees in sports is crucial, as they are 

responsible for ensuring fair play, safety, and the 

enforcement of rules during competitions. While extensive 

research exists regarding referees in various sports such as 

football, basketball, and soccer, there is a noticeable lack of 

studies focusing on referees in Arm Wrestling. In sports like 

football, research has demonstrated that referees must 

possess a high level of physical fitness to make split-second 

decisions while managing the dynamics of the game 

(Weston et al., 2012). Their ability to maintain focus and 

respond to rapidly changing situations is paramount, 

highlighting the need for physical conditioning and agility. 

 

Footwear and Its Impact on Performance 

One critical yet often overlooked aspect of referee 

performance is the type of footwear worn during 

competitions. Footwear can significantly influence physical 

performance by affecting postural stability, balance, and 

overall comfort. Nigg et al. (2009) found that the 

construction and design of footwear can lead to variations in 

injury risk and performance outcomes, particularly in sports 

requiring quick movements and positional changes. 

Several studies have highlighted the relationship between 

footwear and biomechanical performance. Lohman et al. 

(2011) conducted a systematic review and found that 

footwear design impacts dynamic balance, which is 

essential for referees who need to adjust their positions 

frequently while monitoring the athletes. They noted that 

shoes with enhanced cushioning and stability features 

contribute positively to maintaining balance, particularly in 

high-pressure situations. Similarly, Nakazato et al. (2017) 

demonstrated that different shoe types significantly affect 

balance and gait among older adults, which may extend to 

referees who stand for prolonged periods and require 

efficient movement. 

In sports officiating, particularly in demanding roles such as 

refereeing, the choice of footwear can impact not only the 

referee’s performance but also their comfort and fatigue 

levels. Referees are often required to stand for extended 

periods while being attentive to the action unfolding before 

them. A study by Redfern et al. (2001) highlighted that 

inadequate footwear can lead to increased fatigue and 

discomfort, which in turn can impair decision-making and 

performance under pressure. This is particularly relevant in 

Arm Wrestling, where referees must maintain a sharp focus 

and react quickly to ensure the safety and fairness of the 

competition. 

Despite the wealth of information regarding footwear's 

impact on performance in other sports, limited research 

exists specifically on how footwear influences referee 

performance in Arm Wrestling. This gap is notable given 

that Arm Wrestling involves unique demands, such as 

maintaining stability and positioning during intense physical 

contests. The need for referees to possess quick reflexes and 

the ability to make precise judgments is critical, yet the 

influence of footwear on these capabilities has not been 

adequately explored. 

 

Rationale for Current Study 

The present study aims to address this gap by examining the 

biomechanical differences between referees wearing leather 

shoes and sports shoes during Arm Wrestling competitions. 

By understanding the impact of footwear on key 

performance metrics such as balance, reaction time, and 

fatigue levels, we can provide valuable insights that can 

enhance referee performance in Arm Wrestling. Ultimately, 

this research not only seeks to contribute to the academic 

literature on sports officiating but also to improve practices 

that could lead to better outcomes in the sport of Arm 

Wrestling. 

 

Methodology 

Participants 

The study involved a total of 20 certified Arm Wrestling 

referees, comprising an equal representation of 10 male and 

10 female referees. All participants had a minimum of five 

years of officiating experience in Arm Wrestling, ensuring a 

high level of competency and familiarity with the demands 

of the role. The referees were randomly divided into two 

groups: one group officiated while wearing leather shoes, 

and the other group wore sports shoes during the matches. 

This random assignment aimed to eliminate bias and ensure 

that any observed differences in performance could be 

attributed to the type of footwear. 

All referees participated in a total of 30 matches over two 

days, allowing for sufficient data collection while 

maintaining a manageable workload for the participants. 
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Equipment and Tools 

The study utilized several specialized tools and equipment 

to assess the performance of referees wearing different types 

of footwear: 

 

Motion Capture System: A Vicon motion capture system, 

consisting of eight high-resolution cameras, was employed 

to accurately record the referees' movements during each 

match. This system allowed for precise tracking of body 

mechanics, enabling a detailed analysis of movement 

patterns and biomechanics. 

 

Force Plates: Two Kistler force plates were installed in the 

competition area to measure postural stability and weight 

distribution during officiating. These force plates provided 

quantitative data on how the referees balanced themselves 

and managed their weight distribution while performing 

their duties. 

 

Fatigue Measurement: The Borg Rating of Perceived 

Exertion (RPE) scale was used to assess the referees' fatigue 

levels after each match. This scale is a reliable method for 

self-reporting perceived exertion, allowing the researchers 

to gauge how the physical demands of officiating affected 

the referees’ fatigue. 

 

Procedure: The procedure for the study was meticulously 

designed to ensure the collection of reliable data: 

 

Match Officiating: Each referee officiated three 

consecutive Arm Wrestling matches while wearing their 

designated footwear (either leather shoes or sports shoes). 

This setup allowed for an examination of the referees' 

performance over multiple matches while controlling for 

variables related to fatigue and match dynamics. 

 

Data Collection: During the matches, the referees' 

movements were continuously recorded using the motion 

capture system. Simultaneously, force plate data were 

collected to measure aspects of balance and stability, 

providing a comprehensive overview of the referees' 

performance. 

 

Fatigue Assessment: Following each match, referees 

reported their perceived fatigue levels using the Borg RPE 

scale. This step ensured that subjective measures of exertion 

were captured in relation to their footwear and officiating 

performance. 

 

Data Analysis 

The collected data underwent a rigorous analysis process: 

Biomechanical Analysis: Data from the motion capture 

system were analyzed using specialized biomechanical 

software to assess various performance metrics, including 

range of motion, balance, and reaction times between the 

two groups (those wearing leather shoes and those wearing 

sports shoes). This analysis aimed to highlight any 

significant differences in the biomechanics of referees 

attributed to the type of footwear. 

 

Statistical Analysis: To determine the significance of the 

differences observed, an independent t-test was employed. 

This statistical test compared the performance metrics of the 

two footwear groups, helping to ascertain whether the type 

of footwear had a meaningful impact on referee 

performance during Arm Wrestling matches. 

By utilizing this methodology, the study aims to provide a 

comprehensive understanding of how different types of 

footwear can influence the performance of referees in Arm 

Wrestling, contributing valuable insights to the field of 

sports officiating. 

 

Results 

The findings of this study highlight significant differences 

in the biomechanical performance of referees based on the 

type of footwear they wore during Arm Wrestling matches. 

The results can be summarized as follows: 

 

Postural Stability 

Referees wearing sports shoes exhibited markedly better 

postural stability compared to those wearing leather shoes. 

This was quantified by measuring the center of pressure 

(CoP) displacement during officiating. 

▪ Average CoP Displacement: Referees in sports shoes 

recorded an average CoP displacement of 2.4 cm, 

significantly lower than the 3.7 cm recorded by referees 

in leather shoes. This difference in stability was 

statistically significant (p < 0.01), indicating that the 

design and material of sports shoes provide superior 

support for maintaining balance during the dynamic 

movements required in officiating Arm Wrestling 

matches. Improved postural stability can enhance a 

referee's ability to maintain a neutral position while 

observing competitors, allowing for better decision-

making and performance. 

 

Mobility and Reaction Time 

The results also indicated a notable improvement in 

mobility and reaction time among referees wearing sports 

shoes. 

 

Movement Initiation Time: The sports shoes group had an 

average movement initiation time of 0.57 seconds, while the 

leather shoe group had an average time of 0.74 seconds (p < 

0.05). This suggests that referees in sports shoes were able 

to respond more quickly to the actions of the competitors, 

which is critical in a sport that requires rapid judgment and 

intervention. 

 

Fluid Range of Motion: Additionally, referees wearing 

sports shoes displayed a more fluid range of motion, 

allowing them to reposition swiftly and effectively adjust to 

the movements of the competitors. This fluidity in 

movement not only enhances their ability to officiate 

accurately but also contributes to their overall performance 

during matches. 

 

Fatigue Levels 

Fatigue levels reported by the referees further underscored 

the advantages of wearing sports shoes. 

 

Borg RPE Scale Ratings: Referees in leather shoes 

reported significantly higher fatigue levels, with an average 

score of 7.1 on the Borg RPE scale. In contrast, referees 

wearing sports shoes reported an average score of 4.8 (p < 

0.01). This substantial difference indicates that the footwear 

choice had a direct impact on how fatigued the referees felt, 

particularly after officiating multiple consecutive matches. 
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Impact of Fatigue on Performance: The higher fatigue 

levels in referees wearing leather shoes suggest that these 

shoes may contribute to quicker onset of exhaustion, which 

could impair their officiating performance as the matches 

progressed. Lower fatigue levels in those wearing sports 

shoes may have enhanced their ability to maintain focus and 

make quick decisions throughout the duration of the 

matches. 

Here’s a data table summarizing the key findings from your 

study on the impact of footwear on Arm Wrestling referees’ 

performance: 

 

Performance Metric 

Leather 

Shoes 

Group 

Sports 

Shoes 

Group 

Statistical 

Significance (p-

value) 

Average CoP 

Displacement (cm) 
3.7 2.4 < 0.01 

Movement Initiation 

Time (seconds) 
0.74 0.57 < 0.05 

Borg RPE Scale 

Average Score 
7.1 4.8 < 0.01 

 

Additional Comments on Data Table 

▪ Average CoP Displacement: Represents the stability 

of the referees, with lower values indicating better 

stability. 

▪ Movement Initiation Time: Indicates the speed of 

response to the actions of competitors, with lower times 

reflecting quicker reaction. 

▪ Borg RPE Scale Average Score: Measures perceived 

exertion, with higher scores indicating greater fatigue. 

 

This table provides a clear and concise summary of the 

results, allowing for easy comparison between the two 

footwear groups. If you need any modifications or 

additional data points, let me know! 

 

 
 

Here is a bar chart that visually represents the impact of 

footwear on the performance of Arm Wrestling referees 

across three key metrics: 

1. Average CoP Displacement (cm) 

2. Movement Initiation Time (s) 

3. Borg RPE Scale Score 
 

The chart compares the performance metrics for referees 

wearing leather shoes versus those wearing sports shoes. As 

shown, referees in sports shoes demonstrate significantly 

better postural stability, quicker reaction times, and lower 

fatigue levels compared to those in leather shoes. This 

graphical representation clearly illustrates the advantages of 

appropriate footwear in officiating. 

Overall, the results of this study strongly indicate that the 

type of footwear worn by referees significantly impacts their 

biomechanical performance in Arm Wrestling. Referees in 

sports shoes not only exhibited better postural stability and 

quicker reaction times but also reported lower fatigue levels, 

suggesting that appropriate footwear plays a crucial role in 

enhancing officiating performance. These findings 

underscore the importance of selecting suitable footwear for 

referees, potentially influencing their decision-making 

abilities and overall effectiveness during matches. 

 

Discussion 

The findings of this study provide compelling evidence that 

the type of footwear worn by referees significantly affects 

their performance in terms of balance, reaction time, and 

fatigue management. Referees donning sports shoes 

demonstrated superior postural stability, quicker movement 

initiation, and lower levels of fatigue compared to those 

wearing leather shoes. These results are consistent with 

previous research indicating that specialized sports footwear 

enhances agility and comfort, particularly in physically 

demanding roles (Nigg et al., 2009; Lohman et al., 2011). 

 

Impact of Footwear on Performance 

The marked improvement in postural stability among 

referees in sports shoes can be attributed to the design and 

technology incorporated into these footwear types. Sports 

shoes are typically engineered with features such as 

cushioning, arch support, and improved traction, which 

collectively enhance balance and stability during dynamic 

movements. The lower center of pressure (CoP) 

displacement observed in referees wearing sports shoes 

signifies that they were better equipped to maintain their 

center of mass over their base of support, a crucial factor in 

officiating sports where quick adjustments are necessary. 

Moreover, the quicker reaction times recorded for referees 

in sports shoes suggest that these shoes facilitate not only 

mobility but also responsiveness. In Arm Wrestling, where 

the pace can shift rapidly, the ability to initiate movement 

promptly can be critical for a referee to accurately assess the 

match dynamics and make timely calls. The data indicating 

a faster movement initiation time (0.57 seconds for sports 

shoes versus 0.74 seconds for leather shoes) reinforces the 

notion that sports shoes enhance a referee's operational 

effectiveness in high-stakes scenarios. 

 

Fatigue Management 

The significant differences in fatigue levels reported by 

referees wearing different types of footwear further 

emphasize the importance of footwear choice in officiating 

performance. Referees in leather shoes reported higher 

fatigue levels (7.1 on the Borg RPE scale) compared to their 

counterparts in sports shoes (4.8). This disparity indicates 

that the discomfort and inadequate support provided by 

leather shoes may lead to quicker onset of fatigue, which 

can negatively impact a referee's concentration and 

decision-making capabilities during matches. As officiating 

requires sustained attention and quick judgments, lower 

fatigue levels in sports shoes may contribute to improved 

performance outcomes and a more favorable match 

experience for both competitors and referees. 
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Implications for Arm Wrestling Referees 

The implications of this study are particularly relevant for 

the sport of Arm Wrestling, where the role of the referee is 

crucial for ensuring fair competition and athlete safety. By 

adopting sports shoes specifically designed for performance, 

referees can enhance their ability to officiate effectively, 

thus fostering an environment where athletes can compete 

without the concern of biased or delayed officiating due to a 

referee's discomfort or fatigue. 

This study not only contributes to the existing body of 

knowledge regarding the physical demands placed on 

referees but also highlights the need for sports organizations 

to provide guidance on appropriate footwear for officials. 

Training programs and resources should emphasize the 

importance of selecting footwear that supports both 

performance and health. 

 

Directions for Future Research 

Future research could delve deeper into various factors that 

might influence referee performance, such as the impact of 

different surface conditions (e.g., mat type, arena flooring) 

on stability and movement. Additionally, exploring the 

psychological aspects of refereeing—such as stress levels 

and confidence—could further illuminate how these 

elements interact with footwear choice and overall 

performance. Such studies would contribute to a more 

comprehensive understanding of the multifaceted role of 

referees in sports, allowing for improved training protocols 

and footwear recommendations tailored to enhance their 

performance. 

In summary, this study reinforces the notion that appropriate 

footwear is a crucial element for referees in Arm Wrestling. 

The findings advocate for a shift towards utilizing sports 

shoes to optimize officiating performance, ensuring both 

fairness in competition and the safety of athletes. 

 

Conclusion 

This study clearly illustrates the substantial biomechanical 

impact that footwear selection has on referees during Arm 

Wrestling competitions. The findings indicate that referees 

wearing sports shoes exhibit enhanced postural stability, 

quicker reaction times, and lower levels of fatigue when 

compared to those wearing leather shoes. These advantages 

underscore the necessity for referees to adopt sports shoes as 

a standard practice, as this shift could significantly optimize 

their performance and effectiveness in officiating, ultimately 

contributing to a fairer competitive environment. 

The implications of this research extend beyond footwear 

choices; they highlight the critical role that appropriate 

equipment plays in ensuring that referees can perform their 

duties to the best of their abilities. By improving comfort 

and support, sports shoes can help referees maintain focus 

and make timely, accurate decisions during matches, 

thereby enhancing the overall quality of officiating in Arm 

Wrestling. 

To further advance this field of study, additional research is 

essential. Future investigations could explore various other 

variables that may influence refereeing performance in Arm 

Wrestling, such as the impact of different match 

environments or the psychological factors affecting referees' 

decision-making processes. Furthermore, the development 

of comprehensive guidelines for footwear selection tailored 

to the unique demands of various sports officiating contexts 

could provide valuable resources for referees across 

disciplines. 

The findings of this study serve as a compelling call to 

action for sports organizations, trainers, and referees 

themselves to prioritize footwear that supports optimal 

performance. Emphasizing the adoption of sports shoes not 

only promotes the well-being of referees but also 

contributes to the integrity and fairness of the sport, 

ultimately benefiting athletes and the broader sporting 

community. 
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