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Abstract  The purpose of this study was to compare 

and analyze one-repetition maximum (1RM) strength 

values for major muscle groups across different sports 

disciplines in male national athletes from Korea. We 

analyzed the 1RM strength values of 322 athletes measured 

at the National Training Center from 2017 to 2019. The 

analyzed 1RM values included the bench press, bench pull, 

back squat, deadlift, and power clean. The sports 

disciplines were categorized into ball sports (N = 54), 

combat sports (N = 155), and record-based sports (N = 113) 

for analysis. One-way ANOVA was conducted to analyze 

the three groups, and post-hoc analysis was performed 

when significant differences were found. The results 

indicated significant differences among the groups in 1RM 

values for the bench pull (p < 0.05), power clean (p < 0.001), 

and deadlift (p < 0.001). Record-based sport athletes 

showed the highest 1RM values in the bench pull and 

power clean, while combat sport athletes had the highest 

values in the deadlift. The ratio of 1RM values by exercise 

type revealed a significant difference in the bench 

press/bench pull ratio across the three groups, with ball 

sport athletes showing the highest ratio. In conclusion, the 

1RM values for elite national-level athletes vary by sports 

discipline, highlighting the need for resistance training 

programs tailored to the specific demands of each sport. 

Keywords  1RM, Maximum Strength, National 

Athletes, Elite Athletes, Resistance Training 

1. Introduction

Relatively high levels of strength not only contribute to 

superior athletic performance across various sports but also 

help reduce the risk of injury [1]. These benefits are closely 

related not only to athletes but also to the reduction of fall 

risk, improvement of quality of life, and lower risk of 

premature death in older adults [2-4]. Thus, strength plays 

a crucial role in enhancing athletic performance and 

promoting the health of the general population, including 

older adults. Resistance training is the most common 

method for increasing strength [5], and in order to 

maximize the effectiveness of resistance training programs, 

it is essential to accurately assess individual strength levels. 

Furthermore, accurate strength assessments can be utilized 

in studying the effects of resistance exercise on 

physiological parameters such as muscle protein synthesis, 

hormonal responses, muscle soreness, and 

electromyographic outcomes. 

A commonly used method for strength assessment in 

resistance training is the one-repetition maximum (1RM) 

test. The 1RM test is considered the gold standard for 
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evaluating individual strength in field settings, as it does 

not require expensive, specialized equipment typically 

found in laboratory environments [6]. The 1RM test 

measures the maximum weight an individual can lift with 

the correct technique in a single repetition, and it is widely 

used in sports to assess an athlete’s strength, muscle 

balance, and the effectiveness of training programs [7]. 

This method is relatively simple, time-efficient, and can be 

performed with standard training equipment without the 

need for additional tools. Moreover, it is known to have 

high reliability in measurement [8]. However, exercises 

such as squat, deadlift, and bench press, which are part of 

free weight training, pose a higher risk of injury for 

beginners or those unfamiliar with the technique when 

attempting to lift maximal weights. Therefore, caution 

should be exercised during 1RM testing [9]. 

In addition to the 1RM test, various methods for 

assessing strength have been studied, particularly due to 

concerns that the 1RM test may not be suitable for 

beginners and poses a risk of injury. This has highlighted 

the need for research into more accurate and safer methods 

of strength evaluation. Consequently, in recent years, when 

more precise strength assessments are required for research 

purposes, isokinetic dynamometers are commonly used in 

laboratory settings [10]. Isokinetic strength testing offers a 

more accurate and specialized evaluation of muscle 

strength compared to the 1RM test. However, its 

application in field settings is limited due to the high cost 

of equipment, the need for specific locations, and 

additional testing expenses. 

Another limitation of using isokinetic dynamometers for 

measuring maximal strength is that they are primarily 

restricted to single-joint strength tests. In contrast, the 

commonly used field-based strength test, the 1RM, 

combines eccentric and concentric contractions, which 

allows for the evaluation of dynamic muscle movements 

typically used in resistance training. This better reflects the 

natural movements involved in most sports and daily 

activities. Therefore, the 1RM test has the advantage of 

assessing strength in multi-joint exercises. Exercises like 

squat, deadlift, and power clean are representative multi-

joint movements, and they are known to be more effective 

than single-joint exercises for recruiting muscle fibers, 

improving coordination, and developing functional 

movements. As a result, these Olympic lifting movements 

are widely utilized in supplementary training to enhance 

strength and power in athletes [11]. 

To the best of our knowledge, previous studies on 1RM 

have predominantly focused on the reliability of 1RM 

measurement methods [12] or the estimation of 1RM based 

on the number of repetitions performed at lower intensity 

levels [13]. Moreover, most of these studies have focused 

on healthy, general adult populations, while studies on 

athletes have primarily been limited to those specializing in 

single sports [14] or specific 1RM exercise type [15]. 

Conversely, the measurement of 1RM through multi-joint 

exercises and its evaluation criteria vary based on the 

characteristics of elite athletes across different sports 

disciplines [16]. Comparative analysis of these values and 

the establishment of reference points can provide valuable 

insights into the development of resistance training 

programs tailored to the specific demands of each sport. In 

this study, we aim to compare and analyze 1RM values for 

key muscle groups in male national athletes from 20 

different sports disciplines in South Korea and present 

benchmark values for the maximal strength levels of elite 

athletes in each sport. 

2. Materials and Methods 

2.1. Participants 

The subjects of this study were male national athletes 

from 20 different sports, with data collected from 1RM 

measurements obtained at the national training center over 

a three-year period from 2017 to 2019. Among a total of 

409 athletes, only 322 were selected for analysis based on 

having recorded body weight at the time of measurement. 

In this study, the 1RM values (kg) for each type of exercise 

were normalized to relative 1RM values by dividing them 

by the participants' body weights, and the data were 

analyzed accordingly. Therefore, data from 87 participants 

without recorded body weight were excluded from the 

study. All participants signed an informed consent form 

before the start of the measurements. They agreed to 

participate after fully understanding that the results would 

be used for the study. This study was conducted based on 

the ethical principles of the Declaration of Helsinki. 

Detailed 1RM data by sport and muscle group for 

national athletes may be sensitive in relation to the 

competitive standing of each sport. Therefore, this study 

grouped athletes into three categories: ball sports 

(including handball, rugby, and hockey), combat sports 

(including karate, wrestling, judo, and taekwondo), and 

record sports (including athletics, rowing, cycling, and 

modern pentathlon), excluding detailed values by specific 

sports for analysis. Additionally, details regarding the 

athletes' body composition, including height and body fat 

percentage, were not disclosed in this study. The 

descriptive statistics for the number of male national 

athletes in each group, as well as their body weight and 

1RM results, are presented in Table 1. 
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Table 1.  Physical characteristics of the participants 

Ball sports (54) Combat Sports (155) Record-based sports (113) Total (322) 

Weight (kg) 85.76 ± 12.13 79.03 ± 16.31 76.83 ± 10.23 79.39 ± 14.06 

Bench press (kg) 96.76 ± 14.42 91.86 ± 26.18 87.79 ± 20.20 91.21 ± 22.68 

Bench pull (kg) 84.29 ± 11.58 80.31 ± 21.88 80.63 ± 19.14 80.67 ± 20.23 

Squat (kg) 138.20 ± 23.36 138.53 ± 34.57 130.86 ± 35.70 135.76 ± 33.47 

Deadlift (kg) 146.13 ± 24.57 152.55 ± 33.13 144.72 ± 30.48 148.70 ± 31.01 

Power clean (kg) 86.06 ± 19.95 75.61 ± 21.32 88.36 ± 25.54 81.33 ± 23.35 

2.2. Body Weight 

Body weight was measured using a body composition 

analyzer (Inbody-770 version). To ensure reliability and 

consistency in measurements, athletes were instructed to 

maintain a fasted state for approximately 2-3 hours before 

the measurement, which was conducted before morning 

training. 

2.3. One-Repetition Maximum (1RM) Strength 

Measurement Protocol by Exercise Type 

The 1RM was measured using a standardized protocol. 

Participants first completed a warm-up consisting of light 

resistance exercises. The load was then progressively 

increased in small increments, with participants performing 

single repetitions until they could no longer complete the 

full range of motion with proper technique. The heaviest 

weight successfully lifted was defined as the 1RM. Since 

the athletes in this study were elite national athletes 

accustomed to resistance training, a rest period of 1–2 

minutes was provided between attempts. The methods for 

measuring maximum strength by exercise type are as 

follows. 

1) Bench press

During the bench press measurement, participants lay on 

the bench, positioning their eyes directly below the bar. 

They gripped the bar slightly wider than shoulder width, 

with the lower back and glutes in contact with the bench 

and both feet firmly planted on the ground. They kept their 

elbows high but did not allow the shoulders to extend 

beyond this range, lowering the bar to touch the sternum 

briefly before pressing it back up, taking care not to lock 

the elbows. 

2) Bench pull

Participants executed the barbell bench pull using 

specialized equipment while lying prone on the bench with 

their feet securely on the floor. They started by grasping the 

bar with an overhand grip that was slightly wider than 

shoulder-width, ensuring a neutral spine with their arms 

fully extended. To begin the movement, participants pulled 

their shoulder blades together and bent their elbows to draw 

the bar toward their chest, keeping their elbows close to 

their bodies to enhance activation of the latissimus dorsi 

and rhomboid muscles. After a brief pause at the top for 

complete muscle contraction, they carefully lowered the 

bar back to the starting position, maintaining control 

throughout the movement. 

3) Back squat

Participants gripped the bar slightly wider than shoulder 

width, keeping their gaze slightly above the horizontal. 

They lowered the bar by pushing the hips back until the 

thighs were parallel to the ground and then returned to the 

initial position, assisted by two spotters. It was essential for 

participants to have the necessary skill level to lift 1RM and 

to complete the full range of motion. 

4) Deadlift

For the deadlift, participants maintained a forward gaze, 

arching the back and pushing out the chest while gripping 

the bar. The lift began with a slow upward movement, first 

engaging the knee and hip joints before gradually 

straightening the body. When measuring 1RM, the weight 

was released at the top, and participants slowly returned 

the weight to its initial position by bending at the hips and 

knees, maintaining a straight back throughout. 

5) Power clean

The power clean involved athletes positioning the 

barbell in front of their shins, standing with feet slightly 

wider than shoulder-width apart, and gripping the bar at 

shoulder width. They maintained a natural curve in the 

torso as they explosively extended the hips and knees to lift 

the bar, keeping it close to the body. As the bar passed the 

knees, athletes shifted their weight forward, extended the 

hips, knees, and ankles, and pulled themselves under the 

bar to complete the lift. 

2.4. Statistical Analysis 

The measured 1RM values and body weight were 

presented as means and standard deviations, and data 

analysis was conducted using SPSS Windows 25.0 (IBM 
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Corp., Armonk, N.Y., USA). To compare differences in 

maximum strength among groups, 1RM values were 

normalized by dividing them by body weight, followed by 

a one-way analysis of variance (ANOVA). Post-hoc 

analysis was conducted using Scheffé's method, with the 

statistical significance level set at α = .05. 

3. Results 

3.1. Comparison of 1RM by Type of Upper Body 

Strength Exercises 

The 1RM of the bench press showed no statistically 

significant differences among the sports groups (p = 0.557). 

In contrast, the 1RM of the bench pull demonstrated 

statistically significant differences among the sports groups 

(p = 0.017) (Table 2). Examining the means across the 

groups, the average 1RM for the bench press was highest 

in athletes from individual sports, followed by those from 

ball sports and track and field. For the bench pull 1RM, 

athletes in track and field showed the highest average, 

followed by individual sports and ball sports. In the post-

hoc analysis of the bench pull 1RM, a significant difference 

was observed between the ball sports group and the record-

based sports group (p = 0.019). 

3.2. Comparison of 1RM by Type of Lower Body and 

Total Body Strength Exercises 

The 1RM of the power clean and deadlift showed 

statistically significant differences among the sports groups 

(all p = .000). However, the squat 1RM did not demonstrate 

significant differences among the groups (p = 0.124) (Table 

3). Examining the means among the groups, the average 

1RM for the power clean was highest in athletes from track 

and field, followed by those from individual sports and then 

ball sports. For the squat 1RM, athletes from individual 

sports had the highest average, followed by those from 

track and field and ball sports. In the deadlift 1RM, athletes 

from individual sports also exhibited the highest average, 

followed by those from track and field and ball sports. The 

post-hoc analysis of the deadlift 1RM revealed significant 

differences between the ball sports group and the combat 

sports group (p = 0.000), as well as between the ball sports 

group and the record-based group (p = 0.022). In the case 

of the power clean, significant differences were observed 

between the ball sports group and the record-based group 

(p = 0.001), as well as between the combat sports group and 

the ball sports group (p = 0.000). 

3.3. Comparison of 1RM Ratios by Exercise Type 

The ratio of upper to lower body strength was based on 

the bench press, which primarily involves pushing strength 

related to the pectoralis major, and the squat, which 

assesses overall lower body strength. It indicated that ball 

sport athletes had a ratio of 0.70 ± 0.15, individual sport 

athletes had a ratio of 0.68 ± 0.13, and track and field 

athletes had a ratio of 0.70 ± 0.20. Overall, the upper-to-

lower body strength ratios were lowest in individual sports, 

followed by ball sports and then track and field athletes. 

However, these differences among the groups were not 

statistically significant (p = 0.617) (Table 4). 

For the ratio of the 1RM strength between the bench 

press, representing pushing strength involving the 

pectoralis major, and the bench pull, which assesses pulling 

strength using the latissimus dorsi and upper back muscles, 

ball sport athletes had a ratio of 1.22 ± 0.13, individual 

sport athletes had a ratio of 1.16 ± 0.18, and track and field 

athletes had a ratio of 1.09 ± 0.18. This indicates that track 

and field athletes had the smallest difference between back 

and chest strength, followed by individual and ball sport 

athletes. Additionally, there was a statistically significant 

difference among the groups (p = 0.001). In the post-hoc 

analysis, significant differences were observed between the 

ball sports group and the record-based group (p = 0.036), 

as well as between the combat sports group and record-

based group (p = 0.006). 

For the ratio of 1RM strength between the squat, 

representing primarily lower body strength, and the deadlift, 

which emphasizes overall body strength with a focus on 

gluteal strength, ball sport athletes had a ratio of 0.93 ± 0.14, 

individual sport athletes had a ratio of 0.88 ± 0.17, and 

track and field athletes had a ratio of 0.89 ± 0.19. The 

differences in strength ratios were again lowest in ball 

sports, followed by track and field and individual sports. 

However, these differences were not statistically 

significant (p = 0.096). 

Table 2.  Comparison of upper body 1RM results by sport 

 Ball sports Combat sports Record-based sports F p Post-hoc 

Bench press 

(kg/kg BW) 
1.14 ± 0.16 1.16 ± 0.25 1.13 ± 0.24 0.586 0.557 2>1>3 

Bench pull 

(kg/kg BW) 
0.89 ± 0.12 1.02 ± 0.21 1.05 ± 0.20 4.127 0.017 3>2>1# 

BW: body weight, #: significant between ball sport and record-based sports, # p < 0.05 
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Table 3.  Comparison of lower and total body 1RM results by sport 

 Ball sports Combat sports Record-based sports F P Post-hoc 

Squat 

(kg/kg BW) 
1.62 ± 0.29 1.75 ± 0.42 1.71 ± 0.42 2.103 0.124 2>3>1 

Deadlift 

(kg/kg BW) 
1.73 ± 0.36 1.96 ± 0.35 1.89 ± 0.31 8.712 0.000 2>3>1*# 

Power clean 

(kg/kg BW) 
0.94 ± 0.19 0.98 ± 0.24 1.14 ± 0.29 12.140 0.000 3>2>1#$ 

BW: body weight, *: significant between ball sport and combat sport; #: significant between ball sport and record-based sports; $: significant 
between combat sports and record-based sports, * p < 0.05, # p < 0.05, $ p < 0.05 

Table 4.  Comparison of Upper Body/Lower Body & Upper Body Agonist/Antagonist & Lower Body/Whole Body 1RM Results by Sport 

 Ball sports Combat sports Record-based sports F P Post-hoc 

Bench press 

/squat (%) 
0.69 ± 0.15 0.68 ± 0.13 0.70 ± 0.20 0.484 0.617 3>1>2 

Bench press 

/pull (%) 
1.22 ± 0.13 1.16 ± 0.18 1.09 ± 0.18 7.059 0.001 1>2>3#$ 

Squat 

/deadlift (%) 
0.93 ± 0.14 0.88 ± 0.17 0.89 ± 0.19 2.361 0.096 1>3>2 

#: significant between ball sport and record-based sports; $: significant between combat sports and record-based sports, # p < 0.05, $ p < 0.05 

4. Discussion 

To maximize the effectiveness of resistance training 

programs aimed at increasing strength, it is essential to 

accurately assess individual strength levels [17]. The one-

repetition maximum (1RM) test is considered the standard 

for evaluating an individual's strength in field settings and 

is utilized to assess dynamic muscle movements commonly 

employed in sports and daily activities. The measurement 

of 1RM and its evaluation criteria vary according to the 

characteristics of elite athletes across different sports 

disciplines [18-20]. In this study, we aimed to compare and 

present the 1RM values for key muscle groups of male 

national athletes in Korea by sport. 

The study results indicated that while there were no 

statistically significant differences between groups in the 

1RM values for the bench press, which assesses upper-

body pushing strength, there were significant differences in 

the 1RM values for the bench pull, which assesses upper-

body pulling strength. The bench press primarily engages 

the pectoralis major, whereas the bench pull is known to 

activate the latissimus dorsi as the primary muscle [21,22]. 

Upper-body muscles involved in pushing and pulling 

movements generally function cooperatively as agonists 

and antagonists [23]. For instance, the pectoralis major, 

which acts as the prime mover during pushing movements, 

serves as an antagonist in pulling movements. In many 

sports, the pectoralis major is heavily used by ball sport 

athletes during passing or shooting, and by combat sport 

athletes during pushing or punching movements. These 

pushing actions are also fundamental in record-based 

sports. Consequently, athletes across various sports are 

likely to perform the bench press consistently to strengthen 

their pectoralis major and other upper-body muscles, which 

may explain the lack of significant differences between 

groups in bench press 1RM values. This finding indicates 

that the bench press is an essential resistance training 

exercise across multiple sports disciplines [24]. In contrast, 

pulling movements that primarily engage the latissimus 

dorsi also involve the posterior shoulder girdle muscles and 

the biceps brachii. These movements are especially critical 

in sports that require strong pulling actions, such as rowing, 

wrestling, and judo [25]. The findings of this study suggest 

that athletes in combat and record-based sports may need 

to place greater emphasis on training to enhance pulling 

strength rather than pushing strength, compared to those in 

ball sports. 

The Squat is a representative exercise for strengthening 

lower body muscles, particularly effective for the 

quadriceps, hamstrings, and gluteal muscles [26,27]. This 

exercise is as representative of resistance training as the 

upper body bench press. Meanwhile, the deadlift engages 

not only major lower body muscles, but also muscles in the 

back, shoulders, and core, making it useful for assessing 

overall strength [28,29]. The power clean, like the deadlift, 

employs the entire body’s musculature, but specifically 

requires rapid force production, making it a training 

method for enhancing an athlete's power [30]. Notably, 

lifting the barbell quickly to shoulder height necessitates 

explosive strength from the lower body, which improves 

performance in actions such as jumping and sprinting [31]. 

Additionally, the need to engage multiple muscle groups in 

a short period contributes to increased neuromuscular 

efficiency throughout the body [32]. In this study, there 

were no significant differences in squat 1RM values among 

athletes from three sports; however, statistically significant 
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differences were observed in the deadlift and power clean 

1RM values. Post hoc analysis revealed that weightlifters 

achieved the highest 1RM in deadlifts, while athletes in 

record sports excelled in power cleans, indicating that the 

force production characteristics of these movements vary 

according to the specific sports of the athletes [33,34]. For 

national-level strength enhancement, it will be essential to 

focus not only on general upper and lower body strength 

improvement, but also on strength enhancement tailored to 

the characteristics of each sport [35]. 

Muscle imbalance refers to a condition where there is a 

discrepancy in strength between muscle groups, or when 

specific muscles are either overly developed or weakened 

[36,37]. Such imbalances can increase the risk of injury and 

hinder athletic performance [38,39]. Therefore, it is crucial 

to develop the body’s ability for various muscles to work 

together and exert balanced force. In many sports, athletes 

engage in movements such as throwing (e.g., baseball, 

softball, handball) or racquet-based actions, which require 

both pushing and pulling movements of the upper body. 

The ratio of pushing to pulling strength needed for these 

movements can vary according to the specific demands of 

each sport. In this study, we investigated whether 

significant differences in the ratio of pushing to pulling 

strength exist between sports. Results showed that athletes 

in record-based sports exhibited a lower strength ratio 

between pushing and pulling movements compared to 

athletes in ball sports and martial arts. In a previous study 

by Baker and Newton [40], elite rugby players were 

evaluated for pushing strength using a one-repetition 

maximum (1RM) bench press, while pulling strength was 

assessed with a vertical bodyweight pull-up. The findings 

indicated an average strength ratio of 97.7% between two 

movements, but the analysis did not differentiate by sport 

type. In contrast, our study found that the upper body 

pushing-to-pulling strength ratio varies across sports for 

elite athletes. This finding supports a previous study 

suggesting that maintaining a specific balance between 

agonist and antagonist muscles in the upper body can 

enhance performance and reduce the risk of injury [41]. 

5. Limitation 

This study aimed to provide foundational data for 

developing sport-specific strength programs by comparing 

and analyzing the 1RM values of various movement 

patterns among Korean national athletes and examining 

their strength characteristics by sport. However, this study 

has several limitations. First, elite athletes across 20 

different sports were classified into three groups based on 

shared characteristics rather than individual sports. Given 

the sensitivity of the data, both in terms of personal 

information and the competitive standing of the national 

sports teams, specific sports could not be disclosed. 

Therefore, groups were created by clustering sports with 

similar characteristics. Second, the timing of the athletes’ 

1RM measurements was not controlled. While 1RM values 

can vary according to an athlete’s training cycle, this study 

analyzed all 1RM values measured over a two-year period 

at a national training center. Third, the participants in this 

study were male athletes, so the results cannot be applied 

to female athletes. In general, female athletes tend to have 

lower maximal strength compared to male athletes [42], 

and their strength can be influenced by their menstrual 

cycle [43, 44]. Therefore, analyzing the 1RM of female 

athletes would require a more careful study design and 

approach. Fourth, this study only compared the 1RM 

values among the three groups without offering specific 

training methods or examples. Future studies should 

include a broader range of sports, further differentiate 

athletes by specific sport, and analyze the 1RM values to 

provide examples of effective training programs. 

Nevertheless, this study is significant in that it collected 

and analyzed the 1RM values of athletes across 20 different 

sports, providing valuable insights into the strength 

characteristics of elite national athletes across a wide range 

of movement patterns. 

6. Conclusions 

This study examined the strength characteristics across 

different sports by analyzing the 1RM results of elite, top-

level national athletes for key muscle groups. Significant 

differences were observed in the 1RM ratios between 

upper-body pushing and pulling movements, as well as in 

lower-body and whole-body strength assessments, 

specifically the bench pull for upper-body pulling strength, 

deadlift for lower-body and whole-body strength, and 

power clean for whole-body strength and power. Combat 

sports athletes recorded the highest 1RM in the deadlift, 

while athletes in record-based sports achieved the highest 

1RM in the power clean. For the ratio between upper-body 

pushing and pulling strength, ball sport athletes 

demonstrated the highest ratio. 

These findings underscore the need for sport-specific 

strength training. While ball sport athletes may focus on 

upper-body pushing strength to enhance their performance, 

combat and record-based athletes should prioritize pulling 

strength, along with explosive power and whole-body 

strength development. Therefore, for effective strength 

improvement and performance enhancement, it is crucial to 

implement differentiated training programs tailored to each 

sport, developing specialized training strategies that align 

with the unique demands of each athletic discipline. 
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