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Abstract: Introduction: Range of motion (ROM) of resistance exercise affects the muscle damage 

magnitude and the recovery-time course. Thus, the main aim of this study was to compare conven-

tional and extended ROM in the bench press exercise on neuromuscular fatigue assessed by velocity 

changes during bench press throw, as well on the exercise-induced muscle damage evaluated by 

creatine kinase (CK) activity in the blood. Material and Methods: A total of fourteen healthy, well-

trained males performed 5 sets of the bench press exercise at 70% of one repetition maximum with 

either standard (STD) and cambered (CMB) barbell until reaching volitional failure. CK and barbell 

velocity changes were assessed at the baseline and 1h, 24h, 48h post exercise protocol. Results: The 

results showed that higher peak barbell velocity was reached during the bench press throw after the 

CMB when compared to the STD condition. Moreover, CK activity showed an overall significant 

growing trend from baseline to time points following exercise during the STD, whereas the CMB 

post-48h CK was higher in comparison to pre and post, but not than post-24h. Conclusion: the bench 

press exercise performed with the use of CMB barbell might not require a specific training approach, 

and even higher training frequency might be applied. 

Keywords: muscle damage, fatigue, range of motion, bench press. 

 

1. Introduction 

Resistance training is the most commonly recommended approach for achieving 

long-term improvements in strength and muscle mass [1]. Beside the exercise order, vol-

ume, intensity, and rest intervals [2], the range of motion (ROM) in an exercise is another 

variable that influences training adaptations [3]. Thus, acute effects of ROM should be 

taken into consideration by coaches and athletes participating in resistance training, since 

changes in exercise ROM may result in exercise-induced muscle damage, leading to im-

paired muscle function and performance impairment lasting up to several days after the 

training session [4, 5]. Indeed, participating in intense physical activity that causes dam-

age to the structure of skeletal muscle cells leads to a rise in overall levels of creatine kinase 

(CK). Thus, the evaluation of blood serum CK activity provides information about the 

magnitude of muscle damage [4], which may be used as an index to establish sufficient 

recovery between training sessions.  
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Although extensive research has already investigated the effects of different exercise 

ROM on exercise-induced muscle damage [5, 6, 7], most of it was limited to only partial 

vs. full ROM comparison, and mostly the elbow flexors were investigated. However, in 

the case of the bench press exercise, the ROM is limited by the barbell which touches the 

chest while lowering the bar [8]. In consequence, the primary muscles engaged in the 

bench press movement do not undergo their complete physiological ROM. Nevertheless, 

since the cambered barbell was designed, this issue seems to be solved. The barbell’s  

U-shape provides extra room for the torso, allowing to achieve a lower bottom position of 

the lift and a greater stretch of primary muscles when compared to a standard barbell [9, 

10]. Previous studies have already investigated differences between a cambered and 

standard barbell in muscle activity [9], barbell velocities [10, 11], training volume [12] and 

muscle fatigue [13]. The studies by Krzysztofik et al. [11] and Matykiewicz et al. [10] have 

demonstrated that the use of a cambered barbell results in an increased range of motion 

(ROM) during the bench press exercise, leading to higher velocities of the barbell. Hence, 

the implementation of a cambered bar can be regarded as a supplementary tool in re-

sistance training aimed at enhancing movement velocity, especially with athletes partici-

pating in sport disciplines that require explosiveness. Other findings [9] indicated that 

when comparing the cambered barbell to the standard one during the bench press exercise 

at 90% of the one-repetition maximum (1RM), it was observed that the cambered barbell 

elicits increased activation of the anterior deltoid muscles. In contrast, the standard barbell 

resulted in higher activity of the pectoralis major and triceps brachii long head muscles. 

A recent study which is a continuation of our previous research [13] indicated no signifi-

cant differences in neuromuscular fatigue between the cambered and the standard barbell. 

Given the benefits of the cambered barbell and that a greater ROM used in a long-

term resistance training program results in greater adaptations [14, 15], the main aim of 

this study was to evaluate the differences between the cambered and the standard barbell 

used during the bench press exercise in relation to the magnitude of muscle damage as-

sessed by CK activity. We hypothesized that the use of a cambered barbell, which pro-

vides a greater ROM during the bench press exercise, would lead to more significant mus-

cle damage. 

2. Materials and Methods 

2.1. Participants 

 A group of fourteen well-trained men volunteered for this study (26.3 ± 2.3 years, 

88.5 ± 4.9 kg, 178.4 ± 2.8 cm, standard barbell bench presses 1RM = 132.7 ± 12.4 kg, cam-

bered barbell bench press 1RM = 126.3 ± 11.9 kg). The following inclusion criteria were 

required: free from musculoskeletal injury prior to the study, a minimum of 5 years of 

resistance training experience, 1RM bench press of at least 100% of own body mass. More-

over, the participants were also required to have at least 5 weeks of previous cambered 

barbell bench press experience. All participants were familiarized with the study’s pur-

pose, methods, benefits and risks and agreed to participate by providing a signed in-

formed consent. The investigation was conducted in the Strength and Power Laboratory 

of the Academy of Physical Education in Katowice, Poland. All procedures were per-

formed in accordance with the most recent edition of the Declaration of Helsinki, 2013. 

The study protocol was approved by the Bioethics Committee for Scientific Research of 

the Academy of Physical Education in Katowice, Poland (KB/14/2022). 

2.2. Measures 

 The participants were divided into two conditions: a) standard (STD), b) cambered 

(CMB). Both STD and CMB groups performed the bench press training sessions in a ran-

domized crossover design. The first two sessions focused on the one-repetition maximum 
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test (1RM) of the flat bench press with a STD or CMB barbell, followed by two experi-

mental sessions. The focus of the experimental sessions was to evaluate the effects of the 

STD and CMB bench press exercise protocol on subsequent and delayed muscle fatigue 

and muscle damage. To do so, the bench press throw as well as creatine kinase activity 

measures were performed pre-session, 1-h, 24-h and 48-h post- exercise. The experimental 

procedures contained 5 sets of the bench press exercise against 70% of the standard or the 

cambered bar bench press 1RM performed to volitional failure. 72 hours of rest was im-

plemented between 1RM tests, and experimental sessions were executed one week apart 

to avoid fatigue. The participants were also asked not to perform any additional upper-

body resistance training during the experiment.  

2.3. Design and procedures 

 The experimental protocol had the same procedures, only differing in the type of the 

barbell used during the exercise protocol. The procedure required the participants to per-

form 5 sets of the bench press exercise at 70% of 1RM (STD or CMB barbell) to momentary 

volitional failure. Cadence of the eccentric phase of the movement was controlled through 

a metronome and equaled 2s of the eccentric phase and a volitional tempo of the concen-

tric phase of the movement. A 3-min rest interval was established between subsequent 

sets. To assess the time course of muscle fatigue, changes in peak barbell velocity [16] 

during the bench press throw (BPT) were analyzed, as several previous studies have 

shown movement velocity to be a reliable indicator of neuromuscular fatigue [17, 18]. To 

define the differences in the time course of muscle damage between STD and CMB the 

activity of serum creatine kinase was analyzed [19, 20, 21]. To achieve these goals, each 

participant completed a single set of two repetitions of the BPT on the Smith machine at 

maximum velocity with a load corresponding to 30% of their 1RM for the standard barbell 

bench press at pre-, 1-h, 24-h and 48-h post session and each post-BPT set was preceded 

by a standard warm-up on the cycle ergometer for 5min followed by dynamic mobility 

exercises for the upper body. Similarly, serum samples were collected for creatine kinase 

activity analysis before and one hour, as well as 24 and 48 hours after each training ses-

sion. During the BPT attempts, peak velocity was measured, whereas the mean velocity, 

the number of performed repetitions and the barbell displacement were recorded during 

each set of the bench press exercise. All measures were conducted using a Tendo Power 

Analyzer (Tendo Sport Machines, Trencin, Slovakia) [22]. 

2.4. One-repetition maximum bench press test 

The participants visited the laboratory twice for a STD and a CMB 1RM estimation. 

During both sessions, the participants began with a standardized warm-up specified in a 

previous study [10]. Subsequently, utilizing either a STD or a CMB, they were subjected 

to a 1RM bench press test. They were instructed to maintain technical demands during 

the attempts, e.g. keeping feet on the ground, hips and head in contact with the bench. 

Moreover, the hand placement was consistent across all attempts and was positioned at 

150% of the subject’s biacromial width. The tempo of movement was consistent during 

the trials and matched the recommendation by Wilk et al. [23], i.e. 2s of the negative (low-

ering) phase of the lift, and a volitional tempo of a positive (raising) phase of the lift, with-

out pausing and bouncing the barbell of the chest. The goal of the sessions was to estimate 

1RM within three to five trials, with a 3-min rest interval between sets. The first trial was 

established at 80% of self-reported 1RM, and if successfully lifted, the load was increased 

by 2.5kg to 5kg in the next trials until the subjects could not lift a given load. Safety was 

ensured by two experienced spotters that were present during the sessions. 
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3. Results 

3.1. Statistical analysis 

All statistical analyses were performed using SPSS (version 25.0; SPSS, Inc., Chicago, 

IL, USA) and were shown as means with standard deviations (±SD). Statistical significance 

was set at p < 0.05. The normality of data distribution was checked using Shapiro–Wilk 

tests, while Mauchly's test was used to test for the assumption of sphericity. The two-way 

ANOVA or, if the normality was not confirmed, related-samples Friedman’s two-way 

ANOVA by ranks were used to investigate the differences in training variables during 

standard and cambered barbell bench presses and their influence on the bench press 

throw performance and creatine kinase activity. When a significant main effect or interac-

tion was found, post-hoc tests with Bonferroni correction were used to analyze the pair-

wise comparisons. The magnitude of mean differences was expressed with standardized 

effect sizes. Thresholds for qualitative descriptors of Hedges g were interpreted as ≤ 0.20 

“small”, 0.21-0.79 “medium”, and > 0.80 as “large”. 

3.2. Bench press performance 

Two-way ANOVA indicated that there was a significant interaction (F = 7.467; 

p < 0.001; η2 = 0.365) and a main effect of a set (F = 192.302; p < 0.001; η2 = 0.937) and condi-

tion (F = 25.560; p < 0.001; η2 = 0.663) on the number of performed repetitions. The post-

hoc comparisons showed an overall trend of a significant decrease in the number of per-

formed repetitions from the first to the fifth set (p < 0.002) with the exception of the first 

vs. second set during the STD bench press (p = 0.99; ES = 0.87) and the fourth vs fifth set 

during the CMB bench press (p = 0.065; ES = 0.0) (Table 1).  

Friedman’s test (test = 117.195; p < 0.001; Kendall’s W = 0.93) showed an overall trend 

of a significantly higher ROM between the corresponding sets during the CMB bench 

press in comparison to the STD bench press (p < 0.002; for all) (Table 1). 

Two-way ANOVA indicated that there was a significant interaction (F = 5.58; 

p = 0.001; η2 = 0.300) and a main effect of a set (F = 34.205; p < 0.001; η2 = 0.725) but not con-

dition (F = 0.134; p = 0.720; η2 = 0.010) on the mean velocity. The post-hoc analysis showed 

a significantly lower barbell mean velocity in the fourth (p < 0.001; ES = 1.29 to 2.32) and 

fifth set (p < 0.008; ES = 1.36 to 2.89) compared to sets from the first to the third one during 

the STD bench press, while during the CMB bench press, there was a significant overall 

trend to decrease barbell mean velocity in subsequent sets (first vs other sets p < 0.01; 

ES = 1.07 to 2.67; second and third to fifth (p < 0.008; ES = 1.41 and 1.05); third vs. fourth 

(p = 0.011; ES = 1.05) with exception to no significant differences between third and fifth 

(p = 0.127; ES = 0.86) and fourth vs. fifth set (p = 1.00; ES = 0.38). Furthermore, a barbell 

mean velocity was significantly higher in the first set (p = 0.01) during the STD compared 

to the CMB bench press. On the other hand, a higher barbell mean velocity was reported 

in the fourth set (p = 0.018) during the CMB than in the STD bench press (Table 1). 

Table 1. Changes in training variables during the standard and cambered barbell bench press ses-

sions. Mean ± SD (95%CI) 

 Set 1 Set 2 Set 3 Set 4 Set 5 

 Repetitions [n] 

Cambered 

barbell 

13 ± 2 

(12 to 14) 

10 ± 2 

(9 to 11) 

8 ± 2 

(7 to 10) 

6 ± 1 

(6 to 7) 

6 ± 1 

(5 to 6) 

Standard 

barbell 

16 ± 2 

(15 to 17) 

14 ± 3 

(13 to 16) 

11 ± 2 

(10 to 13) 

9 ± 2 

(8 to 10) 

7 ± 2 

(6 to 8) 

ES 1.46 1.52 1.46 1.84 0.61 
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 Set 1 Set 2 Set 3 Set 4 Set 5 

 Range of Motion [cm] 

Cambered 

barbell 

42.3 ± 1.2 

(41.6 to 43.0) 

41.8 ± 1.6 

(40.9 to 42.7) 

41.6 ± 1.6 

(40.6 to 42.5) 

40.8 ± 2.0 

(39.6 to 42.0) 

39.9 ± 2.1 

(38.8 to 41.1) 

Standard 

barbell 

35.7 ± 2.2 

(34.5 to 36.8) 

34.4 ± 2.2 

(33.2 to 35.5) 

33.7 ± 2.2 

(32.5 to 34.9) 

33.0 ± 2.3 

(31.8 to 34.2) 

32.8 ± 2.6 

(31.4 to 34.2) 

ES 3.62 3.73 3.99 3.51 2.92 

 Mean Velocity [m/s] 

Cambered 

barbell 

0.56 ± 0.04 

(0.48 to 0.62) 

0.51 ± 0.05 

(0.45 to 0.59) 

0.49 ± 0.05 

(0.40 to 0.58) 

0.45 ± 0.04 

(0.38 to 0.51) 

0.43 ± 0.06 

(0.34 to 0.52) 

Standard 

barbell 

0.59 ± 0.07 

(0.47 to 0.71) 

0.50 ± 0.07 

(0.41 to 0.65) 

0.51 ± 0.07 

(0.43 to 0.67) 

0.41 ± 0.08 

(0.25 to 0.56 

0.42 ± 0.04 

(0.35 to 0.49) 

ES 0.51 0.16 0.32 0.61 0.19 

3.3. Bench press throw performance 

Two-way ANOVA indicated that there was a non-significant interaction (F = 1.0.25; 

p < 0.392; η2 = 0.073) but a significant main effect of a set (F = 12.837; p < 0.001; η2 = 0.921) 

and of a condition (F = 8.015; p = 0.014; η2 = 0.381) on barbell peak velocity. The post hoc 

analysis showed a significantly higher barbell peak velocity after the CMB compared to 

the STD condition (p < 0.001; ES = 0.55). Moreover, the barbell peak velocity was signifi-

cantly lower in post- than in pre- (p = 0.001; ES = 4.39) and post-48 (p = 0.004; ES = 0.73) 

session (Figure 2). 

 
Figure 1. Changes in peak velocity during the bench press throw at pre-, post-, post-24h and post-

48h the standard and the cambered barbell bench press session. CMB – cambered barbell bench 

press; STD – standard barbell bench press 

3.4. Creatine kinase activity 

Two-way ANOVA indicated that there was a significant interaction (F = 23.417; 

p < 0.001; η2 = 0.643) and a main effect of a set (F = 151.837; p < 0.001; η2 = 0.921) and of a 

condition (F = 8.015; p = 0.014; η2 = 0.381) on the CK activity. The post-hoc analysis showed 

an overall trend to increase of CK activity from pre- to subsequent time points (p < 0.001 
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for all; ES = 0.95 to 2.27) during the STD condition. Similarly, during the CMB condition 

with the exception of the post-48, which was higher in comparison to pre (p < 0.001; 

ES = 1.43) and post (p = 0.002; ES = 0.88) but not than post-24 (p = 1.00; ES = 0.27) (Figure 2). 

 
Figure 2. Changes in creatine kinase activity at pre- and post-exercise with the standard and the 

cambered barbell bench press at different time points. CMB – cambered barbell bench press; STD – 

standard barbell bench press. a – significantly different in comparison to other time points within 

the condition; b – significantly different in comparison to pre within the condition; c – significantly 

different in comparison to post within the condition. 

4. Discussion 

 The main aim of this study was to indicate the differences between the standard and 

cambered barbells used during the bench press exercise protocol which consisted of 5 sets 

at 70% of 1RM performed to volitional failure on neuromuscular fatigue assessed by bar-

bell velocity changes during the bench press throw, as well as exercise-induced muscle 

damage evaluated by creatine kinase (CK) serum activity, evaluated at baseline, as well 

as 24- and 48-h post exercise. A further objective was to compare the differences in the 

number of performed repetitions and mean barbell velocities across the exercise protocol 

between the two conditions. The results indicated that higher peak barbell velocity was 

reached during the BPT after the CMB when compared to the STD condition. Moreover, 

interestingly, CK activity showed an overall significant growing trend from baseline to 

time points following exercise during the STD, whereas the CMB post-48h CK was higher 

in comparison to pre and post, but not to post-24h. Furthermore, a mean barbell velocity 

comparison showed a similar velocity decrease across the sets when utilizing both bar-

bells, and the number of performed repetitions decreased similarly across the sets under 

both conditions. A significantly greater ROM in the corresponding sets during the cam-

bered than the standard barbell bench press was observed. 

 Despite the long presence of the cambered barbell, and the fact that the bench press 

exercise is one of the most extensively studied and employed upper-body exercises in 

training [24], there is limited research exploring its utilization in training [9, 10, 11, 13]. 

The above-mentioned studies [10, 11] showed a greater ROM during the bench press ex-

ercise, as well as higher barbell velocities with the use of CMB. Furthermore, authors [9] 

found that bench pressing with the CMB at 90% of 1RM elicits increased activation of the 

anterior deltoid, while the STD resulted in higher activity in the pectoralis major and tri-

ceps brachii long head muscles. Nevertheless, to the best of the author’s knowledge, the 

present study is the third to date [12, 13] that presents the effects of a cambered barbell on 

the number of performed repetitions executed and a barbell velocity comparison in an 
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exercise protocol that closely simulates a bench press training regimen, composed of 5 sets 

at 70% of 1RM to volitional failure. Furthermore, to our knowledge, the current study is 

the first designed to compare the impact of a bench press training session performed with 

a cambered barbell on muscle damage evaluated by CK activity analyzed from baseline 

up to 48h post exercise.  

The influence of exercise ROM on exercise-induced muscle damage has been a mat-

ter of debate in previous research [6, 7]. The authors of research [6] indicated that per-

forming 4 sets of 10 repetitions of unilateral elbow flexion on a Scott bench with a full 

ROM led to a greater muscle damage when compared with partial ROM, even though, 

similarly to our study, a smaller ROM allowed higher loads to be lifted. Similar results 

were demonstrated by Fochi et al. [7], who compared full and partial ROM (180° vs. 60°) 

of elbow flexion on eccentric exercise-induced muscle damage. However, the results were 

limited only to direct factors, such as peak torque, maximal voluntary isometric contrac-

tion torque, muscle soreness, arm circumference and joint ROM. In contrast to the above-

mentioned results, the findings of our study showed a longer muscle damage activity after 

bench pressing with a typical ROM when compared to extended ROM, but this difference 

did not reach statistical significance. It is known that training frequency is a key variable 

affecting adaptations in resistance training [2]. Thus, the current study also aimed to in-

vestigate whether using a cambered barbell, which allows extending the ROM during the 

bench press exercise, would lead to a greater fatigue in BPT and muscle damage assessed 

by CK serum activity, potentially impacting subsequent training sessions. It turned out 

that a significantly greater decrease in barbell peak velocity was observed after STD than 

CMB barbell bench press. Moreover, the barbell peak velocity was significantly lower in 

post than in pre, and 48h post the bench press exercise protocol, with no significant dif-

ferences between conditions. The final analysis of CK activity showed an overall growing 

trend from baseline to subsequent time points of recovery during the STD condition. 

A similar increase during the CMB condition was observed; however, post-48h CK activ-

ity was significantly higher in comparison to pre and post exercise, but not post-24h. These 

results confirm, in connection with the lack of differences in barbell velocities, that utiliz-

ing a CMB barbell in upper-body workout might not require a specific training approach, 

such as different volume or intensity of exercise. Furthermore, considering the analysis of 

muscle damage, it can be inferred that with the use of a cambered bar, higher training 

frequency can be applied. Taking into consideration the benefits of a long-term full ROM 

training on muscle hypertrophy and strength adaptations [3, 25, 26] compared to partial 

ROM, the need for research on its influence on muscle damage seems to be justified. Nev-

ertheless, this study examined a group of well-trained individuals (minimum of 5 years 

of resistance training experience) that experience lower increases in CK activity after ex-

ercise when compared with untrained subjects [27, 28]. Thus, the results of this study 

should be generalized with caution. 

Additional analysis showed that when utilizing a cambered barbell during a bench 

press workout, a significantly lower total number of repetitions was achieved when com-

pared to a standard barbell, which was confirmed by previous results [12, 13]. These re-

sults are also in line with Vitor Lima et al. [29] study’s outcomes, who proved that the 

lower range of motion, the higher total number of repetitions performed in the bench 

press exercise. In consequence, an increase in the number of executed repetitions results 

in a greater frequency of the eccentric-concentric transition phase, leading to a higher peak 

torque output and increased mechanical stress, which may vary in magnitude to the elic-

ited fatigue and training stimuli [30]. Mean barbell velocity measures indicated a similar 

decreased trend across the exercise protocol, with no significant differences between STD 

and CMB bench press. These findings are inconsistent with a previous report by Martínez-

Cava et al. [31] that showed significantly lower barbell velocities during bench pressing 

with a smaller ROM. However, the above-mentioned studies [29, 31] have been limited 

only to full vs. partial ROM comparison. By contrast, taking into account that CMB allows 
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for extended ROM, studies [10, 11] confirmed greater barbell velocities when CMB was 

used in the bench press exercise when compared with the STD.  

 Our study is not without limitations. Firstly, we have compared only two different 

ROMs in the bench press exercise, which might not translate to other exercises. Therefore, 

since a cambered barbell has been on the market, future research could compare partial 

with full and extended ROM. Secondly, even though the same relative load was used in 

this study (70% of STD or CMB 1RM), a different absolute load was lifted during the ex-

periment. Furthermore, the participants performed 5 sets until reaching voluntary failure, 

which differs from usual resistance training workouts. Thus, future research could com-

pare bench press training sessions with a predetermined number of repetitions and a con-

sistent load. Thirdly, the BPT performance, as well as CK activity, was only measured up 

to 48h after exercise, despite the fact that fatigue and muscle damage may last longer. 

5. Conclusions  

Taking into account no significant differences in mean barbell velocity between the 

barbells, given that a movement velocity is a reliable indicator of neuromuscular fatigue 

[17, 18], it can be assumed that the use of a cambered barbell does not require longer rest 

intervals between sets across a training session. In conclusion, the bench press exercise 

performed the use of CMB, which allows for a greater ROM might not require specific 

training approach and even higher training frequency might be applied. 
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