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Abstract
Purpose: Bilateral resistance exercise is commonly prescribed 
to promote balanced strength development. It is unclear whether 
bilateral machine exercises with a single bar and single weight 
stack produce symmetrical force output between limbs. This study 
examined interlimb force asymmetry during bilateral chest press 
exercise under isometric and dynamic conditions and evaluated the 
influence of hand dominance.
Methods: Thirty college-aged adults performed isometric and 
3-repetition chest press trials on a bilateral machine instrumented 
with dual force transducers. Right and left limb forces were recorded 
independently. Paired two-tailed t-tests were used to evaluate 
differences between limbs. Effect sizes (Cohen’s d_z) and 95% 
confidence intervals (CI) were calculated.
Results: Significant interlimb differences were observed during 
isometric (mean difference = 31.93 N; 95% CI: 7.2–56.7; p = 0.013; 
d = 0.48) and isotonic conditions (mean difference = 39.42 N; 95% 
CI: 15.9–62.9; p = 0.002; d = 0.62). Hand dominance effects did not 
have a significant difference.
Conclusion: Bilateral chest press exercise does not ensure 
symmetrical force production. Moderate effect sizes suggest 
meaningful training implications, particularly regarding overload 
distribution and long-term adaptation.
Key Words: Resistance Training; Asymmetry; Bilateral Training; 
Strength; Machine Exercise
Introduction
   Resistance training is a foundational component of physical fitness 
and is strongly recommended by organizations such as the American 
College of Sports Medicine and the American Heart Association 

[1, 2]. These guidelines emphasize training major muscle groups at 
least two times per week to improve strength, health, and functional 
performance.
   Across the lifespan, resistance training provides substantial benefits. 
In youth, it enhances neuromuscular coordination and strength [3, 
4]. In adults, it improves body composition, reduces chronic disease 
risk, and enhances physical function [5-8]. In older populations, 
resistance training improves balance, mobility, and independence 
[9-11]. Resistance training also contributes to metabolic health, 
improving insulin sensitivity and glycemic control, [12, 13] and 
enhances bone density [14]. Psychological benefits include improved 
mood and cognition [15].
 Effective training requires appropriate exercise prescription, 
including frequency, volume, and intensity [16-20]. Central to this 
process are the principles of overload, variation, and specificity [21, 
22]. Exercise modality also plays a role. Machine-based training 
offers stability and ease of use, whereas free weights promote 
coordination and freedom of movement [21, 23]. Both modalities 
can improve strength [24].
 Unilateral and bilateral training approaches produce similar 
overall strength gains, though adaptations are task-specific [25-29].
Machine-based training can differ by the design of the machine. 
Many machines have a single bar and single weight stack. Some 
machines have separate weight stacks and bars for each extremity. 
The machines with separate weights stacks are usually larger and 
more expensive.
 Muscle balance is important for joint symmetry and injury 
prevention. If a muscle group or side of the body is not in balance, this 
can contribute to muscle tightness and spasms. When exercising with 
a machine with a one side weight stack, that could show preference to 
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one side of the body or the stronger extremity contributing more force. 
However, little research has examined whether bilateral machine
exercises with a single bar and single weight stack produce 
symmetrical force output between limbs.
  Overload principle refers to a greater physical stress than the 
muscles are accustomed to forcing the muscle to adapt and grow. 
Specificity is that the training should be customized to the goals of the 
person. Variation is needed to keep challenging the muscles to avid 
accommodation. If asymmetry exists, it may reduce the effectiveness 
of the overload principle and contribute to muscular imbalances. 
The stronger limb may experience more hypertrophy. Therefore, 
the purpose of this study was to examine upper extremity force 
symmetry during a bilateral chest press exercise with a single bar and 
single weight stack and evaluate the influence of hand dominance.
Methods
Study Design
 This study employed a within-subject, repeated-measures 
experimental design to quantify interlimb force production during 
bilateral resistance exercise with a single bar and single weight 
stack. Each participant served as their own control, allowing direct 
comparison of right versus left upper extremity force output under 
both isometric and dynamic contraction conditions. The independent 
variables were contraction type (isometric vs. isotonic) and limb 
dominance (dominant vs. non-dominant). The dependent variable 
was peak and mean force output (Newtons) measured independently 
for each upper extremity.

Participants
  Thirty healthy college-aged adults (20 males, 10 females) were 
recruited from a university population. Participants were required to 
be at least 18 years of age and free from any musculoskeletal injury 
affecting the upper extremity, shoulder, or trunk within the previous 
12 months. Individuals with current pain, neurological disorders, or 
cardiovascular contraindications to maximal resistance exercise were 
excluded.
  Hand dominance was self-reported using a standardized 
questionnaire, with 24 participants identifying as right-hand 
dominant and 6 as left-hand dominant. The majority of participants 
(n = 28, 93%) reported engaging in structured resistance training at 
least once per week.
 All participants provided written informed consent prior to 
participation. The study protocol was reviewed and approved by the 
Institutional Review Board at Florida Gulf Coast University.
Setting and Equipment
   All testing was conducted in a controlled laboratory environment 
at Florida Gulf Coast University’s Recreation and Wellness Center. 
Ambient temperature was maintained at approximately 20 to 22°C to 
minimize environmental variability.
  Force signals were transmitted in real time to a mobile application 
interface (Novel system software), which recorded peak and mean 
force output. The system sampling frequency and resolution were 
consistent with manufacturer specifications for human force 
application testing. See Figure 1.

Figure 1. Force transducer pads attached to chest 
press machine handles.

Note. Novel Force Pad Transducer

  A commercial plate-loaded chest press machine (Cybex) with 
a single bar and single weight stack was used for all trials. To 
independently measure force output from each upper extremity, 
bilateral force transducer pads (Novel Load Pad, Novel GmbH, 
Munich, Germany) were securely attached to each handle. These 
sensors allow independent capture of applied force in Newtons (N) 
for each limb [30]. See Figure 2.
 Prior to data collection, the force measurement system was 
calibrated according to manufacturer guidelines to ensure accuracy 
and consistency across trials.

Experimental Procedures
Familiarization    
  To minimize learning effects, participants completed a standardized 
familiarization protocol prior to data collection. This included:
•	 Instruction on proper machine setup and body positioning 
•	 One submaximal practice repetition for isometric testing 
•	 One submaximal practice repetition for dynamic pressing 
  Participants were allowed to ask questions and adjust to equipment 
resistance before testing began.
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Figure 2. Cybex Chest Press Machine with force 
pads on the handles

Warm-Up
  Participants performed a standardized 3-minute warm-up on an 
upper body ergometer at a self-selected moderate intensity. This was 
implemented to increase muscle temperature, improve neuromuscular 
readiness, and reduce injury risk. No heavy resistance or fatigue-
inducing activity was permitted prior to testing.
Body Positioning and Standardization
    To ensure consistency across participants, the following positioning 
criteria were enforced:
•	 Seated posture with full back support against machine pad 
•	 Feet flat on the floor and shoulder-width apart 
•	 Neutral head and spine alignment 
•	 Handles adjusted to align with mid-sternal (nipple-line) height 
•	 Elbows positioned approximately in line with the torso at 

starting position 
•	 Symmetrical grip width maintained on both handles 
   Participants were instructed not to shift posture or apply trunk 
assistance during force production.
Testing Protocol
Isometric Chest Press Condition   
  Participants performed a maximal voluntary isometric contraction 
(MVIC) for 3 seconds against immovable handles. The weight 
stack was fully secured to prevent movement. Standardized 
verbal instructions were provided: “Push as hard and as evenly as 
possible with both arms and maintain maximal effort until told to 
stop.” Strong verbal encouragement was given during each trial to 
promote maximal effort. Force output from each limb was recorded 
independently. The highest stable force output during the 3-second 
window was used for analysis [31].
Isotonic Chest Press Condition
   Following a rest period, resistance was adjusted to a submaximal 
load corresponding approximately to a 3 to 5 repetition maximum 
(RM), selected based on participant comfort and ability to complete 
controlled repetitions without failure. Participants performed three 
controlled repetitions of the chest press using a standardized tempo:

•	 Concentric phase: ~2 seconds 
•	 Eccentric phase: ~2 seconds 
  No bouncing, rapid acceleration, or partial range of motion was 
permitted. Participants were instructed to maintain equal force 
distribution across both limbs throughout the movement.
  Mean force output across the three repetitions was calculated 
separately for each limb.
Rest Periods
  A minimum rest period of 2-minutes was provided between isometric 
and isotonic conditions to minimize fatigue effects. Additional rest 
was allowed if participants reported residual fatigue or discomfort.
Data Processing
   Force data were exported from the mobile application into a secure 
spreadsheet for analysis. For each participant, the following variables 
were extracted:
•	 Peak force (isometric condition, each limb) 
•	 Mean force (isometric condition, each limb) 
•	 Mean force across 3 repetitions (isotonic condition, each limb) 
  All data were screened for outliers and recording artifacts prior to 
statistical analysis. No participants were excluded due to missing or 
invalid data.
Statistical Analysis
 Statistical analyses were conducted using standard statistical 
software. Normality of data distribution was assessed using Shapiro–
Wilk tests and inspection of Q–Q plots.
  Paired-samples two-tailed t-tests were used to compare:
1.	 Right vs. left upper extremity force output 
2.	 Dominant vs. non-dominant upper extremity force output 
  Effect sizes were calculated using Cohen’s d for dependent samples 
(d_z), defined as the mean difference divided by the standard 
deviation of the paired differences.
   Ninety-five percent confidence intervals (95% CI) were calculated 
for all mean differences to assess precision and clinical relevance.
Statistical significance was set at α = 0.05.
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Results
Interlimb Force Differences
Isometric Condition
   A significant difference in force production was observed between 
the right and left upper extremities during the isometric chest press 
condition (t(29) = 2.65, p = 0.013). The right upper extremity 
produced greater force (403.03 ± 127.29 N) compared with the 
left (379.63 ± 143.54 N), corresponding to a mean difference

Table 1. Limb Force Comparisons

Condition Right (N) Left (N) Mean Diff (N) 95% CI p-value Effect Size (d)
Isometric 403.03 ± 127.29 379.63 ± 143.54 31.93 7.2–56.7 0.013 0.48
3 Reps 363.27 ± 177.31 336.38 ± 132.66 39.42 15.9–62.9 0.002 0.62

Isotonic Condition (3 Repetitions)
   During the dynamic chest press condition, a statistically 
significant interlimb difference was again observed (t(29) = 3.42, 
p = 0.002). The right upper extremity produced higher mean force 

of 31.93 N (95% CI: 7.2–56.7 N) and a moderate effect size (d = 
0.48).  
 The range of interlimb differences (0 to 176 N) indicates that while 
some participants demonstrated near symmetry, others exhibited 
asymmetry equivalent to approximately 40 pounds (lb.) of force. 
Three of 30 participants (10%) demonstrated equal bilateral force 
output within measurement resolution, suggesting that true symmetry 
during maximal isometric pressing is uncommon even in trained 
individuals [32]. See Table 1.

(363.27 ± 177.31 N) than the left (336.38 ± 132.66 N), with a mean 
difference of 39.42 N (95% CI: 15.9–62.9 N) and a moderate-to-large 
effect size (d = 0.62). See Figure 3.
  

Figure 3. Mean force differences between upper extremities during isometric and isotonic conditions.

Note. Isometric and 3-repetition mean force difference between upper extremities measured in newtons.

  The observed range of asymmetry (1.33 to 86.66 N) indicates 
that some individuals experienced clinically relevant loading 
discrepancies of approximately 20 pounds (lb.) between limbs during 
a single repetition set.
  No participants demonstrated perfect symmetry across all three 
repetitions, indicating that even submaximal dynamic bilateral chest
pressing with a single bar and single weight stack does not inherently 
equalize force production between limbs.

Dominance-Related Differences
Isometric Condition
 When stratified by hand dominance, a small but statistically 
significant difference was observed during isometric contraction (d 
= 0.37, p = 0.05). Dominant limbs produced slightly higher force 
output (398.43 ± 127.29 N) compared with non-dominant limbs 
(380.90 ± 144.03 N), with a mean difference of 17.53 N (95% CI: 
1.9–33.1 N). See Table 2.

Condition Dominant 
(N)

Non-Dominant 
(N)

Mean Diff 
(N)

95% CI p-value Effect Size
 (d)

Isometric 398.43 ± 127.29 380.90 ± 144.03 17.53 1.9–33.1 0.053 0.37
3 Reps 356.72 ± 119.39 342.56 ± 132.29 14.16 –1.9–30.2 0.127 0.29

Table 2. Dominance Comparisons
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 These findings support increasing consideration of unilateral 
training or independently loaded bilateral systems to ensure equitable 
loading. They also raise questions regarding the assumption that 
machine-based bilateral exercises with a single bar and single weight 
stack inherently promote symmetrical development.
Limitations
  The sample was relatively small and resistance-trained, limiting 
generalizability. Additionally, left-handed participants were 
underrepresented. Future research should include larger and more 
diverse samples and examine different machine designs and loading 
systems.
Conclusion
  Bilateral chest press exercise with a single bar and single weight 
stack produces significant and meaningful interlimb force asymmetry 
in resistance-trained adults. These findings challenge the assumption 
that bilateral machine training ensures symmetrical loading and 
suggest potential benefits of unilateral or independently loaded 
resistance training strategies.
Highlights
•	 Bilateral chest press does not ensure symmetrical force output 
•	 Dynamic contractions amplify force asymmetry compared to 

isometric tasks 
•	 Machine-based resistance training may not evenly distribute 

load 
•	 Findings support consideration of unilateral training strategies
Conflicts of Interest: The author reports there are no competing
interests to declare.
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  From a clinical standpoint, this suggests that hand dominance 
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