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The Effect of Push-Up Variation on Muscular Endurance and Perceived Exertion in Healthy Young Adults: Implications for Accessible Resistance Exercise
1. Introduction and Background
Age-related deterioration in skeletal muscle strength, mass and physical function presents a significant challenge to healthy ageing and independent living. Sarcopenia, characterised by progressive reductions in muscular strength and mass, is associated with impaired mobility, increased fall risk and reduced functional independence (Cruz-Jentoft et al., 2019). Maintaining muscular fitness is therefore essential for preserving physical capability throughout adulthood.
Resistance training is widely recognised as an effective intervention for improving muscular strength, endurance and functional performance. Fragala et al. (2019) emphasise its importance in counteracting age-related muscular decline, while the World Health Organization (WHO, 2020) recommends muscle-strengthening activities involving major muscle groups at least twice weekly.
Despite these benefits, participation may be restricted by equipment costs, limited facility access and perceived exercise difficulty. Bodyweight resistance training offers a potentially accessible alternative, allowing individuals to exercise with minimal equipment. However, exercises must be adaptable to accommodate differences in strength, experience and physical capability.
The push-up is a widely performed upper-body resistance exercise involving the pectoralis major, triceps brachii and anterior deltoid, alongside stabilising muscles. Research demonstrates that push-ups can produce muscular adaptations comparable to conventional resistance exercises when appropriately matched for muscular demand (Calatayud et al., 2015).
Push-up difficulty can be modified by changing the relative elevation of the hands and feet. Incline push-ups, involving elevated hand support, are generally considered less demanding, while decline push-ups, involving elevated feet, may increase upper-body loading.
Suprak et al. (2011) demonstrated that the proportion of body mass supported by the upper limbs changes throughout the push-up movement. Similarly, Ebben et al. (2011) identified differences in ground reaction forces across push-up variations.
However, changes in mechanical loading do not necessarily translate into proportional changes in muscular endurance or perceived exertion. Investigating these responses may provide practical evidence for prescribing adjustable bodyweight resistance exercise.

2. Research Rationale
Progressive overload is a fundamental principle of resistance training, requiring exercise demands to be modified systematically to stimulate physiological adaptation (American College of Sports Medicine, 2009). Conventional resistance training commonly achieves this through adjustments in external load, repetitions or training volume. However, bodyweight exercises present additional challenges because resistance cannot always be adjusted or quantified precisely.
Modifying hand or foot elevation provides a simple method of altering push-up difficulty without specialist equipment. This may be particularly valuable for home-based exercise programmes, where access to conventional resistance-training equipment is limited.
Previous investigations have examined biomechanical loading and muscular activation during push-up variations (Ebben et al., 2011; Calatayud et al., 2015). However, understanding how relatively small changes in elevation influence endurance performance and subjective exercise difficulty remains practically relevant.
This investigation will compare a low-incline push-up, standard floor push-up and low-decline push-up. These variations are intended to provide different exercise demands while remaining sufficiently challenging for physically active participants.
Although the study will recruit younger adults rather than older individuals, its broader significance concerns the development of accessible resistance-training progressions. Identifying whether modest positional adjustments produce meaningful changes in exercise difficulty may inform future research investigating adaptable exercise programmes for maintaining muscular fitness during ageing.
Importantly, the investigation will assess acute exercise responses rather than long-term physiological adaptations or improvements in functional independence.

3. Research Aim, Objectives and Hypotheses
Research question: How do low-incline, standard and low-decline push-up variations influence muscular endurance and perceived exertion in healthy young adults?
Aim: To investigate whether modifying relative hand and foot elevation provides a practical method of adjusting the difficulty of bodyweight resistance exercise.
Objectives:
1. Compare muscular endurance across low-incline, standard and low-decline push-ups.
2. Assess perceived exertion following a standardised number of repetitions in each condition.
3. Examine individual differences in endurance performance between exercise variations.
4. Consider the implications for accessible and progressive bodyweight resistance training.
Hypotheses:
H1: Muscular endurance will be greatest during incline push-ups, followed by standard push-ups, and lowest during decline push-ups.
H2: Perceived exertion following five standardised repetitions will be highest during decline push-ups and lowest during incline push-ups.
H3 (exploratory): The magnitude of endurance differences between conditions will vary among participants.
4. Methodology
4.1 Research Design
A quantitative, repeated-measures experimental design will be employed. Each participant will complete three exercise conditions, allowing direct within-participant comparisons.
A repeated-measures design reduces the influence of individual differences in strength, anthropometry and training experience. Condition order will be counterbalanced to minimise systematic learning, fatigue and order effects.
4.2 Participants
Approximately ten healthy adults aged 18–35 will be recruited through convenience sampling from the university population.
Participants must be capable of completing at least 15 technically acceptable standard push-ups at the prescribed cadence during screening. This criterion will help ensure that participants can complete all three exercise variations safely and meaningfully.
Individuals reporting current upper-limb injuries, significant musculoskeletal pain or medical conditions contraindicating strenuous resistance exercise will be excluded.
Participant characteristics, including age, sex, height, body mass and resistance-training experience, will be recorded.
The small sample will limit statistical power and generalisability; therefore, the investigation will be considered exploratory.
4.3 Equipment and Exercise Conditions
Testing will require a stable exercise step, measuring tape, metronome, exercise mat and Borg category-ratio (CR10) perceived exertion scale.
Three conditions will be investigated:
· Low incline: Hands elevated approximately 20 cm above the feet.
· Standard: Hands and feet positioned at floor level.
· Low decline: Feet elevated approximately 20 cm above the hands.
The proposed elevation will be evaluated through preliminary testing to determine whether the variations produce distinguishable performance outcomes without excessively prolonged testing.
Hand placement will be standardised relative to shoulder width, and participants will maintain a straight body alignment throughout each repetition.
A metronome will control movement cadence at two seconds during the eccentric phase and two seconds during the concentric phase.
Movement range will be standardised using predetermined technique criteria, including consistent elbow extension and an appropriate lower-body position.
4.4 Experimental Procedure
Participants will attend one familiarisation session followed by three experimental sessions, separated by at least 48 hours to minimise residual fatigue.
During familiarisation, participants will practise each variation, receive technique instructions and become familiar with the Borg CR10 scale.
Each experimental session will involve one exercise condition, with the order counterbalanced between participants.
Following a standardised upper-body warm-up, participants will perform five controlled repetitions at the prescribed cadence.
Immediately afterwards, perceived exertion will be recorded using the Borg CR10 scale, which assesses subjective exercise intensity (Borg, 1982).
Following five minutes of seated or light active recovery, participants will complete a maximal repetition test at the same cadence.
Muscular endurance will be operationally defined as the number of correctly completed repetitions before technical failure.
Technical failure will occur when participants cannot maintain the required movement range, prescribed cadence or acceptable technique despite standardised encouragement.
Participants will avoid strenuous upper-body exercise for 48 hours before testing and will be encouraged to maintain consistent sleep, nutritional intake and caffeine consumption across sessions.
4.5 Data Analysis
Data will be analysed using SPSS.
Descriptive statistics, including means, standard deviations and individual performance differences, will summarise results across conditions.
A one-way repeated-measures analysis of variance (ANOVA) will be considered for normally distributed endurance data where relevant assumptions are satisfied. If assumptions are unsuitable, a Friedman test will be employed.
Perceived exertion scores will be compared using an appropriate repeated-measures procedure, with the Friedman test preferred if the ordinal ratings do not justify parametric analysis.
Effect sizes and individual participant responses will supplement statistical significance testing.
Given the limited sample, interpretation will prioritise the magnitude, consistency and practical relevance of observed differences.
5. Ethical Considerations
Ethical approval will be obtained from the university before recruitment.
Participants will receive information outlining the study's purpose, procedures, potential risks and voluntary nature. Written informed consent will be obtained, and participants may withdraw without penalty.
Potential risks include temporary muscular fatigue, delayed-onset muscle soreness and musculoskeletal discomfort. These will be minimised through screening, familiarisation, standardised warm-ups and appropriate supervision.
Testing will stop immediately if participants experience pain, dizziness or concerning symptoms.
All personal information will be anonymised and stored securely in accordance with university data-protection requirements.

6. Expected Outcomes and Practical Significance
It is anticipated that incline push-ups will produce the greatest repetition performance and lowest perceived exertion, while decline push-ups will produce the opposite response.
However, differences may vary according to participant strength, body proportions and training experience.
If supported, the findings would suggest that relatively small adjustments in hand or foot elevation can meaningfully alter bodyweight exercise difficulty.
This could have practical implications for developing accessible resistance-training progressions that accommodate differing physical capabilities without requiring conventional gym equipment.
Although the study cannot establish effectiveness among older adults, it may provide preliminary evidence supporting future investigations into scalable resistance exercise for healthy ageing.
7. Limitations
The small convenience sample and inclusion of physically capable young adults will limit generalisability to older or less active populations.
Furthermore, changing hand or foot elevation modifies body geometry, joint angles and potentially muscular recruitment. Consequently, observed performance differences cannot be attributed exclusively to changes in external resistance.
Motivation, exercise familiarity and individual fatigue tolerance may also influence repetitions to technical failure.
Finally, the investigation will measure acute endurance and exertion rather than long-term training adaptations. Longitudinal studies involving older adults would be necessary to determine whether these exercise variations improve muscular fitness and functional independence.
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