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A Comparison of Neural-Dominant and Hypertrophy-Dominant Resistance Training on Maximal Strength Development in Trained Individuals
Research Question
Does an eight-week neural-dominant resistance training programme produce greater improvements in combined one-repetition maximum (1RM) total strength than a hypertrophy-dominant resistance training programme in resistance-trained adults?

Introduction and Rationale
Within applied Sport Science and Strength and Conditioning practice, maximal muscular strength is recognised as a foundational physical quality underpinning athletic performance, injury resilience and long-term musculoskeletal health. Strength contributes directly to sprint acceleration, jump performance, change of direction ability, collision tolerance and occupational lifting capacity, making it a primary target of athlete development programmes and rehabilitation pathways (Suchomel et al., 2018). For this reason, optimisation of resistance training methods for maximal strength development remains a central research priority within Sport Science.
Maximal strength development is not solely dependent upon increases in muscle size but is heavily influenced by neural mechanisms that govern voluntary force production. Morphological adaptations primarily reflect skeletal muscle hypertrophy, increasing physiological cross-sectional area and therefore the theoretical force-producing capacity of muscle fibres (Schoenfeld et al., 2017). In contrast, neural adaptations reflect changes within the central nervous system (CNS) that enhance the ability to activate available muscle mass. These adaptations include improved motor unit recruitment, increased motor unit firing frequency, reduced antagonist co-activation, improved synchronisation of motor units and enhanced intermuscular coordination (Sale, 1988; Aagaard et al., 2002). Collectively, these neural adaptations improve both the efficiency and magnitude of voluntary force production, particularly under high-load conditions.
A substantial body of evidence demonstrates that early-phase and rapid improvements in maximal strength are predominantly mediated by neural rather than hypertrophic mechanisms. Sale (1988) proposed that the majority of initial strength gains following resistance training occur in the absence of measurable muscle hypertrophy, suggesting a primary role of neural adaptation. Aagaard et al. (2002) later confirmed this by demonstrating significant improvements in voluntary activation, motor unit discharge rates and rate of force development following heavy resistance training without corresponding hypertrophic change. These findings highlight the importance of CNS-focused training strategies when maximal strength is the primary outcome.
This mechanistic understanding has led to the development of resistance training paradigms designed specifically to prioritise neural output, commonly referred to as neural-dominant resistance training (Suchomel et al., 2022; Banyard et al., 2023). Neural-dominant training is characterised by very high relative intensities (≥85% 1RM), low repetition ranges (1–3 repetitions), extended inter-set rest periods (3–5 minutes) and limited velocity loss across sets. These variables are designed to maximise recruitment of high-threshold motor units while minimising metabolic and neuromuscular fatigue, thereby preserving CNS output across training sessions. In contrast, hypertrophy-dominant resistance training typically employs moderate intensities (60–75% 1RM), higher repetition ranges (8–12 repetitions), shorter rest intervals (60–120 seconds) and greater velocity loss to increase metabolic stress and mechanical tension conducive to muscle hypertrophy (Schoenfeld et al., 2017).
Although hypertrophy-dominant training increases muscle cross-sectional area, evidence increasingly suggests that it may be suboptimal for maximal strength development due to excessive fatigue accumulation and reduced neural drive. Pareja-Blanco et al. (2020) demonstrated that high velocity loss (>40%) during resistance training resulted in significantly lower strength gains compared to low velocity loss (<20–25%), despite producing greater hypertrophy. Sánchez-Medina and González-Badillo (2019) further identified velocity loss as a sensitive marker of neuromuscular fatigue, indicating that excessive fatigue accumulation may compromise CNS output and therefore limit maximal force production. These findings suggest that hypertrophy-dominant schemes may inadvertently blunt neural efficiency despite increasing muscle size.
Meta-analytic evidence further supports the superiority of high-load, neural-dominant training for maximal strength development. Grgic et al. (2022) concluded that high-intensity resistance training produces significantly greater improvements in maximal strength than moderate-intensity protocols, even when training volume is equated. Banyard et al. (2023) further emphasised that intensities exceeding 85% 1RM are required to consistently recruit high-threshold motor units responsible for maximal force production.
Despite this growing body of evidence, there remains a lack of direct comparative research between neural-dominant and hypertrophy-dominant resistance training using ecologically valid outcome measures in trained populations. Many studies utilise single-lift 1RM performance as the primary outcome, which is sensitive to learning effects, biological variability and day-to-day fluctuations in readiness (Hopkins, 2000). In contrast, combined 1RM total testing (squat, bench press and deadlift) provides superior reliability, greater statistical sensitivity and enhanced ecological validity, reflecting real-world strength standards used within applied Sport Science practice (Comfort et al., 2018; Grgic et al., 2022). Furthermore, Suchomel et al. (2022) emphasise that neural adaptations occur systemically rather than locally, making combined totals a more representative indicator of CNS-level adaptation.
Combined 1RM totals also allow for improved detection of meaningful performance changes due to their larger absolute magnitude, thereby reducing random measurement error and the likelihood of Type II statistical error in moderate sample sizes typical of undergraduate research (Hopkins, 2000). From an applied perspective, combined totals reflect competitive and occupational strength standards more accurately than single-lift measures, enhancing the translational relevance of the present investigation.
Taken together, current evidence suggests that neural-dominant resistance training may produce superior maximal strength adaptations compared to hypertrophy-dominant training. However, direct experimental comparisons using ecologically valid outcome measures in trained individuals remain limited. The present study therefore seeks to address this gap in the literature by directly comparing these two paradigms using combined 1RM total as the primary outcome measure.

Aims
The primary aim of this study is to compare the effects of neural-dominant and hypertrophy-dominant resistance training on combined 1RM total strength in resistance-trained adults.
It is hypothesised that participants undertaking neural-dominant training will demonstrate significantly greater improvements in combined 1RM total than those undertaking hypertrophy-dominant training due to superior neural adaptations and reduced neuromuscular fatigue accumulation.
In addition to the primary hypothesis, this study aims to examine whether differences in training volume load and bar velocity responses are observed between neural-dominant and hypertrophy-dominant training protocols. These secondary aims will provide further insight into the mechanisms underlying strength adaptation by contextualising maximal strength changes alongside indicators of neuromuscular output and accumulated fatigue. Collectively, these objectives aim to enhance understanding of how training intensity, repetition range and velocity loss influence strength development in trained populations and inform evidence-based programming strategies within applied Sport Science practice.



Method
Design
A randomised pre-test/post-test experimental design will be employed over an eight-week intervention period, with participants allocated to either a neural-dominant or hypertrophy-dominant training group.
Participants
Thirty resistance-trained adults aged 18–35 years will be recruited. All participants must have a minimum of two years of structured resistance training experience and must be free from musculoskeletal injury at the time of recruitment. Sample size selection aligns with comparable research investigating maximal strength adaptations (Dorrell et al., 2020; Banyard et al., 2023) and provides adequate statistical power while remaining feasible within a Year-2 undergraduate research context. Recruitment will be conducted through university sport clubs, gym facilities and digital advertisement. Participant characteristics (age, sex, training age and baseline strength) will be recorded to ensure baseline group equivalence and to permit contextual interpretation of results.
To ensure baseline equivalence between groups, participants will be stratified according to sex and baseline combined 1RM total prior to random allocation. This will reduce the influence of initial strength disparities on training responsiveness and improve internal validity. Participant adherence will be monitored through supervised attendance logs, and a minimum attendance rate of 90% will be required for inclusion in final analysis.

Ethical Considerations
Ethical approval will be obtained from the University of Wales Trinity Saint David research ethics committee prior to data collection. Participants will receive written and verbal explanations of all procedures and will provide written informed consent. A Physical Activity Readiness Questionnaire (PAR-Q) will be used to screen for contraindications to high-intensity resistance training. Participants will be informed of their right to withdraw from the study at any time without penalty. All personal data will be anonymised and stored in accordance with the General Data Protection Regulation (GDPR). Any adverse events or injuries will be recorded and reported in accordance with institutional guidelines.
Familiarisation and Testing Procedures
Prior to baseline testing, all participants will complete two familiarisation sessions to standardise lifting technique and minimise learning effects associated with 1RM testing (Comfort et al., 2018). During these sessions, participants will practice squat, bench press and deadlift under supervision to ensure consistent technique. Baseline 1RM testing will then be conducted using standardised warm-up procedures and progressive loading increments. The same testing protocol will be repeated following the eight-week intervention.
Training Intervention
Participants will complete two supervised training sessions per week for eight weeks. Both groups will perform the squat, bench press and deadlift as core exercises to ensure ecological validity and relevance to applied Sport Science practice.
All training sessions will be supervised by a qualified strength and conditioning practitioner to ensure correct exercise technique, appropriate load selection and adherence to prescribed velocity loss thresholds. Participants will be instructed to perform all concentric phases with maximal voluntary intent to maximise neural activation and training specificity. Load adjustments will be made weekly based on bar velocity feedback and subjective readiness to maintain appropriate relative intensity throughout the intervention.
Neural-Dominant Group:
Participants will train at 85–95% 1RM, performing 1–3 repetitions per set, 3–6 sets per exercise, with 3–5 minutes rest between sets. Velocity loss will be limited to <20–25% across each set to minimise neuromuscular fatigue and preserve neural output.
Hypertrophy-Dominant Group:
Participants will train at 60–75% 1RM, performing 8–12 repetitions per set, 3–5 sets per exercise, with 60–120 seconds rest between sets. Velocity loss will exceed 40% to promote metabolic stress and hypertrophic stimulus.
Training volume will be recorded for all participants to allow for between-group comparisons and control of training load exposure.
Outcome Measures
The primary outcome measure will be combined 1RM total (sum of squat, bench press and deadlift). Secondary measures will include volume load and mean concentric bar velocity to provide contextual information regarding training stimulus and neuromuscular output.
To minimise diurnal and nutritional variability, all pre- and post-intervention testing sessions will be conducted at the same time of day for each participant. Participants will be instructed to refrain from strenuous physical activity for 48 hours prior to testing and to maintain habitual dietary intake across the testing period. These controls aim to reduce biological noise and improve the reliability of strength measurements.

Data Analysis
Descriptive statistics will be calculated for all variables. A two-way repeated measures ANOVA (Analysis of Variance) will be used to examine group × time interactions for combined 1RM total and secondary outcomes. Where significant interactions are identified, Bonferroni-adjusted post-hoc tests will be conducted to locate specific between-group differences. Effect sizes will be calculated using Cohen’s d to determine the magnitude of training effects. Test–retest reliability of 1RM measures will be assessed using intraclass correlation coefficients (ICC) to confirm measurement stability. Statistical significance will be set at p ≤ 0.05.
In addition to ANOVA procedures, normality of data distribution will be assessed using Shapiro–Wilk tests, and homogeneity of variance will be examined using Levene’s test. Where violations are identified, appropriate data transformations will be applied. Confidence intervals (95%) will be reported alongside effect sizes to improve interpretability of practical significance. Statistical analyses will be performed using IBM SPSS Statistics (Version 28), which is widely used within applied Sport Science research to ensure methodological transparency and reproducibility of findings. Missing data will be handled using pairwise deletion to maximise statistical power while maintaining data integrity. Where appropriate, individual participant responses will also be visually inspected to identify potential outliers that may influence group-level outcomes.
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