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Abstract 
International Journal of Exercise Science 19(1): 1008, 2026. This study aimed to compare the effects of 
pre-exhaust training and traditional training on muscular hypertrophy, strength, body composition, and muscular 
endurance in resistance-trained participants over an 8-week study period. We randomly assigned 48 young, 
resistance trained individuals (male = 32, female = 9; height = 173.0 ± 10.3 cm; weight = 81.7 ± 15.9 kg; age = 22.5 ± 
4.1 yrs) to 1 of 2 experimental groups after initial testing: a pre-exhaust resistance training (RT) group (PreEx: n = 
24) or a traditional RT group (TRAD: n = 24). The RT protocol consisted of the following lower body exercises: leg 
extension, Smith squat, seated hamstring curl, barbell Romanian deadlift. Participants in the TRAD group completed 
all sets for one exercise before performing a different exercise with ~2 minutes of rest between sets. The PreEx group 
performed a set of a single-joint exercise immediately prior (<10 seconds) to a set of the corresponding multi-joint 
exercise for that muscle group followed by ~2 minutes of rest. Both groups performed 4 sets of each exercise twice 
weekly with loads corresponding to 8-12 repetition maximum (RM). Assessments included pre-post measures of 
muscle thickness of the quadriceps and hamstrings, body composition, 1RM squat strength, local muscle endurance 
of the quadriceps, and the countermovement jump. Results showed slightly greater improvements in muscle size 
and body composition favoring TRAD, with statistical uncertainty for a true between-group difference. Changes in 
strength, local muscular endurance and countermovement jump height were similar between groups. In conclusion, 
TRAD would seem to be a better option than PreEx for those seeking to optimize muscle hypertrophy. Measures of 
strength, power and local muscular endurance were relatively similar between conditions, suggesting that PreEx is 
a viable alternative to TRAD for these outcomes.

Keywords: Time-efficient training, muscle hypertrophy, muscle strength, pre-fatigue, body 
composition

Introduction
Resistance training (RT) is a known stimulator of skeletal muscle hypertrophy.1,2 To optimize 
hypertrophy results, adjustments to training strategies could be an important consideration 
for trainees. Traditional training programs involve performing multiple sets of an exercise 
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sequentially with each subsequent set preceded by a prescribed rest interval (i.e., straight sets). 
Pre-exhaust training, operationally defined herein as the performance of a single-joint exercise 
for a muscle group before performing a multi-joint exercise for that same muscle group with 
minimal rest time between movements, maintains speculatory support as an advanced training 
method within hypertrophy programming.3 Initially proposed by Arthur Jones in the 1970s,4 
this method conceivably pre-fatigues the target muscle so that it achieves greater stimulation in 
the ensuing compound exercise rather than the non-pre-fatigued synergists, thereby enhancing 
hypertrophy of the target muscle.

Current pre-exhaust literature is largely acute, all acute studies on the topic involve the use of 
surface electromyography (sEMG) to test muscle activation in various pre-exhaust protocols. 
Results of these studies are somewhat discrepant due to disparities in methodologies. For example, 
Sparks et al5 tested pre-exhaust on the triceps brachii prior to the bench press, the inverse of 
the Arthur Jones proposed method of fatiguing the main mover of the compound exercise and 
found greater pec major activity.4 Additionally, Brennecke et al6 found that the triceps were more 
active in a bench press after fatiguing the pecs with a pec fly. Similarly, other acute data7,8 utilize 
different methods of investigation, including alternate tested muscle groups, and differing RT 
protocols - creating uncertainty in what may be extrapolated. Moreover, although sEMG activity 
can provide insights into muscle activity, the data cannot necessarily be directly extrapolated to 
longitudinal hypertrophy outcomes.9 Thus, the practical implications of such studies must be 
interpreted cautiously.

To date, only two studies have investigated pre-exhaustion training in a longitudinal fashion, 
each with different study designs, and both employing untrained participants. Trindade et 
al10 assessed the effects of pre-exhaustion of the lower body musculature, wherein 1 group of 
participants performed the leg extension immediately prior to the leg press, both to momentary 
failure, followed by 2 additional sets of the leg press without pre-exhaustion, while the other 
group only performed 3 sets of the leg press to failure. After an 8-week training intervention, 
both groups achieved comparable increases in muscle thickness (MT) across all sites measured. 
Alternatively, Fisher et al11 randomized 3 groups to complete a single-set RT protocol with 
varying exercise orders, with 1 group using the pre-exhaust method and the other 2 performing 
the same exercises with differing rest times and/or exercise orders. After 12 weeks, no statistically 
significant between-group differences were observed in measures of whole-body fat-free mass, 
as estimated by air displacement plethysmography. However, the training volume employed by 
Fisher et al11 was extremely low, corresponding to roughly 2 fractional weekly sets for some of 
the muscles trained, which may have been insufficient to induce measurable muscle growth,12 
particularly given the absence of direct measures of hypertrophy.

Long-term, multi-set protocols investigating pre-exhaust RT versus traditional RT (sets for the 
same muscle group performed consecutively separated by prescribed intraset rest periods) on 
trained participants is absent in the literature, making it difficult to confidently interpret the 
efficacy of pre-exhaust RT for hypertrophy outcomes. Thus, the purpose of this study was to 
compare the effects of pre-exhaust training and traditional training on muscular hypertrophy, 
strength, body composition, and muscular endurance in resistance-trained participants over an 
8-week study period. We hypothesized that a) traditional and pre-exhaust RT would elicit similar 
effects on lower body muscle size and power, and b) pre-exhaust training would result in greater 
improvements in lower body muscular endurance while traditional RT would induce superior 
gains in muscular strength.
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Methods

Participants
We recruited 48 male and female volunteers from a university population. Eligible participants 
were required to: a) be between the ages of 18-40 years, b) answer “no” to all items on the Physical 
Activity Readiness Questionnaire c) self-report being free from anabolic steroids or any other 
illegal agents known to increase muscle size currently and for the previous year, and d) considered 
as resistance-trained, defined as consistently lifting weights for both the upper and lower body 
muscles at least 3 times per week (on most weeks) for at least 1 year. Participants were asked 
to refrain from consuming creatine supplements throughout the course of the study period, as 
creatine has been shown to positively impact muscular adaptations and body composition when 
combined with RT.13

Participants were randomly assigned to 1 of 2 experimental groups after initial testing: a pre-
exhaust RT group (PreEx: n = 24) or a traditional RT group (TRAD: n = 24). Randomization 
into groups was carried out via online software (www.randomizer.org); group allocation was 
concealed from the researcher who determined eligibility. Approval for the study was obtained 
from the college Institutional Review Board this research was carried out in full accordance with 
the ethical standards of the International Journal of Exercise Science.14 Written informed consent 
was obtained from all participants prior to starting the study. The methods for this study were 
preregistered prior to recruitment at: https://osf.io/uy9a6. Supplemental Figure S1 provides a 
CONSORT flowchart of the data collection process.

To determine sample size, we performed simulation-based calibration (SBC) of Bayes factors. 
We used a modified version of the workflow suggested by Gelfand & Wang15 and performed 
SBC of Bayes factors to evaluate whether the correct hypothesis would likely be supported given 
the sample size and study design.16 We simulated prior predictive data for a sample size of 22 
individuals per group. These priors were derived from recent studies conducted by our group 
and from meta-analyses examining the distribution of effects in strength and conditioning.17,18 The 
priors, set on a standardized scale, included distributions for typical improvement (N(0.44, 0.40²)), 
average treatment effect (N(0.15, 0.05²)), heterogeneous response (N(0, 0.15²)), and measurement 
error (N(0, 0.03²)). The fitting priors used an average treatment effect prior of N(0, 0.40²).

The SBC started with equal probability (0.5) applied to the two hypotheses. Following the 500 
simulations, the posterior model probabilities were calculated, and this quantified the likelihood 
of each model being chosen a posteriori. These were compared to the prior model probabilities 
that were used to simulate the data (46.9 [95%CI: 40.79 to 53.1]). We also calculated the average 
posterior probabilities as a function of the true hypothesis (sensitivity = 78%, specificity = 83%) 
and identified appropriate distributions of Bayes factors on the log scale. Based on the results of 
the SBC and given constraints we concluded that our recruitment target of 25 participants per 
group and potential of 2 to 5 dropouts per group was appropriate to achieve sufficient statistical 
precision.

Protocol

Resistance Training Procedures.
The RT protocol involved the lower body musculature and consisted of the following exercises: 
leg extension, Smith squat, seated hamstring curl, barbell Romanian deadlift (RDL). Both groups 

http://www.randomizer.org
https://osf.io/uy9a6
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performed 4 sets of each exercise, twice weekly within the same session, with loads corresponding 
to 8-12 repetition maximum (RM). All sessions were performed under the direct supervision 
of research assistants who verbally encouraged participants to perform each set to the point 
of momentary muscular failure, herein defined as the inability to perform another concentric 
repetition with proper technique. Participants in the TRAD group completed all sets for one 
exercise before performing a different exercise with ~2 minutes of rest between sets. The PreEx 
group performed a set of a single-joint exercise immediately prior (<10 seconds) to a set of the 
corresponding multi-joint exercise of that muscle group followed by ~2 minutes of rest for 4 sets 
(see Figure 1).

Exercises in the PreEx group were ordered as follows: a) seated hamstring curl → barbell RDL, 
and b) leg extension → smith squat. The order of exercises within each paired set remained 
constant, but the order in which each pre-exhaust superset (a vs. b) was always “a” then “b”, with 
the goal to reduce interference of quadriceps fatigue on RDL performance. To reduce interference 
of hand and forearm fatigue, participants were required to use lifting straps for the RDL. Since 
the PreEx exercise order remained constant throughout the study, participants in the TRAD 
group consistently performed the single-joint exercises as the exercise completed before the 
corresponding multi-joint exercise (i.e. hamstring curl before RDL; leg extension before squat). 
Table 1 provides an overview of the protocols for both groups.

Table 1. RT protocols for TRAD and PreEx. 
Condition Set 1 Rest Set 2 Rest Set 3 Rest Set 4
TRAD Hamstrings Curl 2 min Hamstrings Curl 2 min Hamstrings Curl 2 min Hamstrings Curl

RDL 2 min RDL 2 min RDL 2 min RDL

PreEx Hamstrings Curl 
→ RDL 2 min Hamstrings Curl 

→ RDL 2 min Hamstrings 
Curl→ RDL 2 min Hamstrings Curl 

→ RDL
For PreEx, arrow (→) represents taking as little rest as possible between exercises. The remaining exercises were 
performed in the same manner. Abbreviations: RDL = Romanian deadlift

Repetitions were performed with controlled concentric and eccentric tempos of approximately 1:2. 
To maintain the target repetition range, loads were adjusted from set to set within each session as 
well as across the duration of the study period. Participants were given an optional upper body 
RT program to follow on alternate training days (without supervision) and were instructed to 
refrain from performing any additional lower body RT for the duration of the study. Both weekly 
experimental sessions were performed on nonconsecutive days between 9:00am and 4:00pm, and 
all training was directly supervised by the research team to monitor proper performance and 
ensure participant safety. 

Prior to the 8-week training program, participants underwent 10RM testing to determine initial 
loads for each exercise. The 10RM testing was consistent with recognized guidelines as established 
by the National Strength and Conditioning Association.19 Prior to the first attempt of 10RMs, the 
assigned research assistant demonstrated proper technique for each exercise. Since the PreEx 
group performed each multi-joint movement pre-fatigued during the protocol, we used 60% of 
their determined 10RM as the initial load. Once the initial loads were determined, the participants 
advanced to the training intervention in the next scheduled session.

Measurements.
The following measurements were conducted pre- and post-study in separate testing sessions. 
Anthropometric and muscle thickness (MT) assessments were conducted first in the session, 
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followed by measures of muscle strength and endurance. Each strength assessment was separated 
by a 10-minute recovery interval to minimize residual fatigue that would impair physical 
performance. 

Anthropometry.
To reduce the potential for confounding from lifestyle factors, participants were told to refrain 
from eating for 12 hours prior to testing, eliminate alcohol consumption for 24 hours, abstain 
from strenuous exercise for 48 hours and void their bladder immediately before anthropometric 
testing.20 Participants’ height was measured using a stadiometer and assessments of body 
mass and changes in percent body fat and segmental lower limb lean mass was obtained by 
multifrequency bioelectrical impedance analysis (Model 770, InBody Corporation, Seoul, South 
Korea) as per the instructions of the manufacturer. 

Muscle Thickness.
Ultrasound imaging was used to obtain measurements of MT. As previously described,21 a trained 
ultrasound technician performed all testing using a B-mode ultrasound imaging unit (MX7, 
Mindray Corporation, Shenzhen, China). The technician applied a water-soluble transmission 
gel (Aquasonic 100 Ultrasound Transmission gel, Parker Laboratories Inc., Fairfield, NJ) to each 
measurement site, and a 4-12 MHz linear array ultrasound probe was placed perpendicular to 
the tissue interface without depressing the skin. When the quality of the image was deemed to 
be satisfactory, the technician saved the image to a hard drive and obtained MT dimensions 
by measuring the distance from the subcutaneous adipose tissue-muscle interface to either the 
aponeurosis or the muscle-bone interface.

Measurements were taken on the right side of the body for the following muscle groups: (1) 
anterior mid-thigh (a composite of the rectus femoris and vastus intermedius), (2) anterior 
lateral thigh (a composite of the vastus lateralis and vastus intermedius), (3) posterior medial 
thigh (semitendinosus and semimembranosus). Mid and lateral anterior thigh measurements were 
obtained at 30%, 50%, and 70% between the lateral condyle of the femur and greater trochanter. Medial 
hamstrings measures were obtained at 40% and 60% between the popliteal fossa and gluteal fold. 

To help ensure that training-induced swelling in the muscles did not obscure MT results, images 
were obtained at least 48 hours after the training sessions both in the pre- and post-study 
assessment. This is consistent with research showing that acute increases in MT return to baseline 
within 48 hours following a RT session22 and that muscle damage is minimal after repeated 
exposure to repeated long-term exercise stimulus.23 To further ensure accuracy of measurements, 
3 successive images were obtained for each site and then averaged to obtain a final value. The 
test-retest intraclass correlation coefficient (ICC) from our lab for MT measurements are >0.94 
with coefficients of variation (CV) of ≤3.3%. 

Lower Body Muscle Power.
As previously described,21 participants performed a countermovement jump as a means to assess 
lower body muscular power. Participants were instructed on proper performance of the counter-
movement jump. Performance was carried out as follows: The participant began by assuming a 
shoulder-width stance with the body upright and hands on hips. When ready for the movement, 
they descended into a semi-squat position and then forcefully reversed direction, jumping as 
high as possible before landing with both feet on the ground. 
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Assessment of jump performance was carried out using a Just Jump mat (Probotics, Huntsville, 
AL), which was attached to a hand-held computer that records airtime and thereby identifies 
jump height. The participant stood on the mat and performed 3 maximal-effort countermovement 
jumps with a 1-minute rest period between each trial. The highest jump was recorded as the final 
value. The test-retest ICC from our lab for CMJ measurement is 0.93 with a CV of 3.1%. 

Dynamic Muscle Strength.
As previously described,21 dynamic lower body strength was assessed by 1RM testing in the squat 
exercise performed on a Smith machine (Hammer Strength Equipment, Life Fitness, Rosemont, 
IL, USA). Participants reported to the lab having refrained from any exercise other than activities 
of daily living for at least 48 hours prior to baseline testing and at least 48 hours prior to testing 
at the conclusion of the study. Repetition maximum testing was consistent with recognized 
guidelines as established by the National Strength and Conditioning Association.19 Participants 
performed a specific warm-up set of 5 Smith squats repetitions at ~50% 1RM followed by 1 to 
2 sets of 2-3 repetitions at a load corresponding to ~60-80% 1RM with 1 minute of rest between 
sets. Participants then performed sets of 1 repetition of increasing weight for 1RM determination. 
Three to 5 minutes rest was provided between each successive attempt. To successfully perform 
the 1RM, participants were required to descend to a parallel position (i.e., upper thigh in line with 
the floor) and rise until the hip and knees were fully extended; confirmation of squat depth was 
obtained by a research assistant positioned laterally to the participant. The test-retest ICC from 
our lab for 1RM squat measurement is (0.95) with a CV of 3.8%.

Muscle Strength-Endurance.
As previously described,21 lower-body muscular strength-endurance was assessed by performing 
the leg extension exercise (Life Fitness, Westport, CT) using 60% of the participant’s initial body 
mass. Participants sat with their back flat against the backrest, grasping the handles of the unit 
for support. The backrest was adjusted so that the anatomical axis of the participant’s knee 
joint aligned with the axis of the unit. Participants placed their shins against the pad attached 
to the machine’s lever arm. Participants performed as many repetitions as possible using a full 
range of motion (90 degrees of leg flexion to 0 degrees) while maintaining a constant cadence 
of 1-0-1-0 as monitored by a metronome. The test was terminated when the participant could 
not perform a complete repetition with proper form and tempo. Muscular endurance testing 
was carried out after assessment of muscular strength to minimize effects of metabolic stress 
potentially interfering with performance of the latter. The test-retest ICC from our lab for lower-
body muscular strength-endurance measurement is 0.93 with a CV of 6.1%. 

Session Rating of Perceived Exertion.
To assess differences in session rating of perceived exertion (SRPE), scores were obtained for all 
training sessions across the intervention. Session RPE has been considered a reliable assessment of 
overall fatigue of a training session in varying RT protocols.24 As previously described,25 following 
the conclusion of each training session, participants passively rested for ~10 minutes before being 
asked to provide a RPE for the entire training session. Participants received instruction on how 
to use the RPE scale during the 10RM testing session. A member of the research team asked 
participants to choose a number on a 10-point scale with 0 classifying as sitting still during the 
entire session and 10 classifying maximal effort during the session.
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Recovery Assessment.
As previously described,21 to assess recovery timelines across the study period, we conducted 
both subjective and objective assessments. Firstly, participants were asked to rate their subjective 
recovery status immediately prior to the first, second, eighth, and final training sessions using 
the Perceived Recovery Scale (PRS) proposed by Laurent et al.26 The scale gauges recovery in 
a range of 0 to 10, with “0” indicating that the individual is “very poorly recovered/extremely 
tired” and “10” indicating that the individual is “very well recovered/highly energetic”. A score 
between 0-2 suggests an expected reduction in performance, a score between 3-7 suggests no 
expected changes in performance, and a score between 8-10 suggests an expected improvement 
in performance.

Immediately after completing the subjective recovery assessment, participants performed the 
CMJ test as previously described on the previously described Just Jump mat. This assesses the 
extent of accumulated fatigue using a performance-based measure. The highest jump was used 
as the final score for that session.

Dietary Adherence.
To avoid potential dietary confounding of results, participants were advised to continue their 
usual nutritional regimen. Dietary adherence was assessed by self-reported 5-day food records 
(including at least 1 weekend day) using MacroFactor (https://macrofactorapp.com/). Nutritional 
data was collected twice during the study: 1 week before the first training session and during the 
final week of the training protocol. Participants were instructed on how to properly record all 
food items and their respective portion sizes consumed for the designated period of interest. 
Each item of food was individually entered into the app, and the program provided relevant 
information as to total energy consumption and macronutrient distribution. 

Blinding.
To minimize the potential for bias, the ultrasound technician who obtained the MT measurements 
was blinded to group allocation and the statistician performed blinded analyses for all primary 
outcomes. 

Statistical Analysis
All analyses were conducted in R (version 4.4.2) within a Bayesian framework. Bayesian statistics 
provide an alternative to frequentist approaches by incorporating prior information (e.g., from 
previous studies) and by expressing inferences as probabilities. The effect of condition (PreEx vs 
TRAD) on outcome variables was estimated using complete case analysis of covariance models, 
with participants with missing baseline values omitted. Overall data completeness was high 
(98.3%). For individual outcomes, the number of participants omitted due to missing baseline 
values ranged from n = 1 (2.4%) to n = 5 (12.2%).	

All inferences were made from posterior distributions of model parameters describing estimates 
of the effect of intervention allocation and strength of evidence for the existence of a difference 
through Bayes factors. As a final set of analyses, we conducted hierarchical models using 
standardized mean difference values to account for the multiple tests conducted within each 
outcome domain (MT, performance, and body composition). These models shared information 
across outcomes, shrinking individual estimates toward a pooled mean and thereby reducing 
the potential for overestimating effects due to random variation. Interpretation focused on the 
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distribution of the hyperparameters and specifically, the pooled mean to provide an overall 
assessment of the effect size across outcomes within each domain.

Informative prior distributions were used based on meta-analysis data on the specific research 
question and general strength and conditioning literature.17,18 All analyses were performed using 
the R wrapper package brms interfaced with Stan to perform sampling. A complete Bayesian 
workflow was adopted, which include prior predictive checks, posterior predictive checks, and 
simulation-based calibration of Bayes factors. To improve accuracy, transparency and replication 
of the analyses, the WAMBS-checklist (When to worry and how to Avoid Misuse of Bayesian 
Statistics) was used and reported (see supplemental file).27

Results
Of the 48 participants that initially volunteered to participate, 41 completed the study (male = 32, 
female = 9; height = 173.0 ± 10.3 cm; weight = 81.7 ± 15.9 kg; age = 22.5 ± 4.1 yrs). All participants 
in the PreEx group who dropped out of the study (n = 3) did so due to time constraints, while 
the participants in TRAD (n = 4) dropped the study due to a) time constraints (n = 1), b) injuries 
unrelated to the study protocol (n = 2), and c) injury incurred from the study protocol (n = 1). 
Other adverse events included several incidents of lightheadedness (PreEx: n = 7, TRAD: n = 4) 
and intermittent reports of lower back pain primarily attributed to performance of the RDL. The 
final group sizes included for analyses were PreEx = 21 and TRAD = 20. Of those completing 
the protocol, average attendance was 91.6% and 92.9% of sessions for TRAD and PreEx, 
respectively. Descriptive summaries of nutritional data are presented in the WAMBS checklist 
(see supplementary files), with results showing no evidence of differences between groups. Raw 
data for all outcomes are presented in the supplementary material (Table S1).

Muscle thickness

Figure 1. Standardized mean differences in muscle thickness between groups (A) and standardized mean changes 
within groups (B). The distributions and their relative areas reflect the probabilities of the most likely standardized 
values. Thresholds for small, medium, and large differences/changes are shown to help interpret the practical 
meaningfulness of the predominant portions of each distribution. Abbreviations: RF = Rectus femoris, VL = Vastus 
lateralis, ST = Semitendinosus, Pre-Ex = pre-exhaust group. TRAD = Traditional group.
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Findings were consistent across all muscle sites, with point estimates uniformly favoring the 
TRAD intervention (Figure 1A; Table 2). However, the associated posterior probabilities of 
superiority were relatively low, and Bayes factors generally offered “anecdotal” to “moderate” 
probabilistic support for the null hypothesis over a true effect. When data from the 8 muscle sites 
were pooled using a hierarchical model, the standardized mean difference favored TRAD (0.06; 
95% CrI: -0.12 to 0.23), with a posterior probability of superiority of 0.740. Within-group analyses 
based on standardized change scores suggested that both interventions likely elicited small to 
moderate hypertrophic responses (Figure 1B). 

Table 2. Summary Table of Effect Size Estimates for All Outcomes.

OUTCOMES Effect Size Estimate 
(95%CrI)

Posterior Probability 
Favoring TRAD Strength of evidence 

Muscle thickness
Rectus femoris 30% (mm) 0.5 (-1.7 to 2.7) 0.687 0.35: “Anecdotal” support H0

Rectus femoris 50% (mm) 0.3 (-1.7 to 2.5) 0.615 0.31: “Moderate” support H0

Rectus femoris 70% (mm) 0.0 (-1.9 to 2.0) 0.511 0.31: “Moderate” support H0

Vastus lateralis 30% (mm) 0.9 (-0.3 to 2.1) 0.943 1.2: “Anecdotal” support H1

Vastus lateralis 50% (mm) 0.2 (-1.1 to 1.6) 0.637 0.31: “Moderate” support H0

Vastus lateralis 70% (mm) 0.4 (-1.4 to 2.2) 0.666 0.45: “Anecdotal” support H0

Semitendinosus 40% (mm) 0.7 (-0.7 to 2.1) 0.836 0.54: “Anecdotal” support H0

Semitendinosus 60% (mm) 0.5 (-0.8 to 1.9) 0.782 0.32: “Moderate” support H0

Hierarchical Pooled Mean – 
Muscle thickness (SMD) 0.06 (-0.12 to 0.23) 0.740

Performance 
Vertical jump (cm) 1.3 (-1.0 to 3.3) 0.876 0.55: “Anecdotal” support H0

Squat (kg) 1.8 (-5.4 to 9.0) 0.692 0.30: “Moderate” support H0

Endurance (reps) -0.3 (-2.7 to 2.2) 0.405 0.56: “Moderate” support H0

Hierarchical Pooled Mean – 
Performance (SMD) 0.08 (-0.54 to 0.65) 0.610

Body Composition
Body fat (%) -1.2 (-2.3 to -0.1) 0.986 2.1: “Anecdotal” support H1

Fat Free Mass (kg) 0.7 (-0.2 to 1.7) 0.941 0.34: “Anecdotal” support H0

Hierarchical Pooled Mean – 
Body Composition (SMD) 1.0 (-0.3 to 0.5) 0.768

Performance
Findings were generally consistent across all performance outcomes, with point estimates either 
very close to 0 or slightly favoring the TRAD intervention (Figure 2A; Table 2). Similar to MT 
outcomes, the posterior probabilities of TRAD superiority were relatively low, and Bayes factors 
typically provided “moderate” support for the null hypothesis over a meaningful effect. When data 
from the 3 performance tests were pooled using a hierarchical model, central estimates were close 
to zero (0.08; 95% CrI: -0.54 to 0.65) and the distribution demonstrated considerable uncertainty. 
Within-group analyses of standardized change scores indicated that both interventions likely led 
to negligible to small improvements in countermovement jump, small to moderate gains in squat 
performance, and moderate to large increases in muscular endurance (Figure 2B). 
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Figure 2. Standardized mean differences in performance metrics between groups (A) and standardized mean changes 
within groups (B). The distributions and their relative areas reflect the probabilities of the most likely standardized 
values. Thresholds for small, medium, and large differences/changes are shown to help interpret the practical 
meaningfulness of the predominant portions of each distribution. Abbreviations: CMJ = Counter movement jump. 
Pre-Ex = pre-exhaust group. TRAD = Traditional group.

Body composition
Point estimates favored TRAD for both body composition outcomes (Figure 3A; Table 2). In 
univariate analyses TRAD showed a greater reduction in body fat percentage compared to PreEx 
(-1.2; 95% CrI: -2.3 to -0.1%), with a high posterior probability of superiority (P(<0) = 0.986). The 
Bayes factor provided “anecdotal” evidence supporting the alternative hypothesis. For fat-free 
mass, point estimates also favored TRAD (0.7; 95% CrI: -0.2 to 1.7 kg), although the posterior 
probability was lower (P(>0) = 0.941) and the Bayes factor supported the null hypothesis, reflecting 
greater uncertainty. Within-group analyses of standardized change scores indicated that both 
interventions likely produced negligible to small changes in body composition. However, a 
modest increase in body fat percentage was observed in PreEx compared to a modest body fat 
loss in TRAD (Figure 3B). 

Volume Load		
The median net volume loads for TRAD and PreEx were 188,500 kg (IQR: [141,700 to 225,200]) and 
145,800 kg (IQR: [109,600 to 182,100]), respectively. As a percentage difference, it was estimated 
that volume load was 29.8% greater for TRAD (95% bootstrap interval: -4.9 to +73.0%).
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Figure 3. Standardized mean differences in body composition between groups (A) and standardized mean changes 
within groups (B). The distributions and their relative areas reflect the probabilities of the most likely standardized 
values. Thresholds for small, medium, and large differences/changes are shown to help interpret the practical 
meaningfulness of the predominant portions of each distribution. Abbreviations: Pre-Ex = pre-exhaust group. TRAD 
= Traditional group.

Discussion
This is the first longitudinal study to investigate the effects of the pre-exhaust protocol, as 
originally intended,4 on muscular adaptations in resistance-trained individuals. Although the 
TRAD group accumulated a substantially greater volume load across the intervention, changes 
in MT and body composition were only slightly greater in TRAD and accompanied by uncertain 
statistical evidence for a true between-group difference. Moreover, changes in power, strength, 
and muscular endurance were similar between groups. Additionally, SRPE values were greater 
in PreEx compared to TRAD when averaged across the 8-week study protocol, and pre-session 
recovery status was similar. Training session duration was substantially lower for PreEx compared 
to TRAD. The following discussion aims to interpret these findings in the context of the current 
state of the literature and to provide insights into potential practical implications.

Time and SRPE
Consistent with other findings reported in the superset literature,25 the PreEx protocol was 
completed in 35.9% less time compared to the TRAD group (PreEx = 26:22, TRAD = 41:09). In 
addition, SRPE values were nearly a full point greater over the duration of the intervention 
within the PreEx group (PreEx = 7.94, TRAD = 7.08). These findings support evidence showing 
that a greater training density (i.e., more work in less time) training correlates to higher ratings 
of perceived exertion.28 Additionally, although the training protocol (failure proximity, exercises, 
total sets, rep range) remained constant throughout the 8 weeks – theoretically allowing 
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participants to become accustomed to the protocol stimulus – SRPE scores remained relatively 
similar across the intervention with RPE scores tending to be lower for TRAD.

Hypertrophy
Both groups experienced appreciable increases in MT throughout the study. Mean differences 
slightly favored TRAD overall (Figure 1), with some sites favoring TRAD more than others. For 
example, a lateral anterior thigh measurement favored TRAD, with a posterior probability of 
0.943 (95% CrI:  -0.3 to 2.1). However, credible intervals for other sites and pooling of data had 
substantial overlap with a null effect, limiting confidence in a true between-group difference. 
Notably, all measured sites numerically favored TRAD, and this occurred despite a modest 
reduction in body fat in TRAD versus a modest increase in PreEx – an effect that might otherwise 
be expected to confer a slight anabolic advantage to the latter.29 Although speculative, the slightly 
blunted hypertrophic response observed in PreEx might be explained by a markedly reduced 
volume load (~30%) due to a fatigue-induced decrease in the magnitude of loading over the 
course of the study compared to TRAD. Given that mechanical tension is the primary driver of 
muscle hypertrophy,30 consistently training with lighter loads at a given repetition range may 
attenuate anabolic signaling and thus lead to suboptimal muscle development. This hypothesis 
warrants further investigation.

Given the paucity of research on the topic, it remains difficult to compare and contrast our results 
to other longitudinal protocols. Fisher et al11 and Trindade et al10 both investigated the effects 
of variations of a pre-exhaust protocol, but did not pre-exhaust before every set, and used a 
single-set protocol, respectively. Our study is the first to longitudinally examine the pre-exhaust 
of performing the single-joint exercise immediately prior to every multi-joint set in a multi-set 
protocol. Thus, our novel findings address an important gap in the literature, as this style of pre-
exhaust has not been directly tested but is the most frequently employed pre-exhaust method in 
ecologically valid settings and is consistent with how the method was originally proposed.4 

From a practical standpoint, our results suggest that a) PreEx can be a time-efficient method to 
augment muscle hypertrophy, b) PreEx can elicit appreciable gains in muscle size while requiring 
lower loads on multi-joint exercises compared to TRAD, and c) for those aiming to optimize 
hypertrophy, TRAD is likely the more effective choice, although differences were small and not 
strongly supported by inferential evidence. 

Strength Outcomes
Both PreEx and TRAD experienced similar increases in 1RM squat performance over the study 
period. Although the effect estimate slightly favored TRAD (mean difference: 1.8 [95% CrI: -5.4 
to 9.0 kg]), the wide credible interval and associated uncertainty leave little confidence in a true 
difference between conditions. Since strength gains tend to be optimized at higher loads,31 and 
the TRAD group performed sets at higher percentages of their pre-determined 1RM, it is curious 
as to why squat 1RM gains were not greater for TRAD compared to PreEx. This result could 
potentially be due to both groups training within the same repetition range throughout the 
8-weeks, keeping specificity in lower repetition ranges equal between groups. 

Our findings are generally consistent with those of Trindade et al10 and Fisher et al,11 who both 
reported no statistically significant differences in strength changes between pre-exhaustion 
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and traditional set training. However, Trindade et al10 reported discrepant results between 
1RM increases in the leg press and leg extension, with the latter showing a large within-
group standardized mean difference effect size difference favoring the pre-exhaust compared 
to traditional condition (2.24 vs 0.85, respectively) despite the lack of a statistical interaction. 
Alternatively, the results of Fisher et al11 displayed greater absolute pre-post study increases in leg 
press and chest press strength favoring traditional training compared to pre-exhaustion. Given 
the disparate methods between studies, it is difficult to compare and contrast findings. Of note, 
Trindade et al10 employed untrained participants while we employed participants with previous 
resistance training experience. Moreover, Fisher et al11 assessed strength as a function of changes 
in volume load using a repetition range of 8 to 12 repetitions at tempo of 2-s concentric and 4-s 
eccentric (which is more of a strength-endurance metric) while we assessed the outcome using 
1RM testing. Although speculative, these factors, and perhaps other methodological differences, 
may have influenced the somewhat conflicting results between studies. 

Muscle Endurance
Both groups achieved similar increases in repetitions performed during the lower body strength-
endurance assessment (mean difference: -0.3 [95% CrI:  -2.7 to 2.2 repetitions]). This result 
contradicts our initial hypothesis that long-term adherence to PreEx RT would enhance local 
muscular endurance more than TRAD, conceivably due to the constant exposure to greater 
magnitudes of fatigue and metabolic stress. The mechanisms underlying comparable endurance-
strength outcomes between groups are uncertain but can plausibly be a result of TRAD averaging 
greater volume loads lifted on the leg extension machine over the course of the study protocol. 
Though pre- to post-study squat 1RM changes were likely practically insignificant between 
groups, total strength gains specifically on the leg extension exercise may have been greater in 
TRAD compared to PreEx by the end of the intervention, allowing TRAD to match endurance 
performance. Additionally, some evidence suggests that local muscular endurance improvements 
are heightened when training with more than 15 repetitions.32 The fact that neither group trained 
in this repetition range may help to explain the lack of pre- to post-study differences between-
groups in this outcome.

Muscular Power
PreEx and TRAD both experienced similar but minimal pre- to post-study increases in CMJ. 
Although strength improvements have the potential to increase power output,33 a common 
prescription to directly enhance muscular power is to include plyometric exercises and RT that 
emphasizes quick changes of direction, augmenting the stretch shortening cycle.19 Thus, the 
negligible changes observed in CMJ may be attributed to the fact that our protocol included only 
exercises with controlled repetition tempos (~1:2). 

Our study has several limitations that should be considered when interpreting the findings in 
a practical context. First, the sample consisted of healthy males and females between the ages 
of 18-40 years old with at least 1 year of consistent RT experience. As such, the results may not 
be generalizable to individuals of different ages, training experiences, and health conditions. 
Additionally, although participants in this study had prior RT experience, the majority were not 
high-level lifters, necessitating caution when making inferences to advanced trainees. Second, 
this study exclusively investigated the effects of the pre-exhaust method on lower body RT. Thus, 
findings can only be generalized to the lower body, and the specific exercises, exercise order, and 
techniques employed within the protocol. For example, both groups performed their hamstring 
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exercises first to prevent fatigue in the quadriceps from limiting RDL performance, which may 
not be how a practitioner may choose to employ the strategy outside of a lab setting. Moreover, 
practitioners may perform some combination of exercises as paired sets, and some as traditional 
sets in their individual programming, and there are numerous versions of pre-exhaust paired sets 
that can be used for both the upper and lower body. Thus, those in the field should use caution 
when attempting to generalize these findings to those with differing training protocols. Third, 
only 22% (TRAD = 5, PreEx = 4) of the participants that completed the protocol were actively 
employing RDLs in their programming immediately prior to participation, while 73% (TRAD 
= 16, PreEx = 14) had previous experience with RDLs in general. The lack of consistent RDL 
performance also may have been the cause for reports of back pain, defined herein as general 
lower back pain prevalent enough to cause a missed session or an intra-session reduction in 
load (TRAD = 5, PreEx = 3). Only 1 of these participants had been consistently performing 
the exercise prior to the study. Moreover, the TRAD group had 1 dropout due to back pain. 
Although speculatory, it seems likely that if each participant were performing RDLs consistently 
prior to involvement, there would be fewer reports of back pain due to habituation with exercise 
technique. Fourth, we did not assess participants’ previous lower body training volumes, which 
could have influenced findings as some participants pre- to intra-study volume may have been 
altered more than others.34 Fifth, we did not account for participants’ previous training volume. 
Some studies suggest this variable may be a factor in muscular adaptations34,35 while others 
show no effect.36,37 The random allocation of participants conceivably should have accounted for 
potential confounding effects from any discrepancies in this regard. Sixth, other than creatine, 
we did not exclude the use of supplements that may have affected performance (e.g., caffeine, 
β-alanine, nitrate-based pre-workouts, etc.), nor did we monitor whether subjects took these 
supplements during the study. Although we cannot rule out that the supplements may have 
impacted performance, the random allocation of subjects and relatively large sample makes it 
unlikely that any such use, if it did occur, meaningfully influenced between-group differences in 
outcomes. Finally, MT measures were only obtained at sites in the anterior and posterior thigh. 
Thus, inferences cannot be made for hypertrophy of the other muscles involved in the prescribed 
exercises such as the glutei and adductors. Future research should address these limitations to 
fully elucidate practical use of this style of RT.

In conclusion, TRAD showed slightly more favorable changes in MT across all measured sites 
compared to PreEx, although the differences were accompanied by statistical uncertainty. This 
trend may, in part, be explained by the greater volume load accumulated in TRAD, which likely 
increased mechanical tension exposure over the training period. The magnitude of hypertrophic 
differences between conditions would seem to have limited practical relevance to recreational 
trainees. Alternatively, TRAD would seem to be a better option than PreEx for those seeking to 
optimize muscle hypertrophy. Measures of strength, power and local muscular endurance were 
relatively similar between conditions, suggesting that PreEx is a viable alternative to TRAD for 
these outcomes. 

The results from this study have particular relevance to individuals with time constraints, as pre-
exhaust RT reduces training time by 36% while promoting appreciable muscular adaptations. 
This is important as time constraints represent one of the largest barriers to RT adherence.38 
However, sRPE values were consistently higher for PreEx compared to TRAD, indicating that the 
protocol is more difficult to perform than typical straight-set programs. This outcome should be 
considered when weighing the costs vs benefits of employing PreEx in ecologically valid settings. 



Int J Exerc Sci 19(1) 1008, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
15  

Acknowledgements
We extends our heartfelt gratitude to Chris Parnell, Aaron Goodman, Zhaniah Leslie, Albert 
Maria, and Stephen Matthews for their assistance in the data collection process. We also thank 
Greg Nuckols for providing the use of the MacroFactor software platform for nutritional tracking 
by participants. 

Competing Interests
BJS formerly served on the scientific advisory board for Tonal Corporation, a manufacturer of 
fitness equipment. JE is the owner of Built With Science. All other authors report no conflicts of 
interest.

Funding
This study was supported by a grant from Built with Science Holdings Corporation.

Supplementary material can be viewed at: https://osf.io/ua9hg/

References
1. Schoenfeld BJ. The mechanisms of muscle hypertrophy and their application to resistance training. J Strength Cond 
Res. 2010;24(10):2857–2872. https://doi.org/10.1519/JSC.0b013e3181e840f3

2. Krzysztofik M, Wilk M, Wojdała G, Gołaś A. Maximizing muscle hypertrophy: A systematic review of advanced 
resistance training techniques and methods. Int J Environ Res Public Health. 2019;16(24):4897. https://doi.org/10.3390/
ijerph16244897

3. Ribeiro AS, Nunes JP, Cunha PM, Aguiar AF, Schoenfeld BJ. Potential role of pre-exhaustion training in maximizing 
muscle hypertrophy: A review of the literature. Strength Cond J. 2019;41(1):75–80. https://doi.org/10.1519/
SSC.0000000000000418

4. Jones A. The pre-exhaustion principle. Naut Train Princ Bull No 1. Available at:  http://www.arthurjonesexercise.
com/Bulletin1/37.PDF

5. Sparks C. Effects of pre-exhaustion of a secondary synergist on a primary mover in a compound exercise. J Exerc 
Sports Orthop. 2016;3(1):1–4. https://doi.org/10.15226/2374-6904/3/1/00141

6. Brennecke A, Guimarães TM, Leone R, Cadarci M, Mochizuki L, Simão R, et al. Neuromuscular activity during 
bench press exercise performed with and without the preexhaustion method. J Strength Cond Res. 2009;23(7):1933–
1940. https://doi.org/10.1519/JSC.0b013e3181b73b8f

7. Gołaś A, Maszczyk A, Pietraszewski P, Stastny P, Tufano JJ, Zając A. Effects of pre-exhaustion on the patterns 
of muscular activity in the flat bench press. J Strength Cond Res. 2017;31(7):1919–1924. https://doi.org/10.1519/
JSC.0000000000001755

8. Augustsson J, Thomeé R, Hörnstedt P, Lindblom J, Karlsson J, Grimby G. Effect of pre-exhaustion exercise on 
lower-extremity muscle activation during a leg press exercise. J Strength Cond Res. 2003;17(2):411–416. https://doi.
org/10.1519/00124278-200305000-00032

9. Vigotsky AD, Beardsley C, Contreras B, Steele J, Ogborn D, Phillips SM. Greater electromyographic responses 
do not imply greater motor unit recruitment and ‘hypertrophic potential’ cannot be inferred. J Strength Cond Res. 
2017;31(1):e1–e4. https://doi.org/10.1519/JSC.0000000000001249

https://osf.io/ua9hg/
https://doi.org/10.1519/JSC.0b013e3181e840f3
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.3390/ijerph16244897
https://doi.org/10.1519/SSC.0000000000000418
https://doi.org/10.1519/SSC.0000000000000418
http://www.arthurjonesexercise.com/Bulletin1/37.PDF
http://www.arthurjonesexercise.com/Bulletin1/37.PDF
https://doi.org/10.15226/2374-6904/3/1/00141
https://doi.org/10.1519/JSC.0b013e3181b73b8f
https://doi.org/10.1519/JSC.0000000000001755
https://doi.org/10.1519/JSC.0000000000001755
https://doi.org/10.1519/00124278-200305000-00032
https://doi.org/10.1519/00124278-200305000-00032
https://doi.org/10.1519/JSC.0000000000001249


Int J Exerc Sci 19(1) 1008, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
16  

10. Trindade TB, Prestes J, Neto LO, Medeiros RMV, Tibana RA, de Sousa NMF, et al. Effects of pre-exhaustion 
versus traditional resistance training on training volume, maximal strength, and quadriceps hypertrophy. Front 
Physiol. 2019;10:1424. https://doi.org/10.3389/fphys.2019.01424

11. Fisher JP, Carlson L, Steele J, Smith D. The effects of pre-exhaustion, exercise order, and rest intervals in a full-
body resistance training intervention. Appl Physiol Nutr Metab. 2014;39(11):1265–1270. https://doi.org/10.1139/
apnm-2014-0162

12. Pelland J, Remmert J, Robinson Z, Hinson S, Zourdos M. The resistance training dose-response: meta-regressions 
exploring the effects of weekly volume and frequency on muscle hypertrophy and strength gain. 2024 [cited 2025 
Nov 16]. Available from: https://sportrxiv.org/index.php/server/preprint/view/460/version/587 https://doi.
org/10.51224/SRXIV.460

13. Burke R, Piñero A, Coleman M, Mohan A, Sapuppo M, Augustin F, et al. The Effects of creatine supplementation 
combined with resistance training on regional measures of muscle hypertrophy: A systematic review with meta-
analysis. Nutrients. 2023;15(9):2116. https://doi.org/10.3390/nu15092116

14. Navalta JW, Stone WJ, Lyons TS. Ethical issues relating to scientific discovery in exercise science. Int J Exerc Sci. 
2019;12(1):1-8. https://doi.org/10.70252/EYCD6235

15. Gelfand AE, Wang F. A simulation-based approach to Bayesian sample size determination for performance under 
a given model and for separating models. Statist Sci. 2002;17(2):193-208. https://doi.org/10.1214/ss/1030550861

16. Schad DJ, Nicenboim B, Bürkner PC, Betancourt M, Vasishth S. Workflow techniques for the robust use of bayes 
factors. Psychol Methods. 2023;28(6):1404–1426. https://doi.org/10.1037/met0000472

17. Swinton PA, Burgess K, Hall A, Greig L, Psyllas J, Aspe R, et al. Interpreting magnitude of change in strength 
and conditioning: Effect size selection, threshold values and Bayesian updating. J Sports Sci. 2022;40(18):2047–2054. 
https://doi.org/10.1080/02640414.2022.2128548

18. Swinton P, Murphy A. Comparative effect size distributions in strength and conditioning and implications for 
future research: A meta-analysis. 2022 [cited 2025 Jan 21]. Available from: https://sportrxiv.org/index.php/server/
preprint/view/202/version/249 https://doi.org/10.51224/SRXIV.202

19. Haff G, Triplett NT, National Strength & Conditioning Association (U.S.), editors. Essentials of strength training 
and conditioning. Fourth edition. Champaign, IL: Human Kinetics; 2016. 735 p.

20. Tinsley GM, Morales E, Forsse JS, Grandjean PW. Impact of acute dietary manipulations on DXA and BIA body 
composition estimates. Med Sci Sports Exerc. 2017;49(4):823–832. https://doi.org/10.1249/MSS.0000000000001148

21. Hermann T, Mohan AE, Enes A, Sapuppo M, Piñero A, Zamanzadeh A, et al. Without fail: Muscular adaptations in 
single set resistance training performed to failure or with repetitions-in-reserve. Med Sci Sports Exerc. 2025;57(9):2021-
2031. https://doi.org/10.1249/MSS.0000000000003728

22. Ogasawara R, Thiebaud RS, Loenneke JP, Loftin M, Abe T. Time course for arm and chest muscle thickness changes 
following bench press training. Interv Med Appl Sci. 2012;4(4):217–220. https://doi.org/10.1556/imas.4.2012.4.7

23. Damas F, Phillips SM, Libardi CA, Vechin FC, Lixandrão ME, Jannig PR, et al. Resistance training-induced 
changes in integrated myofibrillar protein synthesis are related to hypertrophy only after attenuation of muscle 
damage. J Physiol. 2016;594(18):5209–5222. https://doi.org/10.1113/JP272472

24. Singh F, Foster C, Tod D, McGuigan MR. Monitoring different types of resistance training using session rating of 
perceived exertion. Int J Sports Physiol Perform. 2007;2(1):34–45. https://doi.org/10.1123/ijspp.2.1.34

25. Burke R, Hermann T, Pinero A, Mohan A, Augustin F, Sapuppo M, et al. Less time, same gains: Comparison 
of superset vs traditional set training on muscular adaptations. 2024 [cited 2024 Nov 16]. Available from: https://
sportrxiv.org/index.php/server/preprint/view/419/version/537 https://doi.org/10.51224/SRXIV.419

https://doi.org/10.3389/fphys.2019.01424
https://doi.org/10.1139/apnm-2014-0162
https://doi.org/10.1139/apnm-2014-0162
https://sportrxiv.org/index.php/server/preprint/view/460/version/587
https://doi.org/10.51224/SRXIV.460
https://doi.org/10.51224/SRXIV.460
https://doi.org/10.3390/nu15092116
https://doi.org/10.70252/EYCD6235
https://doi.org/10.1214/ss/1030550861
https://doi.org/10.1037/met0000472
https://doi.org/10.1080/02640414.2022.2128548
https://sportrxiv.org/index.php/server/preprint/view/202/version/249
https://sportrxiv.org/index.php/server/preprint/view/202/version/249
https://doi.org/10.51224/SRXIV.202
https://doi.org/10.1249/MSS.0000000000001148
https://doi.org/10.1249/MSS.0000000000003728
https://doi.org/10.1556/imas.4.2012.4.7
https://doi.org/10.1113/JP272472
https://doi.org/10.1123/ijspp.2.1.34
https://sportrxiv.org/index.php/server/preprint/view/419/version/537
https://sportrxiv.org/index.php/server/preprint/view/419/version/537
https://doi.org/10.51224/SRXIV.419


Int J Exerc Sci 19(1) 1008, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
17  

26. Laurent CM, Green JM, Bishop PA, Sjökvist J, Schumacker RE, Richardson MT, et al. A practical approach to 
monitoring recovery: development of a perceived recovery status scale. J Strength Cond Res. 2011;25(3):620–628. 
https://doi.org/10.1519/JSC.0b013e3181c69ec6

27. Depaoli S, Van De Schoot R. Improving transparency and replication in Bayesian statistics: The WAMBS-Checklist. 
Psychol Methods. 2017;22(2):240–261. https://doi.org/10.1037/met0000065

28. Weakley JJS, Till K, Read DB, Phibbs PJ, Roe G, Darrall-Jones J, et al. The effects of superset configuration on 
kinetic, kinematic, and perceived exertion in the barbell bench press. J Strength Cond Res. 2020;34(1):65–72. https://
doi.org/10.1519/JSC.0000000000002179

29. Aragon AA, Schoenfeld BJ. Magnitude and composition of the energy surplus for maximizing muscle hypertrophy: 
Implications for bodybuilding and physique athletes. Strength Cond J. 2020;42(5):79–86. https://doi.org/10.1519/
SSC.0000000000000539

30. Wackerhage H, Schoenfeld BJ, Hamilton DL, Lehti M, Hulmi JJ. Stimuli and sensors that initiate skeletal 
muscle hypertrophy following resistance exercise. J Appl Physiol. 2019;126(1):30–43. https://doi.org/10.1152/
japplphysiol.00685.2018

31. Lopez P, Radaelli R, Taaffe DR, Newton RU, Galvão DA, Trajano GS, et al. Resistance training load effects 
on muscle hypertrophy and strength gain: Systematic review and network meta-analysis. Med Sci Sports Exerc. 
2021;53(6):1206–1216. https://doi.org/10.1249/MSS.0000000000002585

32. American College of Sports Medicine. American College of Sports Medicine position stand. Progression 
models in resistance training for healthy adults. Med Sci Sports Exerc. 2009;41(3):687–708. https://doi.org/10.1249/
MSS.0b013e3181915670

33. Behm DG, Young JD, Whitten JHD, Reid JC, Quigley PJ, Low J, et al. Effectiveness of traditional strength vs. 
power training on muscle strength, power and speed with youth: A systematic review and meta-analysis. Front 
Physiol. 2017;8:423. https://doi.org/10.3389/fphys.2017.00423

34. Scarpelli MC, Nóbrega SR, Santanielo N, Alvarez IF, Otoboni GB, Ugrinowitsch C, et al. Muscle hypertrophy 
response is affected by previous resistance training volume in trained individuals. J Strength Cond Res. 2022;36(4):1153–
1157. https://doi.org/10.1519/JSC.0000000000003558 

35. Aube D, Wadhi T, Rauch J, Anand A, Barakat C, Pearson J, et al. Progressive resistance training volume: 
effects on muscle thickness, mass, and strength adaptations in resistance-trained individuals. J Strength Cond Res. 
2022;36(3):600–607. https://doi.org/10.1519/JSC.0000000000003524

36. Barsuhn A, Wadhi T, Murphy A, Zazzo S, Thompson B, Barakat C, et al. Training volume increases or maintenance 
based on previous volume: the effects on muscular adaptations in trained males. J Appl Physiol. 2025;138(1):259–269. 
https://doi.org/10.1152/japplphysiol.00476.2024

37. Moreno EN, Sampson DT, Figueroa EC, Jessee MB, Buckner SL. Increasing set volume relative to baseline does not 
augment skeletal muscle adaptations when compared to maintenance of baseline training volume in recreationally 
trained individuals. Eur J Appl Physiol. 2025;125(4):1049–1059. https://doi.org/10.1007/s00421-024-05655-4

38. Hoare E, Stavreski B, Jennings GL, Kingwell BA. Exploring motivation and barriers to physical activity among 
active and inactive Australian adults. Sports. 2017;5(3):47. https://doi.org/10.3390/sports5030047

https://doi.org/10.1519/JSC.0b013e3181c69ec6
https://doi.org/10.1037/met0000065
https://doi.org/10.1519/JSC.0000000000002179
https://doi.org/10.1519/JSC.0000000000002179
https://doi.org/10.1519/SSC.0000000000000539
https://doi.org/10.1519/SSC.0000000000000539
https://doi.org/10.1152/japplphysiol.00685.2018
https://doi.org/10.1152/japplphysiol.00685.2018
https://doi.org/10.1249/MSS.0000000000002585
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.1249/MSS.0b013e3181915670
https://doi.org/10.3389/fphys.2017.00423
https://doi.org/10.1519/JSC.0000000000003524
https://doi.org/10.1152/japplphysiol.00476.2024
https://doi.org/10.1007/s00421-024-05655-4
https://doi.org/10.3390/sports5030047


Int J Exerc Sci 19(1) 1008, 2026 

International Journal of Exercise Science http://www.intjexersci.com 
18  

Supplementary Table
Table S1. Descriptive summary of raw pre- and post-intervention values for all outcomes.

PreEx (n=21) Traditional (n=20)
Variable Pre Post Δ% Pre Post Δ%
1RM squat (kg)* 105.1 ± 36.5 118.1 ± 36.6 12.4 111.5 ± 33.2 126.5 ± 38.5 13.5
Countermovement jump (cm) 47.2 ± 9.1 47.2 ± 9.4 0 47.0 ± 9.1 48.5 ± 8.1 3.2
Leg extension endurance (reps) 17.1 ± 5.7 21.1 ± 7.3 23.4 18.4 ± 5.7 21.9 ± 6.4 19.0
Anterior mid-thigh 30% (mm) 55.7 ± 10.3 57.5 ± 10.8 3.2 54.5 ± 7.4 57.0 ± 7.3 4.6
Anterior mid-thigh 50% (mm) 46.6 ± 10.0 48.7 ± 9.6 4.5 47.6 ± 8.4 49.9 ± 7.9 4.8
Anterior mid-thigh 70% (mm) 35.3 ± 8.1 37.7 ± 8.2 6.8 37.1 ± 7.7 39.4 ± 7.3 6.2
Anterior lateral thigh 30% (mm) 30.2 ± 4.6 31.1 ± 3.4 3.0 34.2 ± 4.3 35.6 ± 4.9 4.1
Anterior lateral thigh 50% (mm) 36.6 ± 5.1 38.3 ± 4.6 4.6 40.5 ± 5.6 42.3 ± 6.1 4.4
Anterior lateral thigh 70% (mm) 36.3 ± 5.1 37.8 ± 4.3 4.1 39.5 ± 5.6 40.9 ± 6.1 3.5
Posterior medial thigh 40% (mm) 27.7 ± 6.0 29.4 ± 6.3 6.1 27.1 ± 4.5 29.5 ± 5.4 8.9
Posterior medial thigh 60% (mm) 25.8 ± 7.0 27.8 ± 7.8 7.8 28.7 ± 7.3 31.5 ± 8.3 9.8
Fat-free mass (kg) 62.7 ± 14.1 62.9 ± 14.0 0.0 65.3 ± 12.2 66.9 ± 12.5 2.5
Body fat % 19.7 ± 8.5 20.3 ± 8.2 0.6 22.6 ± 8.7 21.8 ± 8.5 -0.8
*Reflects the mass of the plates without including the mass of the bar


