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Abstract

This study compared the effects of a weekly lower body resistance‐training program

divided into low frequency (LOW, one long session) versus high frequency (HIGH,

four shorter sessions) in resistance‐trained individuals. Twenty‐two adults with

more than 6 months resistance training experience were randomized to either the

LOW or HIGH intervention group. Both groups completed an 8‐week training

program consisting of four multi‐joint exercises targeting the hip and knee exten-

sors. The program progressed from 12‐repetition maximum (RM) to 6‐RM, with 4–5

sets per exercise performed throughout the intervention. The four exercises were

conducted either in one session or four sessions (one exercise per session) per

week. 1‐RM in the squat, muscle thickness of the vastus lateralis, muscle mass of the

lower body (measured using bioelectrical impedance), and jump height were

assessed pre‐ and post‐intervention. The HIGH group demonstrated a statistically

significant increase in 1‐RM compared to the LOW group (7 kg, p = 0.01), while no

statistically significant differences were found between the groups for the other

outcomes (p = 0.26–0.63). Both interventions resulted in statistically significant

increases in 1‐RM squat (8 and 15 kg), muscle thickness (2.3 and 2.8 mm), and jump

height (1.5 and 1.9 cm) from pre‐to post‐test. There were no statistical changes in

lower‐body muscle mass for either group (p = 0.16–0.86). In conclusion, a weekly

training protocol of four multi‐joint lower‐limb exercises distributed over four

sessions resulted in greater increases in maximal strength compared to one session

in resistance‐trained adults. Both frequencies were similarly effective in improving

muscle hypertrophy and jump height.
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Highlights

� Both high and low resistance training frequencies are viable options for increasing maximal

strength, hypertrophy, and jump height.

� High resistance training frequency seems to favor lower limb muscle strength in trained

adults.

� High and low resistance training frequencies lead to similar improvement in muscle hy-

pertrophy and jump height in trained adults.

1 | INTRODUCTION

Training frequency, defined as the number of times a given muscle or

a muscle group is trained per week (Grgic et al., 2018; Schoenfeld

et al., 2016), is one of several variables that can be manipulated

when designing resistance training programs (Bird et al., 2005;

Kraemer et al., 2004). Practitioners approach training frequency

differently, with some advocating to train the muscles with a low

frequency (1–2 times per week) and a high training volume in each

session while others preferring a higher frequency and less volume

per session. It can be hypothesized that subjecting muscles to a high

per‐session training volume may increase energy utilization and fa-

tigue, consequently reducing the training quality compared to

shorter and more frequent sessions (Hartman et al., 2007; Schoen-

feld, 2020). In practice, this would mean that a low frequency

approach would lead to fewer kilograms lifted over a given time

period (e.g., weekly) due to reduced loading or performing fewer

repetitions. Conversely, shorter sessions spread over several days

per week conceivably would lead to more intense bouts and

increased loading (Schoenfeld, 2020). Over time (e.g., > 4 weeks),

this may be beneficial for increasing muscle strength, muscle mass,

and muscle power.

Most of the previous studies that have compared different

training frequencies with an equal number of sets per week reported

no statistical or magnitude differences in strength and hypertrophy

between the intervention groups (Arazi et al., 2011; Benton

et al., 2011; Brigatto et al., 2019; Candow et al., 2007; Hamarsland

et al., 2022; Johnsen et al., 2021; Neves et al., 2022; Ochi et al., 2018;

Saric et al., 2019; Yue et al., 2018). Consequently, meta‐analyses and

systematic reviews have concluded that weekly training frequency can

be based on personal preference provided that weekly training vol-

ume is equated (Cuthbert et al., 2021; Grgic et al., 2019; Schoenfeld

et al., 2019). However, the null findings may be explained by the design

of the training programs in the studies. Some interventions have

compared relatively similar frequencies (e.g., 2 vs. 3 sessions per

week), raising the possibility that the conditions were not sufficiently

different to identify statistical differences between groups (Benton

et al., 2011; Brigatto et al., 2019; Candow et al., 2007). Others have

implemented a low weekly training volume for the specific muscle

groups (Hamarsland et al., 2022; Johnsen et al., 2021; Neves

et al., 2022; Ochi et al., 2018; Yue et al., 2018), which minimizes

accumulated fatigue in the low frequency groups and thus potentially

undermines the rationale for employing a high training frequency

approach. Finally, it has been suggested that a training schedule

consisting of more complex exercises (i.e., multi‐joint) would benefit

from a higher training frequency due to greater motor learning and a

faster recovery, compared to single‐joint exercises (Grgic et al., 2018;

Soares et al., 2015). Based on the presented arguments, further

research is needed to better elucidate the effects of higher training

frequencies, specifically those encompassing four or more weekly

sessions, particularly in interventions that employ multi‐joint exer-

cises (Grgic et al., 2018, 2019).

Two previous studies have reported that a higher training

frequency (five sessions per week) may be more favorable than

a low training frequency (one session per week) with volumes

equated between conditions (Yoshida et al., 2022; Zaroni

et al., 2019). Yoshida et al. (2022) reported that a high training

frequency was more effective in increasing strength than a low

frequency in resistance‐trained men; however, no statistical dif-

ferences were observed in muscle thicknesses between the groups.

Importantly the training was composed solely of eccentric actions;

hence, it is difficult to generalize these findings to traditional dy-

namic resistance training protocols (Yoshida et al., 2022). Alterna-

tively, Zaroni et al. (2019) conducted an 8‐week intervention

consisting of combined concentric–eccentric actions to investigate

the effects of varying resistance‐training frequencies in resistance‐
trained men. The two groups were trained 5 days per week with

one group performing a total‐body program (one exercise for each

muscle group per session) and the other group performing a split‐
body program (five exercises for the same muscle group per ses-

sion). The weekly training volume for each muscle was 15 sets at

10–12‐RM. Results showed that spreading the weekly training

volume over five sessions led to greater increases in muscle

thickness of the elbow flexors and vastus lateralis, but not the

triceps brachii, when compared to performing a split‐body routine.

There were no between‐group differences in muscle strength (1‐
RM bench press, squat, and seated row) (Zaroni et al., 2019). Of

note, the intensity (10–12‐RM) had a lack of specificity regarding

adaptions for strength and power and there was no progres-

sion in volume or intensity throughout the intervention. Finally,

neither study (Yoshida et al., 2022; Zaroni et al., 2019) assessed

muscular power.

Given the paucity of scientific evidence on the topic, the aim of

the present study was to compare the effects of a progressive,

volume‐equated resistance training program employing multi‐joint

exercises for the hip and knee extensors, with training carried
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out either once per week (all exercises in one session) or divided

over four (one exercise per session) weekly sessions on mus-

cular adaptations. Secondarily, we also assessed lower body muscle

mass and jump height. Based on previous research (Paz‐Franco

et al., 2017; Yoshida et al., 2022; Zaroni et al., 2019), we hypoth-

esized that the higher frequency group would be able to train with

a progressively higher load (i.e., lift more weights throughout the

intervention) and consequently increase their maximal strength and

muscle thickness more than the lower frequency group.

2 | MATERIALS AND METHODS

2.1 | Design

A randomized parallel design was employed to compare the effects

of lower body resistance training for resistance‐trained adults using

a low (LOW) versus high training frequency (HIGH), including one

long or four shorter training sessions per week, respectively. Both

groups performed the same exercises (back squat, dead lift, split

squat, and Bulgarian squat) with the same number of sets and

repetitions per week over an 8‐week period. LOW performed all

exercises in one session while HIGH performed one exercise in

each session. Pre‐ and post‐intervention assessments included one

repetition maximum (1‐RM) in the squat, countermovement jump

height (CMJ), lower body muscle mass assessed with bioelectrical

impedance, and muscle thickness of the vastus lateralis assessed

with ultrasound.

2.2 | Participants

Eligible participants had to be between 18 and 30 years old, had to

be conducting resistance training weekly for the last 6 months, be

familiar with the exercises in the training program, and be free of

injury or pain that could impair the performance during training or

testing. Further, the women and men had to be able to lift more

than 80% and 100% of their body weight in the back squat,

respectively (Santos Junior et al., 2021). The participants were

recruited through social media, posters, and direct personal con-

tact. A priori sample size calculation was performed in SPSS (IBM

Corp. Released 2021. IBM SPSS Statistics for Windows, Version

28.0. Armonk, NY: IBM Corp) based on the changes observed for

1‐RM squat (mean � standard deviation (SD); 19.5 � 9.3 versus

9.9 � 6.6 kg) and muscle thickness of the vastus lateralis

(mean � SD; 4.6 � 2.1 vs. 2.49 � 1.5 cm), in the study by Zaroni

et al. (2019). The alpha level was set to 0.05 and the power to 0.8.

The calculation estimated a requirement of 12–13 participants in

each intervention group (24–26 in total). A total number of 27

resistance‐trained adults volunteered to participate in the study

and underwent the pre‐intervention test. All participants were

informed orally and in writing about the study's potential risks

and benefits, and they provided written consent before being

enrolled in the study. The study was conducted in accordance with

the ethical guidelines set by the Western Norway University of

Applied Sciences and the national legislation. The data collection

and management were evaluated by the Norwegian Center for

Research Data (ref. 630494).

After the pre‐intervention test, participants were stratified

based on sex and then randomly allocated to different intervention

groups using an online random number generator (randomizer.org).

During the intervention, five participants withdrew due to personal

reasons (n = 1), not enough time (n = 2), and injury not related to the

intervention (n = 2). Consequently, 22 participants completed the

study. The descriptive information for the total sample and the two

groups are presented in Table 1.

2.3 | Procedure

One week prior to experimental testing, the participants completed a

familiarization test for the 1‐RM squat. The experimental testing

comprised two separate days with a 48–72‐h interval between each

session. During the first session, measurements were taken in the

following order: (i) muscle mass, (ii) muscle thickness, and (iii) jump

height; the second session consisted of assessing 1‐RM squat

performance.

2.3.1 | Muscle mass

Muscle mass was measured using the Tanita MC780 multifre-

quency segmental body composition analyzer, with participants

arriving in the morning after a 12‐h fast and refraining from

showering or intense exercise. Participants wore only shorts and a

sports bra (for women) and stood barefoot on the scale, with age,

sex, and height entered into the software. The scale estimated

muscle mass (in kilograms) for different body segments, with the

combined value for the lower body used in the analysis. Previous

studies have shown that bioelectrical impedance assessment is both

reliable and valid for measuring muscle mass (Vasold et al., 2019;

Verney et al., 2015).

TAB L E 1 Description of intervention groups.

Total LOW HIGH

Sex (F/M) 15/7 8/3 7/4

Age (years) 21.6 � 1.5 21.6 � 1.8 21.5 � 1.1

Height (cm) 172 � 11 171 � 8 173 � 13

Weight (kg) 72.2 � 11.0 72.1 � 10.0 72.3 � 12.4

1‐RM pre (kg) 85.9 � 27.2 85.0 � 23.2 86.8 � 32.0

Note: Data are presented as mean � standard deviation.

Abbreviations: cm, centimeters; F, female; HIGH, four sessions per

week; kg, kilograms; LOW, one session per week; M, male; Total, groups

combined.
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2.3.2 | Muscle thickness

Muscle thickness of the vastus lateralis was measured by b‐mode

ultrasound imaging using a 6‐cm probe and a scanning frequency of

2–12 MHz (Echo Blaster 64/128, LogiScan 64/128, and ClasUs series

Ultrasound systems; Echo Wave 2 Software; Telemed, Latvia). Par-

ticipants laid supine on a massage bench with images captured at

50% of the distance between the lateral epicondyle and the greater

trochanter. The assessment position in the pre‐intervention test was

transferred to transparent plastic sheets for each individual, which

were used in the posttest to ensure consistent image capture (de

Boer et al., 2008). Five transverse images were taken at the same

site. The image with the highest and lowest value was discarded. The

average measurement of the three remaining images was used in the

analysis. All images were analyzed at the same time, by the same

researcher, who was blinded to the group allocation. The intraclass

correlation between the different images was 0.993, and the coeffi-

cient of variance was 2.3%. Previous studies have shown that ultra-

sound has a good between‐session reliability for measuring muscle

thickness of the quadriceps (Barotsis et al., 2020; Takahashi

et al., 2021).

2.3.3 | Jump height

The countermovement jump test was conducted on a MuscleLab

Force Plate Model 2 (Ergotest Technology AS). The software program

(MuscleLab Software v8.13; Ergotest Technology AS) calculated jump

height using impulse (force x time). The measurement is based on the

impulse‐momentum theorem which uses the accumulation of force

over the time period of the eccentric–concentric movement to

calculate the jump height (McMahon et al., 2018). The participants

were instructed to perform an explosive eccentric–concentric

movement while keeping their hands on their hips. Participants

completed a minimum of three jumps, with additional jumps per-

formed until jump height declined if the last jump was the highest. A

one‐minute rest period was provided between each attempt, with the

best attempt used in the analysis. The intraclass correlation between

the different attempts was 0.969, and the coefficient of variance was

5.9%. Further, the force plate had demonstrated good test–retest

reliability for measuring the countermovement jump (Lombard

et al., 2017).

2.3.4 | 1‐RM squat

All maximal dynamic strength testing was performed using a Smith

machine (Pivot 680L, Pivot Fitness, Tianjin, China). The partici-

pants completed a familiarization session 1 week before the pre‐
intervention test to standardize performance and ensure proper

technique. Before the test, the participants performed a warm‐up

protocol consisting of 10 squat jumps, three repetitions with the

barbell (20 kg), and one repetition at 40%, 60%, 80%, 100%, and

120% of their own body weight. During the 1‐RM assessment, each

participant started in an erect position and descended until their

femurs were parallel to the floor. The test leader then gave a signal,

and the participant ascended to the starting position. If the lift was

successful, the load was increased by 2.5–5 kg. The testing continued

either until failure or when the test leader and the participant

mutually agreed that a higher load could not be lifted with proper

technique. The 1‐RM was achieved in one to four attempts, and a

minimum of 3 minutes rest was given between each attempt. To

ensure consistency between tests, the same researcher supervised

the testing for all participants. The intraclass correlation between the

familiarization and the pre‐intervention test was 0.979, and the co-

efficient of variance was 5.5%.

2.4 | Intervention

The intervention consisted of four exercises that were conducted

either in one session per week (all exercises in the following order:

squat, dead lift, split, and Bulgarian squat) or across four sessions per

week (one exercise per session) over an 8‐week period. The exercises

and details of the study are presented in Figure 1.

Participants completed a five‐minute general warm‐up on a

stationary bike and a specific warm‐up of exercises at 50% of the

expected training load before each session. Load and volume pro-

gressively increased from 12‐RM to 6‐RM and from 4 to 5 sets per

exercise, respectively, with a self‐determined but controlled tempo

and 2‐min rest intervals from week 1 to 4 and 3‐min rest intervals

from week 5 to 8 (Figure 1). All sessions were directly supervised by

the same instructor. If the participants could not attend a given

session, they were encouraged to perform the session later, manually

log the session, and send the log to the instructor by email. The

instructor ensured proper technique and adherence to the program's

prescribed load. If participants completed all prescribed repetitions

with a proper technique, they were instructed to increase the load in

the next set. For the LOW group, a minimum of 5 days rest was

required between the sessions, while for the HIGH group, no more

than 2 consecutive sessions were allowed before a day of rest.

Normal activity and nutrition habits were encouraged, but lower

body training outside of the intervention was prohibited.

2.5 | Statistical analysis

Due to the randomization, no systematic differences were assumed

between groups at baseline. All variables were inspected for

normality and were found suitable for mixed models' analysis. Each

outcome variable (1‐RM strength, muscle thickness, muscle mass, and

jump height) was analyzed separately, with the effect of intervention

and the time point included as fixed effects with the following time

points: baseline, HIGH after 8 weeks, and LOW after 8 weeks. To

account for repeated measures, the participants' ID was set as

random effect.
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Effect size (ES) is reported as Hedges’ g to account for the

small sample size. The ES between pre and post was based on the

mean difference (post‐pre) and the pooled standard deviation of

the difference. The ES between the group differences was based

on the mean difference between the groups and the pooled

standard deviation. An ES ˂ 0.2 was considered trivial, 0.2–<0.5

small, 0.5– <0.8 medium, and ≥0.8 large (Cohen, 1988). Values are

presented as mean (95% confidence interval), and p‐values<0.05

were considered statistically significant. All analyses were per-

formed using STATA/IC 16.0 for Windows (StataCorp LP). Figure 2

was created using an online software program (estimationstats.

com).

F I GUR E 1 An overview of the training intervention.

F I GUR E 2 Estimation plot showing individual changes within‐ (from pre to post) and effect size between the groups in 1‐RM squat (A),
CMJ (B), muscle mass (C), and muscle thickness (D).

EUROPEAN JOURNAL OF SPORT SCIENCE - 5
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3 | RESULTS

All of the 88 long sessions were completed while 351 out of the 352

short sessions were completed, with 94% of all sessions directly su-

pervised by an instructor.

The results are presented in Table 2. Both groups increased their

performance in 1‐RM squat from pre‐to post‐test (HIGH: 15 (10, 20)

kg, ES = 2.34 and LOW: 8 (3, 13) kg, ES = 1.00). The between‐group

analyses showed that HIGH increased their 1‐RM squat to a greater

extent than LOW (p = 0.01, ES = 0.98, Figure 2A).

Neither group increased their lower body muscle mass (p = 0.16–

0.86 and ES = 0.05–0.31). However, both groups displayed in-

creases in vastus lateralis muscle thickness (HIGH: 2.3 (0.9, 3.7) mm,

ES = 1.04 and LOW: 2.8 (1.2, 4.0) mm, ES = 1.11). There were

no statistical between‐group differences for either muscle mass

(p = 0.26, ES = 0.43, Figure 2C) or muscle thickness (p = 0.57,

ES = 0.22, Figure 2D).

Both groups increased their jump performance from pre‐to post‐
test (HIGH: 1.9 (0, 3.8) cm, ES = 0.63 and LOW: 1.5 (0.3, 2.7)

cm, ES = 0.80), with no statistical difference between the groups

(p = 0.63, ES = 0.17, Figure 2B).

There was no statistical difference between the groups in the

total weight lifted during the intervention (LOW: 53,159 (46,968 and

59,350) kg and HIGH: 62,559 (48,835 and 76,282) kg and p = 0.18),

although the difference was of a medium magnitude (ES = 0.57).

There was a pattern of a greater increase in the training load for the

HIGH group compared to the LOW group from week one to week

eight in all exercises, although it only reached statistical significance

in the Bulgarian squat (Squat 24.1 (4.4) versus 19.5 (2.8), p = 0.07,

and ES = 0.81; dead lift 19.3 (5.0) versus 15.5 (2.2), p = 0.14, and

ES = 0.63; split 14.1 (3.1) versus 10.9 (1.6), p = 0.05, and ES = 0.85;

Bulgarian squat 12.9 (1.6) versus 9.1 (1.9), p = 0.03, and ES = 1.37

for HIGH versus. LOW, respectively).

4 | DISCUSSION

The main finding of the present study was that, in accordance with

our hypothesis, dividing the same training schedule for the hip and

knee extensors into four weekly sessions led to a greater

improvement in maximal strength compared to performing all exer-

cises in one weekly session. However, there were no statistical

between‐group differences for vastus lateralis muscle thickness,

lower limb muscle mass, or jump height. Of note, both interventions

led to an increase in muscle thickness and jump height, but not

muscle mass.

Previous research links maximal strength gains to training vol-

ume (Grgic et al., 2018). Although results were not statistically sig-

nificant, our high‐frequency group lifted 18% more weight over the

study period, potentially explaining the difference in maximal

strength between groups. Based on the progression in the training

load, there seemed to be a general tendency for a greater increase

in the HIGH group. Further, the trend became more evident

throughout the training program and reached statistical significance

only in the last exercise of the program. This could imply that

dividing the training into several sessions is of more importance in

programs composed of higher training volumes, and thus, the accu-

mulation of fatigue is greater. Furthermore, the difference in

strength between the groups could also be related to the specificity

of the training and testing. It has been argued that for more complex

movements such as multi‐joint exercises, performing the movements

several times per week may be favorable for motor learning (e.g.,

timing of muscle recruitment and muscle coordination) and conse-

quently lead to improved performance compared to a lower training

frequency when the testing is similar to the training (Carroll

et al., 2001; Grgic et al., 2018). This argument is supported by the

lack of between‐group differences in hypertrophy, which suggests

alterations in neural adaptions as the main cause of the difference in

maximal strength. However, it should be noted that the squat, which

constituted the 1‐RM test, was only performed once per week in

both groups. Thus, the performance of the other exercises (i.e., split

squat, Bulgarian squat, and dead lift), all targeting the hip and knee

extensors, throughout the week seemingly conferred a transfer in

strength adaptations to the testing modality.

The lack of statistical difference between the groups in hyper-

trophy may be a consequence of similarities in training volume (i.e.,

total weight lifted). Previous studies have suggested that there is a

dose–response relationship between training volume and increases

in muscle mass, provided all other training variables are held con-

stant (up to at least 10 sets for a given muscle per week)

TAB L E 2 Changes within and between groups from baseline to 8 weeks.

Within groups 8 weeks
Between groups

Baseline LOW HIGH Difference

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

1‐RM squat (kg) 85.9 (74.4, 97.4) 94.3 (82.5, 106.1)** 101.4 (85.6, 113.2)** 7.1 (0.0, 12.6)**

Muscle mass (kg) 17.1 (15.5, 18.7) 16.9 (15.2, 18.5) 17.1 (15.5, 18.8) 0.3 (−0.2, 0.8)

Muscle thickness VL (mm) 24.3 (22.8, 25.8) 27.1 (25.4, 28.8)** 26.6 (24.9, 28.3)** −0.5 (−2.1, 1.2)

CMJ (cm) 23.4 (21.0, 25.8) 24.8 (22.3, 27.4)* 25.3 (22.7, 27.9)** 0.5 (−1.4, 2.3)

Abbreviations: CI, confidence interval; cm, centimeter; kg, kilogram; mm, millimeter; RM, repetition maximum; VL, vastus lateralis.

*p ˂ 0.05, and **p ˂ 0.01.
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(Schoenfeld et al., 2017, 2018). Although we observed an 18%

nonsignificant difference in total weight lifted, this may not have

been enough to cause differences between the groups. Also, the

total number of weekly sets per muscle ranged from 16 to 20, which

is above the dose–response relationship volume suggested in pre-

vious studies (Schoenfeld et al., 2017, 2018). Consequently, the

training stimuli might have been very good in both groups, inde-

pendently of the load lifted. Of interest, neither group increased

lower body muscle mass. The muscle mass was assessed via multi‐
frequency bioelectrical impedance, which measures the whole leg,

that is, not specifically the muscles targeted in the present training

program. Therefore, the impedance scale measurements may not

have been sensitive enough to detect a change in the hypertrophy

of the hip and knee extensors.

The present study is one of several studies to compare higher

(≥ four sessions per week) versus lower (≤ three sessions per week)

training frequencies with training volume (i.e., number of sets)

equated between the groups (Benton et al., 2011; Hamarsland

et al., 2022; Johnsen et al., 2021; Saric et al., 2019; Yoshida

et al., 2022; Yue et al., 2018; Zaroni et al., 2019). However, this study

is somewhat unique due to the large difference between the fre-

quencies, a progressive training program consisting of multi‐joint

exercises, a relatively high weekly training volume, and a popula-

tion consisting of resistance‐trained adults. These features render

the findings practically relevant for the general population of

resistance‐trained adults engaging in resistance training.

Two previous studies have compared large differences in training

frequency (1 vs. 5 sessions per week), reporting the higher frequency

condition to be superior for maximal strength (Yoshida et al., 2022)

and hypertrophy (Zaroni et al., 2019). Yoshida et al. (2022) investi-

gated the effects of a relatively low training volume consisting of

five weekly sets of eccentric‐only contractions in a single‐joint

movement (biceps curl) apportioned into either one or five weekly

sessions among untrained students. Similar to our findings, Yoshida

et al. (2022) reported that spreading out the sets across several

weekly sessions was superior for maximal strength but not for muscle

thickness compared to one session per week. Alternatively, Zaroni

et al. (2019) conducted an 8‐week intervention consisting of multi‐
joint exercises with a larger training volume (15 sets per week) in

resistance‐trained men. The protocol did not include progression of

either volume or intensity throughout the training period. In contrast

to our study, the results showed the higher frequency protocol to be

advantageous for enhancing muscle thickness of the elbow flexors

and the vastus lateralis but not for maximal strength. Importantly,

and unlike our study, Zaroni et al. (2019) reported that the high

frequency group lifted significantly more load than the low frequency

group (22.3% and ES = 1.13). This could explain the different findings

in muscle thickness between our studies.

Our findings did not reveal any changes in jump height between

the groups. However, both groups improved their performance from

baseline. In contrast, Paz‐Franco (Paz‐Franco et al., 2017) reported

that performing a resistance training program twice per week led to

increased jump height compared to performing one session per week

or one session every other week. Importantly, that protocol did not

equate training volume (Paz‐Franco et al., 2017), and thus, the

greater work performed by the high frequency group could explain

the between‐group differences. Furthermore, differences in meth-

odology could also explain the discrepant findings. For example, the

Paz‐Franco study (Paz‐Franco et al., 2017) emphasized maximal

speed mobilization in the concentric phase while our study required

participants to perform repetitions at a self‐determined but

controlled tempo. In addition, Paz‐Franco et al. (2017) examined

professional athletes while our population consisted of resistance‐
trained individuals.

The present study has some limitations that must be addressed.

The training intervention consisted of multi‐joint exercises for both

the hip and knee extensors. However, muscle thickness was only

measured in the vastus lateralis and only at the midpoint of the muscle.

The fact that several of the trained muscles were not measured may

have masked potential differences. Moreover, a compelling body of

research indicates muscle hypertrophy in a nonuniform manner (Wak

et al., 2013), and thus, we may have neglected to detect hypertrophic

changes along the length of the vastus lateralis. Also, muscle mass was

measured using a bioelectrical impedance scale. The scale analyses the

entire lower body and may not be sensitive enough to detect changes

in smaller muscles or muscle groups. Of note, the validity of these

scales is highly dependent on similar standardizations between the

test and retest (e.g., hydration level). Although the participants were

instructed and encouraged to follow the standardizations for the

Tanita scale, we cannot guarantee they were upheld. Further, partic-

ipants' relative 1‐RM strength in the squat at baseline was 108% of

body weight for the women and 131% for the men. This has been

suggested to correspond to advanced level for both sexes (Santos

Junior et al., 2021). Consequently, the findings of the present study

cannot necessarily be generalized to those with lower or higher levels

of training experience. Of note, previous studies have suggested that

individuals with little training experience respond well to all training

programs (Lera Orsatti et al., 2014; Mclester Jr et al., 2000; Ribeiro

et al., 2015) and therefore are of less interest when examining

different training frequencies. In addition, based on the a priori sample

size calculation, the study was somewhat underpowered due to

dropouts. Although effect sizes were added to the findings to open for

interpretation beyond the p‐value, future research should replicate

our study with a higher sample size. Finally, although the participants

were encouraged to continue with their customary nutritional habits,

this was not controlled. Consequently, dietary alterations may have

confounded the results. However, the random assignment of partici-

pants to the different intervention groups should conceivably have

accounted for any such discrepancies between the groups.

In conclusion, over a period of 8 weeks, distributing a weekly

training schedule consisting of multi‐joint exercises for the hip and

knee extensors over four sessions resulted in greater increases in

maximal strength compared to one weekly session in trained adults.

Further, both strategies resulted in hypertrophy of the exercised

muscles and increased jump height, with similar improvements be-

tween groups.
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4.1 | Practical applications

The results of the present study imply that resistance‐trained in-

dividuals focusing on increasing their maximal leg strength should

distribute their weekly training volume to several shorter sessions.

However, it is important to emphasize that fewer sessions with

greater volume may also be a viable strategy to increase maximal

strength, albeit with somewhat compromised results. Further, if

hypertrophy or jump height is the desired outcome, different

training frequencies seem to be similarly effective. Importantly,

these recommendations are specific to the conditions investigated

in this intervention; the findings cannot necessarily be generalized

to interventions focusing on different outcomes (e.g., muscular po-

wer) or performing a different training program (e.g., different fre-

quencies and training volume).
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