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Abstract

Background and Objective Previous studies examining the effects of cluster sets (CS) compared to traditional sets (TS)
protocols on muscle hypertrophy have primarily equated to volume load. This inevitably has resulted in a lower number of
repetitions performed in TS compared to CS, thereby leading to a suboptimal hypertrophic stimulus. The present study aimed
to compare the impact of CS and TS protocols, both performed with the same number of sets and repetitions, but with loads
adjusted to the same range of repetitions in reserve (RIR) on muscle hypertrophy.

Methods Ten resistance-trained volunteers (7 men and 3 women, 21.0 + 1.5 years, 64.3 £6.9 kg, and 169.3 + 6.2 cm) partici-
pated in this study. Participants performed two training protocols over an 8-week period, with two weekly sessions consisting
of 5 sets of 12 repetitions of the leg press and leg extension exercises. The study employed a within-participant, unilateral
design where one limb performed a TS protocol and the contralateral limb performed 3 clusters of 4 repetitions with a 20-s
intra-set rest period of the same exercises (CS). Muscle thickness was assessed via ultrasound and thigh lean tissue mass
was assessed by dual-energy X-ray absorptiometry pre- and post-study.

Results Results showed similar increases in muscle thickness (p <0.001, ES=0.56, and p=0.012, ES =0.42, respectively)
and lean tissue mass (p=0.002, ES=0.11, and p <0.001, ES=0.13, respectively) in both CS and TS conditions.
Conclusion In conclusion, when sets, repetitions, and load adjustments were equalized based on RIR, a CS protocol elicits
similar increases in muscle thickness and lean mass compared to a TS protocol.
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CI Confidence intervals

DXA  Dual-energy x-ray absorptiometry
ES Effect size

FM Fat mass

FMM  Fat-free mass

ICCs  Correlation coefficients

LE Leg extension

LP Leg press

MRI  Magnetic resonance imaging
RM Maximum repetition

RF Rectus femoris

RIR  Repetition in reserve

SE Standard error

TS Traditional sets

Introduction

Cluster sets (CS) are an alternative to traditional strength
training that involves partitioning a conventional set into
repetition blocks, with short intra-set rest periods inter-
spersed between clusters (Tufano et al. 2017a; Nagatani
et al. 2022). Current research has demonstrated the positive
effects of CS for optimizing neuromuscular and sports per-
formance, including improvements in jump height and sprint
capacity (Moreno et al. 2014; Asadi and Ramirez-Campillo
2016), and enhancements in strength and mechanical power
(Morales-Artacho et al. 2018). In addition, CS have been
shown to improve maximum velocity and power output dur-
ing weightlifting (Tufano et al. 2017b).

CS also have been proposed as a strategy to promote mus-
cle hypertrophy (Vargas-Molina et al. 2021; Erick Carlos da
Cunha Tot6 et al. 2019). There is indirect evidence support-
ing its effectiveness in this regard, such as increased total
repetition volume (Iglesias-Soler et al. 2014) and reduced
concentric velocity loses during weightlifting (Garcia-
Ramos et al. 2020) leading to greater mechanical responses
with a higher total volume (Oliver et al. 2016). However,
only nine studies to date have longitudinally examined the
impact of CS on measures of muscle hypertrophy. When
anthropometric measurements were used to compare the
two methodologies, no differences in muscle circumference
increases were observed between protocols (Arazi et al.
2018; Iglesias-Soler et al. 2016; Carneiro et al. 2019). How-
ever, this may be due to the low sensitivity of the measure-
ment technique. Conversely, when lean mass was measured
using dual-energy X-ray absorptiometry (DXA), increases
in lean mass were found following the implementation of CS
(Oliver et al. 2013; Bonilla et al. 2021). However, it should
be noted that lean tissue mass is not a direct measure of
hypertrophy, which may obscure the ability to draw infer-
ences on changes in muscle mass between CS and traditional
resistance training protocols.
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Magnetic resonance imaging (MRI) is considered the
gold-standard for directly measuring muscle mass (Zhao
et al. 2013). B-mode ultrasound has been shown to be a
viable, cost-effective alternative to MRI for the assessment
of skeletal muscle hypertrophy (Franchi et al. 2018). When
comparing the increase in muscle size via ultrasound, evi-
dence indicates that TS results in greater changes in mus-
cle thickness compared to CS in both the lower (Goto et al.
2005) and upper limbs (Davies et al. 2022). These findings
have cast doubt as to the efficacy of CS for the purpose of
optimizing muscle development. However, the studies in
question matched the total volume (in terms of the num-
ber of sets and repetitions) and intensity (i.e., % of 1-RM)
used in both CS and TS protocols. This implies that the load
used in CS protocols results in a lower number of repeti-
tions performed compared to the achievable repetitions (i.e.,
deviating from the repetition in reserve [RIR] 0-4 range,
which is more conducive to muscle hypertrophy) (Schoen-
feld and Grgic 2019a, b). Therefore, it remains undetermined
whether a CS protocol that equates the total number of sets
and repetitions but adjusts the intensity within each cluster
to a RIR of 0 to 1, is equally effective, or perhaps more so,
as traditional training.

Due to the paucity of evidence comparing CS and TS
protocols with load adjustments based on RIR, as well as
the conflicting empirical evidence regarding the effect of
CS on muscle hypertrophy, the purpose of this study was to
compare increases in lean mass and muscle thickness follow-
ing CS and TS protocols, while keeping the total number of
repetitions and sets the same but adjusting the intensity of
each cluster and each set in TS to a RIR of 0-1.

Our hypothesis is that cluster training, compared to tra-
ditional training, leads to a higher volume load (calculated
as sets X repetitions X load in kg) when the number of sets
and repetitions are matched. This is attributed to the higher
intensity achievable when prescribing 4 repetitions com-
pared to 12 repetitions, particularly when intensity is based
on repetitions in reserve. Conceivably, the greater volume
load accumulated by the CS group would be expected to lead
to greater gains in muscle hypertrophy. We hypothesized that
by matching total volume and effort levels (same number of
RIR), CS would elicit greater hypertrophy than TS.

Methods
Participants

Thirteen participants with a minimum of two years of
continuous experience in RT performed 3 to 5 sessions
per week, including training for all major muscle groups
volunteered to participate in this study (mean + SD,
21.0 £ 1.5 years, 64.3+6.9 kg, 169.3+6.2 cm). All
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individuals agreed to adhere to the prescribed training
regimen for the duration of the 8-week study period and
refrain from engaging in any additional physical activity.
To qualify for participation, potential participants had to
be between the age range of 18 to 35 years and self-report
to be free of the use of exogenous doping substances (such
as anabolic androgenic steroids) within the past 2 years.
Prior to enrollment, participants were provided with
information regarding the potential risks involved in the
experiment and gave their written informed consent to
participate. The research protocol received approval from
the Ethics Committee of the University of Malaga (code:
38-2019-H) in accordance with the ethical guidelines out-
lined in the Declaration of Helsinki (WMA 2013). The
enrollment process and participant exclusions illustrated
in Fig. 1, following the guidelines of the Consolidated
Standards of Reporting Trials (CONSORT) diagram.

Procedure
Training protocols

We employed a within-subject design whereby participants
served as their own control, reducing intra-individual var-
iability and thus enhancing statistical power (Maclnnis
et al. 2017). Participants performed two weekly training
sessions using the leg extension (LE) and leg press (LP)
exercises (Gervasport, Madrid, Spain) unilaterally, with
both legs trained during each session. The CS and TS pro-
tocols were randomly assigned to each participants’ lower
limb using an online application (http://www.randomizer.
org). To avoid the potential influence of limb dominance
on the results, we randomized which leg (dominant or
non-dominant) performed each protocol. This approach
ensured an equal distribution of participants completing
each protocol with either their dominant or non-dominant

[ Enrollment ]

Assessed for eligibility (n= 13)

Exclude (n= 0)
+ Not meeting inclusion criteria (n= 0)

+ Declined to participate (n=0)
+ Other reasons (n= 0)

Randomized (n= 13)

!

Y [ Allocation } v
Allocated to intervention (n= 13) Allocated to intervention (n= 13)
+ Received allocated intervention (n= 0) + Received allocated intervention (n= 0)
+ Did not receive allocated intervention (give «+ Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)
v [ Follow-Up ] v
A\ J
Lost to follow-up (Does not want to continue) (n= 1) Lost to follow-up (Does not want to continue) (n= 1)
Discontinued intervention (They did not carry out the Discontinued intervention (They did not carry out the
nutritional protocol) (n= 2) nutritional protocol) (n= 2)
v [ Analysis ] L 4

Analysed (n=10)
+ Excluded from analysis (give reasons) (n=0)

Analysed (n=10)
+ Excluded from analysis (give reasons) (n=0)

Fig. 1 Consolidated standards of reporting trials (CONSORT) flow diagram
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leg. Each protocol involved 5 sets of 12 repetitions. The
CS protocol included 3 clusters of 4 repetitions, with a
20-s intra-set rest based on previous findings from our
laboratory (Vargas-Molina et al. 2020). A 3-min recov-
ery period was provided between sets. All training ses-
sions were closely supervised by two researchers, ensur-
ing that the loads were individually tailored for each leg,
participant, and session. The loads for each protocol were
adjusted to reach failure or be within a maximum of one
repetition from failure (i.e., repetitions in reserve [RIR] of
0-1). This load adjustment was applied to both the TS pro-
tocol, with 12 repetitions per set, and the CS protocol, with
4 repetitions per block. When the load lifted during any
of the protocols allowed for more than two or three rep-
etitions remaining in the tank (RIR of 2-3), the load was
increased for the subsequent sets. Participants determined
their RIR at the end of each set and loads were then main-
tained, reduced or increased in subsequent sets according
to their perceived effort. Similarly, if on a particular day
or set, the prescribed number of repetitions (12 or 4) was
not achieved according to the protocol, a short rest period
was taken, and the remaining repetitions were completed.
If this occurred and there were still sets remaining, the
load was reduced for the next set. Throughout the study,
all participants performed the designated 5 sets of 12
repetitions. Additionally, participants were instructed to
perform repetitions with a velocity of approximately one
second on both concentric and eccentric actions to control
for time under tension. This variable was monitored by
both researchers at each training session. Figure 2 presents
a detailed illustration of the protocols. Training volume
was calculated individually for each participant, exercise,

Fig.2 Visual diagram of the

condition, and session by multiplying the average load
used per session by the number of sets and repetitions.

Dietary Intake

Participants were instructed to consume 2 g-kg~'-d™! of
protein to optimize the increase in fat-free mass (FFM)
(Jager et al. 2017), 1 g-kg~!-d™! of dietary fat and the
remaining calories in the form of carbohydrates, totaling
45 kcal kg~!-d™! of FFM (Romance et al. 2019). An indi-
vidualized diet plan was prescribed for each participant, and
they were required to track their food intake and maintain a
nutritional record for the duration of the program using the
MyFitnessPal application (MyFitnessPal, LLC, CA, USA)
(Teixeira et al. 2018). Weekly monitoring of food consump-
tion was conducted to ensure adherence to the prescribed
dietary regimen.

Measures
Dual-energy x-ray absorptiometry

Participants were instructed to arrive at the lab having fasted
for at least 12 h. Prior to testing, participants voided their
bladder. Additionally, all the evaluations were conducted
on a Monday, when the participants had not trained for at
least two days.

Total body mass and regional body composition were
estimated using dual X-ray absorptiometry (DXA) (APEX
5.6.0.7 software version, Hologic Horizon A, Waltham,
MA). For each scan, participants wore light clothing and
were asked to remove all materials that could attenuate the

imental design and s Phase2 Phase 3
experimental design and pro- r:{> |:>
cedures PRE INTERVENTION POST
Week 1and 2 Week 3 / Week 10 (8 Week) Week 11
Familiarization ' 3 Evaluation
Ultrasound
Leg Extension Leg Press
Load adjustment 12 RM/4 RM [ =
Evaluation
'& Legs were randomized
’ Protocols 1 Traditional (TS) Protocols 2 Cluster Sets (CS)
Ultrasound 5 sets x 12 repetitions 6 sets x 12 repetitions (4 + 4 + 4)
3 min rest between sets 3 min rest inter-sets/20 s rest intra-sets
e Monday and Thursday Monday and Thursday
S RIRO-1 RIRO-1
™ - t
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X-ray beam, including jewellery items and underwear con-
taining wire. The coefficient of variation was less than <3%
for all measurements of segmental and whole-body body
composition, including bone mineral density (g-cm~2), min-
eral content (g), FM (%), FM (g), FFM (g), and total body
mass (g). The DXA was calibrated with phantoms according
to the manufacturer’s guidelines each day before assessment.

Muscle thickness

Muscle thickness testing was carried out using b-mode ultra-
sound on the same day as DXA, with participants having
refrained from training for at least 2 days. A single expe-
rienced investigator, blinded to participant allocation, con-
ducted the ultrasound measurements. Ultrasonography used
a wall-tracking ultrasound system (Samsung HS40, South
Korea) with a 12 MHz linear array transducer to measure
the thickness of the rectus femoris (RF) muscle. To ensure
accurate measurements, the transducer was positioned per-
pendicular to the longitudinal axis of the thigh, with ample
contact gel applied and minimal pressure exerted to pre-
vent muscle compression (de Bruin et al. 1997; Seymour
et al. 2009). The RF thickness was measured at 50% of the
distance between the lateral epicondyle and the greater tro-
chanter of the femur. Measurements were taken on both
legs of each participant while lying supine, with both knees
extended and relaxed and the feet maintained in a neutral
position. Five images were captured for each measurement
and the average value of these measurements was used as
the RF thickness for further analysis (Thomaes et al. 2012).

Statistical analysis

All statistical analyses were performed using the Jamovi
software package (The Jamovi Project, v.1.6.23.0; down-
loadable at https://www.jamovi.org). Normality was checked
by the Shapiro—Wilk normality test. A repeated measures
linear mixed model fitted with a restricted maximum

A)
12000-

10000

8000

Lean muscle mass (g)

6000 |
PRE

T
POST

Muscle thickness (cm)

likelihood method and unstructured covariates was used to
compare outcomes (muscle thickness [mm] and lean muscle
mass [g]) between time (pre and post) and conditions (clus-
ter and traditional). In addition, the same statistical treat-
ment was performed to calculate the statistical differences
in training volume between groups and between sessions,
comparing the total training volume of each session with
session 1 for each group. The effect size (ES) was calcu-
lated for interactions between conditions using Cohen’s d
guidelines. Threshold values for ES were > 0.2 (small), > 0.6
(large), and > 2.0 (very large) (Hopkins et al. 2009). In addi-
tion, Pearson’s » was used to examine correlations between
changes in muscle thickness and thigh lean mass from pre-
to post-training for the participants under each condition.
The level of significance for all tests was set to a=0.05.
Mean, 95% confidence intervals (CI), standard error (SE)
and the t values were reported for all statistical analyses.
Furthermore, we investigated the reliability of the ultrasound
measurements by calculating intraclass correlation coeffi-
cients (ICCs) and standard errors of measurement (SEMs),
with 95% CI (ICC=0.970, SEM =3.63%).

Results

Of the 13 participants who originally volunteered to take
part in the study, 3 dropped out during data collection. Two
participants were excluded because they did not adhere to
the nutritional protocol and the other dropped out due to
personal reasons. Thus, we analyzed data from the 10 par-
ticipants who satisfactorily completed the training protocol.

Regarding lean tissue mass, statistically significant effects
were only observed for time (p <0.001, F=44.3). No statis-
tically significant interactions were observed between time
and condition (p=0.272, F=0.27). As shown in Fig. 3A,
post hoc analysis showed statistically significant increases
in lean mass after the training intervention in both CS (mean
[95% CL, SE, p, t]: 171.8 g [95% CI 88.5-255.2; SE=39.7,

CLUSTER

T T T T
PRE POST PRE POST

Fig.3 Mean and SD of lean mass (A) and rectus femoris muscle thickness (B) pre- and post-intervention for the CS condition (blue) and TS
condition (orange). *Significant differences (p <0.05) between pre and post (colour figure online)
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p=0.002, t=4.33]) and TS (201.1 g [95% CI 117.7-284.5;
SE=39.7, p<0.001, t=5.1]), with a similar effect size
(ES=0.11 and ES=0.13, respectively). No statistical pre
(p=0.652) or post (p =0.254) intervention differences were
observed between conditions.

Similarly, statistical analysis revealed that muscle thick-
ness only showed statistically significant effects for time
(p<0.001, F=38.1) with no statistical interactions observed
between time and condition (p =0.297, F=1.15). As shown
in Fig. 3B, post hoc analysis showed statistically significant
increases in muscle thickness in both CS (mean [95% CI,
SE, p, t]: 0.24 cm [95% C1 0.14-0.34; SE=0.05, p<0.001,
t=5.12]) and TS (0.17 cm [95% CI 0.07-0.27; SE=0.17,
p=0.012, t=3.6]). No statistical pre (p =0.727) or post
(p=0.969) intervention differences were observed between
conditions, with similar ES shown for both CS (ES=0.56)
and TS (ES=0.42). In addition, no statistically significant
(p>0.05) correlations were found between changes in mus-
cle thickness and lean mass for both the CS (R =0.009) and
TS (R=0.506) groups (Supplementary Figure 5).

Regarding total training volume, no statistically signifi-
cant differences (p > 0.05) were found between conditions
(i.e., cluster vs. traditional) in any session for either the
leg extension or leg press exercises (see Fig. 4). However,
when comparing total training volume across sessions, a sig-
nificant effect of the session was observed for both the leg
extension and leg press exercises (p <0.001, F=24.9 and
F=22.6, respectively). Post hoc analyses further revealed
significant increases in total training volume starting from
sessions 7-8 when comparing the training volume of each
session to that of the first session in both exercises and con-
ditions (Fig. 4).

Discussion

This study aimed to assess the effects of a CS protocol com-
pared to a TS protocol on muscle thickness and FFM while
equalizing volume by adjusting loads within the range of
repetitions used. Results revealed significant increases in
FFM within both conditions, with no statistical differences
observed between the two protocols. Measures of muscle
thickness of the RF showed similar improvements in both
conditions as well. In addition, no statistically significant
correlations were found between the muscle thickness gains
and FFM increases for any condition. The cluster set method,
combined with an effort intensity of 0—1 RIR within each
cluster, proved to be effective in maintaining a high training
intensity (i.e., % 1-RM) and promoting muscle hypertro-
phy. Alternatively, CS did not induce greater muscular gains
compared to traditional training.

Current evidence indicates that volume is a primary
programming variable for optimizing muscle hypertrophy
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(Figueiredo et al. 2018; Schoenfeld et al. 2017), with sets
performed to or near failure (0—4 reps in reserve) (Helms
et al. 2016). Likewise, it has been established that a wide
range of repetitions (6-30) generates similar whole-muscle
hypertrophy (Vargas et al. 2019; Schoenfeld et al. 2021). In
this context, it has been proposed that the quantification of
the target volume can be achieved by considering the total
number of sets performed for each muscle group (Baz-Valle
et al. 2021). However, previous studies on cluster training
have employed designs where volume load (i.e., sets x rep-
etitions x load) was equalized to a TS protocol (Jukic et al.
2020; Erick Carlos da Cunha Toté et al. 2019). Thus, previ-
ous studies in which CS and TS were compared assumed
that volume load was equalized when the number of sets and
repetitions and intensity (load in kg) was the same between
conditions (Arazi et al. 2018; Goto et al. 2005). For example,
when a load of 10 RM is used for both protocols, the TS
condition will perform 10 RM while the CS condition will
perform 5 repetitions and another 5 repetitions after 30 s.
So, clusters of 5 repetitions, with loads equivalent to a 10
RM, would be quite far from failure (RIR-5, approximately),
especially in the first block (Iglesias-Soler et al. 2016).

Furthermore, CS training protocols often employ higher
intensities of load (based on %1-RM), which may not be
most conducive to promoting muscle hypertrophy. For exam-
ple, when a volume-matched 1-RM protocol is performed
with loads equivalent to 10 RM, the TS condition will per-
form 4 sets of 10 repetitions with 60% of the 1-RM with
a 2-min break while the CS condition will perform 8 sets
of 5 repetitions with 75% of the 1-RM, with a 60-s break
(Oliver et al. 2013). It could be argued that the protocol
used in this example, is more resemblant of a traditional
set protocol of 5 repetitions than a CS protocol. Hence, the
use of individualized RIR for each cluster within a strength
training set can be an alternative strategy during CS train-
ing. The RIR method is based on determining the number
of repetitions an individual can perform before reaching the
point of momentary muscular failure. RIR is expressed as a
number indicating how many repetitions are left in reserve
(Helms et al. 2016). Farinas et al., used a load of 10 maxi-
mum repetitions for a protocol of 30 repetitions, where an
intra-series pause of 18.5 s was taken between each repeti-
tion (Farinas et al. 2021). Given the loads employed in these
protocols, the repetitions performed would be considerably
far from a muscular failure. While this may increase vol-
ume due to the higher number of repetitions that could be
performed, using sets this far from failure may not optimize
muscle hypertrophy (Schoenfeld and Grgic 2019a, b). Con-
sequently, TS protocols might be more advantageous under
these circumstances.

In this study, we equated the total number of sets on each
limb (10 sets X 2 times/week), and the number of repetitions
per set in each exercise (12 repetitions in TS and 4+4+4
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Fig.4 Mean=+ SD of total session training volume for each condition. *p <0.05, significant difference from session 1; **p <0.01; ***p <0.001

repetitions = 12 repetitions in CS); however, the intensity of
load (% 1-RM) was adjusted based on the number of rep-
etitions performed. Specifically, the loads were individu-
ally modified so participants performed 12 repetitions and
4 repetitions with a RIR of 01 for TS and CS, respectively.
Presumably, the total tonnage performed in the CS condi-
tion should have been higher than that in the TS condition.
However, when evaluating the progression of loads over the

8-week protocol, no statistically significant differences were
found between the two conditions (see Fig. 4).

The joint and neural stress generated in the CS protocol
may be one of the indicators that the total volume was not
appreciably greater at the end of the 8-week study period.
It is not comparable to evaluate the volume load in an indi-
vidual session, where the CS protocol is necessarily greater
than to maintain the greater stress for 8 weeks. For example,
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Iglesias-Soler et al. reported a much higher increase in vol-
ume load in the CS protocol (Iglesias-Soler et al. 2014).
However, the modified variable in this study was not the
load, but rather the greater number of repetitions, since the
load was kept constant. In addition, the volume load was
evaluated acutely, in one session, as opposed to longitudi-
nally in our study over 8 weeks.

In our research, the progressive increase in loads was
maintained with higher repetition ranges in the traditional
group, 12 repetitions. However, in the 4-rep ranges, the
increase in load diminished and generated lower increases
in progression, possibly because it was closer to their maxi-
mum capacity to generate force. It is worth noting that 3
blocks of 4 repetitions at RIR 0-1 for such a long duration
may increase the risk of injury in older participants; the
average age of participants in our study was 21 years.

It is worth noting that the 40% increase in volume load
can be considered a large effect. The threshold for achieving
further strength gains diminishes progressively as an indi-
vidual becomes more trained, particularly over a relatively
short investigation period as implemented in the present
study. It is reasonable to speculate that such large effects
would not be feasible in advanced athletes or bodybuilders.
Further research is warranted on well-trained individuals.

Our study had several noteworthy limitations. First,
although DXA is regarded as a valid method for estimat-
ing lean mass (Guglielmi et al. 2016), it cannot provide
isolated muscle volume analysis or distinguish between
different muscle groups (Maroto-Izquierdo et al. 2022).
DXA is only able to quantify the lean tissue mass of a
region of the body. Additionally, DXA-derived lean mass
measurements can be influenced by factors such as fluid
content and changes in muscle water content, which can
impact X-ray attenuation and potentially limit the accuracy
of quantifying muscle-specific gains (Maroto-Izquierdo
et al. 2022). It is important to acknowledge these limita-
tions when using DXA as a tool for inferring changes in
muscle mass. Second, although we measured changes in
muscle thickness, which is considered a more valid method
for assessing changes in skeletal muscle size compared to
DXA, we only conducted measurements at the midpoint
of the RF muscle. Evidence indicates that muscles may
hypertrophy in a non-uniform manner (Wakahara 2015),
and thus we cannot rule out the possibility that hyper-
trophic adaptations may have diverged at other sites along
the RF. Moreover, we cannot necessarily extrapolate find-
ings to other muscles of the quadriceps (i.e., vasti mus-
cles) or in other body regions. Third, the study duration
was limited to 8 weeks with twice-weekly training ses-
sions. While significant improvements in muscle hyper-
trophy were observed within this timeframe, it would be
valuable to investigate adaptations over longer training
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periods to assess whether results may ultimately diverge
between conditions. Finally, the study sample consisted of
individuals who were homogeneous in terms of age and
training experience. Therefore, the generalizability of the
results to different populations remains uncertain. Future
research should consider incorporating these design ele-
ments to provide a more comprehensive understanding of
the implications of various training approaches.

Conclusions

The results of this study indicate that both CS and TS
protocols promote statistically significant increases in
lean tissue mass and muscle thickness over an 8-week
training program in resistance-trained individuals. How-
ever, no statistically significant differences were observed
between the two conditions, suggesting that they were
equally effective in promoting muscle development. The
effect sizes for lean tissue mass and muscle thickness were
similar between the CS and TS conditions, indicating com-
parable magnitudes of improvement.

The findings also revealed no statistically significant
differences in total weekly training volume between the
CS and TS conditions for the leg press and leg extension
exercises. It is widely known that the use of cluster train-
ing may offer an alternative approach to traditional resist-
ance training, allowing for greater training volume within
a session while maintaining the kinematic characteristics
of the movement throughout each set.
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