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ABSTRACT

Baz-Valle, E, Fontes-Villalba, M, and Santos-Concejero, J. Total
number of sets as a training volume quantification method for
muscle hypertrophy: A systematic review. J Strength Cond Res
35(3): 870-878, 2021-This review aimed to determine
whether assessing the total number of sets is a valid method
to quantify training volume in the context of hypertrophy train-
ing. A literature search on 2 databases (PubMed and Scopus)
was conducted on May 18, 2018. After analyzing 2,585 resul-
tant articles, studies were included if they met the following
criteria: (a) studies were randomized controlled trials, (b) stud-
ies compared the total number of sets, repetition range, or
training frequency, (c) interventions lasted at least 6 weeks,
(d) subjects had a minimum of 1 year of resistance training
experience, (e) subjects’ age ranged from 18 to 35 years, (f)
studies reported morphologic changes through direct or indi-
rect assessment methods, (g) studies involved subjects with
no known medical conditions, and (h) studies were published
in peer-reviewed journals. Fourteen studies met the inclusion
criteria. According to the results of this review, the total number
of sets to failure, or near to, seems to be an adequate method
to quantify training volume when the repetition range lies
between 6 and 20+ if all the other variables are kept constant.
This approach requires further development to assess whether
specific numbers of sets are key to inducing optimal muscle
gains.
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INTRODUCTION

ontrolling training variables is considered one of

the most important factors to maximize muscle

hypertrophy after resistance training (25-27,32).

Previous research has reported an inverted U-
shaped relationship between weekly training volume and
muscle mass gains, which suggests that training volume is
the most limiting variable for muscle hypertrophy (26,27).
Other parameters, such as training intensity (expressed as
percentage of 1 repetition maximum or %1RM), seem to
be less important because similar muscle mass gains can be
achieved with a wide range of repetitions when the training
volume is matched (25).

The main challenge with training volume is its quantifi-
cation (16). A good quantification method should imply
similar muscle gains at matched training volume, indepen-
dently of other training variables including intensity, training
frequency, rest between sets, movement velocity, exercise
order, etc. (25). Currently, the total work (TW) completed
(force [N]-displacement [72]) is considered as the best quan-
tification method when aiming for muscle hypertrophy (16).
However, given the difficulty to evaluate the TW for each
muscle group, other methods have been proposed as an
alternative to quantify training volume. Among them, the
classical volume load (VL) (sets X repetitions X kilogram)
is nowadays the most used one in the scientific literature
(5,12,13,29).

The main advantage of VL is that it considers many
training variables (sets, repetitions, and loads), although the
total number of sets may differ between different training
programs matched for VL (26). This contrasts with previous
research suggesting that similar muscle gains can be
achieved when an equal total number of sets are completed
close to muscle failure, independently of the number of rep-
etitions and weight used (2,18,28).

Although the external load and number of repetitions
(important factors for TW determination) are not taken into
account when counting the total number of sets, it seems
that counting the total number of sets may be an alternative
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and easier quantification method for athletes aiming at
muscle hypertrophy (2,23,28).

To date, whether the total number of sets is an effective
quantification method for training volume is yet to be explored.
Thus, the aim of this systematic review was to analyze training
programs with different arrangement of number of sets, repetition
range, and training frequency to determine whether assessing the
total number of sets is a valid method to quantify training volume
in the context of hypertrophy training.

METHODS

Procedures

A literature search was conducted on May 18, 2018. The
following databases were searched: PubMed and Scopus.
Databases were searched from inception up to May 2018,
with no language limitation. Citations from scientific confer-
ences were excluded.

Literature Search. The literature search was conducted in
accordance with the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) guidelines. In
each database, the title, abstract, and keyword search fields
were searched. The following keywords, combined with
Boolean operators (AND/OR), were used: Muscles AND
hypertrophy OR “muscle thickness” OR “cross-sectional
area” AND “resistance training” AND (volume OR growth
OR training). “Muscles” and “hypertrophy” are MeSH terms.
No additional filters or search limitations were used. After
conducting the initial search, the reference lists of articles
retrieved were then screened for any additional articles that
had relevance to the topic.

Inclusion Criterra. Studies were eligible for further analysis if
the following inclusion criteria were met: (a) studies were
randomized controlled trials comparing different groups
with the number of sets explicitly reported, with the same
load assignment (%RM or XRM) and without the use of
external implements (i.e., pressure cuffs, hypoxic chamber,
etc.), (b) studies compared the total number of sets,
repetition range, or training frequency, (c) interventions
lasted at least 6 weeks, (d) subjects had a minimum of 1
year of resistance training experience, (e) subjects’ age
ranged from 18 to 35 years, (f) studies reported morphologic
changes using dual-energy x-ray absorptiometry (DXA),
magnetic resonance imaging (fMRI), ultrasounds, air dis-
placement plethysmography (ADP), or skinfolds, (g) studies
involved subjects with no known medical conditions or in-
juries impairing training capacity, and (h) studies were pub-
lished in peer-reviewed journals.

Two independent observers reviewed the studies and then
individually decided whether inclusion was appropriate. In
case of disagreement, a third observer was consulted. A flow
chart of the search strategy and study selection is shown in
Figure 1.

Study Quality. Oxford’s level of evidence (20) and the Phys-
iotherapy Evidence Database (PEDro) scale (7,14) were
used by 2 independent observers to assess the methodolog-
ical quality of the studies included in the systematic review.
Oxford’s level of evidence ranges from 1a to 5, with 1a being
systematic reviews of high-quality randomized controlled
trials and 5 being expert opinions. The PEDro scale consists
of 11 different items related to scientific rigor. Given that the
assessors are rarely blinded, and that is impossible to blind
the subjects, and investigators in supervised exercise inter-
ventions, items 5-7, which are specific to blinding, were
removed from the scale (25). With the removal of these
items, the maximum result on the modified PEDro 8-point
scale was 7 (the first item is not included in the total score)
and the lowest, 0. Zero points are awarded to a study that
fails to satisty any of the included items and 7 points to
a study that satisfies all the included items.

REsuLTS

Studies Selected

The search strategy yielded 2,585 studies as presented in
Figure 1. Another 2 studies were added from other sources.
After removing 765 duplicates, 27 studies were determined
to be potentially relevant to the topic based on the informa-
tion contained in the abstract, from which only 14 studies
met the inclusion criteria. Excluded studies had at least one
of the following characteristics: (a) subjects had little training
experience or had left their training programs long time ago,
or (b) the intervention period was shorter than 6 weeks, (c)
the variables analyzed were not the total number of sets,
repetition range, or training frequency. The overall sample
for the present systematic review resulted in 359 trained

athletes (352 men and 7 women) with an age range of 19—
34 years (Table 1).

Level of Evidence and Quality of the Studies

According to the Oxford’s level of evidence, 6 of the
included 14 studies had an evidence level 1b (high-quality
randomized controlled trials). The 8 remaining studies had
a level of evidence 2b due to the following reasons: less
than 85% of subjects completed the protocol and confi-
dence intervals were not reported. Scores from the PEDro
scale were on average 4.4 * 0.6 and ranged from 3 to 5
(Table 2).

Evidence for Total Number of Sets as a Valid
Quantification Method
Equal Number of Sets With Différent Repetition Range. Six of
the 14 studies comparing different repetition ranges with the
same number of sets and frequency support the number of
sets as an appropriate formula for quantifying training
volume (2,15,18,23,24,28) (Table 3).

Schoenfeld et al. (23) compared 2 programs where a clas-
sic hypertrophy scheme (3 X 8-12RM) was used in one
group and a daily undulating scheme (3 X 2-4RM/3 X 8-
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Figure 1. Flow chart of search strategy and selection of articles.

12RM/3 X 20-30RM) in the other one. Elbow flexors and
extensors, and quadriceps femoris muscle thickness were
measured by ultrasound. Volume load was significantly high-
er in the constant repetitions group, although no significant
differences in muscle mass were found between groups.
However, when looking at the effect sizes, the undulating
program was superior (ES = 0.77 and 0.72, for extensors and
flexors, respectively, moderate effect), when compared with
the constant repetitions group (ES = 0.48 and 0.57, for ex-
tensors and flexors, respectively, small effect).

Another trial by the same research group (24) compared
high loads (3 X 2-4RM) with moderate loads (3 X 8-
12RM) training protocols during 8 weeks. They measured
elbow extensors and flexors, and lateral quadriceps muscle
thickness with ultrasound. There were significant differences
in VL, being higher in the moderate loads group. However,
no significant differences were seen for muscle thickness,
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although the moderate loads group induced a high effect
size (ES = 1.17) compared with a low effect size in the high
loads group (ES = 0.33).

Finally, Schoenfeld et al. (28) compared 2 training
groups performing 3 sets per exercise with different rep-
etition ranges. The low load group performed 25-35 rep-
etitions to failure and the high load group 8-12
repetitions to failure in each exercise for 8 weeks. The
researchers measured elbow flexors and extensors, and
quadriceps femoris using ultrasound. No significant dif-
ferences were observed between groups in any of the 3
measurements.

Au et al. (2) compared 3 different groups: a high repetition
group (3 X 20-25RM), a low-repetitions group (3 X 8-
12RM), and a control group. Subjects trained 2 times per
week for 12 weeks. Fat-free mass and % body fat were deter-
mined through ADP. Results showed no significant
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TasLe 1. Characteristics of the studies and the subjects.*

Number Training
Study (M/F) Age experience Other characteristics
Amirthalingam 19/0 19.0- Atleast 1y  Subjects needed to be currently performing at least 3 training
et al. (1) 24.0 sessions per wk
Au et al. (2) 46/0 23.0 £ Atleast2y n/a
2.0
Brigatto et al. 20/0 271 % 41 =18y Minimum 1RM BS of 1.25 BM and 1RM BP of at least equal BM
(4) 5.5
Gomesetal. (9) 23/0 18.0- Atleast3y n/a
32.0
Klemp et al. 16/0 23.0 = Atleast2y Minimum 1RM BS of 1.25 BM and 1RM BP of at least equal BM
(12) 3.0
Lopes et al. 16/0 246+ 23 * 14y Subjects did not follow a periodized training program
(13) 5.8
Mangine et al. 33/0 240* 57 =*22y The subjects’ prior training habits were under reported
(15) 3.0
Morton et al. 49/0 23.0* 40=*=20y n/a
(18) 1.0
Schoenfeld 30/0 2833 * 4.7 = 3.2y Subjects regularly performed the barbell BS and BP exercises for
et al. (23) 2.9 at least 1 year prior to the study
Schoenfeld 26/0 232 * Atleast1y Experienced lifters
et al. (24) 4.2
Schoenfeld 24/0 23.3 34y Experienced lifters
et al. (28)
Schoenfeld 20/0 232 * 42 =24y Experienced lifters
et al. (29) 2.7
Thomas and 12/7 342+ 39 =*38 n/a
Burns (34) 11.0
351 46 26y
6.9
Yue et al. (36) 18/0 21 = 3.0 £ 0.5/2.9 They included BS and BP exercises for a minimum of 2 and
3.2 * 04y a maximum of 5y
28 *
7.9

*BM = body mass; BS = back squat; BP = bench press; 1RM, 1-repetition maximum.

differences between training groups, although there were
significant differences when comparing the intervention
groups with the control group.

Similarly, Mangine et al. (15) compared high loads (4 X
3-5RM) with moderate loads (4 X 10-12RM) during 8
weeks. Both groups before the start of the trial completed
a run-in basic work period to remove confounding factors.
Anthropometric variables were measured by DXA and seg-
mental (arms, legs, and chest) muscle thickness using ultra-
sound. Results show no significant differences between
groups in fat-free mass or segmental muscle thickness.

Morton et al. (18) conducted a trial where subjects (7 =
49) trained 4 times per week during 12 weeks. One group
performed a high repetition (3 X 20-25RM) and the other
a low repetition program (3 X 8-12RM), and segmental
muscle mass gains were measured by DXA. No significant
differences were detected for fat-free mass between groups,
despite lower VL in the low-repetition group.

However, since ADP and DXA poorly reflect changes in
muscle mass, these results from Au et al. (2), Mangine et al.
(15), and Morton et al. (18) should be interpreted with
caution.

Equal Number of Sets With Different Training Frequency. Four
of 14 studies analyzed the potential differences between
different training frequencies matching repetition range and
the number of sets per muscle group (4,9,34,36) (Table 3).
Brigatto et al. (4) compared 2 resistance training routines
with different training frequencies. One of the groups trained
each muscle group 1 time per week, and the other one, 2
times per week. Weekly, the number of sets per muscle
group and repetition range were equalized, but total training
load was not the same (different VL). The training program
lasted 8 weeks and subjects trained 2 or 4 times per week.
Muscle hypertrophy was assessed by muscle thickness using
ultrasound (triceps braquii, elbow flexors, vastus lateralis, and
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TaBLE 2. Physiotherapy evidence database
(PEDro) ratings and oxford evidence levels of
the included studies.*

Evidence
Study 1 234567 8Total level
Amirthalingam Yes1 011011 5 1b
etal. (1)
Auetal. (2) Yes1010011 4 2b
Brigattoetal. Yes1 011011 5 1b

(@)

Gomesetal. Yes1011011 5 1b
(9)

Klempetal. YesO0010011 3 2b
(12)

Lopesetal. Yes1011011 5 2b

(18)
Mangine etal. Yes1 011011 5 1b
(15)

Mortonetal. Yes1011011 5 1b
(18)

Schoenfeld Yes1010011 4 2b
et al. (23)

Schoenfeld Yes1010011 4 2b
et al. (24)

Schoenfeld Yes1010011 4 2b
et al. (28)

Schoenfeld Yes1010011 4 2b
et al. (29)

Thomasand Yes0011011 4 2b
Burns (34)

Yueetal. (86) Yes1 011011 5 1b

Total 4.4

*ltems in the PEDro scale: 1 = eligibility criteria were
specified; 2 = subjects were randomly allocated to
groups; 3 = allocation was concealed; 4 = the groups
were similar at baseline regarding the most important
prognostic indicators; 5 = measures of 1 key outcome
were obtained from 85% of subjects initially allocated to
groups; 6 = all subjects for whom outcome measures
were available received the treatment or control condition
as allocated or, where this was not the case, data for at
least 1 key outcome were analyzed by “intention to treat”;
7 = the results of between-group statistical comparisons
are reported for at least 1 key outcome; 8 = the study
provides both point measures and measures of variability
for at least 1 key outcome.

anterior quadriceps). No significant differences were
observed between groups with regard to gains in muscle
mass.

Gomes et al. (9) compared a high-frequency resistance
training program with a low frequency one with the same
number of sets (10-15 sets per muscle group) and repetition
range (8-12 reps). The training program lasted 8 weeks and
subjects trained 5 times per week. Dual-energy x-ray absorp-
tiometry was used to calculate different body segments, and
muscle mass index was estimated. No significant differences
were seen between groups with regard to gains in muscle

874  Journal of Strength and Conditioning Research

mass, regardless of significant differences in VL (higher in
the high-frequency group).

Similarly, Yue et al. (36) compared 2 weekly equalized
volume resistance training routines with differing training
frequencies, but with the same number of sets per exercise
and muscle group each week. The group with high-
frequency and low-volume per session trained 4 days per
week, and the group with low-frequency and high-volume
per session trained 2 days per week. Both groups performed
2 different routines over the course of 6 weeks. Measure-
ments included standard measurements for anthropometric
assessment, fat mass, and fat-free mass estimated from the
whole-body densitometry using ADP, limb circumference
with tape, and muscle thickness (elbow flexors, anterior del-
toid, and vastus lateralis) with ultrasound. No significant
differences were found between groups although effect sizes
were greater in the high-volume-low-frequency group (ES =
0.76 for vastus lateralis circumference and ES = 0.59 for fat-
free mass).

Thomas and Burns (34) compared frequency 1 (ses-
sions per muscle group per week) vs. frequency 3 (ses-
sions per muscle group per week). Both groups
performed 3 sets of 8~12RM in each exercise for 8 weeks.
Fat-free mass and body composition were assessed by
DXA. The results showed no significant differences
between groups, suggesting that, independently of train-
ing frequency, there are no differences in muscle hyper-
trophy when training volume is matched (in terms of the
number of sets and repetition range). It has to be noted
that VL was not quantified.

Evidence for Volume Load as a Valid Quantification Method
Equal Volume Load With Différent Number of Sets. Three of the
studies included in this review support the use of VL as
a strategy to quantify the training volume (12,13,29)
(Table 3). Schoenfeld et al. (29) compared 2 training pro-
grams during 8 weeks with different number of sets but equal
VL. One group performed a training program aiming at
strength development (7 X 2-4RM), whereas the other
one aimed at hypertrophy (3 X 8-12RM). The authors
found no differences in biceps brachialis thickness measured
with ultrasound (12.6 vs. 12.7% in the hypertrophy and
strength group, respectively).

Klemp et al. (12) equated total VL. and relative volume
(sets X reps X %1RM) in 2 groups performing a daily undu-
lating program with different intensities and the number of
sets. The low-repetition group followed this schedule: 8 X 6
X 75% 1RM, 9 X 4 X 80% 1RM, and 10 X 2 X 85% 1RM on
alternate days. Meanwhile, the high repetition group fol-
lowed this schedule: 4 X 12 X 60% 1RM, 4 X 10 X 65%
1RM, and 5 X 8 X 70% 1RM on alternate days. Pectoralis
major, lateral quadriceps medial, lateral quadriceps distal,
and anterior quadriceps muscle thickness were measured
with ultrasound. No significant differences were found
between groups, although the lateral quadriceps distal

Copyright © 2018 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
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TaBLe 3. Characteristic of the training programs.*

Weeks/
Study Groups days Same VL Outcomes
Amirthalingam HV: 10 X 10/60-90" 6 wk, No No significant differences between groups and similar effect sizes
et al. (1) LV: 5 X 10/60-90" 3X
Au et al. (2) HR: 3 X 20-25RM/1’ 12 wk, Not No significant differences between experimental groups, and similar effect sizes. Significant
LR: 3 X 8-12RM/1’ 2X reported differences between experimental groups and control group
Brigatto et al. HF: each muscle group 2X 8 wk No No significant differences between groups and similar effect sizes
(4) LF: each muscle group 1X
WV: same total sets: 8—16 sets per wk
& 8-12 reps/60-120"
Gomes et al. HF: 5 X wk per muscle group 8 wk No No significant differences between groups. Effect size favors HF group
(9) HV: 1 X wk per muscle group
WV: same total sets: 10-15 sets per
wk & 8-12 reps/90”
Klemp et al. HL: 8 X 6/9 X 4/10 X 2 8 wk, Yes No significant differences between groups and similar effect sizes
(12) ML: 4 X 12/4 X 10/5 X 8 3X
Rest: 5-7"
Lopes et al. ML: 6 X 10RM/60"” 6 wk, Yes No significant differences between groups, and similar effect sizes
(13) LL: 3 X 20RM/60” 4%
Mangine et al. VOL: 4 X 10-12 (70%)/1’ 8 wk, No No significant differences between groups in LBM, neither for segments, except in the LBM
(15) INT: 4 X 3-5 (90%)/3’ 4% of the arm (higher effect size for the intensity group)
Morton et al. HR: 3 X 20-25RM/1’ 12 wk, No No significant differences between groups, and similar effect sizes
(18) LR: 3 X 8-12RM/1’ 4X
Schoenfeld CL: 3 X 8-12RM/2’ 8 wk, No No significant differences between groups in muscle thickness. Effect sizes favors varied
et al. (23) VAL: 3 X 2-4RM/3 X 8-12/3 X 20- 3X group
30RM/2’
Schoenfeld, HL 3 X 2-4RM/2’ 8 wk, No No significant differences between groups in muscle thickness. The effect size was higher in
et al. (24) ML: 3 X 8-12RM/2’ 3X moderate load group for the vastus lateralis
Schoenfeld, LL: 3 X 25-35RM/90” 8 wk, Not No significant differences between groups in all measures. The effect size was higher in high
et al. (28) HL: 3 X 8-12RM/90" 3X reported load group for the vastus lateralis
Schoenfeld Strength: 7 X 2-4RM/3’ 8 wk, Yes No significant differences between groups and similar effect sizes
et al. (29) Hypertrophy: 3 X 8-12RM/90” 3X
Thomas and HF: each muscle group 3X 8 wk Not No significant differences between groups and similar effect sizes
Burns (34). LF: each muscle group 1 X 3 X 8-12/ reported
1-2
Yue et al. (36) HF 4 d-w~'—Each muscle 2X 6 wk Not No significant differences between groups. Effect size favors high-volume group
HV 2 d-w~'—Each muscle 1X reported

WYV: same total series: 2 X 8-12/4 X
8-12 2’ rest

*VL = volume load; HR = high repetition; LR = low repetition; RM, repetition maximum; HF = high frequency; HV = high volume; WV = weekly volume; HL = high loads; ML =
middle loads; LL = low load; LV = low volume; VOL = volume; INT = intensity VAL; varied load; LBM = lean body mass.
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Figure 2. Proposal of training volume quantification using the total
number of sets.

increased more in the high repetition group (moderate effect
size) vs. the low repetition group (small effect size).

Lopes et al. (13) compared 2 training programs during 6
weeks with the same VL but different number of sets. One
group performed a high set volume and medium loads pro-
gram (6 X 10RM) and the other group a moderate set vol-
ume and low loads program (3 X 20RM). Changes in muscle
mass were assessed by mean of skinfolds, but no differences
were found between groups. Fat-free mass increased to 4.7%
+ 1.0 and 3.7% = 1.7 in the medium and low load groups,
respectively. However, taking into account the lack of reli-
ability of skinfolds when assessing muscle gains, these results
should be interpreted with caution.

Evidence Against Volume Load and Total Number of Sets
One study included in this review concluded that VL and
the total number of sets are not reliable strategies to quantify
training volume when aiming at muscle hypertrophy (1).

Amirhalingam et al. (1), compared 2 training programs with
different number of sets and different VL. during 6 weeks. The
high-volume group performed 10 X 10 repetitions and the low-
volume group 5 X 10 repetitions. Both groups completed the
same number of sets for the assistive exercises (ie, 3—4 sets).
Biceps brachii, triceps brachii, anterior thigh, and posterior thigh
muscle thickness were measured with ultrasounds, and body
composition was assessed with DXA. No significant differences
were found between groups in muscle thickness or body com-
position (small effect sizes for all measures).

DiscussIoN

The main finding of this systematic review was that the total
number of sets per muscle group to muscle failure (or close

876  Journal of Strength and Conditioning Research

to) seems to be an easy and reliable method to quantify
training volume in experienced individuals who aim at
hypertrophy. This systematic review also shows that other
variables such as training frequency per muscle group,
training intensity, and repetition range do not alter the
results provided when the total number of sets is matched
(2,9,15,18,23,24,34) (Table 3).

However, although most of the studies meeting the
inclusion criteria supported this hypothesis, when compar-
ing low repetition ranges (high loads) vs. moderate repeti-
tion ranges (moderate loads), the effect sizes favored training
programs with moderate loads (Table 3). A recent meta-
analysis comparing low vs. high loads reported that muscle
mass gains were similar independently of repetition range
and external load (25). Yet, in most studies, the authors
described the low repetition protocol as a range of 6-12
repetitions (25). For these cases, the present review suggests
that using the total number of sets to quantify training vol-
ume is more accurate when the repetition range lies between
6 and 20+ repetitions than when it lies below 6 repetitions.

Among the different mechanisms leading to muscle
hypertrophy, metabolic stress is one of the most important
factors (31). Metabolic stress involves cell swelling, changes
in myokine production, generation of reactive oxygen spe-
cies, and an acute hormonal response (31), although this last
point may be more related to exercise adaptations (35). Met-
abolic stress induces muscle adaptations mainly by increas-
ing motor unit recruitment (6), which implies that when
using low loads, it is key to reach muscle failure (or at least
get close to it) (30).

This suggests that when comparing different training
protocols or quantifying training sessions with a wide
range of repetitions, sets must be close to muscle failure
(3 or less repetitions in reserve) (22). However, although
performing sets to failure can potentiate muscle mass
gains, doing it in a systematic way may be detrimental
at a neuromechanic (force generation capacity) and hor-
monal levels (cortisol and testosterone alterations)
(11,17). Therefore, to optimize training quantification
using the number of sets, it is recommended to take into
account sets (close) to muscle failure.

However, well-designed experiments still support the use
of VL to quantify training volume (5). Campos et al. (5)
reported that low and intermediate repetition training pro-
tocols induce similar muscular adaptations and suggested
that both physical performance and the associated physio-
logical adaptations are linked to the intensity and number of
repetitions performed, thus supporting the “strength-
endurance continuum.” Yet, the aforementioned study only
tested untrained subjects. Training responses have been re-
ported to be dependent of training experience because expe-
rienced subjects have an attenuated postexercise anabolic
response (10,19,21). This implies that the results reported
by Campos et al. (5) may not be extrapolated to trained
athletes as the ones featured in the review.
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Another major constraint of VL as a quantification
method becomes evident when different exercises are
compared. For example, if we use VL to compare leg press
and squats at an equivalent relative intensity and using the
same number of sets and repetitions (to failure), total
tonnage and thus, TW, will always be higher for leg press.
However, in a real-life scenario, the perceived effort when
performing these exercises will be similar, or even higher for
the squat, because it requires more muscles to complete the
movement (because of the stabilization requirements) and
because of a higher muscle activation (8). Therefore, when
the goal is to compare training loads at different times of
season and the recommended exercises vary, then VL. may
not be the best choice for training volume quantification
(16,33). In addition, according to Amirthalingam et al. (1),
when certain training volume is achieved, there are no fur-
ther muscle gains. This may explain why studies supporting
VL as a quantification method reported similar results inde-
pendently of the total number of sets (29).

We have to acknowledge several limitations. These
include the moderate quality of some the studies analyzed.
According to the PEDro scale used in this review, only the
half of the studies included scored 5 points (Table 2),
whereas 6 studies scored 4 points and 1 study scored 3
points, which ultimately precludes us from drawing a defin-
itive conclusion from the results. Another important limita-
tion was related to the methods used to assess the outcomes.
For example, one of the studies (13) used skinfolds as an
assessment tool and, although it is validated (3), is one of
the less reliable methods. The same is true for the ADP,
which was used by one of the studies included in this review
(2). Finally, the results of this review cannot be extrapolated
to the general population because it only analyzed trained
subjects. All these limitations imply that the conclusions of
this review should be interpreted with caution.

In summary, although there are many variables in
a training program that may influence muscle mass gains,
it seems that counting the number of sets to failure, or near
to, is an adequate method to quantify training volume when
all the other variables are kept constant. Therefore, and
based on the results discussed above, we suggest the
approach depicted in Figure 2 for an optimal training vol-
ume quantification using the total number of sets.

PRACTICAL APPLICATIONS

The results of this review suggest that counting the total
number of sets to, or near to, failure per muscle group can be
an optimal strategy to quantify training volume in experi-
enced athletes aiming at hypertrophy. More specifically, the
total number of sets can be used when the repetition range
lies between 6 and 20+ (Figure 2). Athletes and coaches can
use this method to monitor the increasing load throughout
a training mesocycle, as well as to compare training loads
between different training blocks in an easy and reliable way.
This approach requires further development to assess

whether specific numbers of sets are key to inducing optimal
muscle gains and may help to guide experimental enquiries
into hypertrophy focused training along a slightly different
path than currently being tread.
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