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Abstract
Aim This study investigated the efficacy of a new strength training method on strength gain, hypertrophy, and neuromuscular 
fatigability.
Methods The training exercise consisted of elbow flexion against a load of ~ 70% of one repetition maximal (1RM). A new 
method (3/7 method) consisting of five sets of an increasing number of repetitions (3 to 7) during successive sets and brief 
inter-set intervals (15 s) was repeated two times after 150 s of recovery and compared to a method consisting of eight sets 
of six repetitions with an inter-set interval of 150 s (8 × 6 method). Subjects trained two times per week during 12 weeks. 
Strength gain [1RM load and maximal isometric voluntary contraction (MVC)], EMG activity of biceps brachii and bra-
chioradialis, as well as biceps’ brachii thickness were measured. Change in neuromuscular fatigability was assessed as the 
maximal number of repetitions performed at 70% of 1RM before and after training.
Results Both 3/7 and 8 × 6 methods increased 1RM load (22.2 ± 7.4 and 12.1 ± 6.6%, respectively; p < 0.05) and MVC force 
(15.7 ± 8.2 and 9.5 ± 9.5%; p < 0.05) with a greater 1RM gain (p < 0.05) for the 3/7 method. Normalized (%Mmax) EMG 
activity of elbow flexors increased (p < 0.05) similarly (14.5 ± 23.2 vs. 8.1 ± 20.5%; p > 0.05) after both methods but biceps’ 
brachii thickness increased to a greater extent (9.6 ± 3.6 vs. 5.5 ± 3.7%; p < 0.05) for the 3/7 method. Despite subjects per-
forming more repetitions with the same absolute load after training, neuromuscular fatigability increased (p < 0.05) after 
the two training methods.
Conclusion The 3/7 method provides a better stimulus for strength gain and muscle hypertrophy than the 8 × 6 method.

Keywords Muscle strength · Hypertrophy · Fatigability · Electromyography · Ultrasonography · Near-infrared spectroscopy

Abbreviations
1RM  One repetition maximal
aEMG  Averaged value of the rectified EMG
ANOVA  Analysis of variance
BB  Biceps brachii
BR  Brachioradialis
CV  Coefficient of variation
EMG  Electromyography
ICC  Intraclass correlation coefficient
Mmax  Maximal motor wave

MVC  Maximal voluntary contraction
NIRS  Near-infrared spectroscopy
TOI  Tissue oxygenation index

Introduction

Even though it is well documented that the gain in muscle 
strength in response to a long-term strength training program 
mainly reflects an increase in muscle mass (Häkkinen et al. 
1998; Aagaard et al. 2001; Duchateau and Baudry 2011), the 
stimulus triggering muscle hypertrophy remains a matter of 
debate (Spiering et al. 2008; Schoenfeld 2013; Dankel et al. 
2017). High mechanical loading of the muscle [> 60–70% of 
the one repetition maximal (1RM)] has long been considered 
as the main stimulus for hypertrophy through mechanotrans-
duction process (Vierck et al. 2000; Kraemer and Ratamess 
2004; Ogborn and Schoenfeld 2014). However, some stud-
ies have also suggested that the use of load greater than 60% 
of 1RM and brief rest interval between sets might provide 
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a superior stimulus for muscle hypertrophy than longer rest 
periods (Kraemer et al. 1990; Bottaro et al. 2009; de Salles 
et al. 2009). In addition to the production of metabolites 
(lactate,  H+, Pi, etc.) induced by high-load training, the brief 
recovery periods between sets further favour their intracellular 
accumulation. Such metabolic stimulus has been proposed to 
play a role in the increase in muscle mass and strength, either 
directly by its action as an anabolic signal (Goto et al. 2005; 
Ozaki et al. 2016; Nalbandian and Takeda 2016), or indirectly 
through the intensification of muscle activation (Dankel et al. 
2017).

In this context, a recent work underscored the efficacy of 
a new training design (3/7 method) to promote strength gains 
(Laurent et al. 2016). The 3/7 method is characterized by an 
incremental number of repetitions (from 3 to 7 repetitions) 
during 5 successive sets, a load of ~ 70% of 1RM, and very 
brief rest interval between sets (15 s). When compared to a 
more “classical” method using constant repetitions per set 
and, similar load and training volume (4 × 6 method: 4 sets 
of 6 repetitions with 150-s rest interval between sets), the 3/7 
method showed a greater strength gain in bench press exercise 
after 12 weeks of training (Laurent et al. 2016). In addition 
to the very brief inter-set interval, the incremental number of 
repetitions in the successive sets should favour metabolites’ 
accumulation within the muscle at the completion of the 
exercise that may have induced a greater stimulus for mus-
cle hypertrophy than the 4 × 6 method. In agreement with this 
suggestion, a greater deficit in tissue oxygenation, recorded 
by near-infrared spectroscopy (NIRS), was observed in the 
biceps brachii (BB) and brachioradialis (BR) when lifting and 
lowering a load (70% of 1RM) with the elbow-flexor muscles 
for the 3/7 method compared with a more classical strength 
training method. This observation suggests that the brief rest 
duration between successive sets and perhaps the incremental 
number of repetitions during the successive series have sub-
stantial influence that likely explains the greater efficacy of the 
3/7 method (Laurent et al. 2016).

No attempt was made to analyse the neuromuscular 
adaptations associated with strength gain in the study by 
Laurent and colleagues (2016). Therefore, to improve our 
understanding of the mechanisms underlying the greater 
efficacy of the 3/7 method compared with the 4 × 6 
method, the present study compares the training-related 
gains in maximal strength, muscle mass and electromy-
ographic (EMG) activity in a single muscle group, the 
elbow flexors, after a 12-weeks training program with a 

load of ~ 70% of 1RM. To reach a substantial amount of 
repetitions (~ 50) per session, the 3/7 method was repeated 
two times with a 150 s rest in between and compared to a 
method consisting of 8 sets of 6 repetitions (8 × 6 method) 
with 150 s of rest between sets. As the 3/7 method pro-
motes greater metabolic changes (deoxygenation) than 
the 8 × 6 method (Penzer et al. 2016), we also assessed 
changes in neuromuscular fatigability after the two train-
ing programs. We hypothesized that the 3/7 method would 
induce greater strength gain and muscle hypertrophy, and 
improve muscle endurance to a greater extent than the 
8 × 6 method.

Methods

Subjects

A total of 43 healthy subjects aged between 18 and 32 years 
participated in this study. Subjects were not engaged in any 
strength training program for the last 6 months prior to their 
participation to the study and were instructed to maintain 
their habitual activity for the entire duration of the study. 
Individuals with orthopaedic problems of the upper limb 
were excluded from this study. During the first experimental 
sessions, subjects’ assignment to the training groups (3/7 
method, n = 16 or 8 × 6 method, n = 15) was performed so 
that age, initial strength, and number of women and men 
in each group was almost similar (Table 1). All these sub-
jects completed the 12-week training program. In addition, 
a group of 12 subjects (5 women and 7 men), who did not 
train, was used to test data reliability of the main parameters 
at several weeks’ interval. The evaluation of the intraclass 
correlation coefficient (ICC) and the coefficient of varia-
tion (CV) values revealed an excellent day-to-day reliability  
agreement (mean values > 0.94) for the main dependent 
variables assessed in these subjects (Table 2) whereas ICC 
values for the fatigue-related parameters (i.e., the number 
of repetitions) indicated a moderate reliability (mean value 
0.80).

Approval for the project was obtained from the local Eth-
ics Committee, and each subject signed an informed consent 
document prior to their enrolment in the study. All proce-
dures used in this study conformed to the Declaration of 
Helsinki.

Table 1  Subjects’ 
characteristics of the trained 
groups

Values are means ± SD

Method Women/men Age (years) Height (cm) Weight (kg) 1RM load (kg)

3/7 method 8/8 24.4 ± 2.2 172.6 ± 9.9 67.5 ± 13.1 25.6 ± 7.2
8 × 6 method 7/7 23.2 ± 2.7 172.2 ± 8.2 68.7 ± 11.7 25.8 ± 6.3
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Experimental apparatus

Subjects were seated in an adjustable chair with the right 
arm resting on a padded support in a horizontal position 
with the forearm supinated. A custom-made orthosis was 
placed around the wrist that was either connected to a force 
transducer or to an inertial load depending of the task to be 
performed (Baudry et al. 2013). The force transducer (lin-
ear range 0–1 KN, Maywood Instruments Ltd, Basingstoke, 
UK) was used to assess the isometric force exerted by the 
elbow flexors during maximal voluntary contraction (MVC) 
performed at an elbow angle of 90°. The inertial load used 
for the exercise was connected to the orthosis via a movable 
cable and pulley system at the same location as the force 
transducer. An inclinometer (precision 0.1°; ASM GmbH, 
München, Germany) fixed to the lateral side of the fore-
arm was used to continuously monitor the angular position 
of the forearm relative to the arm (placed horizontally) in 
the elbow flexion–extension direction. The signals from the 
force transducer (MVCs) and inclinometer (dynamic con-
tractions) were A/D sampled at 200 Hz (Power 1401, 16-bit 
resolution, Cambridge Electronic Design, Cambridge, UK).

Electromyogram

The EMG was recorded by means of self-adhesive Ag-AgCl 
electrodes of 8-mm in diameter and placed in a bipolar con-
figuration with an inter-electrode distance of 2 cm over the 
belly of the BB (long head) and BR. To reduce the imped-
ance at the skin–electrode interface, the skin was shaved 
when necessary and cleaned with a solution of alcohol, 
ether, and acetone. The reference electrodes were fastened 
over the ulna bone at the elbow level. The EMG signals were 
amplified (1000×) and bandpass filtered (10–1000 Hz) prior 
to being A/D sampled at 2 kHz (Power 1401, 16-bit resolu-
tion, Cambridge Electronic Design, UK). To position EMG 
electrodes at the same location in the different sessions, ana-
tomical landmarks were carefully determined during the first 
experimental session. The location of each electrode was 
determined with the elbow flexed at 90° and the forearm 
in supination. For the BR, the longitudinal distance of the 

electrodes location from the radial styloid process in direc-
tion of the lateral epicondyle and the lateral distance of its 
perpendicular projection to this line were measured. For the 
BB, the longitudinal distance of the electrodes location from 
the acromion and the lateral distance of its perpendicular 
projection to a line going from the lateral epicondyle to the 
acromion were determined.

NIRS

A tissue oximeter (NIRO-200, Hamamatsu Photonics, 
Japan) that used continuous wave light and a multi-distance 
approach was used to measure the average tissue  O2 satura-
tion based on spatially resolved spectroscopy (Ferrari et al. 
2004). NIRS measurements (sampling rate 5 Hz) were per-
formed from the BB with the emission and detection probes 
positioned 3 cm apart along the longitudinal axis of the arm 
at about mid-distance between the acromion and the lat-
eral epicondyle, close to the EMG electrodes. The probes 
were maintained by a rigid rubber shell, and firmly attached 
with double-sided adhesive tape. The same anatomical land-
marks than for BB EMG electrodes were used to place NIRS 
probes at the same location in the different sessions.

Ultrasonography

Muscle thickness of the BB long head was chosen as 
being representative of this muscle group and assessed 
from images obtained with a realtime B-mode echograph 
(DP-6900Vet, Shenzhen Mindray Bio-Medical Electron-
ics CO, Ltd., China) with a 6-cm width linear-array probe 
(7.5 MHz; 75L60EA). During these recordings, subjects 
were standing upright with the right arm slightly abducted 
(± 25°) and the forearm placed in supination. This posi-
tion was kept in place by a second experimenter allowing 
the subject’s arm to be completely relaxed. The location 
and length of the belly of the BB long head were first 
determined by means of palpation and ultrasound (trans-
versal and longitudinal) images, along a line between the 
acromion and its distal insertion. Thereafter, the probe 
was placed longitudinally on the muscle belly along the 

Table 2  Test–retest reliability 
for the main variables

Elbow flexors—aEMG corresponds to the average of the raw EMG values of BB and BR during MVC. For 
the fatiguing test, the number of repetitions of elbow flexion performed against a load of 70% of 1RM is 
reported. Values are mean values ± SD for 10 subjects

Test Retest ICC (95% CI) CV (%)

1RM load (kg) 23.9 ± 7.3 24.6 ± 7.1 0.98 (0.94–0.99) 2.9
MVC force (N) 305.3 ± 87.0 301.1 ± 79.1 0.98 (0.92–0.99) 4.2
Elbow flexors—aEMG (µV) 394.4 ± 132.5 379.1 ± 128.2 0.94 (0.77–0.98) 7.6
BB thickness (mm) 29.4 ± 4.9 29.8 ± 5.2 0.99 (0.95–1.00) 2.2
Fatiguing test (# of repetitions) 13.2 ± 3.5 14.0 ± 3.3 0.80 (0.33–0.94) 11.2



1096 European Journal of Applied Physiology (2019) 119:1093–1104

1 3

longitudinal axis of the muscle and ultrasound images 
were recorded at three adjacent locations (mid-belly and, 
proximal and distal to this position). These anatomical 
landmarks were noted to replace each probe at the same 
location before and after the training period. The probe 
was coated with a water-soluble transmission gel to pro-
vide acoustic contact. Particular care was taken to mini-
mize the pressure of the probe to the skin during image 
acquisition.

Electrical nerve stimulation

Electrical stimuli (rectangular pulses, 0.2-ms duration) were 
delivered to the brachial plexus at Erb’s point via a constant 
current stimulator (DS7AH, Digitimer, Hertfordshire, UK) 
to evoke a M wave in BB and BR. The cathode and the anode 
(silver disks, 8 mm in diameter) were located at the supracla-
vicular fossa and over the superior portion of the trapezius 
muscle, respectively. To ensure maximal muscle activation 
throughout the experimental session, stimulus intensity was 
set at 120% of the smallest intensity eliciting a maximal 
M-wave (Mmax) in both BB and BR. The Mmax was used 
to normalize the EMG signals recorded during voluntary 
contractions. Although this procedure has some limitations 
(see Keenan et al. 2005), it takes into account differences in 
recording conditions between subjects and from session to 
session for a given subject.

Fatiguing test

The test consisted of performing elbow flexions as many 
times as possible against an inertial load equivalent to 70% 
of 1RM at a fixed cadence of 25 repetitions per min. One 
repetition consisted of lifting and lowering the load over the 
entire range of motion (30°; from 105° to 75° of elbow flex-
ion). This range of motion was chosen because we observed 
in previous study (Baudry et al. 2013) that for greater angu-
lar displacement, the NIRS signal was altered due to move-
ment artifacts. The elbow angle signal was displayed online 
on a monitor in front of the subject with two horizontal cur-
sors indicating the lower and upper limits of the range of 
motion. To assess training-related changes in neuromuscu-
lar endurance, the fatiguing test was performed at the same 
relative load (70% of 1RM of the session). Furthermore, to 
assess the local endurance performance (number of repeti-
tions at the same absolute load), a second fatiguing test was 
performed during the post-training session using the same 
absolute load that was used in the pre-training session. A 
rest interval of 20 min was given between the two fatiguing 
tests, the relative-load fatiguing test being always performed 
before the absolute-load fatiguing test (Baudry et al. 2013).

Experimental procedures

Each subject participated in one familiarization session and 
two experimental sessions (one session before and one ses-
sion after the training program). The familiarization session 
was scheduled 3–4 days before the pre-training session and 
the post-training session was performed 3–4 days after the 
last training session to avoid residual fatigue. Each experi-
mental session began with the ultrasonography recordings. 
After the positioning of the EMG electrodes and the NIRS 
probes, subjects performed brief (~ 3 s) isometric MVCs 
with the elbow flexors. During the MVCs, subjects were 
verbally encouraged to produce their maximal force. At least 
two trials were performed, with subjects resting for 120 s 
between trials. When peak force of these two MVCs was 
within 5% of each other, the greatest value was taken as the 
maximum. Otherwise, additional trials were performed until 
the 5% criterion was achieved. All subjects met this criterion 
within a maximal of five trials. Then, the location and stimu-
lation intensity for Mmax were determined. The Mmax was 
recorded during a low-intensity contraction of 20% MVC.

Thereafter, the 1RM load was assessed (0.25-kg accu-
racy) by increasing the inertial load until the subject was 
unable to lift it over the entire range of motion (30°; from 
105° to 75° of elbow flexion). Between 4 and 8 trials were 
needed to determine the 1RM load. A minimum of 90 s was 
provided between trials. Then, the fatiguing tests with the 
relative (before and after training) and absolute load (only 
after training) were performed.

Training

Subjects trained the right elbow flexors (two subjects in 
each group were left-handed) two times per week dur-
ing 12-weeks, for a total of 24 sessions. Two successive 
training sessions were separated by a minimum interval 
of 48 h, each session being supervised by one investigator 
or specialized person. Every training session began by a 
warm-up consisting of two sets of 10 repetitions with a 
load corresponding to 50% of the training load. The train-
ing exercise was performed on a dual adjustable pulley 
equipment (Life  fitness®, Brunswick Corporation, Lake 
Forest, IL). The weight was suspended to a cable pass-
ing over the two pulleys and connected to a handle at the 
other extremity. Subjects were comfortably seated with 
the right arm resting on a padded support in a horizontal 
position and the forearm supinated. The training exercise 
required lifting and lowering the load (70% of 1RM) over 
the same range of motion and cadence as for the testing 
sessions. The 3/7 method sessions were composed of two 
bouts (150 s of rest between bouts) of five sets performed 
with an increment of one repetition per set, starting with 
three repetitions for the first set. A rest interval of 15 s was 
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given between successive sets. During the 8 × 6 method 
sessions, subjects performed 8 sets of 6 repetitions with a 
resting interval of 150 s between sets and a similar move-
ment cadence as the 3/7 method. For both methods, when 
subjects were unable to perform the prescribed numbers 
of movements, the supervisor provided the least amount 
of assistance necessary to enable the subject to complete 
the required number of repetitions. The initial load used 
at the beginning of the training period corresponded to the 
maximal load with which a subject was able to complete 
between 10 and 12 repetitions. This load was determined 
during the first session of training by gradually increasing 
the load. The training load was readjusted after the first 
five training sessions and thereafter during the training 
period when subjects were able to complete the training 
volume with the prescribed load during two consecutive 
sessions without any assistance. The load was increased by 
a minimum increment of 0.5 kg, corresponding to 2.5–5% 
of the previous training load. The subjects completed the 

12-weeks training program with a compliance to training 
sessions of 100%.

Data analysis

Muscle thickness of BB, defined as the distance from the 
superficial aponeurosis to the deep aponeurosis (Fig. 1), 
was measured at the proximal, mid, and distal portion of the 
muscle. For the three probe locations, the distance between 
deep and superficial aponeuroses was measured at the mid-
dle and the two extremities of each image. Muscle thick-
ness value used for analysis corresponded to the average of 
these nine locations. Data from two subjects (1 subject in 
each training group) were not used in the analysis due to a 
technical problem.

The peak force produced during each MVC was recorded 
and the greatest value was taken for subsequent analysis. The 
averaged value of the rectified EMG (aEMG) of the BB and 
BR was measured over a 1-s epoch around the peak force 
during each MVC. The aEMG of BB and BR was analyzed 
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separately and then averaged to represent the aEMG of the 
elbow-flexor muscles. The peak-to-peak amplitude of the 
Mmax was measured from the unrectified EMG signal. For 
the BB and BR, the aEMG measured during the MVC was 
normalized to the corresponding Mmax.

During the fatiguing test, the aEMG of these muscles was 
measured over the entire range of movement, with the onset 
and end of the elbow flexion–extension movements deter-
mined from the inclinometer signal. The aEMG (expressed 
relative to aEMG recorded during MVC) of the first and last 
repetitions was used for statistical analysis.

The NIRS measurement provides a tissue oxygenation 
index (TOI, expressed in %) that is assumed to represent 
a dynamic balance between oxygen supply and utilization 
(Ferrari et al. 2004). While previous studies suggested that 
TOI reflected the mean arteriolar, capillary, and venous 
hemoglobin  O2 saturation levels with a minor contribution 
from myoglobin (< 20%; Ferrari et al. 2004), more recent 
studies reported a predominant myoglobin contribution 
(> 50–70%) to the NIRS signal (Davis and Barstow 2013; 
Bendahan et al. 2017). TOI was measured at the end of each 
concentric phase (75° of elbow flexion) of the repetitions 
during the fatiguing test. The values of the first and last rep-
etitions were used for statistical comparison.

Statistics

Prior to the comparison of each dependent variable, the 
Gaussian distribution of the data was verified by the Kol-
mogorov–Smirnov test. Unpaired Student t tests were used 
to compare 1RM load, MVC force and muscle thickness 
between the two methods before training. Two-way ANO-
VAs (methods × training) were used to compare the effects 
of the two training methods on the 1RM load, training load, 
MVC force, muscle thickness, aEMG during MVC and Mmax, 
and the variables extracted from the fatiguing tests [number 
of repetitions, MVC (% pre-fatigue), aEMG during MVC (% 
pre-fatigue)]. In addition, the changes (%) for each variable 
were compared between methods by unpaired Student’s t 
tests. Three-way ANOVAs (method × training × repetition) 
with repeated measures design for training and repetition 
were used to analyse the influence of the training methods 
on aEMG, TOI measured during the relative-load fatiguing 
test. Tukey post-hoc test was used when significant interac-
tions were found to determine specific differences between 
mean values. Coefficients of determination extracted from 
Pearson product–moment correlations were calculated for 
the association between training-related changes in 1RM 
load or MVC force with muscle thickness, 1RM load with 
MVC force, 1RM load with number of repetitions during 
the absolute-load fatiguing test. The level of statistical sig-
nificance was set at p ≤ 0.05 for all comparisons. Values are 
expressed as mean ± SD in the text.

Results

Training load

The training load did not differ significantly between 
the two groups neither at the beginning (3/7 method 
11.4 ± 3.1 kg; 8 × 6 method 10.8 ± 2.3 kg; p = 0.98), nor at 
the end of the training program (3/7 method 14.0 ± 3.4 kg; 
8 × 6 method 14.3 ± 3.1 kg; p = 0.99). However, a greater 
increase (p < 0.01) in the training load was observed for 
the 8 × 6 method (32.4 ± 7.3%) compared with the 3/7 
method (23.6 ± 7.3%). A difference in the amount of 
increase (p < 0.001) in the training load between the two 
methods was observed after the first 5 sessions (6.4 ± 2.8%; 
p < 0.001) for the 8 × 6 method with no change (0.3 ± 1.1%; 
p = 0.34) for the 3/7 method. Thereafter, the training load 
increased linearly at a similar rate (p = 0.32) for the 8 × 6 
and 3/7 method (1.4 vs. 1.3%/session, respectively).

Strength‑related parameters

Before training, no statistical difference (0.34 > p > 0.98) 
was observed between the two training groups for all 
dependent variables (Table 3). The 1RM load was signifi-
cantly (p < 0.001) increased after the two training methods 
(Table 3). However, the increase was greater (p < 0.01) for 
the 3/7 method compared with 8 × 6 methods (22.2 ± 7.4 
vs. 12.1 ± 6.6%). The MVC force of the elbow flexors was 
also significantly (p < 0.001) increased after the two train-
ing methods (Table 3) with a trend (p = 0.07) toward a 
greater gain (15.7 ± 8.2 vs. 9.5 ± 9.5%) for the 3/7 method 
compared with the 8 × 6 method. The gain in 1RM load 
was positively associated  (r2 = 0.47; p < 0.001) with the 
increase in MVC force when data from the two methods 
were pooled together.

For the two training methods, both raw and normal-
ized (% Mmax) aEMG of the elbow-flexor muscles were 
increased after training (p < 0.05; Table 3). When each 
muscle was analyzed individually, the normalized aEMG 
increased after training but only significantly for BB, 
regardless of the method. It is worth noting that if the 
amplitude of the Mmax recorded in BB did not change after 
training, it increased (p < 0.05) in BR.

The thickness of the BB long head increased signifi-
cantly (p < 0.01) after training for the two methods with 
a greater gain (p < 0.01) for the 3/7 compared with the 
8 × 6 method (9.6 ± 3.6 vs. 5.5 ± 3.7%; Table  3). The 
gains in 1RM load and MVC force were associated with 
the increase in muscle thickness when data from the two 
methods were pooled together (r2 = 0.38; p < 0.001 and 
r2 = 0.32; p < 0.01, respectively; Fig. 2). In contrast, no 
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significant association was found between the increase in 
raw or normalized aEMG, and the gain in 1RM load or 
MVC force.

Fatigue‑related parameters

When the fatiguing test was performed at similar absolute 
load before and after training, the number of repetitions 
was greater (p < 0.001) after than before training for the two 
training methods (Table 4), with a greater increase (p < 0.05) 
for the 3/7 method compared with the 8 × 6 method 
(69.6 ± 46.9 vs. 31.4 ± 29.9%). This increase was positively 
associated with the gain in 1RM load when data from the 
two methods were pooled together (r2 = 0.41; p < 0.001).

When the same relative load (70% of 1RM of the test-
ing session) was used before and after training, the num-
ber of repetitions decreased after training, regardless of 
the method (p < 0.001; Table 4). This decrease was greater 
(p = 0.05) for the 3/7 (− 17.6 ± 9.9%) than the 8 × 6 method 
(− 7.3 ± 16.5%). Both before and after training, an increase 
(p < 0.001) in aEMG of the elbow flexors throughout the 
fatiguing test was observed when values for BB and BR 
were averaged. However, for both training methods the mag-
nitude of this increase was less after than before training 
(p < 0.05; Table 4). When each muscle was analyzed indi-
vidually, the normalized aEMG increased (p < 0.001) from 
the beginning to the end of the fatiguing test (Table 4). At 
task failure, the BR aEMG was less increased (p < 0.001) 
after than before training in the two methods (Table 4). No 
difference was observed for the BB aEMG after the training 
period (Table 4).

Table 3  Strength-related variables recorded before and after training for the two training methods

Elbow flexors—aEMG corresponds to the average of the raw EMG values of BB and BR during MVC and elbow flexors aEMG/Mmax corre-
sponds to the average EMG value of these two muscles normalized by Mmax

For each variable, changes after training are reported as % of before training values. *Denotes a training effect difference (p < 0.05) regardless of 
training methods. #Denotes a training effect difference depending on the method (p < 0.05). †Denotes significant difference (p < 0.05) in the mag-
nitude of changes between training methods. Values are mean ± SD

3/7 method 8 × 6 method

Before After Change (%) Before After Change (%)

1RM load (kg) 25.2 ± 7.3 30.4 ± 7.7* 22.2 ± 7.4† 25.8 ± 6.3 28.6 ± 6.3* 12.1 ± 6.6
MVC force (N) 345.3 ± 99.9 389.3 ± 94.5* 15.7 ± 8.2 313.9 ± 85.7 339.2 ± 79.0* 9.5 ± 9.5
Elbow flexors—aEMG (µV) 355.3 ± 161.5 427.5 ± 158.2* 23.8 ± 20.5† 351.6 ± 134.7 355.9 ± 125.4* 5.0 ± 21.7
BB—aEMG (µV) 352.4 ± 207.8 427.6 ± 188.5# 30.7 ± 35.4† 359.8 ± 182.3 333.9 ± 134.0 − 1.4 ± 21.5
BR—aEMG (µV) 358.3 ± 146.5 427.3 ± 182.1* 20.9 ± 26.5 343.4 ± 127.6 377.9 ± 141.3* 13.6 ± 26.5
BB—Mmax (mV) 4.7 ± 2.6 5.0 ± 2.3 14.6 ± 43.3 4.7 ± 2.6 4.2 ± 2.2 − 9.0 ± 18.8
BR—Mmax (mV) 4.4 ± 1.5 4.9 ± 2.0* 11.7 ± 23.7 5.0 ± 1.6 5.3 ± 2.1* 7.8 ± 22.7
Elbow flexors—aEMG/Mmax (%) 7.8 ± 1.1 8.8 ± 1.8* 14.5 ± 23.2 7.8 ± 2.4 8.2 ± 2.4* 8.1 ± 20.5
BB—aEMGmax/Mmax (%) 7.5 ± 1.4 8.9 ± 2.6* 21.5 ± 34.4 8.3 ± 2.9 8.8 ± 3.0* 11.2 ± 30.7
BR—aEMGmax/Mmax (%) 8.1 ± 1.5 8.7 ± 1.7 10.6 ± 24.0 7.3 ± 2.9 7.5 ± 2.7 7.0 ± 21.4
BB thickness (mm) 28.9 ± 7.0 31.6 ± 7.3* 9.6 ± 3.6† 28.7 ± 5.8 30.2 ± 6.1* 5.5 ± 3.7
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Fig. 2  Relation between changes in muscle thickness and 1RM load 
(top panel) or MVC force (bottom panel). Data from the two methods 
were pooled together
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Regardless of the training methods, TOI decreased 
(p < 0.001) from the beginning to the end of the fatiguing 
test in BB. The magnitude of change during the fatiguing test 
did not differ (p = 0.61) before and after training, regardless 
of the training group (Table 4).

Discussion

The main finding of the present study is that the 3/7 method 
is more effective for improving maximal strength and mus-
cle hypertrophy than the 8 × 6 method for a similar load 
intensity and training volume. Furthermore, neuromuscular 
fatigability tested at the same relative load was similarly 
increased after both training methods.

Maximal strength

In agreement with previous studies (Duchateau and Hainaut  
1988; Kawakami et al. 1995; Häkkinen et al. 1998; Abe et al. 
2000; Aagaard et al. 2001; Erskine et al. 2014; Laurent et al. 
2016), the 12-week training program increased maximal 
strength. As the strength-related data of the subjects that 

participated to the test–retest study displayed a high degree 
of reliability (> 0.94), we are confident that these adapta-
tions are truly due to the training program. As expected, 
a greater increase in 1RM load (22.2 vs. 12.1%; p < 0.01) 
and a tendency of a greater gain in MVC strength (15.7 vs. 
9.5%; p = 0.07) was observed for the 3/7 method compared 
with the 8 × 6 method. According to the principle of train-
ing specificity (Sale and MacDougall 1981; Duchateau and 
Baudry 2011), the greater gain in 1RM load compared with 
MVC force is not surprising as the training exercise was 
performed under dynamic contraction. Nonetheless, the gain 
in 1RM load was positively associated with the increase in 
MVC force when data from the two training groups were 
pooled. As a whole, the results of the present study confirm 
those of a field study using bench press exercise (Laurent 
et al. 2016) indicating that the 3/7 method is more effective 
to increase maximal strength than a more classical method 
(4 sets of 6 repetitions with 150 s rest interval between sets).

Neural adaptations

It is known for many years that a strength training program 
may induce neural adaptations that contribute to the increase 

Table 4  Fatigue-related 
variables recorded before and 
after training

The aEMG values (% of MVC before fatigue) for BB, BR and averaged value of both muscles; TOI for BB 
is reported for the first (1st) and last repetitions of each fatiguing test performed at the same relative load 
(70% of 1RM) before and after training for the two training methods
Changes between the 1st and last repetitions are expressed in %. #Denotes a fatigue effect differences 
(p < 0.05) between the first methods. *Denotes significant differences (p < 0.05) after training, regardless of 
the training methods. †Denotes greater change (p ≤ 0.05) in the number of repetitions after training between 
methods. Values are mean ± SD and the last repetition, regardless of the training

3/7 method 8 × 6 method

Before After Before After

Number of repetitions
 Absolute load (rep) 12.3 ± 1.5 20.6 ± 4.5*,† 11.6 ± 2.4 15.3 ± 4.2*
 Relative load (rep) 12.3 ± 1.5 10.0 ± 0.9*,† 11.6 ± 2.4 10.5 ± 1.7*

Elbow flexors—aEMG
 First (%) 65.7 ± 16.2 66.2 ± 13.6 69.1 ± 10.1 69.6 ± 11.9
 Last (%) 111.3 ± 27.2# 101.9 ± 22.8#,* 127.8 ± 23.4# 117.2 ± 28.6#,*
 Change (%) 72.7 ± 34.8 58.8 ± 48.5* 86.9 ± 30.3 68.0 ± 24.9*

BB—aEMG
 First (%) 64.5 ± 26.5 69.1 ± 20.0 72.1 ± 16.8 72.1 ± 15.0
 Last (%) 111.2 ± 52.1# 105.8 ± 33.5# 134.4 ± 43.0# 120.6 ± 39.7#

 Change (%) 74.0 ± 46.8 57.2 ± 50.3 86.4 ± 36.6 67.0 ± 37.9
BR—aEMG
 First (%) 67.0 ± 18.0 63.2 ± 11.4 66.2 ± 15.4 67.1 ± 12.8
 Last (%) 111.3 ± 26.5# 98.0 ± 19.7#,* 121.1 ± 20.0# 113.8 ± 24.0#,*
 Change (%) 70.6 ± 30.1 61.7 ± 55.3* 88.9 ± 38.6 70.8 ± 26.4*

TOI
 First (%) 77.3 ± 4.7 75.1 ± 5.9 75.3 ± 9.0 74.9 ± 7.7
 Last (%) 34.9 ± 22.2# 28.3 ± 19.5# 36.0 ± 22.6# 34.2 ± 24.8#

 Change (%) − 54.5 ± 29.6 − 62.8 ± 24.8 − 53.0 ± 30.2 − 56.9 ± 31.6
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in maximal strength (Moritani and deVries 1979; Ducha-
teau and Hainaut 1988; Aagaard et al. 2000; Duchateau 
et al. 2006; Stragier et al. 2016). To avoid the confounding 
effect of training-related changes on muscle fibre membrane 
and to assess more carefully the increase in muscle activ-
ity, voluntary EMG has been normalized to the Mmax. After 
using this procedure, our data indicate that the aEMG of the 
elbow flexors increased in the two training methods sug-
gesting an enhanced muscle activation by greater motor unit 
recruitment and/or discharge rate. Even if this procedure is 
not perfect (Keenan et al. 2005), a careful interpretation of 
the data suggests that neural adaptations have contributed 
to the increase in maximal strength following the two train-
ing methods. However, the absence of significant difference 
(p = 0.46) in the increase of the normalized aEMG between 
the two groups suggests that neural adaptations should not 
be responsible of the superiority of the 3/7 method.

Muscular adaptation

In response to long-term strength training, muscle hypertro-
phy is classically reported (Aagaard et al. 2001; Kawakami 
et al. 1995; Blazevich et al. 2003; Bellamy et al. 2014; 
Erskine et al. 2014; Damas et al. 2016). An increase in pro-
tein synthesis in response to strength training has long been 
considered to require the use of load greater than 60% of 
1RM (i.e., mechanical stress; Vierck et al. 2000; Kraemer 
et al. 2002; Kraemer and Ratamess 2004). In the present 
study, muscle thickness of the BB long head, used as an 
index of muscle hypertrophy, increased significantly in 
both groups after 12-weeks of strength training, but to a 
greater extent for the 3/7 method than the 8 × 6 method (9.6 
vs. 5.5%; p < 0.01). These results are in agreement with the 
hypothesis that brief rest interval between sets might provide 
a superior stimulus for muscle hypertrophy than longer rest 
period (Kraemer et al. 1990; Goto et al. 2004; Bottaro et al. 
2009; de Salles et al. 2009; Henselmans and Schoenfeld 
2014).

More recently, several papers have shown that small loads 
(20–40% of 1RM), mobilized under blood flow restriction, 
may also induce an increase in muscle mass and maximal 
strength (Takarada et al. 2002; Wernbom et al. 2008; Manini 
and Clark 2009; Dankel et al. 2017). Similarly to training 
under blood flow restriction, the very brief rest period (15 s) 
between sets in the 3/7 method, likely induced a greater 
cumulative fatigue-related metabolites (lactate,  H+, Pi, etc.) 
in the involved muscles by limiting their removal compared 
with longer rest period. Furthermore, the incremental organi-
sation of the repetitions within each set may have also played 
a role by inducing a greater level of metabolite accumulation 
at the end of the 5th and 10th set of the 3/7 method (Penzer 
et al. 2016). Even if a more intense muscle activation dur-
ing the 3/7 method than the 8 × 6 method can be expected, 

especially during the first 5 sessions, our results support 
metabolic stress as an additive factor of the greater hyper-
trophy after the 3/7 method. This argument is reinforced by 
the greater deficit in tissue oxygenation recorded by NIRS 
during the 3/7 method (Penzer et al. 2016) and data from 
other studies reporting that the metabolic stress induced dur-
ing the training exercise or the entire session can initiate ana-
bolic signalling for muscle hypertrophy (Rooney et al. 1994; 
Schott et al. 1995; Goto et al. 2005; Nalbandian and Takeda 
2016; Ozaki et al. 2016; de Freitas et al. 2017). Nevertheless, 
future investigations need to demonstrate whether metabo-
lites produced during strength training have either a direct 
effect on the mechanisms associated with muscle hyper-
trophy or an indirect action through the intensification of 
muscle activation (Dankel et al. 2017). Although our study 
was not designed to elucidate the molecular mechanisms 
responsible for the greater increase in muscle mass with the 
3/7 method, the current results demonstrate its greater effi-
cacy to increase muscle hypertrophy and maximal strength 
than the 8 × 6 method.

Fatigue‑related changes

When the same absolute load was used during the fatigu-
ing test before and after training, subjects performed more 
repetitions in the latter condition. As the maximal strength 
increased after training, the load used during the fatiguing 
test represented a lesser percentage of the 1RM load after 
than before training. According to the load-repetition rela-
tion, the lesser is the load, the greater is the number of rep-
etitions performed by the subject (Shimano et al. 2006). As 
the maximal strength increased to a greater extent after the 
3/7 method, it is therefore not surprising that the subjects 
trained with this method were able to perform more rep-
etitions after the training program than those of the 8 × 6 
method.

To assess changes in neuromuscular fatigability, it is 
nevertheless necessary to use the same relative load before 
and after training to take into account the training-related 
change in muscle strength. In our study, when comparing 
the number of repetitions for the same relative load (70% 
of the actual 1RM load), it decreased significantly after 
training regardless of the method. Furthermore, through-
out the fatiguing test, the aEMG of two main elbow-flexor 
muscles (BB and BR) increased before and after training 
for both methods. The increase in aEMG likely represents 
an enhanced voluntary activation of the muscles associated 
with the recruitment of additional motor units and increase 
in discharge rate of the newly recruited motor units to over-
come fatigue that progressively develops with repetitions 
(Carpentier et al. 2001).

Although consistent with the greater neuromuscular 
fatigability observed after the two training programs, the 
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smaller augmentation in aEMG after training, which reflects 
a lesser muscle activation at the end of the fatiguing test, 
is surprising. A first explanation may be related to the fact 
that, in addition to possible alterations in neuromuscular 
propagation and adjustments in the central nervous system, 
surface EMG is also influenced by the loss of signal due to 
amplitude cancellation that occurs when overlapping posi-
tive and negative phases of muscle action potentials are sum-
mated (Keenan et al. 2005). As the amount of cancellation 
increases during fatiguing contractions, due to the slowing 
of the action potential of the individual motor units, this 
might explain the lowest increase in elbow flexors aEMG 
after than before training for the two methods. However, 
the similar overall reduction in the increase of both BB and 
BR aEMG at the end of the fatiguing test after both training 
methods, while the number of repetitions was reduced to 
a greater extent for the 3/7 method than the 8 × 6 method, 
cannot explain these results.

Another potential reason for the greater neuromuscular 
fatigability after training may be due to an enhanced intra-
muscular pressure due to the increase in muscle mass that 
should reduce blood flow in the elbow-flexor muscles (Ved-
sted et al. 2006; Hunter 2014). Indeed, the greater reduction 
in muscle oxygenation, as attested by the reduction in TOI 
(Table 4), and the progressive accumulation of metabolites 
may have interfered with the contractile function (Russ and 
Kent-Braun 2003) and limited muscle activation through the 
inhibitory action of metaboreceptors (Kaufman and Forster 
1996; Taylor et al. 2016). These greater metabolic altera-
tions likely induced an early cessation of the task, explain-
ing the lower number of repetitions after than before train-
ing. However, if this hypothesis might explain the slightly 
greater increase in neuromuscular fatigability after training 
with the 3/7 method compared with the 8 × 6 method, as 
muscle thickness and strength augmented to a greater extent 
after the 3/7 method, in contrast no difference in aEMG and 
TOI changes was observed. A lack of sensitivity of these 
techniques to measure accurately motor unit activation and 
subtle intramuscular changes is not excluded and further 
studies are thus needed to document these observations. 
Regardless of the underlying mechanisms, this increase in 
fatigability after the training program indicates that despite 
the enhanced maximal strength, it is at the expense of neuro-
muscular endurance, as already reported for the quadriceps 
by Izquierdo and colleagues (2011).

Study limitations

Two limitations must be acknowledged. First, we chose 
the BB long head as the representative muscle of the 
overall hypertrophy of the elbow flexors in response to 
the strength training programs. This muscle is only one 
part of the four major components of the elbow flexors 

(short and long heads of BB, BR and brachialis), with the 
brachialis contributing for almost the same force as the 
entire BB (Edgerton et al. 1986; Kawakami et al. 1994). 
In that context, it has been reported that the magnitude of 
the activation of each elbow flexor muscles can differ in 
function of the characteristics of the movement (i.e., load, 
speed, contraction type, muscle length, etc.; see Brown 
et al. 1993; Kulig et al. 2001). However, despite potential 
specific training-related adaptations, a similar hypertrophy 
has been reported for BB, BR and brachialis following 
12 weeks of strength training against a load of ~ 70% of 
1RM (Erskine et al. 2014). Therefore and as the general 
movement pattern was similar in our two training meth-
ods, we assume that the observed difference in muscle 
hypertrophy in the BB long head was representative of the 
whole elbow flexors.

Second, it can be argued that the superiority of the 3/7 
method over the 8 × 6 method may be simply due because, 
in the latter, the load was not optimal and sets were not 
performed until failure. However, this was also the case 
in the first sets of each bout of the 3/7 method and, it is 
worth noting, that some of our subjects were unable to 
complete the total workload of the 8 × 6 method during 
the first few training sessions without a small help of the 
supervisor in the last few sets. Furthermore, the greater 
increase in load after the first 5 training sessions for the 
8 × 6 method likely minimized differences in workload 
between the two methods in the last 19 sessions. These 
arguments and the absence of clear evidence that muscular 
failure during strength training is absolutely necessary for 
maximizing hypertrophy and increase in muscle strength 
in untrained individuals (Nobrega and Libardi 2016; de 
Salles et al. 2009), we believe the superiority of the 3/7 
method should not simply be due to a suboptimal loading 
during the 8 × 6 method.

Conclusion

The results of the present study extend the superiority of the 
3/7 methods over the 8 × 6 method for a similar training vol-
ume (Laurent et al. 2016). As neural adaptation was similar 
after the two strength training methods, the greater efficacy 
of the 3/7 method was mainly due to changes located at 
muscular level. It is therefore suggested that the 3/7 method 
offers a more effective combination of mechanical and meta-
bolic stimuli to induce muscular adaptations. However, the 
neuromuscular fatigability, assessed at the same relative 
load, was increased after both training methods and con-
trary to our expectation, without any superiority of the 3/7 
method over the 8 × 6 method in the improvement of local 
muscle endurance.
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