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Abstract: This study investigated the effect of a 12-week modified German Volume Training
intervention, or the 10 sets method, on muscle strength and hypertrophy. Twelve healthy males
were randomly assigned to either a 5-SET or 10-SET group and performed 5 or 10 sets, respectively,
of 10 repetitions at 60-80% one-repetition maximum (1RM). Muscle strength and body composition
measures were taken at baseline, six weeks, and after 12 weeks of training. No significant changes
in total, trunk, and arm lean mass were found within and between groups at any time point. There
was no significant difference between groups for lean leg mass. However, a decrease in lean leg
mass was observed within the 10-SET group between six and 12 weeks (p = 0.02). An increase in
1RM bench press was found within the 5-SET group at week 6 (p = 0.001) and 12 (p = 0.001) when
compared to baseline, while no increases in 1RM leg press were observed at any time point within
any group. No significant differences were found for 1RM bench press and leg press between groups.
For 1RM bench press moderate effect sizes (ES) favored 5-SET and for 1RM leg press small ESs
favored 10-SET. Findings suggest performing >5 sets per exercise does not promote greater gains
in muscle strength and hypertrophy. Future research should aim to substantiate these preliminary
findings in a larger cohort.
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1. Introduction

Resistance training is a physical activity that is commonly used to develop muscle strength
and stimulate muscle hypertrophy. Maximizing these training adaptations involves the appropriate
manipulation of resistance training variables [1]. Arguably, one of the most critical variables influencing
the effectiveness of resistance training on muscle strength and hypertrophy is volume [2]. Resistance
training volume is defined as the total number of repetitions (repetitions x sets) together with the loads
used for a given exercise. However, previous studies examining the effect of resistance training volume
on muscle adaptations have done so via controlling for factors that influence intensity (i.e., repetitions
and load) and only manipulating the sets performed [3-7]. Based on current resistance training
guidelines for muscle strength and hypertrophy, it is recommended that untrained individuals perform
a lower number of sets per exercise compared to advanced trainers (1-3 sets compared 3-6 sets,
respectively) [8]. These guidelines suggest that as training experience increases, muscle strength and
hypertrophy gains are optimized with an increased volume of up to six sets per exercise.

Three systematic reviews and meta-analyses have provided some interesting insights into the
effects of set number on muscle strength and hypertrophy [2,9,10]. Krieger [9,10] found that 40%
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greater muscle strength and hypertrophy gains can be achieved with 2-3 sets compared to a single set
per exercise. Furthermore, Krieger [9,10] showed a dose-response relationship with greater muscle
strength and hypertrophy gains with an increased number of sets, up to approximately 4-6 sets, where
no further gains were observed. These findings support the recommended set range for advance
trainers from the resistance training guidelines [8]. Also, Schoenfeld et al. [2] analyzed the impact
of the total number of weekly sets per muscle group which was suggested to be a more relevant
marker of training volume. The results of this review and meta-analysis indicated a dose-response
relationship between weekly resistance training volume and muscle mass, and it was concluded that
at least 10 weekly sets per muscle group is necessary to maximize muscle mass.

It is well known that mechanical loading stimulates protein synthesis in skeletal muscle and
lifting heavier loads will increase this response until a plateau occurs [11]. However, despite evidence
for a plateau of muscle strength and hypertrophy gains beyond 46 sets [9,10], the upper threshold
for number of sets still remains unclear. It has been suggested that a large resistance training volume
(i.e., greater set number) will induce extensive metabolic stress and mechanical tension that leads
to greater substrate depletion, metabolite accumulation and muscle damage [12]. With adequate
post-training recovery, these factors will promote anabolic responses that lead to enhancing muscle
mass [13] and possibly strength [14,15]. However, resistance training with volumes too far beyond an
“upper threshold” will likely be counterproductive for strength-related tasks in general and may mute
or debilitate the hypertrophic response [16].

German Volume Training (GVT) is a practice that has been used by national weightlifting coaches
to increase muscle mass of their athletes in the off-season [17]. A typical GVT session involves
performing 10 sets of 10 repetitions (i.e., 100 repetitions) for two compound resistance exercises at
loads of ~60% 1RM or 20RM [18]. Together with this high training volume, the recovery between sets
is relatively short (~60-90 s) to induce greater metabolic stress (e.g., buildup of metabolites such as
lactate). We recently examined the effectiveness of a modified version of the GVT program (10 sets
method) compared to the upper end of the set range commonly used by resistance trainers (five sets)
over a duration of six weeks. Briefly, the modification to the traditional GVT program included
the performing of assistive exercises following completion of two exercises performed for 10 sets.
Also, squats and deadlifts are traditionally used in GVT but were changed to leg press and lunges.
The results from the previous study showed that no additional gains in muscle hypertrophy can be
achieved when following a modified version of the GVT program compared to training with five sets
over a duration of six weeks [19].

Another interesting finding from our previous study was greater increases in upper body strength
for five sets compared to 10 sets, which is different to the few studies that have investigated the effects
of a similar number of sets on muscle strength. Drinkwater et al. [20] found no differences in bench
press one-repetition maximum (1RM) following a six-week bench press training program comparing
eight sets versus 12 sets. Likewise, Marshall et al. [6] found no differences in squat 1RM when
comparing four sets to eight sets following a six-week squat training program, although a significant
increase in squat 1IRM was observed for eight sets compared to one set. However, due to the relatively
short duration of our previous study (i.e., six weeks) [19] as well as the other studies noted above,
it is unknown whether this may have affected the results. For instance, Stark et al. [21] concluded
that a resistance training protocol tailored for muscle strength and hypertrophy should be at least
10-12 weeks duration involving 3-5 sessions per week. Therefore, the effectiveness of a modified GVT
program (i.e., 10 sets method) on muscle strength and hypertrophy when performed over a longer
period of time is unknown.

The aim of this study was to investigate the effects of a 12-week training program involving
five sets (5-SET) versus 10 sets (10-SET) of resistance exercises on muscle strength and hypertrophy.
Only the sets performed for the first two exercises in each training session were manipulated, while
the sets performed for all other exercises for the two groups were the same. Additionally, both
groups were prescribed the same initial loads for each exercise in an effort to isolate the effect of
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an increased number of sets on the outcome measures. It was hypothesized that greater muscle
hypertrophy would be observed for 10-SET compared to 5-SET following 12 weeks training. It was
also hypothesized there would be no differences in muscle strength between groups following the
resistance training intervention.

2. Methods

2.1. Participants

Twelve healthy males were randomly assigned to either a 5-SET group (1 = 6; age = 23.7 £ 3.0 years;
body mass = 76.0 + 16.4 kg; height = 180.7 & 6.0 cm) or 10-SET group (n = 6; age = 23.6 £ 2.9 years;
body mass = 83.3 & 7.1 kg; height = 176.4 4= 13.0 cm). Participants had a minimum of one year of
resistance training experience at the recreational level and had been performing at least three resistance
training sessions per week consistently over the previous three months. All participants reported not
having used anabolic steroids or any other legal or illegal agents known to increase muscle size during
the previous year. Written informed consent was obtained from all participants before commencing
the study. Participants were asked to refrain from any resistance training away from the supervised
sessions. The study was approved by the University of Sydney Human Research Ethics Committee.

2.2. Experimental Design

This study was carried out over a period of 12 weeks to determine the effects of performing five
sets versus 10 sets of compound resistance exercises on muscular hypertrophy and strength. Outcomes
were measured at baseline, six weeks, and 12 weeks. Training was performed three times per week,
with all sessions supervised by fourth-year university-trained students from the Discipline of Exercise
and Sport Science. Whey protein was consumed within 30 min post-exercise to aid in potentiation of
muscle protein synthesis following training sessions.

2.3. Resistance Training

The training program consisted of a “split-routine” that involved performing different exercises
targeting specific muscle groups during the three training sessions per week. The chest and upper back
were trained in session 1, the legs in session 2, while the shoulders and arms were trained in session 3.
During each training session, the 5-SET and 10-SET groups performed the same exercises (Table 1).
The only difference between the intervention groups was the number of sets performed for the first
two compound exercises during each training session (e.g., five versus 10 sets for the bench press).
Exercises (with the exception of abdominal exercises and calf raisers) were performed for 10 repetitions
at loads of 60-80% 1RM with 60-90 s recovery between sets. If 10 repetitions could not be performed
during an exercise with a given load the participants were instructed to perform as many repetitions
possible. Therefore, the loads lifted for exercises during sessions were not reduced if participants could
not complete 10 repetitions. On the last set for all exercises participants were instructed to perform
repetitions to the point of momentary failure (i.e., no longer able to produce adequate force to lift the
load and complete the repetition). During all sets, repetitions were performed in a controlled manner
(~1 s concentric contraction and ~2 s eccentric contraction). When participants were able to complete
>10 repetitions on the final set and 10 repetitions for the previous sets of an exercise (with correct
technique), the training load was increased by approximately 5-10%. The increase in training loads
were influenced by the exercise, with generally greater increases in load for exercises involving larger
compared to smaller muscle groups.
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Table 1. Details of the resistance training intervention for the 5-SET and 10-SET groups.

Session 1 Session 2 Session 3
Exercise Load Sets x Exercise Load Sets x Exercise Load Sets x
(IRM) Repetitions (1IRM) Repetitions (IRM) Repetitions
FlatBench Press®  60%  100r5x 10 LegPress®  80%  10o0r5 x 10 nge“slsdfr 60%  100r5 x 10
Lat-Pulldown 2 60%  10o0r5x10 Dumbbell 70%  10or5x10 oprisht 60%  100r5 x 10
Lunges Row
Incline Bench 70% 4%10 Leg 70% 4x10 Tricep 70% 4%10
Press Extensions Pushdowns
10, 0, Blcep 0,
Seated Row 70% 4 x10 Leg Curls 70% 4x10 Curls 70% 4x10
Calf Sit-ups
Crunches ~RM P 3 %20 : ~RM P 3 %20 with ~RM P 3 %20
Raisers

twist

210 and 5 sets respectively for these exercises (10-SET, 5-SET). 1RM = one-repetition maximum; ~RM b — close to
repetition maximum.

2.4. Body Composition

A whole-body dual energy x-ray absorptiometry scanner (Lunar Prodigy, GE Medical System:s,
Madison, WI, USA) was used to measure body composition. Scans were performed under standardized
conditions (early morning, overnight fasted, and standardized body positioning on the scanning bed)
by two licensed co-investigators (Yorgi Mavros and Guy C. Wilson). Inter-rater reliability based on
scans at baseline was excellent for lean body and fat mass (intraclass correlation coefficient: 0.98-0.99
and coefficient of variation: 1.1-2.4%, respectively). Total and regional lean tissue and fat mass were
determined using the system’s software package enCORE 2011 (version 13.60.033, GE Healthcare
Lunar, Madison, WI, USA).

2.5. Maximal Strength

The one-repetition maximum (1RM) test was used to assess maximal strength for the flat barbell
bench press and horizontal leg press. Participants refrained from any exercise other than activities
of daily living for at least 48 h prior to 1RM testing. Prior to assessing the 1RM, a specific warm-up
was performed involving a set of five repetitions at ~50% of perceived 1RM followed by 1-2 sets of
2-3 repetitions at a load corresponding to ~60-80% 1RM. The 1RM protocol involved performing
trials of a single repetition of increasing load (~5-10% increments) with 3-5 min rest between attempts.
This cycle was continued until the participant was unable to complete a lift, with the 1RM being
the heaviest load that was successfully lifted. A successful bench press attempt was achieved if the
barbell was lowered close to the chest, followed by lifting the bar until the elbows were almost straight.
Additionally, for a successful 1RM bench press, participants needed to display minimal back arching
and swaying. For the leg press, participants commenced with their knees flexed to approximately 90°.
A successful 1RM leg press attempt was achieved through extension of the hips and knees until almost
straight and then returning to the starting position. The test-retest intraclass correlation coefficient
from our laboratory for 1IRM bench press and leg press were >0.90.

2.6. Diet

Throughout the study, participants were encouraged to increase their caloric intake. To acquire the
extra amount of calories, participants were advised to eat slightly larger portions during each meal of
their usual diet and avoid taking any supplements other than that provided in the course of the study.
To maximize the potential for muscle strength and lean mass gains as a result of training, participants
consumed a protein supplement within 30 min post-exercise, as is usually practiced by experienced
resistance trainers. The supplied supplement (Venom whey protein concentrate; The Ausray Group,
Queensland, Australia) contained 30.8 g protein, 0.2 g fat, and 0.9 g carbohydrate.
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2.7. Statistical Analyses

All analyses were performed using SPSS version 22.0 for Windows (IBM Corp., Armonk, NY,
USA). An independent t-test was used to compare baseline characteristics (body composition and
muscular strength) and the training variables (% 1RM and volume load) of 5-SET and 10-SET groups
over the 12 weeks. A 2 x 3 (group x time) analysis of variance was used to examine differences
between training protocols (5-SET versus 10-SET) on body mass, body mass index (BMI), body fat
(%), lean mass (total body, trunk, arm, and leg), and strength (1RM bench press and leg press). Tukey
post hoc tests were used when significant analysis of variance results were found. Data are presented
as means £ standard deviation (SD). The level of significance was set at p < 0.05 and trends were
declared at p = 0.05 to <0.10. Furthermore, 95% confidence intervals (CI) were calculated in addition to
effect size (ES) using Cohen’s d [22] for each outcome to determine the magnitude of differences found
within and between each training condition. The ES were calculated from the difference between mean
post-test scores and dividing by pooled SD.

An ES of 0.20 or less was considered a trivial effect, 0.21 to 0.59 a small effect, 0.60 to 1.19 a
moderate effect, 1.20 to 1.99 a large effect, 2.0 to 3.9 a very large effect, and >4.0 a nearly perfect
effect [23]. Due to the relatively small number of participants recruited for the present study (n = 12),
when there were ESs > 0.20 between groups that were not statistically significant (p > 0.05), the total
sample size required to reach statistical significance (power of 95%) was determined using G*power
3.1.5 [24].

3. Results

Overall attendance was good, with a mean participation rate of 93%, and there were no adverse
events as a result of the exercise intervention. There were no significant differences between groups at
baseline for muscle strength (IRM bench press and leg press) and body composition (body mass, BMI,
body fat (%), total body lean mass, lean trunk mass, lean arm mass, and leg lean mass). The average
total volume load (load X repetitions) per session was significantly greater for the 10-SET compared to
the 5-SET group (p = 0.001). The relative training intensity (% 1RM) increased over the 12 weeks for the
bench press (p = 0.008) and leg press (p = 0.001) but was not significantly different between groups at six
or 12 weeks. The bench press volume load for the 10-SET and 5-SET groups was 4879.40 + 772.7 kg and
2407.0 + 483.3 kg, respectively (p = 0.001). For the leg press, the volume load was 24,490.80 + 4180.0 kg
and 13,498.00 £ 2712.2 kg for the 10-SET and 5-SET groups, respectively (p = 0.001).

3.1. Body Composition

For participants in the 5-SET group body mass and BMI increased at six weeks (p = 0.001 and
p = 0.001 respectively) and 12 weeks (p = 0.001 and p = 0.001 respectively) when compared to their
baseline values. There were no significant differences between groups for body mass and BMI at any
time point (Table 2). There was a trend for an increase in body fat (%) for the 5-SET group at 12 weeks
(p = 0.08), although no between-group differences were identified. No significant differences within or
between groups were found for lean mass of total body, trunk, and arm at six or 12 weeks. Lean leg
mass was found to significantly decrease from six to 12 weeks for the 10-SET group (p = 0.02), and no
other differences were found at any other time point within or between groups.

Table 3 shows the ES with 95% CI within and between groups for the body composition outcomes.
The ES for changes in body mass, body fat (%), total lean body mass, lean trunk mass, and lean arm
mass within and between groups were trivial to small (ES = —0.02 to 0.31). A small ES was found for
lean leg mass at six weeks for the 10-SET group (ES = 0.51), while a negative trivial ES was found for
the 10-SET group at 12 weeks (ES = —0.19). Trivial to small ES were found for lean leg mass at six and
12 weeks for the 5-SET group (ES = 0.04 and 0.05) and between groups (ES = —0.30 and 0.18).
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Table 2. Body composition at baseline, 6 and 12 weeks of training.

5-SET 10-SET
Body mass (kg)
Baseline 76.0 £ 16.4 833£71
6 wks 792+17.81 84.8 +8.4
12 wks 80.0 £ 184 83.9 + 8.4
Body mass index (kg/m?)
Baseline 242 + 6.5 25.6 £29
6 wks 2524671 26.1+£32
12 wks 254+677 258 +34
Body fat (%)
Baseline 182 +5.8 21.3+£95
6 wks 192 +59 21.1£8.6
12 wks 195+62% 20.5+9.0
Lean body mass (kg)

Baseline 589 £9.6 62.5+5.7

6 wks 60.6 £ 10.1 63.8£5.9

12 wks 60.9 £10.0 63.5+54

Lean trunk mass (kg)

Baseline 26.7 £3.9 29.1£3.0

6 wks 277 £44 28.8£3.5

12 wks 28.0£45 29.6 £3.2

Lean arm mass (kg)

Baseline 79+18 9.1+04

6 wks 85+21 9.2+ 0.6

12 wks 85+19 92+0.8

Lean leg mass (kg)

Baseline 20.3 £ 3.8 207 £1.9

6 wks 204 £35 21.7 £2.0
12 wks 205+ 3.6 204 +1.6%

Data are mean + SD. T Significantly different from baseline (p = 0.001). * Significantly different from week 6
(p =0.02). ¥ Trend for significant difference compared to baseline (p = 0.08).

6 0of 12
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Table 3. Effect sizes for body composition and muscle strength outcomes.

5-SET 10-SET Between Groups
Effect Size 95% CI Effect Size 95% CI Effect Size 95% CI Sample Size Required (p < 0.05)
Body mass (kg)
6 wks 0.19 —0.62 to 1.00 0.19 —0.62 to 1.00 0.13 —1.00 to 1.26 -
12 wks 0.23 —0.58 to 1.04 0.08 —0.73t0 0.88 0.24 —0.90 to 1.38 104
Body mass index (kg/m?)
6 wks 0.16 —0.65 to 0.97 0.15 —0.66 to 0.95 0.11 —1.02t0 1.25 -
12 wks 0.19 —0.62 to 1.00 0.06 —0.74 t0 0.86 0.20 —0.94 t0 1.33 -
Body fat (%)
6 wks 0.19 —0.62 to 1.00 —0.02 —0.82t0 0.78 0.17 —0.96 to 1.31 -
12 wks 0.23 —0.58 to 1.04 —0.08 —0.88 to 0.72 0.28 —0.86 to 1.41 78
Lean body mass (kg)
6 wks 0.17 —0.63 t0 0.98 0.23 —0.58 to 1.04 —0.05 —1.08to0 1.18 -
12 wks 0.21 —0.60 to 1.01 0.19 —0.62 to 1.00 0.12 —1.01t0 1.25 -
Lean trunk mass (kg)
6 wks 0.25 —0.57 to 1.06 —0.08 —0.88 t0 0.73 0.32 —0.82to 1.46 60
12 wks 0.31 —0.51to 1.12 0.18 —0.63 to 0.99 0.19 —0.95to 1.32 -
Lean arm mass (kg)
6 wks 0.30 —0.51to 1.12 0.27 —0.55 to 1.08 0.29 —0.85t0 1.43 72
12 wks 0.31 —0.51to01.12 0.22 —0.59 to 1.03 0.29 —0.84t01.43 72
Lean leg mass (kg)
6 wks 0.04 —0.77 t0 0.84 0.51 —0.34to 1.36 —-0.30 —0.84t0 1.43 68
12 wks 0.05 —0.76 t0 0.85 —0.19 —1.00 to 0.62 0.18 —0.96 to 1.31 -
1RM bench press (kg)
6 wks 0.84 —0.09 to 1.77 0.37 —0.46 to 0.87 0.65 —0.52t0 1.81 18
12 wks 1.05 0.05 to 2.04 0.41 —0.42to01.24 0.63 —0.53 to 1.79 18
1RM leg press (kg)
6 wks 0.52 —0.34 to 1.37 0.56 —0.30 to 1.42 —0.24 —0.84t01.43 104

12 wks 1.00 0.02 to 1.98 1.05 0.05 to 2.05 —0.43 —0.71to 1.58 36
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3.2. Muscle Strength

Figure 1 shows the absolute mean changes for the 1RM bench press and leg press. Bench press
1RM increased for only the 5-SET group at week 6 (p = 0.001) and 12 (p = 0.001) when compared to
baseline values, while there were no significant increases in leg press 1RM at six and 12 weeks for any
group. Also, there were no differences between the 5-SET and 10-SET groups in bench press and leg
press at six and 12 weeks.

>

110
105 4
100 - ®

One-repetition maximum (kg)

—o—5-SET --O- 10-SET
60 T T 1
Baseline WK 6 WK 12

390 1~

370 A

350 1

330

310 +

290

270 -

One-repetition maximum (kg)

—o—5-SET --O- 10-SET
250 T ]

Baseline WK 6 WK 12

Figure 1. Upper and lower body muscle strength at baseline, six, and 12 weeks of training.
One-repetition maximum at baseline, six weeks, and 12 weeks for the bench press (A) and leg press (B).
Data are mean + SD. * Significantly different to baseline for 5-SET group.

As presented in Table 3, the 5-SET group showed moderate ESs for 1RM bench press at six and
12 weeks (ES = 0.84 and 1.05 respectively) when compared to baseline, whereas there were small ESs
found at these time points for the 10-SET group (ES = 0.37 and 0.41 respectively) when compared
to baseline. For the 1RM bench press, there were moderate ESs favoring 5-SET compared to 10-SET
group at weeks 6 and 12 (ES = 0.65 and 0.63 respectively). Based on the ESs at six and 12 weeks, it
was determined that a sample size of n = 18 would be required for the differences in 1RM bench press
between groups to reach statistical significance. Small ESs for 1RM leg press were found for the 5-SET
and 10-SET groups at six weeks (ES = 0.52 and 0.56 respectively) when compared to baseline, with
a small ES found between groups favoring the 10-SET group (ES = —0.24). At 12 weeks, moderate
ESs were found for the 5-SET and 10-SET groups (ES = 1.00 and 1.05, respectively), with a small ES
found between groups favoring the 10-SET group (ES = —0.43). From this ES observed at 12 weeks, it
was determined that a sample size of n = 36 would be required for the differences in 1RM leg press
between groups to reach statistical significance.
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4. Discussion

This study investigated the effect of a 12-week modified GVT program (10 sets method) compared
to training performed with sets on the upper end of the range commonly used by resistance trainers
(5 sets) on muscle strength and hypertrophy. Results showed there were no greater increases in
muscular hypertrophy for the 10-SET compared to 5-SET group which does not support our original
hypothesis. However, there was an unusual decrease in lean leg mass for the 10-SET group between
weeks 6 and 12. In agreement with our other hypothesis, there was no difference in muscle strength
between groups at the mid-point and following the intervention. Notably, for 1RM bench press
moderate effect sizes in favor of 5-SET were found, whereas for 1IRM leg press, there were small ESs
in favor of 10-SET. Therefore, for muscle strength, the upper body may potentially respond more
favorably to five sets compared to 10 sets whereas the opposite may occur for the lower body (10 sets
being better than five sets). Future research is needed to elucidate the effect of resistance training
volume (i.e., number of sets) on upper versus lower body muscle strength and hypertrophy.

Previously it was thought that following a modified GVT program for six weeks duration might
be too short a timeframe for significant muscle hypertrophy adaptations to be observed [19]. Therefore,
extending the duration of the modified GVT program to at least 10-12 weeks might be required to
allow for these muscle adaptations [21]. Contrary to our original hypothesis, the results of the present
study suggest that 10 sets compared to five sets per exercise for 12 weeks does not lead to greater
muscle hypertrophy. A significantly greater training volume was performed by the 10-SET compared
to the 5-SET group, which was expected to accentuate factors implicated with muscle hypertrophy
(e.g., metabolic stress, mechanical tension, muscle damage) [12]. The finding of 10 sets compared to
five sets per exercise being ineffective for enhancing muscle mass may suggest a training volume
upper threshold for muscle hypertrophy lies between 5-10 sets. This threshold may be closer to five
sets, based on Krieger’s [9,10] observation of muscle hypertrophic adaptations being limited when
training volume increases beyond 4-6 sets per exercise.

The finding of a significant decrease in leg lean mass for the 10-SET group from weeks 6-12
is difficult to explain. Other lean body mass measures remained either relatively stable (total body
and arm lean mass) or increased (trunk lean mass) during this time period. However, there were
slight reductions in body mass and body fat (%) from weeks 6-12 in the 10-SET group which may
indicate that external factors such as physical activity levels or dietary practices may have changed
for these participants during this period. Even though all participants were asked to refrain from
any resistance training away from the supervised sessions, participants were not given instructions
about other exercise. Additionally, participants were encouraged to increase their daily caloric intake
through eating slightly bigger portions during meals throughout the study; however, dietary intake
was not monitored throughout the intervention. Based on the 1RM leg press performances and relative
training intensity (% 1RM) increasing for the 10-SET group during weeks 6-12, it appears that factors
unrelated to the training intervention such as physical activity and diet may have contributed to the
decrease in leg lean mass.

While there was a moderate effect size in favor of the 5-SET group for 1RM bench press, this same
type of response was not found for 1RM leg press. The small effect size found favoring the 10-SET
group for 1RM leg press may suggest that higher training volumes are more effective for increasing
lower compared to upper body strength. Marshall et al. [6] found a greater increase in 1RM squat for
eight sets compared to one set. However, Marshall et al. [6] found no differences in 1IRM squat for one
set versus four sets and for four sets versus eight sets, suggesting that strength gains from performing
>4 sets are minimal. In the present study, the within-group effect sizes for IRM leg press were ~0.5
and ~1.0 at six and 12 weeks, respectively, for both groups. Therefore, our findings suggest that the
advantage of performing 10 sets compared to five sets for leg exercises would also be minimal.

The trivial effects for leg lean mass in the 5-SET group compared to the small effect found for the
10-SET group at six weeks suggests that a greater volume over a relatively short duration is effective
for leg hypertrophy gains. These trivial effects on leg lean mass were maintained over the whole
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12 weeks for the 5-SET group, whereas, as discussed previously, there was an unusual decrease for this
measure in the 10-SET group. In contrast, for the upper body hypertrophy measure at each time point,
there was a tendency toward slightly greater effects for the 5-SET compared to 10-SET group. This
may also point toward a different response to resistance training volumes for muscles of the upper
and lower body. A review by La Scala Teixeira et al. [25] provided evidence that high set volumes (>3)
are not significantly better than low set volumes (<3) in regard to upper body muscle hypertrophy.
Also, there is some evidence that the upper body compared to lower body muscles have an increased
hypertrophic capacity [26,27]. Potentially, the optimal number of sets for an exercise to maximize
muscle hypertrophy may be greater for the lower body compared to upper body. Reasons suggested
for the differences in muscle hypertrophy gains for these body regions include the upper body having
a greater androgen receptor content [28] and the legs having a lower training response due to their
greater everyday use [29]. Future research is needed to confirm whether the upper and lower body
musculature responds differently to resistance training volumes.

Several limitations should be taken into account when interpreting the results of this study. As
mentioned above, the diet of the participants was not monitored, which may have confounded the
results. It does appear that differences in caloric intake between groups may have occurred based on
increases in body mass and body fat (%) for the 5-SET group and no change for the 10-SET group.
If the 5-SET group did have an increased caloric intake throughout the study, this may have influenced
their muscle hypertrophy and strength gains. Diets that create a caloric surplus are more likely
to optimize muscle hypertrophy through facilitating anabolic processes as well as supporting of
training demands [30]. It should also be noted that increased muscle hypertrophy can be achieved in
hypocaloric conditions, provided there is sufficient dietary protein [31]. However, if the 5-SET group
did consume a more favorable diet to optimize muscle strength and hypertrophy, it seems unlikely
that this would have changed the overall findings from the study due to the minimal gains observed
in the 10-SET group. Also, unfortunately, physical activity outside the resistance training sessions
needed to be controlled and monitored to reduce the risk of confounding the results.

Even though the participation rate was high (93%) and there were no adverse events reported,
further measures to monitor fatigue and soreness could have been collected to enable more definitive
conclusions to be made. Finally, due to the low number of participants (n = 12), results may have been
different with a larger sample size. Also, it is possible that participants in either the higher or lower
volume groups may have been more suited to a particular volume of training (i.e., responder versus
non-responder) [6].

5. Conclusions

This study expands upon the findings of our six-week resistance training study that investigated
the effect of a modified GVT intervention, or 10 sets method, versus five sets on muscle strength and
hypertrophy. Results of our study suggest 10 sets compared to five sets per resistance exercise over
12 weeks is no more effective for increasing muscle strength and hypertrophy. However, the lack of
statistical significance for measures in the present study is likely due to the small sample size. Based
on the calculated effect sizes, there appears to be a possibility that strength and hypertrophy responses
following higher training volumes may differ for upper and lower body muscles. Until further research
is conducted to confirm this hypothesis, 4-6 sets per resistance exercise is advised to maximize muscle
strength and hypertrophy for trained individuals.

Author Contributions: D.A.H. performed the data processing and statistical analysis and drafted the manuscript;
T.A. supervised training sessions and conducted muscle performance assessments; M.H. assisted with data
processing and statistical analysis; L.M. assisted with supervising training sessions and conducting anthropometry
assessments; G.C.W. conducted the body composition assessments; Y.M. conducted the body composition
assessments. All authors have read and approved the final version of the manuscript and agree with the order of
presentation of the authors.

Conflicts of Interest: No conflicts of interest are declared by the authors.



Sports 2018, 6,7 11 of 12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

Kraemer, W.J.; Ratamess, N.A. Fundamentals of resistance training: Progression and exercise prescription.
Med. Sci. Sports Exerc. 2004, 36, 674-688. [CrossRef] [PubMed]

Schoenfeld, B.J.; Ogborn, D.; Krieger, ].W. Dose-response relationship between weekly resistance training
volume and increases in muscle mass: A systematic review and meta-analysis. ]. Sports Sci. 2017, 35, 1073-1082.
[CrossRef] [PubMed]

Ronnestad, B.R.; Egeland, W.; Kvamme, N.H.; Refsnes, P.E.; Kadi, F,; Raastad, T. Dissimilar effects of one-
and three-set strength training on strength and muscle mass gains in upper and lower body in untrained
subjects. J. Strength Cond. Res. 2007, 21, 157-163. [CrossRef] [PubMed]

Correa, C.S.; Teixeira, B.C.; Cobos, R.C.; Macedo, R.C; Kruger, R.L.; Carteri, R.B.; Radaelli, R.; Gross, ].S.; Pinto, R.S.;
Reischak-Oliveira, A. High-volume resistance training reduces postprandial lipaemia in postmenopausal women.
J. Sports Sci. 2015, 33, 1890-1901. [CrossRef] [PubMed]

Cannon, ].; Marino, FE. Early-phase neuromuscular adaptations to high- and low-volume resistance training
in untrained young and older women. J. Sports Sci. 2010, 28, 1505-1514. [CrossRef] [PubMed]

Marshall, PW.; McEwen, M.; Robbins, D.W. Strength and neuromuscular adaptation following one, four,
and eight sets of high intensity resistance exercise in trained males. Eur. |. Appl. Physiol. 2011, 111, 3007-3016.
[CrossRef] [PubMed]

Radaelli, R.; Wilhelm, E.N.; Botton, C.E.; Rech, A.; Bottaro, M.; Brown, L.E.; Pinto, R.S. Effects of single vs.
Multiple-set short-term strength training in elderly women. Age 2014, 36, 9720. [CrossRef] [PubMed]
Ratamess, N.A.; Alvar, B.A.; Evetoch, TK.; Housh, T.J.; Kibler, W.B.; Kraemer, W.].; Triplett, N.T. American
college of sports medicine position stand. Progression models in resistance training for healthy adults.
Med. Sci. Sports Exerc. 2009, 41, 687-708.

Krieger, ].W. Single vs. Multiple sets of resistance exercise for muscle hypertrophy: A meta-analysis.
J. Strength Cond. Res. 2010, 24, 1150-1159. [CrossRef] [PubMed]

Krieger, ].W. Single versus multiple sets of resistance exercise: A meta-regression. J. Strength Cond. Res. 2009, 23,
1890-1901. [CrossRef] [PubMed]

Kumar, V,; Selby, A.; Rankin, D.; Patel, R.; Atherton, P.; Hildebrandt, W.; Williams, ].; Smith, K.; Seynnes, O.;
Hiscock, N.; et al. Age-related differences in the dose-response relationship of muscle protein synthesis to
resistance exercise in young and old men. J. Physiol. 2009, 587, 211-217. [CrossRef] [PubMed]

Schoenfeld, B.J. The mechanisms of muscle hypertrophy and their application to resistance training.
J. Strength Cond. Res. 2010, 24, 2857-2872. [CrossRef] [PubMed]

Helms, E.R,; Fitschen, PJ.; Aragon, A.A.; Cronin, J.; Schoenfeld, B.J. Recommendations for natural
bodybuilding contest preparation: Resistance and cardiovascular training. J. Sports Med. Phys. Fit. 2015, 55,
164-178.

Clarkson, PM.; Nosaka, K.; Braun, B. Muscle function after exercise-induced muscle damage and rapid
adaptation. Med. Sci. Sports Exerc. 1992, 24, 512-520. [CrossRef] [PubMed]

Toigo, M.; Boutellier, U. New fundamental resistance exercise determinants of molecular and cellular muscle
adaptations. Eur. |. Appl. Physiol. 2006, 97, 643-663. [CrossRef] [PubMed]

Fry, A.C.; Kraemer, W.]J. Resistance exercise overtraining and overreaching. Neuroendocrine responses.
Sports Med. 1997, 23, 106-129. [CrossRef] [PubMed]

Poliquin, C. Theory and methodology of strength training. Sports Coach 1989, 22-27.

Baker, D. German volume training: An alternative method of high volume-load training for stimulating
muscle growth. NCSA'’s Perform. Train. ]. 2009, 8, 10-13.

Amirthalingam, T.; Mavros, Y.; Wilson, G.C.; Clarke, J.L.; Mitchell, L.; Hackett, D.A. Effects of a modified
german volume training program on muscular hypertrophy and strength. J. Strength Cond. Res. 2017, 31,
3109-3119. [CrossRef] [PubMed]

Drinkwater, E.J.; Lawton, TW.; McKenna, M.].; Lindsell, R.P.; Hunt, PH.; Pyne, D.B. Increased number of
forced repetitions does not enhance strength development with resistance training. J. Strength Cond. Res.
2007, 21, 841-847. [PubMed]

Stark, M.; Lukaszuk, J.; Prawitz, A.; Salacinski, A. Protein timing and its effects on muscular hypertrophy and
strength in individuals engaged in weight-training. J. Int. Soc. Sports Nutr. 2012, 9, 54. [CrossRef] [PubMed]
Cohen, J. A power primer. Psychol. Bull. 1992, 112, 155-159. [CrossRef] [PubMed]


http://dx.doi.org/10.1249/01.MSS.0000121945.36635.61
http://www.ncbi.nlm.nih.gov/pubmed/15064596
http://dx.doi.org/10.1080/02640414.2016.1210197
http://www.ncbi.nlm.nih.gov/pubmed/27433992
http://dx.doi.org/10.1519/00124278-200702000-00028
http://www.ncbi.nlm.nih.gov/pubmed/17313291
http://dx.doi.org/10.1080/02640414.2015.1017732
http://www.ncbi.nlm.nih.gov/pubmed/25794044
http://dx.doi.org/10.1080/02640414.2010.517544
http://www.ncbi.nlm.nih.gov/pubmed/21058165
http://dx.doi.org/10.1007/s00421-011-1944-x
http://www.ncbi.nlm.nih.gov/pubmed/21451937
http://dx.doi.org/10.1007/s11357-014-9720-6
http://www.ncbi.nlm.nih.gov/pubmed/25358552
http://dx.doi.org/10.1519/JSC.0b013e3181d4d436
http://www.ncbi.nlm.nih.gov/pubmed/20300012
http://dx.doi.org/10.1519/JSC.0b013e3181b370be
http://www.ncbi.nlm.nih.gov/pubmed/19661829
http://dx.doi.org/10.1113/jphysiol.2008.164483
http://www.ncbi.nlm.nih.gov/pubmed/19001042
http://dx.doi.org/10.1519/JSC.0b013e3181e840f3
http://www.ncbi.nlm.nih.gov/pubmed/20847704
http://dx.doi.org/10.1249/00005768-199205000-00004
http://www.ncbi.nlm.nih.gov/pubmed/1569847
http://dx.doi.org/10.1007/s00421-006-0238-1
http://www.ncbi.nlm.nih.gov/pubmed/16845551
http://dx.doi.org/10.2165/00007256-199723020-00004
http://www.ncbi.nlm.nih.gov/pubmed/9068095
http://dx.doi.org/10.1519/JSC.0000000000001747
http://www.ncbi.nlm.nih.gov/pubmed/27941492
http://www.ncbi.nlm.nih.gov/pubmed/17685709
http://dx.doi.org/10.1186/1550-2783-9-54
http://www.ncbi.nlm.nih.gov/pubmed/23241341
http://dx.doi.org/10.1037/0033-2909.112.1.155
http://www.ncbi.nlm.nih.gov/pubmed/19565683

Sports 2018, 6,7 12 of 12

23.

24.

25.

26.

27.

28.

29.

30.

31.

Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive statistics for studies in sports medicine
and exercise science. Med. Sci. Sports Exerc. 2009, 41, 3—12. [CrossRef] [PubMed]

Faul, F; Erdfelder, E.; Lang, A.G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for
the social, behavioral, and biomedical science. Behav. Res. Methods 2007, 39, 175-191. [CrossRef] [PubMed]

La Scala Teixeira, C.V.; Motoyama, Y.; de Azevedo, P.; Evangelista, A.L.; Steele, ].; Bocalini, D.S. Effect of
resistance training set volume on upper body muscle hypertrophy: Are more sets really better than less?
Clin. Physiol. Funct. Imaging 2017. [CrossRef] [PubMed]

Chilibeck, P.D.; Calder, A.W.; Sale, D.G.; Webber, C.E. A comparison of strength and muscle mass increases
during resistance training in young women. Eur. |. Appl. Physiol. Occup. Physiol. 1998, 77,170-175. [CrossRef]
[PubMed]

Abe, T.; DeHoyos, D.V,; Pollock, M.L.; Garzarella, L. Time course for strength and muscle thickness changes
following upper and lower body resistance training in men and women. Eur. J. Appl. Physiol. 2000, 81, 174-180.
[CrossRef] [PubMed]

Cureton, K.J.; Collins, M.A.; Hill, D.W.; McElhannon, EM., Jr. Muscle hypertrophy in men and women.
Med. Sci. Sports Exerc. 1988, 20, 338-344. [CrossRef] [PubMed]

Kadi, F; Bonnerud, P; Eriksson, A.; Thornell, L.E. The expression of androgen receptors in human neck and
limb muscles: Effects of training and self-administration of androgenic-anabolic steroids. Histochem. Cell Biol.
2000, 113, 25-29. [CrossRef] [PubMed]

Lambert, C.P,; Frank, L.L.; Evans, W.]. Macronutrient considerations for the sport of bodybuilding. Sports Med.
2004, 34, 317-327. [CrossRef] [PubMed]

Longland, TM.; Oikawa, S.Y.; Mitchell, C.J.; Devries, M.C.; Phillips, S.M. Higher compared with lower
dietary protein during an energy deficit combined with intense exercise promotes greater lean mass gain
and fat mass loss: A randomized trial. Am. J. Clin. Nutr. 2016, 103, 738-746. [CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses /by /4.0/).


http://dx.doi.org/10.1249/MSS.0b013e31818cb278
http://www.ncbi.nlm.nih.gov/pubmed/19092709
http://dx.doi.org/10.3758/BF03193146
http://www.ncbi.nlm.nih.gov/pubmed/17695343
http://dx.doi.org/10.1111/cpf.12476
http://www.ncbi.nlm.nih.gov/pubmed/29024332
http://dx.doi.org/10.1007/s004210050316
http://www.ncbi.nlm.nih.gov/pubmed/9459538
http://dx.doi.org/10.1007/s004210050027
http://www.ncbi.nlm.nih.gov/pubmed/10638374
http://dx.doi.org/10.1249/00005768-198808000-00003
http://www.ncbi.nlm.nih.gov/pubmed/3173042
http://dx.doi.org/10.1007/s004180050003
http://www.ncbi.nlm.nih.gov/pubmed/10664066
http://dx.doi.org/10.2165/00007256-200434050-00004
http://www.ncbi.nlm.nih.gov/pubmed/15107010
http://dx.doi.org/10.3945/ajcn.115.119339
http://www.ncbi.nlm.nih.gov/pubmed/26817506
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants 
	Experimental Design 
	Resistance Training 
	Body Composition 
	Maximal Strength 
	Diet 
	Statistical Analyses 

	Results 
	Body Composition 
	Muscle Strength 

	Discussion 
	Conclusions 
	References

