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Abstract

It is generally accepted that the implementation of high-intensity resistance
training can lead to several physiological adaptations such as muscular
strength. In recent years, many individuals have been attracted to weight
training to increase muscular strength. One of the most important variables
affecting muscular strength improvement is the training system. Two common
resistance training systems are single set and multiple sets. Which training
system is superior remains undetermined. The objective of this study was to
examine the effects of 8 weeks single set versus multiple-set resistance
training on upper and lower body muscular strength among untrained male
adults. Twenty-four apparently healthy untrained males (age: 20.5 + 1.8 years,
body height: 174.9 + 4.2 cm, body mass: 72.3 + 3.2 kg, and body fat mass
percentage: %18.2 £ 1.3) were selected randomly and assigned into two
groups: single set (SS) and multiple sets (MS). Both groups completed 8
weeks of high-intensity resistance training (70-80% of one-repetition
maximum) with 8-10 repetitions for 3 times per week which SS and MS
groups performed one set and three sets of each exercise, respectively.
Dependent variables involving maximal muscular strength using one-
repetition maximum were measured before and after the intervention.
Significance level was set at P < 0.05. No differences existed among both
groups at baseline for depended variables. A paired Student’s #-test and an
independent sample #-test revealed significant increases in upper and lower
body maximal muscular strength in both groups after the intervention (P <
0.05), and upper and lower body maximal muscular strength increased
significantly more in MS group compared with SS group (%23.43 increase in
MS group vs. %12.70 increase in SS group). The results of this study showed
that MS resistance training had a significant better effect than SS resistance
training to improve upper and lower body muscular strength after 8 weeks of
resistance training among untrained male adults.

Keywords: Multiple sets, one-repetition maximum, resistance training, single
set
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Introduction

Resistance training is one of the most popular and applied forms of physical activity, used
to enhance muscular performance and health, alter body composition and improve overall
functionality (Kraemer et al., 2009). Several resistance training protocols have been
explored to improve different aspects of the neuromuscular system such as maximal
muscular strength (Yoon et al., 2015). Resistance training systems affect increasing of
muscular strength which single set (SS) and multiple sets (MS) are two commons of
resistance training systems (Borg, 1978; Yoon et al., 2015). Usually resistance training
programs include 2-3 sets (multiple sets) with 8-10 repetitions to increase muscular
strength. However, in the 1990s, several studies found no difference between SS and MS
training systems to improve muscular strength (Carpinelli & Otto, 1998; Yoon et al., 2015).
Kraemer, Newton, Bush, and Koziris (1995), examined the effects of SS and MS training
systems for 9 months and the results reported that MS resistance training are superior to
compare with SS resistance training in improving muscular strength. In another study,
Paulsen, Myklestad, and Raastad (2003), suggest that MS resistance training is more
effective than SS resistance training to improve muscular strength. However, in another
study, Hass, Garzarella, de Hoyos, and Pollock (2000), examined the effects of SS and MS
training systems on muscular strength and the results showed that SS resistance training is
as effective as MS resistance training to improve muscular strength. In another study,
Laskowski (2009), reported that a SS resistance training with 12 repetitions can increase
muscular strength as much as MS resistance training in the same exercise.

One of the controversial resistance training factors is number of performed training sets to
improve muscular strength. Although many studies have examined the effects of SS and
MS training systems on muscular strength (Carpinelli & Otto, 1998; Starkey et al., 1996;
Yoon et al., 2015), research findings have yet to conclusively determine which training
system is more effective to improve muscular strength.

Methodology
Participants and Experimental Overview

This study is a randomised controlled trial with two-arm (2 interventional groups). The
Dependent variables were upper and lower body muscular strength. The Dependent
variables were measured two times during the intervention, which were at baseline and
post-test (after week 8). The participants included twenty-four apparently healthy untrained
male volunteers (with no previous experience performing resistance training) with normal
BMI (body height: 174.9 £ 4.2 cm, body mass: 72.3 + 3.2 kg, and body fat mass
percentage: %18.2 £ 1.3) between 18 and 24 years of age (age: 20.5 + 1.8 years) recruited
from a fitness gym under supervision of Ministry of Sport in Iran. The sample size was
determined using Cohen’s interpretation guideline (1988), using a formula to calculate
intervention group size as suggested by Chan (2003), on the basis of the results of the
maximal muscular strength performance in Shibata, Takizawa, and Mizuno (2015a). All
participants completed a health history questionnaire to ensure they were healthy enough
and eligible to perform all exercises in the study and they were excluded if they had
metabolic, cardiovascular or musculoskeletal diseases, or ingested any medications,
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anabolic steroids or nutritional supplements known to affect resistance training
performance at least one year before this study. The participants were individually assigned
randomly to one of the two groups which were: 1) single set group (SS) (n=12), and 2)
multiple set group (MS) (n=12). During the study, participants were not allowed to start
any additional exercise programs. The subjects were adequately informed about the risks
and benefits involved in the study and provided written informed consent. This study was
approved by the research ethics committee, Department of Physical Education and Sports
Science, Islamic Azad University, Science and Research Branch, Tehran, Iran.

Anthropometry

The height of all participants was measured with a wall-mounted stadiometer. Also, body
mass and fat mass of all participants were measured with a Bioelectrical Impedance
Analyser (Tanita- SC-330 MA, USA). The body mass index (BMI) was calculated by
dividing body mass (kg) by body height (m) squared (kg/m?).

Maximal Muscular Strength Measurement

The one-repetition maximum (1-RM) was used for the assessment of the upper and lower
body muscular strength. Maximal muscular strength was evaluated using the chest press
machine and overhead press machine for upper body and squat machine for lower body.
The relative value of muscular strength (kg) was used in all analyses. The pre- and post-
training assessments were scheduled at least 72 hours before the first training session and
after the final training sessions, respectively. After a light 5 min warm-up, the 1RM test
commenced. It was determined by four to six sets with 2-4 minutes rest between sets. The
initial pre-maximum set was carried out with the subject executing 8-10 repetitions at 40-
60% of estimated 1RM. Following a short rest, the subjects carried out a set of 3-5
repetitions (75% of estimated 1RM). Then, after another two-minute rest, the subjects went
through a set of 1-3 repetitions (80-90% of estimated 1RM). On completion of these sets,
the participants were rested for four minutes and then proceeded with the first attempt at
the 1RM. Should the lift be successfully executed, there was another rest period of four
minutes and the weight was increased and another 1RM was attempted. Should this next
attempt be unsuccessful, a second attempt at a IRM with a lowered weight was made after
a four-minute rest period (Figure 1). Only successful attempts within the approved range of
motion were considered. This procedure continued until the participants failed to complete
a lift and the final weight that the participants were able to lift successfully, was noted as
the maximal muscular strength score. Pre- and post-assessments were scheduled at the
same time of the day in order to limit confounding variables. Verbal encouragement was
given on all tests and participants were finished with the light general active cool-down
involving stretching for upper and lower body muscle groups and pedalling on a cycle
ergometer at a light resistance for five-minute. All test procedures were based on the
American College of Sports Medicine (Thompson, Gordon, and Pescatello, 2010), Shiau,
Tsao, and Yang (2018), White (2011), Heyward (2014), and Shibata, Takizawa, and
Mizuno (2015b).
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1RM Measurement
Procedures

If the lift was
successfully executed

If the lift was
unsuccessfully executed

l

Four minutes rest period

The weight was
increased and another
1RM was attempted

The weight was lowered
and another 1RM was
attempted

l

This procedure
continued until the final
weight that the
participants were able to
lift successfully was
noted as the maximal
muscular strength
score.

Figure 1: Maximal muscular strength measurement procedures

Resistance Training Intervention

The training protocol included single set and multiple sets, and participants performed their
special training program assigned to them for 8 weeks. The SS and MS groups performed
one set and three sets of each exercise, respectively. Training programs were the following
exercises: squat, chest press, pullover, overhead press and dumbbell triceps extension. All
training programs were based on Shoepe, Ramirez, Rovetti, and Kohler (2011) and White
(2011). Until the end of week 8, the participants trained at 70%-80% of their estimated
IRM with 8-10 repetitions for three days per week. Participants had two minutes rest
periods between sets. The training routines are presented in Table 1. Prior to and following
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the training sessions, the participants had a five-minute warm-up and another five minutes
to cool down, which involved pedalling on a cycle ergometer and stretching of all the
major muscle groups. At the end of week 8, the post-test was processed during a separate
session for the purpose of measuring upper and lower body muscular strength.

Table 1: The training routines

Weeks 1-8 Single set group Multiple sets group
Weeks 1-2 Repetitions 8 8
Weeks 3-4 Repetitions 8 8
Weeks 5-6 Repetitions 10 10
Weeks 7-8 Repetitions 10 10

Frequency 3 Days/Week 3 Days/Week

Weeks 1-2 Intensity 70% of 1RM 70% of 1IRM
Weeks 3-4 Intensity 70% of 1RM 70% of 1RM
Weeks 5-6 Intensity 80% of IRM 80% of IRM
Weeks 7-8 Intensity 80% of IRM 80% of IRM
Sets 1 3
Research Finding

All data were expressed as means + standard deviation (SD). Data were tested for normal
distribution with Kolmogorov-Smirnov method and for homogeneity of variances with
Levene’s test (Byrne, 2016; Garson, 2012; Meyers, Gamst, & Guarino, 2016). The
variables were analyzed using a paired Student’s ¢ test to compare baseline versus post-test
values and an independent sample #-test analysis was used to compare the values of
Dependent variables in baseline and post-test between SS and MS groups. The statistical
significance was set at P < .05. The statistical procedures were conducted using Statistical
Package for Social Sciences software (SPSS) Version 24 (IBM Company, United States).

Maximal muscular strength measurement

No significant differences were evident between both groups in terms of upper and lower
body muscular strength before the training program began (P > 0.05). The increase in
rates, means and standard deviations of baseline and post-test values for upper and lower
body muscular strength in both groups are presented in Table 2. The analysis of data
demonstrated that there were significant increases in post-test values of upper and lower
body muscular strength in both groups (P < 0.05). On completion of the training program,
there was a significant improvement in upper and lower body muscular strength for MS
group to compare with SS group in post-test values (P < 0.05). In this study, the results
showed that upper and lower body muscular strength increased significantly more in the
MS group as compared with SS group after 8 weeks of resistance training. Figure 2 also
shows the upper and lower body muscular strength differences in both groups post-test
values.
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Table2: Increase rate, means and standard deviations of Dependent variables in SS and MS groups

(M = SD)
Variables Single set group Multiple sets group
Baseline Post test Increase Baseline Post test Increase
rate rate

Chest press 36.25+2.95 40.50 £3.55 % 11.72 36.08 =3.50 4425+437  9%22.64
strength (kg)
Overhead press  31.08 £2.60 35.75+2.66 % 15.02 31.25+245 3941+2.42  9%26.11
strength (kg)
Squat strength 55+4.76 61.25+6.07 % 11.36 54.16 £4.17 65.83£5.57 %21.54
(kg)

70 ~ 65.83

61.25
60 -
50 1 44.25
40.5 39.41
40 - 35.75
mSS

30 - MS

20 -

10 -

0 T T 1
Chest Press Overhead Press Squat

Figure 2: Upper and lower body muscular strength differences in both groups post-test values

Discussion

This segment examines the essential finding from the present study with those cited in the
literature, as well the limitations of the present study and conclusion.

Resistance training on upper and lower body muscular strength

Kraemer (1997) examined the effects of a single set resistance training versus multiple-set
resistance training for 9 months and reported that multiple set resistance training is more
effective than single set resistance training in improving muscular strength. In another
study, de Hoyos et al. (1998), examined the effects of a single set resistance training versus
multiple-set resistance training for 6 months and reported that multiple set resistance
training is more effective than single set resistance training in improving muscular
strength. Kelly et al. (2007), examined the effects of a single set resistance training versus
multiple-set resistance training on muscular strength and reported that multiple-set
resistance training are more effective than a single set resistance training in improving
muscular strength. Also Bottaro et al. (2009), examined the effects of a single set resistance
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training versus multiple-set resistance training on upper and lower body muscular strength
in untrained individuals and reported that multiple-set resistance training are more
effective than a single set resistance training in improving muscular strength.

But findings of this study are not in line with some researches. Feigenbaum and Pollock
(1997), reported that single set resistance training is as effective as multiple-set resistance
training in improving muscular strength. In another study, Hass et al. (2000), reported that
a single set resistance training is as effective as multiple-set resistance training in
improving muscular strength. One reason for the contradictory results of muscular strength
changes in comparing single set and multiple sets resistance trainings is different training
periods, protocols and subjects (Fleck & Kraemer, 2014).

The results of several research works showed that single set resistance training performed
continuously in a longer period of time may also provide the same results on muscular
strength as multiple-set resistance training provides within the short period of time
(Carpinelli & Otto, 1998; Hass et al., 2000; Kraemer et al., 2000; Reid, Yeater, & Ullrich,
1987), and also single set resistance training is appropriate for untrained individuals who
are willing to reach their primary goals as improving maximal muscular strength (Fleck &
Kraemer, 2014).

The number of sets is an important part of the exercise volume and the volume of exercise
is crucial in producing the required stimulus to elicit specific physiological adaptations.
Multiple-set resistance training include more sets than a single set resistance training and it
causes to generate required stimulus which are effective in improving muscular strength
(Carpinelli & Otto, 1998; Galvao & Taaffe, 2004). On the other hand, single set resistance
training is appropriate for untrained individuals who are not able to do multiple-set
resistance training for some reasons such as deficient time and/or injuries (Hass,
Feigenbaum, & Franklin, 2001; Kraemer et al., 1995). The results of this study showed that
both single set and multiple-set resistance training systems are significantly effective in
improving upper and lower body muscular strength. In particular, multiple-set resistance
training is significantly superior to compare with single set resistance training in improving
upper and lower body muscular strength after 8 weeks resistance training among untrained
male adults.

Limitations

Certain variables outside of the gym control could affect the results (i.e. genetics,
motivation levels, and muscular soreness and overall fatigue). Genetic factors apparently
have a strong influence on how people respond to the exact resistance training protocol.
Also, some untrained individuals may perceive a sub-maximal effort instead of perceiving
a maximal effort during training because of different motivation levels and/or muscular
soreness and overall fatigue with resistance training (Naimo, 2011; Otto & Carpinelli,
2006). But motivation levels of untrained individuals will be increased with exact and
complete explanations about advantageous effects of particular physical activity in the
beginning of the study (Otto & Carpinelli, 2006). Muscular soreness occurs when a muscle
is stretched and microfilaments of the muscle are damaged temporarily due to performing
resistance training, but muscular soreness usually disappears within a few sessions of
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resistance training (Wilmore, Costill, & Kenney, 2008). In order to control the effects of
limitations in this study, before starting the intervention, the participants were given a
briefing which explained the advantages of the exercise training programme.

Conclusion

In summary, both single set and multiple set resistance training systems were significantly
effective in improving upper and lower body muscular strength, but multiple-set resistance
training is significantly more effective in improving upper and lower body muscular
strength to compare with single set resistance training after 8 weeks resistance training.

The results of this study may be beneficial for untrained individuals who are willing to find
a better method of resistance training to reach their primary goals as increasing maximal
muscular strength for being healthy and to combat muscular weakness. In addition, this
information also can increase the choices of available resistance training systems and
encourage participation in workouts that are known to have health benefits. Furthermore,
multiple-set resistance training also provides more options in exercise prescription for the
strength and conditioning practitioners. Also, multiple set resistance training can be
introduced to Ministry of Sport and Ministry of Health, health centres and fitness institutes
and also using in physical education classes at schools and universities for health
promotion.
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