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Abstract
Efforts to increase muscle mass (hypertrophy) are required in sports that are dedicated to lifting 
or weightlifting. Bodybuilding methods with moderate load and relatively short rest between sets and 
exercises for a selected muscle area, that induce a high amount of metabolic stress, can be effecti-
ve for hypertrophy of muscle tissue.  
The paper deals with changes in body composition (muscle mass, adipose tissue and bone mass), 
and changes in the manifestations of maximal strength of the extensors and flexors of the lower and 
upper limbs in relation to different periods of rest (30 s, 60 s, 120 s). The research was carried out on 
23 participants, aged 18–30 years, who were elite, natural bodybuilders, during a 5-week intervention 
of bodybuilding training.
There are several outcomes which resulted from the study. At a statistical significance level of 5%, there 
was no significant difference in muscle tissue hypertrophy between the groups. The athletes who had 
a 60 second ret period achieved a two-fold increase in the percentage of fat free mass compared to 
the other two groups. At a statistical significance level of 5%, we noticed significant differences in the 
maximum force increase of the knee joint flexors, only in Group 3 (120 s) and by up to 11%. Significant 
differences in muscle strength increase were also observed in groups 2 and 3 in the elbow extensors 
and in the elbow flexors of Group 1 only. 
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Introduction 

Efforts to increase muscle mass or hypertrophy are required and targeted in sports that are dedi-
cated to lifting or weightlifting, in aesthetic sports like fitness and bodybuilding, and generally in 
sports that require performance based on highly developed strength capabilities. Consequently, 
finding the optimal way to build muscle mass is essential for bodybuilding and fitness. The pri-
mary goal of this study was to investigate this. (3)

Due to the strong correlation between muscle size and muscle strength, increasing muscle 
mass in athletes with a strong force element (powerlifting, weightlifting, rugby) is one of the 
main goals of their training. However, muscle mass is also the most crucial element in bodybuild-
ing, fitness and all the disciplines of coordination-aesthetic sports included in these categories. 
Here, the athletes are judged by the amount and quality of their lean muscle mass. This can also 
be seen at the recreational level of fitness and bodybuilding, where there is a growing trend for 
individuals to attempt to increase or build muscle mass from an aesthetic and functional point 
of view. The amount of muscle mass and balance of individual sport is one of the most essential 
elements of these sports, and may even be essential for success in sporting competitions. (3, 7).
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Appropriately applied strength training leads to both muscle mass and strength development. 
The mechanism and impact of strength training can be summarized in 3 key points (3, 2, 4, 6).

The mechanism of training leading to hypertrophy
1. �Mechanical tension – is associated with the use of training weights – the size (intensity) of 

training weights (load), which put the muscle under the maximum possible (new) tension, 
which subsequently induces muscle growth and recruitment of new muscle spindles = myofi-
brillar hypertrophy (1, 2, 3). 

2. �Muscle damage – muscle damage and microtrauma formation stimulates the muscle to grow 
but at the same time it must not be high enough to exceed the regenerative capacity and muscle 
protein catabolism should not outweigh the production of new proteins. For greater muscle 
damage, it is advisable to put more emphasis on the eccentric phase of movement (control of 
the weight in eccentric phase), which can last for 3–4 seconds and is associated with higher 
formation of waste metabolites (metabolic stress) (1, 2, 3).

3. �Metabolic stress – a series with longer time under tension (TUT) puts considerable demands on 
the metabolism of muscle cells, particularly in larger muscle groups such as the legs or back, as 
well as the organism as a whole. In long-term series, the muscle moves into a state of oxygen de-
ficiency (hypoxia). This condition causes the leaching of many substances that are expected to 
have a positive impact on muscle proteosynthesis = sarcoplasmic muscle hypertrophy (1, 2, 3).

Strength training has several highly significant impacts on the body of a sports person. The most 
obvious impacts are related to the amount of muscle mass, which is represented by the muscle 
cross-section and muscle strength. Properly applied strength training can lead to a maximum 
strength increase of more than 20% in a 21-week training program. A similar effect on muscle 
mass and strength has also been described in strength-training women (9, 8).

Muscle mass and its strength both decrease during ageing, especially from older adulthood, 
both in men and women (10). It is believed that the decrease in muscle mass is due to a reduc-
tion in the size of a number of different individual muscle fibers, especially muscle fibers with 
the fastest activation – fast-twich muscle fibers (11). The decrease in age-related strength may 
also be due to a reduction in the maximal voluntary activation of the agonist muscle or changes 
in co-activation of the antagonist working muscle. The decrease in muscle mass and strength 
associated with age is not surprising, as ageing is very often associated with a decrease in the 
number of daily activities, but also with a general decrease in the number of activities and their 
intensity and thus lower activation of individual muscle groups and fibers (12, 13, 14).

Progressive strength training not only in young and middle-aged people but also in older 
men and women, can lead to a significant increase in strength and muscle mass. This could be 
primarily due to the observed significant nerve adaptations, especially during the first weeks of 
training (12, 13, 27), suggesting a significant increase in maximal electromyographic (EMG) 
activity of trained agonist muscles associated with decreased antagonist coactivation. This has 
been particularly found in older women (12, 13, 14).

Various types of strength training cause acute and in some cases, chronic hormonal changes, 
which appear to play an essential role in mediating hypertrophic signaling reactions (15). The 
three most studied of these hormones are insulin growth factor (IGF-1), testosterone and growth 
hormone (GH). We regard these as the most important in terms of anabolic reactions and re-
sponses to strength training, both in their acute and chronic response and changes concerning 
strength training (2).

As we have already described, the initiation of muscle hypertrophy by strength training seems 
to reflect three essential elements: mechanical tension, muscle damage and metabolic stress (4, 6), 
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ultimately influenced by several training factors. Relevant variables which may have an influence 
on the outcome here, include: intensity, weight, rest, choice of training or exercises, muscle failure 
and repetition rate, i.e. different training methods or practices in general (2).

Break between training series – actual data synthesis
Rest periods between training sets significantly affect overall training time, acute regeneration of 
forces and energy substrates, and thus also impact on metabolic stress and the subsequent length 
of a work series, and the ability to deliver maximum power. These usually range from 30 to 300 
seconds (s). They can be divided into short rest periods (up to 30 s), medium rest periods (up to 
60 s) and long rest periods (180–300 s) (22).

Short rest pauses (up to 30 s) generate high metabolic stress, but do not provide enough rest 
for subsequent maximum power. However, they are believed to be effective in building muscle 
mass (24, 26).

Moderate breaks are a compromise between short and long. They provide sufficient time to 
regenerate the energy reserves used in non-maximum workout training and cause high meta-
bolic stress (23). They are also associated with higher hypoxia, which may subsequently have a 
more significant impact on muscle mass, but also with a higher hormonal “peak” in response to 
strength training (20).

Long rest pauses are advantageous for maximum regeneration of forces between series and 
thus possible maximization of mechanical tension and utilization of higher loads. Metabolic stress 
is not as high as for short or medium rest breaks (21, 25).

The findings of previous studies that have investigated which length of rest period are more 
beneficial in terms of more pronounced muscle hypertrophy, have varied. More often, experts 
tend to believe that more pronounced muscle hypertrophy is noticed at pauses longer than 60 
seconds, as well as an increase in muscle strength (16). Rest pauses, which help to achieve better 
results in muscular hypertrophy of the lower body, could also be beneficial for muscle hyper-
trophy (17).

Aims of the study
The aim of this study is to determine which rest periods have a higher influence on muscle tissue 
growth, decrease the amount of fatty tissue, and also to decide which type of rest leads to higher 
strength gains in typical strength training, which may be referred to as “hypertrophy training for 
bodybuilders”. Details on the training plan we used in the research can be found in supplement 1.

Methods

Experimental Approach to the Problem
Each subject visited the laboratory on 2 occasions separated by 5 weeks. On visit 1, the subjects 
were assessed for body composition (FFM – fat free mass, fat, muscle mass, bone density) and 
maximal strength of the arm extensors and flexors, and the leg extensors and flexors. On the 
second visit, the same values were examined as during the first visit, ie body composition on a 
DEXA device and the maximum strength of the extensors and flexors of the arms and legs on 
an isokinetic dynamometer.

Subjects
A group of 23 men aged 18–35 years (n = 23, with 7–9 in each group), who were performance 
level, natural bodybuilders, were selected for the study. All subjects had more than 5 years of 
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training experience and were trained in proper exercise technique. All subjects had been free 
of any lower-body, musculoskeletal, or neuromuscular injuries for the previous 6 months. All 
subjects claimed no current or previous use of any anabolic steroids.

All subjects refrained from other physical activities that could have affected the outcome of the 
experiment. Simultaneously, they followed the prescribed nutritional plan, where they consumed 
protein at the level of 2 g/kg body weight and did not use any specific food supplements, which 
may have had a significant impact on performance. All subjects were advised to maintain a bal-
anced energy intake and typical nutrition comprised of a dietary intake of 40–50% carbohydrates. 

Before visiting the laboratory the subjects were instructed in further aspects of dietary be-
havior, including the omission of alcohol and stimulants, such as nicotine.

Procedures
Resistance exercise protocol
The training program was clearly explained to all subjects and any individual discrepancies in 
exercise technique were standardized. The training protocol was identical for all subjects (see 
supplement 1), except for the difference in rest time between training sets. The subjects followed 
the training protocol for 5 weeks.

Bone densitometry machines DEXA (body composition) 
Dual energy X-ray absorption spectrometry (DEXA) has high accuracy for body composition 
analysis. It was used to determine body fat, net body weight, total body weight, bone density and 
adipose tissue distribution of all subjects.

Isokinetic dynamometer (muscle strength)
An isokinetic contraction is a muscular contraction that accompanies a constant velocity of 
limb movement around a joint. The velocity of movement may be maintained constantly by us-
ing a special dynamometer. The resistance of the dynamometer is equal to the muscular forces 
applied throughout the range of movement. This method allows the measurement of muscular 
forces under dynamic conditions and provides optimal loading of the muscles. However, during 
movements in the vertical plane, the torque registered by the dynamometer is the resultant torque 
produced by the muscular and gravitational forces (5). 

Statistical methods used in research
Comparison of the FFM difference, fat and % fat for the 3 groups according to the length of 
rest (30, 60 or 120 s) was performed using an ANOVA. The presumption of data normality was 
verified by the Shapiro-Wilk test, the presumption of homogeneity of variance by the Leven test. 

Descriptive statistics were calculated for each variable: the mean, standard deviation, median, 
minimum, and maximum, which are presented in both tables and box charts. The selected sig-
nificance level was 0.05, calculations were performed using the program Statistica.

Research questions
1. RQ: �Will there be significant differences between the investigated subjects in muscle hyper-

trophy at 5-week follow-up?
2. �RQ: �Will there be significant differences between the subjects studied in the increase in maxi-

mum force of the extensors and flexors of the upper limbs at 5-week follow-up?
3. �RQ: �Will there be significant differences between the study subjects in the reduction of adipose 

tissue at 5-week follow-up?
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Figure 1. Changes in body composition (g) 

Figure 2. Changes in body composition (%)

Figure 3. Changes in Lmaximal strength (legs)
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Figure 4. Changes in maximal strength (arms)

Table 1. Changes in body composition

  FFM (g) Fat (g) % fat % FFM

Group 30 s 320 –114 –0.30% 0.44%
Group 60 s 397 283 0.10% 1.18%
Group 120 s 1244 –274 –0.48% 0.59%

Table 2. Changes in arm strength 

Group and body part Change (%)

Max strength of arm flexors group 30 s 7.63%
Max strength of arm flexors group 60 s 2.14%
Max strength of arm flexors group 120 s 2.56%
Max strength of arm extensors group 30 s 4.25%
Max strength of arm extensors group 60 s 11.46%
Max strength of arm extensors group 120 s 11.19%

Table 3. Changes in leg strength

Group and body part Change (%)

Max strength of leg extensors group 30 s 1.01%
Max strength of leg extensors group 60 s 2.95%
Max strength of leg extensors group 120 s 3.27%
Max strength of leg flexors group 30 s 3.52%
Max strength of leg flexors group 60 s -0.39%
Max strength of leg flexors group 120 s 11.10%
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Results

Body composition
After the 5 week training program we found the following results. At a statistical significance 
level of 5%, there was no significant difference in muscle tissue hypertrophy. Group 3 (120 s rest) 
achieved a four-fold increase in FFM compared to the other two groups in absolute numbers 
(1244 g). But the largest percentage increase was achieved in group 2 (60 s), with an increase of 
1.18 %. 

In absolute numbers, the highest muscle hypertrophy was seen in group 3 (120 s), which 
had an average of 1224 g, and which was more than in groups 1 and 2. These groups had total 
hypertrophy of 320 g and 397 g respectively. However, percentages are more relevant for deter-
mining the impact of training. Here, the greatest hypertrophy was achieved by group 2 with an 
increase of 1.18 %, followed by group 3 with an increase of 0.59 % and group 1 with an increase 
of 0.44 % (figure 1 and 2). 

The highest fat loss occurred in group 3 (120 s), with an average loss of 274 g. Fat loss was 
also recorded in group 1, the group with the shortest rest time of 30 seconds, and totalled 114 g. 
The group with a mean rest period of 60 seconds gained 283 g of body fat.

The highest changes in percentage of body fat were greatest in group 3 with the longest rest 
time, namely -0.48%. The remaining two groups demonstrated a decrease of 0.3 % body fat in 
group 1, and an increase of 0.1% of body fat in group 2.

Muscle strength
At a statistical significance level of 5%, we noticed significant differences in the increase in maxi-
mum force of the knee joint flexors in only group 3 (11.1 %). Significant differences in muscle 
strength increase were also observed in groups 2 and 3 in the elbow joint extensors (11.46 % and 
11.19 % respectively) and in the elbow joint flexors only in group 1 (7.63 %).

Discussion

The aim of this study was to determine which of the rest times in strength training has the highest 
efficiency in relation to the growth of muscle mass and strength. Simultaneously, a further goal 
was to unify the current ambiguous results of professional studies dealing with the topic of the 
development of muscle mass in athletes. For higher specificity, we selected experienced athletes 
from a coordination-aesthetic sport i.e. bodybuilding.

In earlier studies Willardson (2006), Goto (2004), Ratames (2007), Kreamer (1990), Kreamer 
(1991) and Miranda (2007), the authors agree on the effect of strength training using different 
rest periods on the development of muscle tissue. Goto (2004) reports short rest intervals (30 s) 
as being suitable for muscle tissue growth, while Kreamer (1990, 1991) recommends the use of 
rest periods of 60–90 seconds and Miranda (2007) suggests the possibility of using long pauses 
(above 120 s) for adequate muscle hypertrophy. The authors do not agree on the ideal length of 
rest period or the development of muscle tissue. However, there is agreement that there should 
not be an ideal rest period between work series for the development of maximum strength.

In the study, we have demonstrated the effect of strength training on body composition, both 
on the amount of muscle tissue and body fat. These were measured using a DEXA bone densi-
tometer. We have also demonstrated the effect of strength training on muscle strength and the 
effect of maximum force measured on an angular isokinetic dynamometer.
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The highest relative change in muscle mass was recorded in group 2. This does not confirm 
the previously highlighted assumption that longer pauses also mean higher gains in muscle tissue, 
as the increase in muscle mass of 1.18% was not significant. However, in regard to the experience 
of the participants (who had more than 4 years of systematic training) and the length of the in-
tervention, this result can be considered interesting and usable in training practice. Experienced 
athletes do not see such a rapid increase in muscle mass as beginners, so we can consider this 
percentage increase to be beneficial. Changes in body fat composition did not show a direct 
dependence on the rest break used in the training plan.

Changes in strength dispositions were not a direct goal of the training plan, which was con-
ceived as a “hypertrophic training plan”. Even so, there were significant changes in the increase 
in strength, although unevenly across the groups (figure 3, figure 4). This can be attributed to the 
inappropriate prioritization of some muscle groups in traditional bodybuilding training plans 
and the correction of muscle imbalances based on the training plan used during the experiment.

The answers to the research questions are based on following sentences. We did not find 
significant differences between the groups in muscle hypertrophy (RQ1). However, significant 
differences were found between the groups in the increase in maximum strength of the extensors 
and flexors of the upper and lower limbs. (RQ2) There were no significant differences between 
the groups in the reduction of adipose tissue (RQ 3) found in the study.

Practical application (conclusion)

The practical application of the findings will help us to establish more effective training programs 
that are targeted towards the appropriate rest time needed for muscle hypertrophy. It will also 
allow us to shorten the required training unit. This information may find practical application 
in bodybuilding training and in the creation of fitness training plans that are aimed at increasing 
muscle mass and strength.
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Supplement

Supplement 1. – training plan
•	 Training with 80 % of 1RM (1 repetition maximum)
•	 In the third week you go to 85 % of 1RM
•	 TUT (time under tension) = 3-0-1-0 
•	 Rest period: 30, 60 or 120 seconds. 
•	 Cardiovascular training is recommended as active regeneration after strength training

Weekly Training Plan
•	 Mon – training 1
•	 Tue – training 2 – cardio activity 10 min
•	 Wed – free day
•	 Thu – training 3 
•	 Fri – training 4 
•	 Sat – training 5 – cardio activity 10 min
•	 Sun – free day
•	 Repeat the cycle for subsequent weeks

Training Components
1)	Warm up with 5–10 min of cardio activity 
2)	Joint mobilisation 
3)	Dynamic stretching and core activation
4)	Main training program

Training 1
Exercise Series Repetition/weight (% 1RM) 

Dumbbell bench press 4* 7–8 (80 %) 
Incline benchpress 3* 7–8 (80 %) 
Incline fly press 3 7–8 (80 %) 
Pec deck 3 7–8 (80 %)
Cable fly 3 7–8 (80 %)
Dumbbell curl 4 7–8 (80 %)
Hammer curl 4 7–8 (80 %)

* before the main series, a series with 20 % and 40 % 1RM is completed

Training 2
Exercise Series Repetition/weight (% 1RM) 

Dumbbell shoulder press 4* 7–8 (80 %)
Machine shoulder press 3 7–8 (80 %)
Lateral raise 3 7–8 (80 %)
Frontal raise 3 7–8 (80 %)
Rope tricep pushdowns 4 7–8 (80 %)
Overhead tricep extension 4 7–8 (80 %)

* before the main series, a series with 20 % and 40 % 1RM is completed
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Training 3
Exercise Series Repetiton/weight (% 1RM) 

Back squat 4* 7–8 (80 %)
Leg press 3* 7–8 (80 %)
Quadricep extensions 3 7–8 (80 %)
Prone leg curl 3 7–8 (80 %)
Romanian deadlift 3 7–8 (80 %)
Standing calf raises 3 6–12 (80 %)

* before the main series, a series with 20 % and 40 % 1RM is completed

Training 4
Exercise Series Repetiton/weight (% 1RM) 

Lat pulldown 4* 7–8 (80 %)
Pull ups 3 7–8 (80 %)
Bent-over barbell rows 3 7–8 (80 %)
Seated cable rows 3 7–8 (80 %)
Cable pullover 4 7–8 (80 %)
Hyperextension 3 15

* before the main series, a series with 20 % and 40 % 1RM is completed

Training 5
Exercise Series Repetiton/weight (% 1RM) 

Bicep curl 4* 7–8 (80 %)
Preacher curl 3 7–8 (80 %)
Tricep benchpress 4* 7–8 (80 %)
Tricep dips 3 7–8 (80 %)
Rope tricep pushdowns 4 7–8 (80 %)
Crunches 3 7–8 (80 %)
Sitting twists 3 7–8 (80 %)

* before the main series, a series with 20 % and 40 % 1RM is completed
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