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ABSTRACT

A bone mineral density (BMD) test can provide a snapshot of bone health. The test identifies 
osteoporosis, determines the risk of fracture (broken bones), and measures the response to 
osteoporosis treatment. The study attempted to determine the effects of three different rest 
periods (30, 60, 120 sec.) as a variable factor in strength training on selected indicators of 
total bone density. The experiment involved four groups of five participants: three experi-
mental groups and one control group. The study’s participants were characterized as athletic 
in ability, with strength sufficient training experience of more than 3 years and technical 
knowledge; the participants were male, aged 18-35 years (n = 20). To evaluate the effect of 
rest pauses in strength training on bone density, the states before and after the experiment 
were compared in individuals, the experimental groups and the control group. For analy-
sis we use the BMD index (g /cm2), T-score, and Z-score. In the group which applied the 
30-second rest period, the mean BMD increase was 0.0046 g/cm2 with a standard deviation 
of 0.0079 g/cm2, in the 60-second group it was -0.0260 g/cm2 with a standard deviation of 
0.0412 g/cm2, and in the 120-second group it was 0.0082 g/cm2 with a standard deviation 
of 0.0168 g/cm2. At a statistical significance level of 5%, no significant difference in bone 
density was found between the groups for different rest pauses, but the factual significance 
of the relationship of strength training as a possible prevention of osteoporosis and solving 
problems of the musculoskeletal system. 
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INTRODUCTION

Bone density, osteoporosis and strength training 
The effect of strength training on bone density is demonstrable. Several studies prove the benefits of 
strength training in adults and seniors. Research shows that muscle loss (sarcopenia) is linked to bone 
loss (osteopenia) [1], [[2], [3]. Osteoporosis is currently estimated to affect 7–10% of the population. 
In Czechia, its incidence is as high as 1,000,000 people. Osteoporosis affects one in three women and 
one in five men over the age of 50. At the age of 70, it affects one in two women [4]. Other important 
risk factors include (in addition to ageing and endocrine changes) obesity and possibly associated type 
2 diabetes mellitus. Metabolic complications contribute significantly to altered bone homeostasis, 
which in turn leads to an increased risk of osteoporosis-related fractures [5].

Adults who do not perform any resistance training may experience a 1–3% decrease in bone 
mineral density (BMD) every year. So, it seems logical that strength training, which promotes 
gains in muscle mass is also expected to increase BMD, and most studies support this observation. 
Several longitudinal studies show significant increases in BMD after 4 to 24 months of strength 
training [1], [2], [3]. A number of smaller studies were summarised in the systematic review by 
Haque et al., 2024, with the conclusions that high velocity resistance training plays a role in 
increasing BMD of the lumbar spine, femoral neck, and total hip [6]. However, the authors of the 
publication point to the considerable methodological inconsistency of the individual studies and 
therefore the absence of meta-analyses. In addition, the effect of strenght training on BMD can be 
influenced by a number of dietary supplements, such as L-carnitine [7]. However, most studies in 
this area support the conclusion that resistance training has a positive association with high BMD 
in both younger and older adults and may have a stronger effect on bone density than other types 
of exercise training, including aerobic exercise [8], [9], [10], [11], [12], [13], [14]. Although much 
of the research on strength training and bone density has been conducted on older women, the 
evidence shows that young men can increase BMD by 2.7–7.7% through resistance training. The 
extent of change in BMD relates to different responses in bone mass since the musculoskeletal 
effects of resistance training are relatively site-specific [15], [16], [17]. 

Pauses between series and strength training 
Rest breaks between work sets are a basic training variable which significantly alters the total 
training time and regeneration and supply of energy substrates for the next work set. It affects 
metabolic stress and the subsequent length and ability to deliver maximum performance. Acute 
and delayed biochemical, haematological and neuromuscular responses to the Rest-pause (RP) 
method and traditional resistance training (TRT) after 48 h were described in de Azevedo et al, 
2021. The work showed that only creatine kinase, aspartate aminotransferase, neutrophils and 
white blood cells increased after the protocols (p < 0.05) and returned to baseline values after 48 h 
[18]. In many experimental studies, the rest breaks typically ranged from 30 to 300 seconds, broken 
down into short rest periods (up to 30 sec.), medium rest periods (up to 60 sec.) and long rest periods 
(180–300 sec.) [19]. It has been shown that short rest breaks (30 s) generate high metabolic stress, 
but do not provide enough rest for subsequent maximum strength performance. However, they are 
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believed to be effective in building muscle mass, but less so for building strength [20], [21]. Medium 
breaks are a compromise between short and long breaks and provide sufficient time to regenerate 
the energy stores used in repetitive effort training and cause high metabolic stress. They are also 
indicated in the case of high hypoxia and subsequently may have a more significant impact on 
muscle mass, but also through a higher hormonal ‘peak’ in response to strength training. Long rest 
breaks (over 180 sec.) benefit maximum strength regeneration between sets and thus maximize the 
possible mechanical tension and exertion of greater loads (for example, during maximum strength 
training). Metabolic stress in this case is not as high as with short or moderate rest breaks [22], [23], 
[24], [25]. 

Although the relationship between strength training and bone density is described in several 
studies, much of the research does not provide any detailed comparison of rest periods and their 
effect on BMD. The definition of intensity is often cited as a training variable, but sufficient 
comparisons are lacking. The current study’s main area of interest is whether the length of rest 
breaks during strength training produces any difference in the change in bone density, and 
whether a relationship exists between strength training, rest break period and bone density. This 
investigation is potentially useful because bone density is a major factor in preventing injury in 
athletes as well as in general population and may help to to predict and prevent risk of osteoporosis.

When examining the relationship between strength training and BMD, we encounter different 
durations of intervention programs. Some studies work with significant changes in bone density 
and duration of intervention in the order of weeks [26], [27], [28]. The duration of intervention 
in these cases is 6-12 weeks. But also studies in which the effect of strength training is monitored 
in the order of months [29] and years [30]. Shorter intervention times usually occur in young and 
middle-aged athletes. However, the literature does not agree on the optimal duration of a training 
intervention. According to the available literature, the DXA analytical instrument used is able to 
record changes even over a period of days with good reproducibility of the results [31].

In the available literature, we are not able to find an analysis of the relationship between rest 
breaks in strength training and bone density. However, the length of recovery affects the intensity 
of the procedure. We know that there is a relationship between exercise intensity and bone density. 
This is descRIBED IN HIS META-ANALYSIS BY KISTLER-FISCHBACHER, M., WEEKS, B., & 
BECK, B. [26].

METHODS

Participants and experimental protocol
The participants were 20 males aged 18–35 years (n = 20), divided into four groups of 5, three 
groups for the experiment and one group as a control. Each participant had more than five years 
of training experience and was trained in proper exercise technique; they can be considered 
experienced athletes. All participants had been free of any lower-body, musculoskeletal or 
neuromuscular injuries in the previous six months, and all participants claimed no current 
or previous use of any anabolic steroids. The average participant age was 25.7 years; average 
weight before the experiment was 85.6 kg; average height was 182 cm. During the experiment, 
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the participants did not engage in any other activities that could significantly alter the results of 
the study. The participants were instructed to follow a prescribed nutritional plan to consume 2 
grams of protein per kilogram of body weight per day and no intake of dietary supplements that 
would have a significant effect on sports performance. All participants were advised to maintain 
a balanced energy intake and a typical diet consisting of 40–50% carbohydrates. The plan was 
designed to maintain energy levels. Before visiting the laboratory, the participants were instructed 
in further aspects of dietary behaviour, which included the omission of alcohol and stimulants such 
as nicotine. Each participant visited the laboratory on two occasions separated by five weeks. On 
the first visit, the participant was assessed for body composition and bone density according to 
BMD, Z-score and T-score. 

Resistance exercise protocol
The participants were given a training plan and instructed on the individual exercise techniques. 
Any individual discrepancies in exercise techniques were standardized. All participants followed 
an identical training protocol (Annex 1) for five weeks. The experimental variable was difference 
in the length of rest breaks between training sets (30, 60, 120 sec.). Details of training protocol are 
shown in Annex 1.

The protocol of training with different pauses allows to determine whether primarily metabolic 
stress (not providing enough rest for subsequent maximal strength performance and its associated 
potential for efficient muscle mass building, but less so for strength building) or high mechanical 
stress (benefiting strength recovery between sets and maximizing the development of higher loads) 
is related to changes in BMD.

METHODS USED

A bone mineral density (BMD) test
A bone mineral density (BMD) test measures how much calcium and other minerals are in the 
bones and bone structures. The DEXA method mainly measures the lumbar spine and the proximal 
femur of the lower limb.  The examination takes less than 4 minutes and the radiation dose is very 
low. The attenuated X-rays are directly proportional to the mineral content of the tissue after 
passing through the bone. The amount of bone mineral is expressed in g/cm3. Compared to other 
imaging methods, DEXA has a low radiation burden and high examination speed. This test helps 
detect osteoporosis and predict the risk of bone fractures or other injuries. The BMD test measures 
bone mineral density and compares it to an established standard to allocate a score. Although no 
bone density test is 100% accurate, the BMD test is an important predictor of whether a person 
might suffer a fracture or bone disease in the future [33].

The T-score
A T-score was obtaioned as a difference between bone mineral density measured in a participant 
and 0, which is the bone mineral density of a healthy young adult. It is commonly used in medicine 
to evaluate risk of osteoporosis. The differences between a subject’s BMD and the average of a 
healthy young adult are measured in units called standard deviations (SD).  A score of 0 means 
that BMD is equal to the average for a healthy young adult. The more standard deviations below 
0, denoted as negative numbers, the lower the BMD and the higher the risk of fracture [26, 34]. In 
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the study, the T-score between +1 and −1 was considered normal or healthy. A T-score between −1 
and −2.5 indicated a low bone mass, although not low enough for a diagnosis of osteoporosis. The 
T-score of −2.5 or lower indicated osteoporosis; the greater the negative number, the more severe 
the osteoporosis [33]. This classification is also based on the WHO classification.

T-score = (Subject BMD - Average BMD) / Standard Deviation of the average BMD [26].

The Z-score
Z-score was used as another possible determinant of BMD assessment. A normal BMD Z-score ranges 
from −2.5 to 2.5. A normal Z-score indicates a BMD similar to other healthy people in the same age 
group. A lower Z-score indicates a lower BMD; a higher Z-score indicates a higher BMD [33].

Z-score = (Subject BMD - Average BMD of subject age group) / Standard Deviation of the 
average BMD of subject age group [33].

DEXA measurements
Dual energy X-ray absorption spectrometry (DEXA) produces high accuracy in body composition 
analysis. The participants in the current study were measured for body composition (FFM – fat 
free mass, fat, muscle mass, bone density) using a DEXA machine - Hologic type (TBAR1209 - 
NHANES BCA calibration). The values measured on the first visit, i.e., body composition and bone 
density, were re-examined on the second visit, also on a DEXA device.

PROCEDURES

Statistical evaluation
Using analysis of variance (ANOVA), the study compared the BMD in the three experimental 
groups according to length of rest (30, 60, 120 sec.). The Shapiro–Wilk test was applied to verify 
the assumption of data normality, and the Leven test was used to check the assumption of 
homogeneity of variance. Because the difference in BMD was zero in the control group before 
and after the experiment, the effect of the experiment was tested on each experimental group using 
a one-sample t-test against the constant 0. Comparison of the effect of the experiment between 
individual groups was performed using ANOVA. The selected level of significance was 0.05, and 
calculations were performed in the TIBCO STATISTICA 13 software (TIBCO Software Inc., 
USA). Descriptive statistics were calculated for each variable: mean, standard deviation, median, 
minimum, and maximum. These are presented in tables and box plots.

RESULTS

The participant pool, together with the methodology used, was intended to provide answers to 
the following questions and hypotheses: i. How do mean bone density values change as a result 
of strength training?, ii. Are there any significant differences between the experimental groups in 
bone density change? And iii. Which rest period resulted in the greatest increase in bone density? 

BMD
This section describes the results from the five-week training programme. At a statistical 
significance level of 5%, no significant difference in BMD was observed. A comparison of the effect 
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of the experiment, measured as the difference in BMD values ​​before and after the experiment, with 
the zero value, indicated no statistically significant difference in any group (p > 0.05). Negative 
effect was observed in the group which applied 60-second rest periods. Table 1 summarizes the 
changes in body composition as processed by the one-sample t-test, Table 2 shows corresponding 
descriptive statistics. 

Table 1. Changes in body composition

One-sample t-test

Group mean
standard 
deviation

tested value p-value

30 sec (n=5) 0.0046 0.0079 0 0.264
60 sec (n=5) -0.0260 0.0412 0 0.231

120 sec (n=5) 0.0082 0.0168 0 0.335

Table 2. Descriptive statistics

Variable Group N Mean St. Dev. Median Min Max

BMD before

control 5 1.19 0.07 1.21 1.07 1.25
30 5 1.24 0.05 1.23 1.18 1.30
60 5 1.23 0.02 1.23 1.20 1.26

120 5 1.17 0.13 1.11 1.06 1.36

BMD after

control 5 1.19 0.07 1.21 1.07 1.25
30 5 1.21 0.07 1.22 1.12 1.29
60 5 1.24 0.03 1.23 1.21 1.26

120 5 1.17 0.13 1.13 1.05 1.35

Difference BMD

control 5 0.0000 0.0000 0.0000 0.0000 0.0000
30 5 -0.0260 0.0412 -0.0150 -0.0970 0.0080
60 5 0.0046 0.0079 0.0060 -0.0040 0.0140

120 5 0.0082 0.0168 0.0070 -0.0070 0.0340

Age

control 5 24.60 2.30 25.00 21.00 27.00
30 5 23.40 3.85 22.00 20.00 28.00
60 5 29.60 6.69 30.00 22.00 38.00

120 5 25.20 5.89 27.00 18.00 31.00

Height

control 5 184.80 2.28 185.00 182.00 187.00
30 5 181.20 5.17 182.00 173.00 186.00
60 5 182.60 3.71 182.00 178.00 188.00

120 5 180.40 5.81 179.00 175.00 187.00

Weight before

control 5 93.00 14.44 93.00 75.00 115.00
30 5 84.20 7.60 87.00 71.00 90.00
60 5 84.00 2.45 83.00 81.00 87.00

120 5 81.20 6.87 80.00 75.00 91.00

Weight after

control 5 93.20 14.38 94.00 76.00 115.00
30 5 85.40 7.73 88.00 72.00 91.00
60 5 82.80 3.11 83.00 78.00 86.00

120 5 82.60 6.54 80.00 76.00 91.00
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In the group which applied the 30-second rest period, the mean BMD increase was 0.0046 g/
cm2 with a standard deviation of 0.0079 g/cm2, in the 60-second group it was -0.0260 g/cm2 with 
a standard deviation of 0.0412 g/cm2, and in the 120-second group it was 0.0082 g/cm2 with a 
standard deviation of 0.0168 g/cm2.

ANOVA resulted in p-values with three decimal places at 0.116, i.e., greater than 0.05. Therefore, 
the null hypothesis was not rejected. At a significance level of 0.05, no difference in the mean values ​​
of BMD increase was observed in the three groups according to the rest period (30, 60, 120 sec.). 
Figure 1 plots the mean ± standard deviation, minimum and maximum range. You can find it in 
Figure 1. (Difference in BMD)

Figure 1. Difference in BMD.

The z-score and t-score indicate a comparison of the sample to the population standard. Most of 
the participants showed higher or the same bone hardness as the population average; no reduction 
in bone hardness appeared.

DISCUSSION

The aim of the study was to determine which of the tested rest times during strength training 
produced the most significant effect on bone density. Even though the findings revealed no 
significant differences in bone density change between groups, the effect of strength training on 
bone density, however, was verified. Interestingly, this effect was both positive and negative. The 
intermediate rest period group showed a loss of bone density. Unfortunately, we do not have an 
explanation for the loss of bone density from the available literature, so this effect would require 
further investigation. Both the short and long rest period groups experienced an increase in bone 
density. A comparison of these data with changes in body weight indicates a similarity in changes 
between weight and bone density. Changes in body weight can also be linked to energy availability, 
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an observation which is linked to bone density in the literature. But how can this type of training 
affect BMD? By what mechanisms? Muscle, like adipose tissue, is endocrinally active, and produces 
a variety of hormones, together called myokines. Myokines serve as signaling and integrative 
molecules that integrate muscle tissue with a variety of other tissues and organs. Myokines serve 
as signaling and integrative molecules that integrate muscle tissue with a variety of other tissues 
and organs. The most important myokine-mediated communication axes include muscle tissue-fat 
tissue (and hence energy metabolism), muscle tissue-CNS (including regulation of food intake), or 
muscle tissue-GIT-endocrine pancreas (insulin and its anbabolic effect). Currently, more than 650 
different myokines are known [41]. However, the functional interconnection between muscle and 
bone tissue has been described. Myokines are widely involved in bone metabolism, influencing bone 
resorption and formation by interacting with factors related to bone cell secretion or influencing 
bone metabolic pathways [35]. A study by Kumar et al., 2023 shows that biomechanical stimulation 
of muscle tissue leads to the secretion of myokines, which in turn affect the architecture of bone 
tissue [36]. One of the myokines, irisin, increases bone formation and, conversely, inhibits bone 
resorption, in postmenopausal women [37]. These findings were based on several previous studies 
[38]. The outcome of the pilot study may also be influenced by genetic predispositions related to 
strength training and bone density, such as the α-actinin-3 R577X polymorphism mentioned in the 
2022 study. [42] The pilot study presented here is original in that it examines the effect of strength 
training, namely the length of rest breaks between training sets, on BMD. A study of this type has 
not been conducted before. Moreover, the set of participants, experienced athletes, is also very 
original. The pilot study provides the first results of this type, however, it is clear that it will be 
complemented in the direction of studying metabolic and endocrine changes with respect to non-
significant myokines. Although several studies have been published on the relationship between 
strength training and increased myokine production [39, 40],the importance of rest breaks has not 
yet been clarified. There is therefore sufficient opportunity for further research. 

CONCLUSION

Addressing the research questions, no significant differences in bone density change were observed. 
However, the effect of strength training on bone density and body weight was evident.

Answers to research questions and hypothese are as follows:

RQ1: How do mean bone density values ​​change as a result of strength training? 

Positively in two groups, negatively in one group.

RQ2: Are there any significant differences between the experimental groups in bone density 
change?

No significant differences.

RQ3: Which rest period resulted in the greatest increase in bone density?

Group with the long rest period of 120 seconds.
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The small sample size is the main drawback to the study and may have resulted in an error. Low 
energy availability in one group was also a problem, and the short duration of the experiment may 
was limitation to reveal any significant differences.

The practical application of the findings will help in establishing more effective training 
programmes which incorporate appropriate rest times required for maintaining bone density and 
preventing the onset of osteoporosis. Although it cannot be proven that one rest period is more 
suitable than another, it can be stated that strength training is essential to preventing osteoporosis 
and has a positive effect on bone density. Strength training should be a regular part of every 
person’s sports regime. Weight management and greater FFM and energy sufficiency can also be 
monitored as crucial factors in bone health.
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ANNEX 1

Training plan
•	 Training at 80% of 1RM (one repetition maximum)
•	 In the third week, increase 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 Schedule
•	 Mon – training set 1
•	 Tue – training set 2 – cardio activity 10 min
•	 Wed – free day
•	 Thu – training set 3 
•	 Fri – training set 4 
•	 Sat – training set 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 programme

Training Set 1

Exercise Series Repetition/weight (% 1RM) 
Dumbbell bench press  4* 7–8 (80 %) 
Incline bench press 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, complete a series with 20% and 40% 1RM

Training Set 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 triceps pushdowns 4 7–8 (80 %)
Overhead triceps extension 4 7–8 (80 %)

* before the main series, complete a series with 20% and 40% 1RM
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Training Set 3

Exercise Series Repetition/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, complete a series with 20% and 40% 1RM

Training Set 4

Exercise Series Repetition/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, complete a series with 20% and 40% 1RM

Training Set 5

Exercise Series Repetition/weight (% 1RM) 
Bicep curl 4* 7–8  (80 %)
Preacher curl 3 7–8 (80 %)
Triceps bench press 4* 7–8 (80 %)
Triceps dips 3 7–8 (80 %)
Rope triceps pushdowns 4 7–8 (80 %)
Crunches 3 7–8 (80 %)
Sitting twists 3 7–8 (80 %)

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