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Abstract
Background  Powerlifting exercises are commonly performed by athletes and recreational trainers for increasing muscle 
strength. Increased performance for these exercises may promote beneficial outcomes, especially in terms of bone health. 
The aim of this study was to examine whether powerlifting exercise performance and muscle mass indices are associated 
with bone mineral density.
Methods  Fifty-one males (median age 24.0 years) with resistance training experience (median 5.0 years) performed one-
repetition maximum tests for the bench press, squat and deadlift. Muscle mass indices and bone mineral density were 
assessed via a whole-body dual energy X-ray absorptiometry (DEXA) scan. Stronger and weaker participants were directly 
compared for fat-free mass, lean mass and bone mineral density. Spearman rank-order correlation coefficient analyses were 
used to determine whether powerlifting exercise performance is related with muscle mass indices and bone mineral density.
Results  Stronger participants had greater fat-free mass, appendicular lean mass, and bone density (p < 0.01). For all muscle 
mass indices (e.g., fat-free mass and appendicular lean mass) there were small to strong positive relationships found with 
bone mineral density (rs = 0.28–0.65; p < 0.05). Small to strong relationships were found between powerlifting exercise per-
formance and bone mineral density for the majority of regions (rs = 0.29–0.65, p < 0.05). Powerlifting exercise performance 
was not related with leg bone mineral density.
Conclusion  Focusing on improving powerlifting exercise performance and muscle mass appears to be beneficial for improv-
ing bone mineral density in young men. However, since this was a cross-sectional study causality cannot be established.
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Introduction

Progressive resistance training is an effective intervention for 
increasing muscle mass [1] as well as improving bone health 
[2]. The bench press, squat and deadlift are arguably the 
most commonly prescribed resistance exercises by advanced 
trainers [3]. These three exercises are also performed in the 
sport of powerlifting where the objective is for competi-
tors to lift a maximal external load for a single repetition 

for each exercise [4]. Powerlifting exercises place signifi-
cant mechanical stress on various musculoskeletal regions 
including the hip and spine, especially during the squat and 
deadlift [5]. Since mechanical loading is a fundamental fac-
tor for bone mass growth [6] and muscle hypertrophy [7], 
it is coherent that stronger compared to weaker competitive 
powerlifters have greater muscle mass and bone mass [8, 9]. 
However, there appears to be a scarcity of research that have 
investigated comprehensively the muscle mass and regional 
bone mineral density of stronger and weaker trainers based 
on powerlifting performances.

In young healthy males, Guimarães et al. [10] showed 
that muscle strength and lean body mass were associated 
with bone mineral content and bone mineral density. There-
fore, suggesting that even in younger adults these factors 
influence bone health and might be important to monitor in 
younger adults with a family history of osteoporosis. [11]. 
It should be noted that the hip and spine are considered the 
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most important regions to target when performing resistance 
training in older adults because these are the predominant 
sites where fractures occur [12]. However, Guimarães et al. 
[10] did not include the squat and deadlift in their study, 
opting for mostly machine weights with the exception of 
the bench press. Currently resistance training recommen-
dations for increasing bone mineral density focuses on the 
progression towards using heavy loads (e.g., 70–90% one-
repetition maximum—1RM), using exercises that target 
muscles surrounding the hips and spine, and performed at 
least three times per week [13]. Anecdotally, recreational 
trainers that regularly perform the bench press, squat, and 
deadlift will mainly focus on increasing the maximal loads 
lifted, like competitive powerlifters. Therefore, it would be 
expected that heavy loads would generally be used in train-
ing to enhance maximal loads lifted. It is of importance to 
identify factors that may influence bone mineral density of 
younger recreational resistance trainers to assist with reduc-
ing bone loss due to aging and potentially avoid the develop-
ment of osteopenia and osteoporosis. Greater insight into the 
relationships between muscle strength for the powerlifting 
exercises, indices of muscle mass and bone mineral density 
will assist with understanding how to manipulate resistance 
training variables to optimise bone health in younger adults.

The aim of this study was to investigate the muscle mass 
indices and bone mineral density of stronger versus weaker 
resistance trainers, based on their Wilks score [14], with 
similar experience. Additionally, we also sought to examine 
whether strength (1RM) absolute and normalised to body 
mass allometrically scaled and Wilks score and muscle mass 
indices were related to bone mineral density in young men. 
We hypothesised that the stronger resistance trainers (i.e., 
greater Wilks scores) would have superior muscle mass and 
bone mineral density compared to weaker resistance train-
ers. It was also hypothesised that numerous positive correla-
tions would be observed between absolute and normalised 
strength, fat-free mass, appendicular lean mass, and bone 
mineral density. The findings from this study may assist 
exercise professionals with resistance training prescrip-
tion for young men, especially for the improvement of bone 
health.

Methods

Study design

A cross-sectional study designed was employed to address 
the study aims. Males aged 18–45 years were recruited and 
needed to have at least 6 months resistance training experi-
ence with ≥ 2 sessions per week currently being performed. 
It was also a study requirement that participants were able 
perform the bench press, squat and deadlift. Participants 

were required to visit the laboratory on 1–2 occasions to 
complete the assessments. Muscle strength was assessed 
using the one-repetition maximum (1RM) test for the bench 
press, squat and deadlift. Fat-free mass, lean mass, and bone 
mineral density was assessed via a whole-body dual energy 
X-ray absorptiometry (DEXA) scan. The DEXA scan could 
be completed prior to the 1RM tests (i.e., total of 1 visit) 
or during an additional visit (i.e., total of 2 visits), with an 
average of 2 days between visits.

Participants

Fifty-one males (median age 24.1 [interquartile range (IQR) 
20.9–28.1] years; height 178.0 [172.6–180.9] cm; body 
mass 81.7 [76.6–88.7] kg; resistance training experience 
5.0 [3.0–9.0] years) participated in this study. Participants 
reported performing resistance training 4.0 (3.0–5.0) days 
per week and performing the bench press, squat and deadlift 
in 1.0 (1.0–2.0) session per week. Nine participants were 
known to have experience competing in either powerlift-
ing or Olympic weightlifting competitions; however, none 
of these participants were currently preparing for a com-
petition. The remaining participants performed resistance 
training on a recreational level. Twenty-eight of the 51 par-
ticipants also regularly performed aerobic exercise as part of 
their training with the median weekly volume being 120.0 
(60.0–180.0) minutes. Following completion of the testing 
sessions, participants were divided into two groups based 
on their powerlifting performances. The Wilks score is a 
validated method to compare the performance of powerlift-
ers between varying body weight classes [15]. Briefly, the 
Wilks formula is based on a 5th order polynomial reflecting 
the best fit relationship between body mass and an estima-
tion of lifting performance of world class powerlifters. For 
this study Wilks scores > 280 were considered to be strong 
and < 280 as weak. Individual lifts were also expressed rela-
tive to body weight, which is a method commonly used to 
evaluate strength between lifters [16], as well as relative 
to body mass allometrically scaled [17]. The demographic 
and powerlifting exercise performance characteristics of the 
strong and weak participants are presented in Tables 1 and 2, 
respectively. Participants provided verbal and written con-
sent prior to study commencement. This study was approved 
by the University of Sydney Human Research Ethics Com-
mittee, project number 2015/706. 

Procedures

All testing was conducted at the Exercise Physiology Lab-
oratories at The University of Sydney. Participants were 
instructed to refrain from any strenuous physical activity for 
at least 24 h before the testing sessions and if they reported 
any fatigue or soreness from previous exercise the testing 



737Sport Sciences for Health (2021) 17:735–743	

1 3

was postponed to another day for these symptoms to subside. 
Participants were also asked to refrain from using caffeine 
or pre-workout supplements prior to the testing session. In 
preparation for the DEXA scan, participants were instructed 
to be in fasted state (10–12 h) with no more than 200 ml of 
water permitted during this period.

Muscle strength

Muscular strength was assessed via completing a 1RM, 
which is defined as the heaviest load a participant could 
successfully lift. Participants could choose to complete 
the 1RM tests for the bench press or squat first, with the 
deadlift being the last exercise completed. The 1RM test 
involved a protocol that has previously been used by the 
researchers [18, 19]. For each exercise, a thorough warm-
up was conducted which involved performing repetitions at 
light loads and then progressing to heavier loads. However, 
participants were instructed not to exceed approximately 

80% of maximal effort during the warm-up sets to prevent 
fatigue from affecting their 1RM performance. During 
1RM attempts, if the lift was successful the barbell load 
was increased and there was 3–5 min recovery between 
attempts. The technique for the bench press involved lying 
flat on a bench, lowering the barbell to no greater than 
approximately 2.5 cm from the chest and then pressing the 
barbell upwards until arms were fully extended. A research 
assistant helped to lift the barbell from the rack in readi-
ness to begin attempts. The back squat was performed 
using a squat rack with the positioning of spotter arms 
just below the point where the thighs were parallel to the 
floor. A successful squat attempt involved descending by 
flexing the knees and hips until they were in a horizontal 
plane (i.e., thighs parallel to the floor) and then ascending 
to an upright position. The deadlift began with a loaded 
barbell placed on the floor in front of the participant, hav-
ing them bend over to grab the bar and then lift the barbell 
until standing erect in a fully upright position with knees 

Table 1   Demographic 
characteristics of stronger and 
weaker participants

Data presented as median (interquartile range). Significance was set at p < 0.05

Variable Stronger (n = 23) Weaker (n = 28) p value

Age (years) 24.9 (20.7–28.1) 23.0 (22.1–28.1) 0.932
Height (cm) 177.4 (172.4–180.1) 178.4 (172.8–181.9) 0.769
Body mass (kg) 84.7 (76.6–92.6) 81.1 (76.7–84.7) 0.229
Resistance training experience (years) 5.0 (3.0–12.0) 4.5 (3.0–6.8) 0.337
Resistance training frequency (sessions/week) 4.0 (3.0–5.0) 4.0 (3.0–5.0) 0.609
Bench press trained (sessions/week) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.549
Squat trained (sessions/week) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.762
Deadlift trained (sessions/week) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.40
Participation in regular aerobic exercise (% of 

participants)
11/23 (47.8%) 15/28 (55.6%)

Aerobic exercise volume (min/week) 120.0 (30.0–180.0) 100.0 (60.0–180.0) 0.92

Table 2   Powerlifting exercise 
performance of stronger and 
weaker participants

Data presented as median (interquartile range). Significance was set at p < 0.05
1RM one-repetition maximum; BM body mass
a Values are expressed relative to body mass to the 2/3 power (allometric scaling)

Variable Stronger (n = 23) Weaker (n = 28) p value

Bench press 1RM (kg) 110.0 (100.0–127.5) 92.5 (80.0–104.5)  < 0.001
Bench press 1RM (kg/BM) 1.3 (1.2–1.4) 1.1 (1.0–1.3)  < 0.001
Bench press 1RM (kg/BM0.67)a 5.7 (5.4–6.3) 4.9 (4.3–5.5)  < 0.001
Squat 1RM (kg) 170.0 (150.0–190.0) 120.0 (116.3–130.0)  < 0.001
Squat 1RM (kg/BM) 2.0 (1.9–2.2) 1.5 (1.4–1.6)  < 0.001
Squat 1RM (kg/BM0.67)a 8.8 (8.0–9.6) 6.6 (6.0–7.1)  < 0.001
Deadlift 1RM (kg) 190.0 (170.0–200.0) 140.0 (130.0–150.0)  < 0.001
Deadlift 1RM (kg/BM) 2.2 (2.1–2.4) 1.7 (1.6–2.0)  < 0.001
Deadlift 1RM (kg/BM0.67)a 9.6 (9.1–10.5) 7.4 (6.6–8.2)  < 0.001
Total of three lifts (kg) 460.0 (425.0–520.0) 352.5 (330.0–370.0)  < 0.001
Total Wilks score 309.0 (287.0–338.0) 240.6 (222.9–260.3)  < 0.001
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extended. For the squat and deadlift 1RM, participants 
were asked not to use weight belts, but for the deadlift 
wrist straps and chalk could be used to assist with holding 
the bar.

Body composition

A DEXA scan was conducted to assess fat-free mass, lean 
mass and bone mineral density using the GE Lunar Prod-
igy (Medical Systems, Madison, WI). Participants had one 
whole body scan which was performed under standardised 
conditions. As mentioned above, participants were required 
to be in a fasted state for at least 10 h prior to the scan. 
Bladder/bowel was to be voided, any jewellery removed, 
clothes were removed down to the underwear and a hospi-
tal gown was worn. Participants laid flat on the scanning 
bed and were positioned in the centre, aligned with the long 
axis of the scanner, with arms and legs evenly separated to 
allow accurate analysis of body regions. The DEXA scan-
ner was calibrated within 24 h prior to every scan. Follow-
ing the scan, in-built analysis software (version 13.60.033; 
enCORE 2011, GE Healthcare, Madison, WI) allowed the 
calculation of total and regional (predefined by the software) 
lean mass, fat-free mass (FFM), bone mineral content, and 
bone mineral density. One researcher checked all analyses to 
ensure that the region of interest sites were consistent. Since 
body height can influence body composition [20], FFM were 
divided by height2 (kg/m2) to calculate FFM index (FFMI). 
Additionally, total appendicular lean mass (ALM) relative 
to height squared was calculated to provide ALM index 
(ALMI).

Statistical analyses

All statistical analyses were performed using SPSS version 
24.0 for Windows (IBM Corp. Armonk, NY USA). Fol-
lowing the Kolmogorov–Smirnov test, there appeared to 
be inconsistent normal data distribution and given the rela-
tively small sample size it was decided that non-parametric 
tests would be used for all analyses. Therefore, data were 
presented as median with interquartile range (IQR). Dif-
ferences between stronger and weaker participants for all 
variables of interest was analysed using the Mann–Whitney 
U test. Relationships between powerlifting exercise perfor-
mance, muscle mass indices and bone mineral density were 
assessed using Spearman rank-order correlation coefficient 
analyses expressed as rho (rs). Strength of correlations were 
qualitatively assessed as: trivial (r < 0.1), small (r > 0.1–0.3), 
moderate (rs > 0.3–0.5), strong (rs > 0.5–0.7), very strong 
(rs > 0.7–0.9), nearly perfect (rs > 0.9), and perfect (rs = 1.0) 

[21]. The alpha level for significance for tests was set at 
p < 0.05 and trends declared at p = 0.05–0.10.

Results

The muscle mass indices and bone mineral density of the 
stronger and weaker participants are presented in Table 3. 
Overall, the stronger compared to the weaker participants 
were more muscular as reflected by greater FFM (p = 0.006) 
and ALM (p = 0.005). When expressed relative to height 
these differences between groups remained, favouring the 
stronger participants (FFMI, p < 0.00; ALMI, p < 0.001). 
Stronger compared to weaker participants had greater 
bone mineral density for the arms, pelvis, trunk and spine 
(p < 0.05), but no significant difference between groups was 
found for the legs. Total bone mineral density was greater 
for stronger participants (p = 0.02) but no significant differ-
ences between groups were found for bone mineral content.

The relationships between bone mineral density, pow-
erlifting exercise performance and muscle mass indices 
are presented in Table 4. Very strong positive relation-
ships were found between total bone mineral content and 
FFM (rs = 0.79, p < 0.001) and ALM (rs = 0.77, p < 0.001). 
Relationships were slightly weaker for bone mineral con-
tent and FFMI (rs = 0.41, p = 0.003) and ALMI (rs = 0.47, 
p = 0.001). There was moderate to strong positive relation-
ships between FFM and total and regional bone mineral 
density (rs = 0.43–0.65, p < 0.05) (Fig. 1). For all remaining 
muscle mass indices (FFMI, ALM, and ALMI) there were 
small to strong positive relationships found with bone min-
eral density (rs = 0.28–0.65, p < 0.05). Moderate to strong 

Table 3   Muscle mass indices and bone mineral density between 
stronger and weaker participants

Data presented as median (interquartile range). Significance was set 
at p < 0.05
FFM fat-free mass, FFMI fat-free mass index, ALM appendicular lean 
mass, ALMI appendicular lean mass index, BMC bone mineral con-
tent, BM body mass, BMD bone mineral density

Variable Stronger (n = 23) Weaker (n = 28) p value

FFM (kg) 72.9 (65.3–76.7) 63.7 (61.2–70.1) 0.006
FFMI (kg/m2) 22.6 (21.5–24.5) 20.9 (20.1–21.4)  < 0.001
ALM (kg) 33.1 (29.7–36.6) 28.8 (27.3–32.1) 0.005
ALMI (kg/m2) 10.5 (9.8–11.4) 9.5 (9.0–9.8)  < 0.001
BMC (g) 3.44 (3.15–4.06) 3.43 (2.98–3.61) 0.145
Arm BMD (g/cm2) 1.26 (1.14–1.37) 1.16 (1.03–1.26) 0.006
Leg BMD (g/cm2) 1.53 (1.44–1.58) 1.49 (1.41–1.58) 0.201
Pelvis BMD (g/cm2) 1.10 (1.03–1.18) 1.06 (0.97–1.09) 0.016
Trunk BMD (g/cm2) 1.43 (1.34–1.51) 1.35 (1.30–1.42) 0.014
Spine BMD (g/cm2) 1.22 (1.14–1.30) 1.17 (1.05–1.23) 0.024
Total BMD (g/cm2) 1.36 (1.30–1.46) 1.33 (1.23–1.36) 0.020
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positive relationships were found between total bone mineral 
content and all powerlifting exercises (1RM) (rs = 0.32–0.56, 
p < 0.05). Small to strong positive relationships were found 
between bone mineral density for the majority of regions 
and all powerlifting exercises (1RM and 1RM/BM0.67) 
(rs = 0.29–0.65, p < 0.05), Wilks score (rs = 0.36–0.45, 
p < 0.05), and total strength (rs = 0.42–0.52, p < 0.01). Leg 
bone mineral density was not related with powerlifting 
exercise (1RM and 1RM/BM0.67), Wilks score, and total 
strength.

Discussion

The first aim of this study were to investigate the muscle 
mass indices and bone mineral density of stronger versus 
weaker resistance trainers with similar experience. The sec-
ond aim was to examine the relationship between power-
lifting performance, muscle mass indices and bone mineral 
density. In agreement with the original hypothesis stronger 
participants were more muscular (i.e., greater FFM and 
ALM), generally had greater bone mineral density, and 
appeared to have lower body fat percentage. Bone min-
eral density of all body regions was positively related with 
muscle mass. However, bone mineral density of all regions 
except for the legs was positively related with powerlift-
ing exercise performance. Therefore, it seems that better 
bone mineral density is present within resistance trainers 
that have greater muscle mass and strength as assessed by 
loads lifted for the powerlifts. Focusing on improving pow-
erlifting exercise performance may be beneficial for improv-
ing bone mineral density in young men. However, since this 

was a cross-sectional study causality cannot be established 
and due to the small sample size caution is warranted when 
interpreting the findings.

Fat-free mass (FFM) consists of skeletal muscle, internal 
organs, bone, water, and connective tissue; however, skeletal 
muscle represents the largest proportion [1]. Therefore, fol-
lowing a resistance training intervention changes in FFM are 
mainly due to increased skeletal muscle mass [1]. Powerlift-
ers are known to have greater FFM compared to the general 
population and it has also been proposed that FFM is the 
greatest determinant of powerlifting performance [22–24]. 
Additionally, more successful competitive powerlifters 
possess higher degrees of muscle mass compared to less 
successful peers [8, 9]. This is consistent with the findings 
from the present study when comparing the stronger and 
weaker participants. Since there was no difference between 
the demographic characteristics between groups (e.g., resist-
ance training experience, frequency, lifts trained), it appears 
that differences in powerlifting performance may be related 
to factors such as exercise prescription [25], diet [26, 27] 
and genetics [28]. Based on the reference values for FFMI in 
Caucasians [20], the stronger and weaker participants in the 
present study were better than 95% and 90%, respectively, 
of males aged 18–34 years.

The bench press, squat and deadlift involve large mus-
cle groups and when sufficient loads are used (> 60% 
1RM), increased mechanical stress on the activated mus-
cle groups will stimulate muscle hypertrophy [29]. Dur-
ing these powerlifting exercises musculoskeletal regions 
emphasised include the lumbar and hip region which are 
the predominant sites where fractures occur in aging [12]. 
The increased mechanical stress placed on the involved 

Table 4   Relationships between bone mineral density, muscle mass indices and powerlifting exercise performance for all participants (n = 51)

FFMI fat-free mass index, ALM appendicular lean mass, ALMI appendicular lean mass index, BM body mass, BMD bone mineral density
a Values are expressed relative to body mass to the 2/3 power (allometric scaling)
*Correlation is significant at p < 0.05
**Correlation is significant at p ≤ 0.01
† Correlation is significant at p ≤ 0.001. Significance was set at p < 0.05

Variable Total BMC Arm BMD Leg BMD Pelvis BMD Trunk BMD Spine BMD Total BMD

FFMI (kg/m2) 0.41** 0.55† 0.28* 0.47† 0.45† 0.47† 0.49†

ALM (kg) 0.77† 0.65† 0.46† 0.56† 0.54† 0.55† 0.59†

ALMI (kg/m2) 0.47† 0.56† 0.32* 0.46† 0.45† 0.48† 0.48†

Bench press (kg) 0.56† 0.64† 0.35 0.47† 0.45† 0.50† 0.54†

Bench press (kg/BM0.67)a 0.34* 0.50† 0.27 0.34* 0.37** 0.36** 0.43**
Squat (kg) 0.32* 0.45† 0.13 0.41** 0.41** 0.41** 0.38**
Squat (kg/BM0.67)a 0.12 0.31* 0.09 0.32* 0.35* 0.31* 0.30*
Deadlift (kg) 0.36* 0.44† 0.12 0.51† 0.51† 0.49† 0.37**
Deadlift (kg/BM0.67)a 0.17 0.32* 0.10 0.40** 0.44† 0.40** 0.29*

Total strength (kg) 0.41** 0.52† 0.17 0.49† 0.50† 0.48† 0.42**
Wilks score 0.21 0.39** 0.14 0.41** 0.45† 0.40** 0.36**
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musculoskeletal regions during the powerlifting exercises 
would likely provide an ideal stimulus for bone mass 
growth [6]. These thoughts are supported by previous 
research showing greater bone mineral density of the arms, 
lumbar spine, and whole body in young male powerlifters 
(n = 10) compared to healthy age-matched controls [30]. 
However, in this previous study there was no difference 
between groups for bone mineral density of the proximal 
femur. Interestingly, in the present study the only region 
that did not differ between groups in terms of bone den-
sity was the legs. Potentially bone mineral density may 
be more difficult to change in the legs through resistance 

training in younger males. The finding may have also been 
influenced by the weight-bearing status of the lower body 
and other frequent high-intensity lower body dominant 
activities generally performed by young adults. Therefore, 
leading to this region of the body being less sensitive for 
detecting changes in bone mineral density based on resist-
ance exercise performance.

Total bone mineral content did not differ between groups 
which is difficult to explain since we found that it was very 
strongly related with FFM. Chumlea et al. [31] showed that 
the size of the skeletal frame is an important factor that 
influences bone mineral content with greater absolutes of 

Fig. 1   Relationship between fat-free mass and bone mineral density in male resistance trainers. Relationships between fat-free mass and all bone 
mineral variables (arm, leg, pelvic, trunk, spine and total) were statistically significant (p < 0.05)
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bone observed with larger frames. This previous study found 
increases in bone mineral density in men with broader shoul-
ders and wrists, which were sites related with large amounts 
of muscle. However, even though broad knees (as well as 
shoulders and wrists) were associated with high fat-free 
mass, there was no association with bone mineral content or 
density [31]. These previous findings support the hypothesis 
developed from the present study concerning the difficultly 
in differentiating bone mineral density of the lower body 
between young adults based on classification of stronger 
and weaker participants (from the Wilks score). However, 
it appears that compared to machine weights and isolated 
resistance exercises, powerlifting exercises may provide an 
ideal stimulus for improving overall bone health in popula-
tions that these exercises are not contraindicated. Although, 
to maximise the benefits there should be an emphasis on 
increasing the maximal loads lifted.

The positive relationships between the muscle mass vari-
ables (FFM, FFMI, ALM, and ALMI) and bone mineral con-
tent and density found in the present study are in agreement 
with the findings from Guimarães et al. [10] where moderate 
to very strong relationships were found in a group of young 
male undergraduate students. The relationship between lean 
mass and bone mineral content and density among older 
aged men is well established [32, 33]. Even though females 
have greater losses in bone content and density with aging 
(30% compared to 16% for men) there is a similar degree of 
loss in lean mass [34]. Since lean mass plays a major role in 
health through the regulation of bodily processes and main-
tenance of physical function [35], it is no surprise that it is 
a predictor of longevity in older adults [36].

The findings from this study indicated that maximal loads 
lifted for the powerlifting exercises are generally related to 
bone mineral density and this was also consistent with the 
findings from Guimarães et al. [10]. The novelty of the pre-
sent study was that muscle strength was expressed in both 
absolute (load lifted) and relative (load lifted divided by 
body mass allometrically scaled) terms. Through differenti-
ating strength in this manner it was possible to make more 
sensitive comparisons between individuals [17]. Addition-
ally, relative strength is commonly used to provide greater 
insight into physical function and athletic performance [37]. 
Since powerlifting performance expressed in both absolute 
and relative terms was similarly related with bone mineral 
content and density, it provides strong confirmation of the 
influence of muscle strength on bone health. However, leg 
bone mineral density was not significantly related with mus-
cle strength which supports the finding of no difference in 
bone density for this region between the stronger and weaker 
participants (as discussed above). The only variables that 
were related with leg bone density were all of the muscle 
mass variables (FFM, FFMI, ALM, and ALMI). Future 
research is required to investigate the effects of resistance 

training interventions targeting muscle strength versus mus-
cle hypertrophy on bone mineral density.

The present results may be applicable to middle-aged 
and older adults who are at risk of developing sarcopenia, 
osteoporosis or the newly defined geriatric condition of 
osteosarcopenia [38]. Resistance training is one of several 
preventive and therapeutic interventions for osteosarcopenia 
and based on the results of the present study the inclusion of 
the powerlifting exercises should be considered. The resist-
ance exercise prescription should also target maximising 
muscle strength of the squat and deadlift due the associa-
tions with bone mineral density of the arm, spine, pelvic and 
trunk found in the present study. The results of the present 
cross-sectional study are consistent with evidence from a 
randomised control trial conducted by Harding et al. [39] 
that involved an 8-month high-intensity resistance training 
program featuring the squat, deadlift and shoulder press in 
males with low bone mineral density. The participants in this 
previous study showed improvement in bone strength, physi-
cal function, and muscle strength compared with an isomet-
ric axial exercise group and control group, as well as being 
well accepted and tolerated. Enhancement of fat-free mass 
should also be emphasised in people with osteosarcopenia 
based on the present study findings and previous research. 
An increase in fat-free mass can be achieved through afore-
mentioned resistance training recommendations in conjunc-
tion with implementation of specific dietary practices, e.g., 
protein intake of 2 g/kg/day) [26, 27, 40].

There are certain limitations that should be acknowledged 
when interpreting the findings from the present study. This 
study did not assess bone mineral density at the common 
specific sites including the hip and lumbar spine. Therefore, 
it was not possible to make comparisons with other relevant 
studies and this will be a requirement for future research into 
the effect of powerlifting exercises on bone health, since 
there is scarcity of research on this topic. However, our study 
could be compared to the findings from Guimarães et al. 
[10] with the novelty being the inclusion of powerlifting 
exercises and the extensive exploration of muscle strength 
and its relationship with bone mineral density. Further infor-
mation gathered from participants would have been helpful 
to explain some of the findings of the study. In particular, 
details about individual exercise prescription (e.g., sets, rep-
etitions, loads, perceived effort etc.) and diet such as pro-
tein intake and total daily calories, which can affect fat-free 
mass [26, 27]. It was unknown whether participants used any 
performance enhancing drugs over the previous 12 months 
which could have influenced the results. The sample size 
of the study was relatively small although it was still larger 
than the study by Guimarães et al. [10] which included 36 
young males. Nevertheless, there is a risk of Type 2 errors 
(false negative) especially since data normality was incon-
sistent. However, the findings from this study do provide 
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novel information concerning the potential use of powerlift-
ing exercises for prevention of significant bone loss during 
the aging process. Although there have been many studies 
exploring the effects of resistance training on body compo-
sition and bone mineral density [1, 2], powerlifting lifting 
interventions are lacking especially in non-athletic popula-
tions. Information from this study may be helpful towards 
the development of adequately powered and well-designed 
studies on this topic in the future.

Conclusion

Greater powerlifting exercise performance and increased 
muscle mass appears to be related to greater bone min-
eral density in young males. Muscle mass appears to have 
a larger influence on leg bone mineral density compared 
to lower body strength. For healthy adults, implementa-
tion of powerlifting exercises following resistance training 
recommendations for maximising strength may assist with 
increasing muscle mass and maintaining healthy bones [41]. 
However, for people that have certain musculoskeletal or 
cardiovascular conditions where powerlifting exercises may 
be contraindicated, alternative resistance training practices 
should be considered in consultation with appropriately 
qualified exercise specialists.
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