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Abstract: Resistance training (RT) has been considered an intervention with effective stimulus
on bone mineral formation and is, therefore, recommended to decrease the rate of bone morpho-
functional proprieties loss with aging. Thus, this meta-analysis aimed to analyze the effectiveness of
RT protocols in promoting changes in bone mineral density (BMD) in older adults. The systematic
reviews and meta-analysis followed the PRISMA guidelines (PROSPERO CRD42020170859). The
searches were performed in the electronic databases using descriptors according to the PICO strategy.
The methodological quality and risk of bias were assessed with the PEDro scale, and the magnitude of
the results was determined by Hedges’ g. Seven studies involving 370 elderlies, with the RT planned
as a unique exercise mode of intervention, showed designs with four to five exercises for upper-
and lower-limbs musculature, two to three sets per exercise, eight to twelve repetitions to failure
at 70–90% 1 RM, 60–120 s of rest between sets, and executed three times per week for 12–52 weeks.
The RT protocols were classified between good and excellent and evidenced a positive effect on the
BMD at the hip (0.64%) and spine (0.62%) but not in the femoral neck (−0.22%) regardless of the
intervention length. The narrow range of either positive or negative changes in the BMD after the RT
intervention support, at best, a preventive effect against the increasing risk of bone frailty in an older
population, which is evident beyond 12 weeks of RT practice engagement.

Keywords: bone mineral content; strength training; aging

1. Introduction

Bone mineral density (BMD) refers to the standardized bone mineral content per unit
of area [1]. Thus, it reflects the integrity of bone tissue, being an indication of structural
remodeling capacity [2], and, therefore, when reduced, it is an index of the risk of frailty
and pathologies, such as osteopenia and osteoporosis, that have a negative impact on
health [3–5]. Osteoporosis affects about 30% of all postmenopausal women in Europe and
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the United States, and it is estimated that 40% of these women will suffer one or more
osteoporotic fracture in their lifetime [6]. As with other tissues, bone mass is subject to the
aging process, with declining morphological and functional proprieties due to biological
factors (muscle mass reduction and neuromuscular activation) and lifestyle (sedentariness
and poor eating habits) [7–9]. For example, BMD reductions can reach rates of 0.6, 1.1,
and 2.1% for the age groups 60–69, 70–79, and ≥80 years, respectively [10]. However,
strength exercise can avoid BMD reduction from 1 to 3% per year of life when compared to
adults not regularly engaged in exercise programs [11], highlighting that resistance exercise
training (RT) offers adequate mechanical stress to stimulate BMD improvements in specific
anatomical locations, such as the femoral neck (FN), total hip (TH), and lumbar spine (LS),
where its decrease could be a problem [4,12,13].

Weightlifting exercises, such as resistance training (RT), have also been used as a
strategy to prevent or mitigate BMD loss. This type of exercise induces tensional stimuli to
the bones, which produce mechanical modulation of the osteogenic response and, hence,
increase the bone mineral content [14,15]. Nevertheless, aerobic training and other forms
of low-impact exercise, such as cycling and swimming, have been shown to have little or
no effect on bone health [6,12]. It is also important to note that multi-joint exercises have
clinical contributions to bone mineralization in older individuals. For example, long-term
RT protocols (4–6 months), with moderate to heavy loads (50–80% of one repetition to
maximum, 1 RM), two to three sets for exercise, and three sessions for weeks, including
squats and deadlifts exercises, have demonstrated to improve the BMD of the spine and
hip, as well as in the upper limbs, until 3.8%, which is considered clinically relevant [5].
Indeed, free weight exercises performed with high loads (>70% 1 RM) suggest the greatest
enhancement of the BMD [14,16].

Specifically, regarding the effect of RT on the BMD in older adults, the desirable
osteogenic effect has been considered preventive since minimal measurable changes in
bone mass or/and density are supported by tissue metabolism improvement [13,17–19]. In
fact, a considerable number of longitudinal studies have reinforced that RT is the favorable
exercise mode to enhance bone health simply by avoiding loss in BMD values over time,
or it evidences small increases, with a protocol from 3 to 12 months of the interventional
period [4,13], despite other studies reporting small reductions in BMD with RT [17,20] and
despite confounding factors, such as age, sex, ethnicity, nutritional status, conditioning
level, bone mineral health, different experimental designs (duration, exercises, and others),
perhaps having influenced the lack of responsiveness among the studies.

In particular, the aforementioned discrepancy in the results reported for different
RT studies for older adults makes it difficult to provide evidence of the effectiveness of
BMD stimulation and thus limits the assertiveness regarding the optimal RT planning
(volume, intensity, and rest) for maintaining bone health in older adults. Therefore, the
present systematic review aimed to analyze the effect of RT protocols on the BMD of specific
anatomical locations (FN, TH, and LS) susceptible to osteoporosis in the older population,
examining whether different volume and intensity settings could differentially affect the
BMD at the anatomical locations considered.

2. Materials and Methods

This systematic review and meta-analysis of experimental studies with resistance
training intervention followed the recommendations of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [21] (see Supplementary File S1). The
high-sensitivity search was elaborate, using descriptors according to population, inter-
vention, comparison, outcome, study design (PICOS) strategy: Populations: “Elderly”
AND “Health”; Intervention: “Resistance Exercise” OR “Resistance Training”; Comparator:
pre-post difference in the BMD as a result of an RT program (the comparison with the
control group was not performed because the studies used comparisons with different
types of exercises, e.g., impact, vibration, or aerobic exercise, or did not perform exercises,
and this would influence the estimate of the effect size [22]); Outcomes: “Bone Density” OR
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“Bone Mineral Content” OR “Bone Remodeling” OR “Bone Metabolism”; and Study design:
any study that included an RT intervention in older adults (aged 55+ years and with a
body mass index below 30 kg/m2) with relevant outcomes for BMD assessed pre- and post-
training was considered for inclusion. The reliability of the search strategy was verified
by finding the study by Bemben et al. [17]. After that, computer searches were performed
in the electronic databases: PubMed, ScienceDirect, and Scielo for studies published until
20 December 2020. In addition, citation tracking of the included studies was carried out
through the databases Pubmed, Scopus, and Google Scholar. Gray literature (e.g., abstracts,
conference proceedings, editorials, dissertations, and thesis) was not included [22]. The
selected articles’ references were also searched to add relevant titles. Finally, attempts were
made to contact the authors of the selected articles via e-mail to request any lack of relevant
information. In order to avoid any selection bias, searches were performed by two authors
(D.A.M. and T.P.O.). After the searches were conducted, the authors compared the lists of
included and excluded studies; the discrepancies observed were analyzed through discus-
sion and agreement with a third author (D.M.P.F.). This systematic review has received the
registration number CRD42020170859 in PROSPERO baseline records.

2.1. Study Selection Criteria

Studies were included that showed quantification of BMD. The inclusion criteria
adopted were: (i) complete studies performed in humans over 55 years old (to ensure
selection of studies including only participants with a recognized trend of age-related
effects on BMD) [23,24]; (ii) only studies that used dual-energy X-ray absorptiometry (DXA)
as the assessment tool, a validated BMD measurement technique [25]; (iii) peer-reviewed
and published in English; and (iv) in the last 10 years. The exclusion criteria adopted
were: (i) studies conducted in clinical populations that interfere with bone metabolism
(i.e., diabetics, obese) [3]; (ii) with average body mass index ≥ 30.0 kg/m2; (iii) studies that
combined other types of exercises (i.e., vibration, impact, and aerobic exercises); (iv) studies
that administered supplements or osteogenic drugs; (v) case studies and literature reviews
(systematic review and meta-analysis).

2.2. Data Extraction

The data were extracted by two authors (F.H.N. and T.P.O.) using a pre-pilot spread-
sheet and independently verified by a third author (D.A.M.) from the review team. The
following data were extracted: (i) authors’ names, (ii) year of publication, (iii) population
characteristics (sample size, sex, age, height, and body mass), (iv) characteristics of the
resistance training protocol (series, repetitions, intensity, rest interval, weekly frequency,
and intervention duration), (v) BMD measures (region and pre- and post-training values).

2.3. Assessment of Methodological Quality and Risk of Bias

This procedure was performed by two authors (D.A.M. and F.H.N.) using the 11-point
Physiotherapy Evidence Database (PEDro) scale, which gives the study 1 point if the
criterion is met or 0 if not [26]. The discrepancies observed were analyzed by a third author
(D.M.P.F.). As criterion 1 concerns external validity, it was considered in the total score;
similarly, criteria 5, 6, and 7 were removed due to the impossibility in physical exercise
intervention studies to allocate groups of participants blindly; in addition, researchers rarely
act blindly [27]. With the removal of these items, the maximum value on the PEDro scale is
7 points, with adjusted scores ranging from 0–3 being “poor quality”, 4 being “moderate
quality”, 5 being “good quality”, and 6–7 being “excellent quality” (Table 1) [27,28].

2.4. Statistical Analysis

The magnitude of the study results was determined by Hedges’ g and 95% confidence
interval (CI95%) due to the small sample size (n < 30) of some included studies [29]. For
these estimates, the sample size, mean values, and standard deviation of the BMD pre- and
post-training for each anatomical location (FN, TH, and LS) were used for each condition
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(RT protocols applied) of each study included in the meta-analysis. The relative effects of
the training (∆%) were provided in percentages according to Equation (1).

∆% =

[(
xpost − xpre

)
xpre

]
·100 (1)

where “∆%” is the effect of training in percent, “xpre” is the average of the BMD before
training, and “xpost” is the average of the BMD after training. Inconsistency was checked
using the meta-analysis results and was based on visual inspection of Hedges’ g estimates,
whether CI95% overlapped or not, and also on statistical tests for heterogeneity deter-
mined by combining Cochran’s Q test with Higgins’ test [30] and its value categorized as:
0 < I2 ≤ 25%, indicating non-heterogeneity; 25% < I2 ≤ 50%, indicating low heterogeneity;
50% < I2 ≤ 75%, indicating moderate heterogeneity; and >75%, indicating high heterogene-
ity between studies [31]. Fixed-effect model was employed in the absence of inconsistency
(I2 ≤ 25%). Publication bias analyses (Egger’s test) were not evaluated due to the inferiority
of ten studies included [32–34]. Effect sizes for Hedges’ g were defined as: <0.20 = trivial,
0.20–0.50 = small, 0.50–0.80 = moderate, >0.80 = large [34,35]. Finally, meta-regression
analyses were performed to ascertain the relationship between the interventional period
(weeks) and the effect size (Hedges’ g) of the training for each anatomical location. The
meta-analysis and statistical analysis were conducted using Comprehensive Meta-Analysis,
version 2.0 (Biostat; Englewood, NJ, USA). A significance level of α = 0.05 was adopted for
all statistical procedures.

3. Results

Figure 1 depicts the flow chart for all the systematic review and meta-analysis steps.
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The mean percentage of change for the BMD of the selected articles was: the
FN = 0.22 ± 0.64% (CI95% = −0.59–0.16%), TH = 0.64 ± 0.51% (CI95% = 0.32–0.95%), and
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LS = 0.62 ± 0.81% (CI95% = 0.12–1.12%). Table 1 presents the main characteristics of the
seven included studies [4,12,13,17,20,36,37]. These studies were selected independently
by three reviewers, being published in European countries (57%) and the United States of
America (43%). This totaled the inclusion of 370 participants, 62% female (61.9 ± 5.0 years)
and 38% male (69.0 ± 9.0 years).

Improvements in BMD were evidenced but without statistical support in four of
the eleven training protocols analyzed in the FN (Figure 2A), nine out of ten in the TH
(Figure 2B), and seven out of ten in the LS (Figure 2C). The values of the methodological
quality presented by the PEDro scale were good to excellent, with a range of five to
six points.
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Table 1. Main characteristics of the selected studies concerning the population features, RT protocol, effects on BMD, and quality analysis.

Study

Participants Resistance Training Protocols Bone Mineral Density (g/cm2)

PEDro
n Age Height Body

Mass BMI Exercise Sets Rep Intensity Rest Weekly
Frequency Duration Bone Interventions

(years) (cm) (kg) (kg/m2) (Body
Region) (%1 RM) (s) (Weeks) (Region) Pre Post ∆ (%) Scores

Mosti
et al.,

2013 [4]

8 W 61.9
± 5.0

169.3
± 6.5

72.3
± 7.7

25.3
± 2.9

1 ex. LL (SM) 24 8–12
3–5

50
90

120
180

3 12 FN

LS

TH

0.651
± 0.084

0.759
± 0.061

0.751
± 0.125

0.655
± 0.088

0.762
± 0.067

0.756
± 0.123

0.61

0.40

0.67

6
Excellent

Marques
et al.,

2011 [12]

23 W 67.3
± 5.2

28.8
± 4.6

4 ex. LL (LP, KE,
LC, HAb)

4 ex. T and UL
(CP, LR, SP, AC)

3 6–8 75–80 120 3 32 FN

TH

0.684
± 0.082

0.859
± 0.124

0.676
± 0.090

0.873
± 0.132

−1.17

1.63

5
Good

Whiterford
et al.,

2010 [13]

73 M 64.6
± 6.0

176.6
± 6.8

82.4
± 10.7

26.4
± 3.1

4 ex. LL (HF, HE,
Hab, CR)

5 ex. T and UL
(WC, WE, BC,

TP, FPS)

3 10 85 60 3 52 FN

LS

TH

0.966
± 0.142

1.236
± 0.189

1.045
± 0.161

0.969
± 0.140

1.235
± 0.185

1.054
± 0.157

0.31

−0.08

0.86

6
Excellent

Bemben
et al.,

2010 [17]

22 W 64
± 0.9

160.6
± 1.7

76.6
± 3.1

5 ex. LL (LP, HF,
HE, HAb, HAd)
3 ex. T and UL
(SP, LPD, SR)

3 10 80 60 3 32 FN

LS

TH

0.902
± 0.021
1.163
± 0.028

0.955
± 0.025

0.898
± 0.021
1.156
± 0.030

0.952
± 0.024

−0.44

−0.60

−0.44

5
Good

Bocalini
et al.,

2009 [20]

40 W 69
± 9.0

*∼=155 68
± 6.0

28
± 4.0

5 ex. LL (LP, LC,
KE, HAb, HAd)

7 ex. UL (CP,
LPD, BC, TP, SR,

SP, AC)

3 10 85 60 3 24 FN

LS

0.705
± 0.001

0.881
± 0.001

0.704
± 0.001

0.880
± 0.001

−0.14

−0.14

6
Excellent
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Table 1. Cont.

Study

Participants Resistance Training Protocols Bone Mineral Density (g/cm2)

PEDro
n Age Height Body

Mass BMI Exercise Sets Rep Intensity Rest Weekly
Frequency Duration Bone Interventions

(years) (cm) (kg) (kg/m2) (Body
Region) (%1 RM) (s) (Weeks) (Region) Pre Post ∆ (%) Scores

Marques
et al.,

2013 [36]

23 M

24 W

68.2
± 5.2

68.2
± 5.7

*∼=169

*∼=150

83.0
± 11.7

64.2
± 10.2

29.2
± 3.4

28.6
± 4.1

4 ex. LL (LP, KE,
LC, HAb)

4 ex. T and UL
(CP, LR, SP, AC)

3 6–8 75–80 150 3 32 FN

LS

TH

FN

LS

TH

0.822
± 0.113

1.051
± 0.161
1.004
± 0.140

0.715
± 0.119

0.877
± 0.122

0.864
± 0.108

0.821
± 0.115

1.065
± 0.172

1.006
± 0.138

0.705
± 0.104

0.896
± 0.129

0.872
± 0.111

0.12

1.33

0.20

−1.40

2.17

0.93

6
Excellent

Bemben
&

Bemben
2011 [37]

45 M

79 W

65.2
± 0.5

63.8
± 0.4

176.8
± 1.0

163.2
± 0.6

83.5
± 1.6

69.7
± 1.5

26.7
± 0.5

26.1
± 0.5

7 ex. LL (KF, KE,
LP, HF, HE,
HAb, HAd)

5 ex. T and UL
(FF, FE, SP, LPD,

SR)

3

3

3

3

8

16

8

16

80

40

80

40

2

2

3

3

40 FN

LS

TH

FN

LS

TH

FN

LS

TH

FN

LS

TH

0.903
± 0.020

1.143
± 0.035

0.943
± 0.022

0.902
± 0.019

1.186
± 0.032

0.940
± 0.019

0.894
± 0.022

0.889
± 0.021

0.950
± 0.026

0.928
± 0.026

1.186
± 0.031

0.976
± 0.031

0.902
± 0.020

1.155
± 0.034

0.949
± 0.022

0.904
± 0.019

1.195
± 0.034

0.943
± 0.019

0.889
± 0.021
1.190
± 0.034

0.956
± 0.025

0.932
± 0.026

1.190
± 0.031

0.984
± 0.031

−0.11

1.05

0.64

0.22

0.76

0.32

−0.56

0.96

0.63

0.43

0.34

0.82

5
Good

*: Data entered by the authors; RT: resistance training; BMD: bone mineral density; M: men; W: women; BMI: body mass index; FN: femoral neck; TH: total hip; LS: lumbar spine.; UL: upper limbs; LL: lower limbs; T: trunk;
HI: high intensity; LI: low intensity: s: seconds; rep: repetitions. AC: abdominal curl; BC: biceps curl; CP: chest press; CR: calf raise; FE: forearm extension; FF: forearm flexion; FPS: forearm pronation/supination; HAb: hip
abduction; HAd: hip adduction; HE: hip extension; HF: hip flexion; KE: knee extension; KF: knee flexion; LC: leg curl; LP: leg press; LPD: lateral pull-down; LR: lateral raise; SM: squat movement; SP: shoulder press; SR:
seated row; TP: triceps pushdown; WC: wrist curls; WE: wrist extension
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The meta-analysis was performed from a fixed model for all anatomical locations
because they did not present inconsistency (<25%) for the BMD of the FN (I2 = 0.00%;
Q10 = 7.998; p = 0.629), TH (I2 = 0.00%; Q9 = 1.848; p = 0.994), and LS (I2 = 22.78%;
Q9 = 11.656; p = 0.23) (Figure 2A–C, respectively), as well as no significant changes for
the BMD of the FN (g = 0.059, CI95% = −0.214–0.096, p = 0.456 [trivial]), TH (g = 0.115,
CI95% = −0.044–0.274, p = 0.155 [trivial]), and LS (g = 0.064, CI95% = −0.097–0.226,
p = 0.437 [trivial]), which characterizes RT as an exercise with no significant effect on
BMD in the older adults. The meta-regression results also showed no significant effect of
the RT period on the BMD of the FN, TH, and LS (Figure 3A–C, respectively), demonstrat-
ing that the period of the RT protocols (12–52 weeks) did not significantly alter the BMD
either positively or negatively.
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4. Discussion

The systematic search selected seven studies with eleven different RT protocols
planned for older people of both genders. The meta-analysis showed no effect of the
RT on the bone density program for any of the anatomical locations: FN, TH, and LS;
the meta-regression also demonstrated no additional effect of the length of interventions
on BMD changes. We found no evidence that the BMD of the older adults increases
significantly with resistance training alone.

Despite bone tissue not offering enough plasticity compared to other tissues [38,39],
Going and Laudermilk [40] state that RT increases BMD by about 1 to 3% in the FN and LS
anatomical locations for both premenopausal and postmenopausal women. These authors
stated that minimal measurable increases are expected for the population, having no aging
effect on the peak of bone mass beyond that achieved while young, and that individuals
over 55 years presented larger increases in BMD due to bone susceptibility to decline with
aging. Other studies did not corroborate the above-mentioned statement and reported
only low changes in the BMD of the FN, TH, and LS, which ranged from 0.1 to 2.0% in
participants > 60 years old engaged in RT protocols [24,41].

Most BMD values for the FN, TH, and LS changed positively after RT protocols lasting
from 12 to 52 weeks but with no statistical difference, while non-training control individuals
changed negatively accordingly, as expected, reinforcing that the effect of RT on BMD is
to prevent natural reductions or to slow the rate of natural decrease with aging [13]. In
fact, after revising the effect of exercise training programs on bone mass, Wolfe et al. [42]
indicated the rate of bone mass loss prevention or reversion attained ∼=1% per year for the
FN and LS anatomical locations in older women who exercised regularly. Furthermore, the
study of Rhodes et al. [18], with women aged 65 to 75 years engaged in an RT program
for 54 weeks with a high-intensity load (75% 1 RM), reported small, although not signif-
icant, improvements in the FN (0.82 ± 0.11 vs. 0.83 ± 0.12 g/cm2), Ward’s triangle (W)
(0.69 ± 0.13 vs. 0.70 ± 0.11 g/cm2), greater trochanter (0.74 ± 0.10 vs. 0.75 ± 0.11 g/cm2),
and LS (1.10 ± 0.17 vs. 1.13 ± 0.18 g/cm2), while the control group reduced, also non-
significantly, or had unchanged BMD for the FN (0.78 ± 0.09 vs. 0.73 ± 0.10 g/cm2), W
(0.63 ± 0.10 vs. 0.59 ± 0.12 g/cm2), greater trochanter (0.69 ± 0.12 vs. 0.67 ± 0.11 g/cm2),
and LS (1.01 ± 0.17 vs. 1.01 ± 0.17 g/cm2). Another study reporting the effect of RT on
BMD involved postmenopausal women training with a moderate-intensity load (60 to 70%
1 RM) for 24 weeks [19]. The authors observed no changes in the BMD for the LS (0.01%)
and FN (0.04%) in the resistive-trained group, while the control group reduced the BMD
for the LS (−0.89%) and FN (−1.54%).

On the other hand, Zhao et al. [15] found no significant effect of resistance-alone
training protocols for postmenopausal women on the BMD for the FN (0.21 g/cm2,
CI95% = −0.04–0.47 g/cm2) and LS (0.18 g/cm2, CI95% = −0.10–0.46 g/cm2), but, rather, the
authors considered the effect satisfactory at least to avoid reductions in BMD during the pe-
riod of intervention. However, when an exercise program includes RT in combination with
high-impact or weight-bearing exercises (tennis, running, dancing), the authors observed
higher improvements in the BMD for the FN (0.41 g/cm2, CI95% = 0.18–0.64 g/cm2) and LS
(0.43 g/cm2, CI95% = 0.16–0.70 g/cm2). This aligns with previous research and reinforces
the idea that RT ensures bone health by maintaining the BMD in older adults. How-
ever, conflicting results regarding BMD alterations are reported among studies [4,11,17,40],
which can be attributed to the differences in training overload, such as volume (two to four
sets, three to fifteen repetitions) and intensity (80–90% 1 RM or 8–10 RM), training period
(2.5–12 months), participants’ characteristics (postmenopausal women or men), sample
size (21–143 participants), and nutritional control (e.g., replacement therapy or estrogen
deficient) [4,13,20,43]. The impacts of the characteristics and prescription of RT programs
on the changes in BMD are discussed below.

The effect of load intensity on the BMD of each anatomical location was reported
by Maddalozzo and Snow [44], analyzing RT protocols with high- (70–90% 1 RM) and
moderate-intensity loads (40–60% 1 RM). The authors reported, in men, significant in-
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creases in the BMD of the LS, trochanter, and whole body with the high-intensity protocol
and increments also for the trochanter with the moderate-intensity training. Women only
showed differences (considered in percent terms) in the BMD of the trochanter and FN with
the high-intensity protocol, with no difference for moderate-intensity training. The differ-
ences between anatomical locations among men could be explained by the intraosseous
osteogenic stress thresholds of response [4,44,45]. Women might require greater stimulation
to obtain better BMD responses, although the current data are insufficient for any statement,
and some authors argue that increased mechanical stimuli (volume or intensity) do not
translate into additional increases in BMD [37].

Regarding the number of exercises in RT protocols, the studies have usually planned
four to five exercise types for muscles in the lower limbs (e.g., hip and knee extensors
and flexors, calf, hip adductors, and abductors), upper limbs (elbow flexors and extensors,
and shoulder flexors and abductors), and trunk (pectoral, back, and abdomen) performed
both on machines and free weight [12,13,20,37,46], which will act in different ways at the
anatomical locations, with regional and whole-body effects [3,5]. However, the number of
exercises planned for different body regions did not determine the magnitude of the effect
on BMD [4,5,17,36]. Probably, larger changes associated with RT protocols are accounted
for by the mechanosensiblity of bone tissue, which seems to be high in individuals with
lower values of BMD, as is the case in osteopenia and/or osteoporosis [36,37].

For most of the RT protocols, three sets have been planned [13,17,47] despite studies
comparing the effect of set number on BMD reporting that two sets are satisfactory to
ensure positive results, mainly when combined with four or five exercises for muscles
of different body regions [3,5]. Furthermore, the number of repetitions usually planned
ranged from eight to twelve, with the load intensity at 60 to 85% 1 RM [20,36]. Finally, the
rest duration observed between sets ranged from 60 to 120 s [3,5], and the frequency of the
training sessions per week was close to three [12,17,20].

The analysis from meta-regression (Figure 3) suggested that the duration of the RT
protocols did not influence the values of BMD beyond 12 weeks of training. No significant
increases in BMD are observed in periods between 17 and 52 weeks [18,19], which supports
the statement that the effect of RT on the bone mass in an older population is to prevent
age-related reductions [13,48]. Theoretically, a longer RT protocol period is supported by
the statement that the process of bone formation, resorption, and mineralization requires
3 to 4 months, and stabilization of bone mass content/density occurs in approximately
6 to 8 months [23]. However, the results of this review did not support the theory that
longer interventions might have a greater impact on BMD since only one of the studies
included in the present analyses performed a training protocol shorter than six months and
the duration of RT did not influence the BMD response.

Although RT can positively influence bone remodeling, the biochemical process re-
sponsible for this effect is not yet fully understood [20,49]. However, other factors may
mediate the effects of physical training on bone health, such as the individual’s nutritional
status, genetics, and hormonal homeostasis [17], which explain why some studies have
shown no positive effects of RT on BMD [2]. The main limitation of the present study is
that the included studies did not present criteria for determining the sample size, which
makes it impossible to confirm that the sample numbers were appropriate to identify the
proposed outcome. Therefore, future studies should analyze the effect of RT protocols
(with and without combinations of impact exercises) on the bone remodeling capability of
an older population at an increased risk of tissue mineral disturbance and functional frailty,
as well as verify gender differences.

5. Conclusions

Collectively, the reviewed studies show that RT has neither a positive nor a negative
effect on the bone mineral integrity in a healthy older population of both genders. In
addition, the results showed no greater effects on the BMD with longer interventions. From
the revision of the RT protocols, it was possible to observe that RT should be planned
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with four to five exercises for the trunk, upper limbs, and lower limbs, containing two to
three sets per exercise, eight to twelve repetitions at 70 to 90% 1 RM, rest ranging from
60 to 120 s between sets, and three sessions per week for 12–52 weeks. However, these
general guidelines seem better linked with the prevention of large BMD loss than BMD
increasing with aging and, therefore, are beneficial to reduce the risk of bone disturbances
since there is no consensus regarding positive changes with RT protocols, even in terms of
small increments, on BMD.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/healthcare10061129/s1, Supplementary File S1: Systematic Reviews
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Author Contributions: Conceptualization, D.A.M., M.C.E., E.A.C., C.M.N. and D.M.P.F.; method-
ology, D.A.M., F.H.N., A.G.M., T.A.F.A., E.A.C., T.P.d.O. and D.M.P.F.; formal analysis, D.A.M.,
A.G.M., T.A.F.A., M.C.E., E.A.C. and D.M.P.F.; investigation, D.A.M., A.G.M., T.A.F.A., M.C.E., F.H.N.,
E.A.C., C.A.A.S. and D.M.P.F.; supervision, M.C.E., F.J.S., E.A.C., C.M.N. and D.M.P.F.; data curation,
D.A.M. and D.M.P.F.; writing—original draft preparation, D.A.M., A.G.M., M.C.E., T.P.d.O., E.A.C.
and D.M.P.F.; writing—review and editing, D.A.M., A.G.M., T.A.F.A., M.C.E., F.J.S., E.A.C., C.M.N.,
C.A.A.S. and D.M.P.F.; Visualization, D.A.M., A.G.M., T.A.F.A., M.C.E., E.A.C., C.M.N. and D.M.P.F.;
funding acquisition, A.G.M., T.A.F.A., M.C.E., E.A.C. and D.M.P.F. All authors have read and agreed
to the published version of the manuscript.

Funding: The authors would like to thank São Paulo Research Foundation—FAPESP (PROCESS
2016/04544-3) and Coordination of Superior Level Staff Improvement—Brazil (CAPES—Finance
Code 001) for the partial financial support. The collaboration of T.A.F.A. and E.A.C was possible
thanks to the scholarships granted by the CAPES in the scope of the Program CAPES-PrInt, process
number 88887.310463/2018-00, Mobility number 88887.580265/2020-00, and International Coopera-
tion Project number 88887.572557/2020-00. This research was also funded by Foundation for Science
and Technology, I.P., Grant/Award Number UIDB/04748/2020.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding and last author (mario.espada@ese.ips.pt and dalton.pessoa-filho@unesp.br) upon
reasonable request.

Acknowledgments: The authors would like to thank all the studies included into this metanalysis
for dataset availability.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Zamoscinska, M.; Faber, I.R.; Busch, D. Do older adults with reduced bone mineral density benefit from strength training?

A critically appraised topic. J. Sport Rehabil. 2020, 29, 833–840. [CrossRef] [PubMed]
2. Cadore, E.L.; Brentano, M.A.; Kruel, L.F.M. Efeitos da atividade física na densidade mineral óssea e na remodelação do tecido

ósseo. Rev. Bras. Med. Esporte. 2005, 11, 373–379. [CrossRef]
3. Guimaraes, B.R.; Pimenta, L.D.; Massini, D.A.; Dos Santos, D.; Siqueira, L.; Simionato, A.R.; Dos Santos, L.G.A.; Neiva, C.M.;

Pessôa Filho, D.M. Muscle strength and regional lean body mass influence on mineral bone health in young male adults. PLoS
ONE 2018, 13, e0191769. [CrossRef] [PubMed]

4. Mosti, M.P.; Kaehler, N.; Stunes, A.K.; Hoff, J.; Syversen, U. Maximal strength training in postmenopausal women with
osteoporosis or osteopenia. J. Strength Cond. Res. 2013, 27, 2879–2886. [CrossRef]

5. Pimenta, L.D.; Massini, D.A.; Dos Santos, D.; Siqueira, L.O.C.; Sancassani, A.; Dos Santos, L.G.A.; Guimarães, B.R.; Neiva, C.M.;
Pessôa Filho, D.M. Women’s femoral mass content correlates to muscle strength independently of lean body mass. Rev. Bras. Med.
Esporte. 2019, 25, 485–489. [CrossRef]

6. Daly, R.M.; Dalla Via, J.; Duckham, R.L.; Fraser, S.F.; Helge, E.W. Exercise for the prevention of osteoporosis in postmenopausal
women: An evidence-based guide to the optimal prescription. Braz. J. Phys. Ther. 2019, 23, 170–180. [CrossRef]

7. Choe, Y.R.; Jeong, J.R.; Kim, Y.P. Grip strength mediates the relationship between muscle mass and frailty. J. Cachexia Sarcopenia
Muscle 2020, 11, 441–451. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/healthcare10061129/s1
https://www.mdpi.com/article/10.3390/healthcare10061129/s1
http://doi.org/10.1123/jsr.2019-0170
http://www.ncbi.nlm.nih.gov/pubmed/31835241
http://doi.org/10.1590/S1517-86922005000600013
http://doi.org/10.1371/journal.pone.0191769
http://www.ncbi.nlm.nih.gov/pubmed/29370260
http://doi.org/10.1519/JSC.0b013e318280d4e2
http://doi.org/10.1590/1517-869220192506208956
http://doi.org/10.1016/j.bjpt.2018.11.011
http://doi.org/10.1002/jcsm.12510
http://www.ncbi.nlm.nih.gov/pubmed/31876400


Healthcare 2022, 10, 1129 12 of 13

8. Mohammad, H.R.; Kennedy, J.A.; Mellon, S.J.; Judge, A.; Dodd, C.A.; Murray, D.W. The clinical outcomes of cementless
unicompartmental knee replacement in patients with reduced bone mineral density. J. Orthop. Surg. Res. 2020, 15, 35. [CrossRef]
[PubMed]

9. Tieland, M.; Trouwborst, I.; Clark, B.C. Skeletal muscle performance and ageing. J. Cachexia Sarcopenia Muscle 2018, 9, 3–19.
[CrossRef] [PubMed]

10. Gomez-Cabello, A.; Ara, I.; Gonzalez-Aguero, A.; Casajus, J.A.; Vicente-Rodriguez, G. Effects of training on bone mass in older
adults: A systematic review. Sports Med. 2012, 42, 301–325. [CrossRef] [PubMed]

11. Westcott, W.L. Resistance training is medicine: Effects of strength training on health. Curr. Sports Med. Rep. 2012, 11, 209–216.
[CrossRef] [PubMed]

12. Marques, E.A.; Wanderley, F.; Machado, L.; Sousa, F.; Viana, J.L.; Moreira-Goncalves, D.; Moreira, P.; Mota, J.; Carvalho, J. Effects
of resistance and aerobic exercise on physical function, bone mineral density, OPG and RANKL in older women. Exp. Gerontol.
2011, 46, 524–532. [CrossRef] [PubMed]

13. Whiteford, J.; Ackland, T.R.; Dhaliwal, S.S.; James, A.P.; Woodhouse, J.J.; Price, R.; Prince, R.L.; Kerr, D.A. Effects of a 1-year
randomized controlled trial of resistance training on lower limb bone and muscle structure and function in older men. Osteoporos.
Int. 2010, 21, 1529–1536. [CrossRef] [PubMed]

14. Watson, S.L.; Weeks, B.K.; Weis, L.J.; Harding, A.T.; Horan, S.A.; Beck, B.R. High-Intensity Resistance and Impact Training
Improves Bone Mineral Density and Physical Function in Postmenopausal Women with Osteopenia and Osteoporosis: The
LIFTMOR Randomized Controlled Trial. J. Bone Miner. Res. 2018, 33, 211–220. [CrossRef] [PubMed]

15. Zhao, R.; Zhao, M.; Xu, Z. The effects of differing resistance training modes on the preservation of bone mineral density in
postmenopausal women: A meta-analysis. Osteoporos Int. 2015, 26, 1605–1618. [CrossRef] [PubMed]

16. Giangregorio, L.M.; Papaioannou, A.; Macintyre, N.J.; Ashe, M.C.; Heinonen, A.; Shipp, K.; Wark, J.; McGill, S.; Keller, H.;
Jain, R.; et al. Too Fit to Fracture: Exercise recommendations for individuals with osteoporosis or osteoporotic vertebral fracture.
Osteoporos. Int. 2014, 25, 821–835. [CrossRef]

17. Bemben, D.A.; Palmer, I.J.; Bemben, M.G.; Knehans, A.W. Effects of combined whole-body vibration and resistance training on
muscular strength and bone metabolism in postmenopausal women. Bone 2010, 47, 650–656. [CrossRef] [PubMed]

18. Rhodes, E.C.; Martin, A.D.; Taunton, J.E.; Donnelly, M.; Warren, J.; Elliot, J. Effects of one year of resistance training on the relation
between muscular strength and bone density in elderly women. Br. J. Sports Med. 2000, 34, 18–22. [CrossRef]

19. Bocalini, D.S.; Serra, A.J.; Dos Santos, L. Moderate resistive training maintains bone mineral density and improves functional
fitness in postmenopausal women. J. Aging Res. 2010, 2010, 760818. [CrossRef] [PubMed]

20. Bocalini, D.S.; Serra, A.J.; dos Santos, L.; Murad, N.; Levy, R.F. Strength training preserves the bone mineral density of post-
menopausal women without hormone replacement therapy. J. Aging Health 2009, 21, 519–527. [CrossRef] [PubMed]

21. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009, 6, e1000097. [CrossRef] [PubMed]

22. Dolan, E.; Dumas, A.; Keane, K.M.; Bestetti, G.; Freitas, L.H.M.; Gualano, B.; Kohrt, W.; Kelley, G.A.; Pereira, R.M.R.; Sale, C.; et al.
The influence of acute exercise on bone biomarkers: Protocol for a systematic review with meta-analysis. Syst. Rev. 2020, 9, 291.
[CrossRef] [PubMed]

23. Kohrt, W.M.; Bloomfield, S.A.; Little, K.D.; Nelson, M.E.; Yingling, V.R. American College of Sports Medicine Position Stand:
Physical activity and bone health. Med. Sci. Sports Exerc. 2004, 36, 1985–1996. [CrossRef] [PubMed]

24. Weaver, C.M.; Gordon, C.M.; Janz, K.F.; Kalkwarf, H.J.; Lappe, J.M.; Lewis, R.; O’Karma, M.; Wallace, T.C.; Zemel, B.S. The
National Osteoporosis Foundation’s position statement on peak bone mass development and lifestyle factors: A systematic
review and implementation recommendations. Osteoporos. Int. 2016, 27, 1281–1386. [CrossRef] [PubMed]

25. O’Rourke, D.; Beck, B.R.; Harding, A.T.; Watson, S.L.; Pivonka, P.; Martelli, S. Assessment of femoral neck strength and bone
mineral density changes following exercise using 3D-DXA images. J. Biomech. 2021, 119, 110315. [CrossRef] [PubMed]

26. Maher, C.G.; Sherrington, C.; Herbert, R.D.; Moseley, A.M.; Elkins, M. Reliability of the PEDro scale for rating quality of
randomized controlled trials. Phys. Ther. 2003, 83, 713–721. [CrossRef]

27. Kummel, J.; Kramer, A.; Giboin, L.S.; Gruber, M. Specificity of balance training in healthy individuals: A systematic review and
meta-analysis. Sports Med. 2016, 46, 1261–1271. [CrossRef] [PubMed]

28. Grgic, J.; Lazinica, B.; Mikulic, P.; Krieger, J.W.; Schoenfeld, B.J. The effects of short versus long inter-set rest intervals in resistance
training on measures of muscle hypertrophy: A systematic review. Eur. J. Sport Sci. 2017, 17, 983–993. [CrossRef]

29. Lakens, D. Calculating and reporting effect sizes to facilitate cumulative science: A practical primer for t-tests and ANOVAs.
Front. Psychol. 2013, 4, 863. [CrossRef]

30. Higgins, J.P.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539–1558. [CrossRef]
31. Su, L.; Fu, J.; Sun, S.; Zhao, G.; Cheng, W.; Dou, C.; Quan, M. Effects of HIIT and MICT on cardiovascular risk factors in adults

with overweight and/or obesity: A meta-analysis. PLoS ONE 2019, 14, e0210644. [CrossRef] [PubMed]
32. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,

629–634. [CrossRef] [PubMed]
33. Grgic, J.; Rodriguez, R.F.; Garofolini, A.; Saunders, B.; Bishop, D.J.; Schoenfeld, B.J.; Pedisic, Z. Effects of sodium bicarbonate

supplementation on muscular strength and endurance: A systematic review and meta-analysis. Sports Med. 2020, 50, 1361–1375.
[CrossRef] [PubMed]

http://doi.org/10.1186/s13018-020-1566-2
http://www.ncbi.nlm.nih.gov/pubmed/32005197
http://doi.org/10.1002/jcsm.12238
http://www.ncbi.nlm.nih.gov/pubmed/29151281
http://doi.org/10.2165/11597670-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/22376192
http://doi.org/10.1249/JSR.0b013e31825dabb8
http://www.ncbi.nlm.nih.gov/pubmed/22777332
http://doi.org/10.1016/j.exger.2011.02.005
http://www.ncbi.nlm.nih.gov/pubmed/21316442
http://doi.org/10.1007/s00198-009-1132-6
http://www.ncbi.nlm.nih.gov/pubmed/20091404
http://doi.org/10.1002/jbmr.3284
http://www.ncbi.nlm.nih.gov/pubmed/28975661
http://doi.org/10.1007/s00198-015-3034-0
http://www.ncbi.nlm.nih.gov/pubmed/25603795
http://doi.org/10.1007/s00198-013-2523-2
http://doi.org/10.1016/j.bone.2010.06.019
http://www.ncbi.nlm.nih.gov/pubmed/20601282
http://doi.org/10.1136/bjsm.34.1.18
http://doi.org/10.4061/2010/760818
http://www.ncbi.nlm.nih.gov/pubmed/21188230
http://doi.org/10.1177/0898264309332839
http://www.ncbi.nlm.nih.gov/pubmed/19252142
http://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://doi.org/10.1186/s13643-020-01551-y
http://www.ncbi.nlm.nih.gov/pubmed/33308281
http://doi.org/10.1249/01.MSS.0000142662.21767.58
http://www.ncbi.nlm.nih.gov/pubmed/15514517
http://doi.org/10.1007/s00198-015-3440-3
http://www.ncbi.nlm.nih.gov/pubmed/26856587
http://doi.org/10.1016/j.jbiomech.2021.110315
http://www.ncbi.nlm.nih.gov/pubmed/33636460
http://doi.org/10.1093/ptj/83.8.713
http://doi.org/10.1007/s40279-016-0515-z
http://www.ncbi.nlm.nih.gov/pubmed/26993132
http://doi.org/10.1080/17461391.2017.1340524
http://doi.org/10.3389/fpsyg.2013.00863
http://doi.org/10.1002/sim.1186
http://doi.org/10.1371/journal.pone.0210644
http://www.ncbi.nlm.nih.gov/pubmed/30689632
http://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://doi.org/10.1007/s40279-020-01275-y
http://www.ncbi.nlm.nih.gov/pubmed/32096113


Healthcare 2022, 10, 1129 13 of 13

34. Jones, M.D.; Wewege, M.A.; Hackett, D.A.; Keogh, J.W.L.; Hagstrom, A.D. Sex differences in adaptations in muscle strength
and size following resistance training in older adults: A systematic review and meta-analysis. Sports Med. 2021, 51, 503–517.
[CrossRef]

35. Cohen, J. Statistical Power Analysis for the Behavioural Sciences; Academic Press: New York, NY, USA, 2013.
36. Marques, E.A.; Mota, J.; Viana, J.L.; Tuna, D.; Figueiredo, P.; Guimaraes, J.T.; Carvalho, J. Response of bone mineral density,

inflammatory cytokines, and biochemical bone markers to a 32-week combined loading exercise programme in older men and
women. Arch. Gerontol. Geriatr. 2013, 57, 226–233. [CrossRef]

37. Bemben, D.A.; Bemben, M.G. Dose-response effect of 40 weeks of resistance training on bone mineral density in older adults.
Osteoporos. Int. 2011, 22, 179–186. [CrossRef]

38. Arija-Blazquez, A.; Ceruelo-Abajo, S.; Diaz-Merino, M.S.; Godino-Duran, J.A.; Martinez-Dhier, L.; Martin, J.L.; Florensa-Vila, J.
Effects of electromyostimulation on muscle and bone in men with acute traumatic spinal cord injury: A randomized clinical trial.
J. Spinal Cord Med. 2014, 37, 299–309. [CrossRef]

39. Vainionpaa, A.; Korpelainen, R.; Sievanen, H.; Vihriala, E.; Leppaluoto, J.; Jamsa, T. Effect of impact exercise and its intensity on
bone geometry at weight-bearing tibia and femur. Bone 2007, 40, 604–611. [CrossRef]

40. Going, S.B.; Laudermilk, M. Osteoporosis and strength training. Am. J. Lifestyle Med. 2009, 3, 310–319. [CrossRef]
41. Min, S.K.; Oh, T.; Kim, S.H.; Cho, J.; Chung, H.Y.; Park, D.H.; Kim, C.S. Position statement: Exercise guidelines to increase peak

bone mass in adolescents. J. Bone Metab. 2019, 26, 225–239. [CrossRef]
42. Wolff, I.; van Croonenborg, J.J.; Kemper, H.C.; Kostense, P.J.; Twisk, J.W. The effect of exercise training programs on bone mass:

A meta-analysis of published controlled trials in pre- and postmenopausal women. Osteoporos. Int. 1999, 9, 1–12. [CrossRef]
[PubMed]

43. Arazi, H.; Samadpour, M.; Eghbali, E. The effects of concurrent training (aerobic-resistance) and milk consumption on some
markers of bone mineral density in women with osteoporosis. BMC Womens Health 2018, 18, 202. [CrossRef] [PubMed]

44. Maddalozzo, G.F.; Snow, C.M. High intensity resistance training: Effects on bone in older men and women. Calcif. Tissue Int.
2000, 66, 399–404. [CrossRef] [PubMed]

45. Frost, H.M. Bone’s mechanostat: A 2003 update. Anat. Rec. A Discov. Mol. Cell Evol. Biol. 2003, 275, 1081–1101. [CrossRef]
[PubMed]

46. De Matos, O.; Lopes da Silva, D.J.; Martinez de Oliveira, J.; Castelo-Branco, C. Effect of specific exercise training on bone mineral
density in women with postmenopausal osteopenia or osteoporosis. Gynecol. Endocrinol. 2009, 25, 616–620. [CrossRef]

47. Turner, C.H.; Robling, A.G. Designing exercise regimens to increase bone strength. Exerc. Sport Sci. Rev. 2003, 31, 45–50. [CrossRef]
48. Warren, M.; Petit, M.A.; Hannan, P.J.; Schmitz, K.H. Strength training effects on bone mineral content and density in pre-

menopausal women. Med. Sci. Sports Exerc. 2008, 40, 1282–1288. [CrossRef]
49. Laurent, M.R.; Dubois, V.; Claessens, F.; Verschueren, S.M.; Vanderschueren, D.; Gielen, E.; Jardí, F. Muscle-bone interactions:

From experimental models to the clinic? A critical update. Mol. Cell Endocrinol. 2016, 432, 14–36. [CrossRef]

http://doi.org/10.1007/s40279-020-01388-4
http://doi.org/10.1016/j.archger.2013.03.014
http://doi.org/10.1007/s00198-010-1182-9
http://doi.org/10.1179/2045772313Y.0000000142
http://doi.org/10.1016/j.bone.2006.10.005
http://doi.org/10.1177/1559827609334979
http://doi.org/10.11005/jbm.2019.26.4.225
http://doi.org/10.1007/s001980050109
http://www.ncbi.nlm.nih.gov/pubmed/10367023
http://doi.org/10.1186/s12905-018-0694-x
http://www.ncbi.nlm.nih.gov/pubmed/30558600
http://doi.org/10.1007/s002230010081
http://www.ncbi.nlm.nih.gov/pubmed/10821873
http://doi.org/10.1002/ar.a.10119
http://www.ncbi.nlm.nih.gov/pubmed/14613308
http://doi.org/10.1080/09513590903015593
http://doi.org/10.1097/00003677-200301000-00009
http://doi.org/10.1249/MSS.0b013e31816bce8a
http://doi.org/10.1016/j.mce.2015.10.017

	Introduction 
	Materials and Methods 
	Study Selection Criteria 
	Data Extraction 
	Assessment of Methodological Quality and Risk of Bias 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

