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Abstract
Summary A snapshot of current evidence from 6 rando-
mised controlled trials for the effects of short bouts of high-
impact exercises in 256 women via meta-analysis reveals
that ample osteogenic response could be realised at the
femoral neck and trochanter of premenopausal women with
rest-inserted bouts of few mechanical bone loading cycles.
Introduction Exercise is an important means of improving
bone health and preventing osteoporosis. Brief bouts of
simple exercises may be useful for aiding lifestyle
compliance to physical activity. This study aimed to review
the evidence on the effect of brief, high-impact exercise on
bone health among premenopausal women.
Methods A structured and comprehensive search of data-
bases was undertaken along with hand searching of key
journals and reference lists to locate relevant studies
published and unpublished up to January 2011. Six
randomised controlled trials met predetermined inclusion
criteria. Brief high-impact exercises (<30 min) were
examined for their effect on bone mineral density (BMD)
among premenopausal women. Trial quality was assessed
using the Effective Public Health Practice Project quality
assessment tool. Study outcomes for analysis, absolute
change (grams per square centimetre) or relative change (in
percent) in BMD at femoral neck, trochanter and lumbar
spine were compared by calculating standardised mean
difference (SMD) using fixed- and random effects models.
Results Quality of included trials varied frommedium to high
on a scale of 1 to 3. Brief bouts of exercise led to significant

increases in femoral neck BMD (SMD=0.64, 95% confidence
interval (CI)=0.38, 0.90, overall effect Z value=4.84, p=
0.001); a modest increase in trochanteric BMD (SMD=0.36,
95% CI=0.10, 0.61, Z value=2.08, p=0.04) and no increase
in spinal BMD (SMD=0.04, 95% CI=−0.23, 0.31, Z value=
0.26, p=0.79).
Conclusion Based on the meta-analysis, brief high-impact
exercise improves BMD at the hip but not at the lumbar
spine. Effectiveness of this form of exercise as a lifestyle
physical activity for prevention of osteoporosis should be
explored in larger populations.

Keywords BMD . High-impact exercise . Lifestyle physical
activity . Meta-analysis

Introduction

Osteoporosis is second only to cardiovascular diseases as a
leading health care problem worldwide [1]. Given the
absence of somatic symptoms that can easily be attributed
to poor bone health, many women who are at risk of
osteoporosis are unaware of its existence until later in life,
when preventative measures are barely helpful [2]. Based
on current understanding of the pathology of osteoporosis
and its modification by physical activity, generally accepted
strategies to improve bone health and reduce the incidence
of osteoporotic fracture in women aim to: maximise peak
bone mass during growth (childhood and adolescence),
minimise age-related bone loss (middle-aged adults/pre-
menopausal women) and prevent falls and fractures (in
older adults/postmenopausal women) [3]. The efficacy of
mechanical loading as a potent osteogenetic influence on
bone is a well-known issue in bone health research [3], but
there is still a wide gap between research and practice in
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terms of using physical activity as an effective and
inexpensive means of preventing osteoporosis [1, 3].

A variety of opportunities (e.g. organized sports, school
sports) exist for children and adolescents to increase
lifestyle physical activity and thereby optimise peak bone
mass during growth [2]. Leisure time physical activities,
through community- or group-led initiatives, also exist for
the older population [1, 2]. Lack of time has been
implicated as one of the most important barriers to physical
activity among premenopausal women as women in this
age group claim to be busy, due to, for instance, family or
paid employment [4]. As a result, regular physical activity
has attracted less attention in the next generation of older
women who are at risk of developing osteoporosis [1, 3].
Given that 15% to 25% of bone mineral density (BMD) can
be lost during the premenopausal years alone [2], if
prevention of osteoporosis is not properly addressed in this
at-risk population, considerable social and health care costs
will continually be directed towards treatment [5]; this
undoubtedly will be an economically undesirable outcome.
Thus, public health strategies aimed at improving bone
health through specification of a practical lifestyle approach
to increase physical activity may help to reduce overall
prevalence of osteoporosis [6].

Disparate findings have emerged from previous system-
atic reviews and meta-analyses that sought to evaluate the
optimal type and amount of exercise intervention that can
significantly alter bone turnover and remodelling in
premenopausal women [7–9]. To our knowledge, the
effects of short duration and low-frequency high-impact
exercises on bone health among premenopausal women are
yet to be systematically reviewed. Whilst the role of non-
impact exercises in conservation of bone density is yet to be
clearly enunciated [9, 10], impact exercises (e.g. aerobic
and weight-bearing exercises) have yielded fairly consistent
positive results [7, 8]. However, wide variation exists in
terms of the frequency and intensity employed in those
exercise programmes. Furthermore, most of the exercise
intervention programmes that have been demonstrated to be
beneficial for enhancing bone health in premenopausal
women are extensive, requiring at least tri-weekly sessions
that are facility based, reducing the affordability and

feasibility on a long-term basis [11–14]. Thus, it appears
that precise methods of delivering effective, accessible and
sustainable exercise to improve premenopausal bone health
is yet to be defined.

Animal studies have found that bone, whilst insensitive
to static loading, responds to few dynamic load cycles of
high magnitude that produce unusual strain distribution and
that brief exposure to strain is sufficient to produce ample
osteogenic effects [15–17]. Similar strain patterns in the
form of high-impact exercise interventions have been
adapted for women and yielded promising results [18–21].
An evidence-based synthesis of these types of intervention,
in a bid to specify practical lifestyle exercises for enhancing
bone health and preventing osteoporosis, is warranted. The
aim of this present study, therefore, was to investigate,
through systematic review and meta-analysis, the effects of
brief lifestyle exposure to bouts of high-impact exercise on
the bone health of premenopausal women.

Methods

A systematic review of published and unpublished literature
on the effects of brief bouts of high-impact exercise on
bone health among premenopausal women was conducted.
In order to specify simple exercise interventions involving
little or no technical skills and that could be easily adopted
into a lifestyle as well as circumvent potential barriers to
exercise such as lack of time, unaffordability of facility-
based programs, an exclusion of studies with >30%
supervision of exercise intervention, was applied in this
review. The inclusion criteria are given in Table 1.
Structured computer searches of MEDLINE/PubMed,
EMBASE, Web of Science, SportDiscus, Cochrane con-
trolled trials register, ProQuest and CINAHL were under-
taken from their inception to January 2011. Search terms,
keywords and participant headings in the searches are
presented in Appendix 1. The search was supplemented by
a search of OpenSigle for Grey literature, hand searching of
key journals (Journal of Bone Mineral Research, Bone,
Calcified Tissue International, Osteoporosis International
and Medicine and Science in Sports and Exercise) and

Table 1 Inclusion criteria

Design Randomised controlled trials and controlled trials (no language restrictions)

Population
of interest

Premenopausal women (18–50 years of age, apparently healthy, no history or presence of diseases affecting bone metabolism)

Intervention Brief, high-impact exercises; individually led with minimal or no supervision; short duration (no more than 30 min per session)

Comparisons Exercise intervention (as above) compared with no exercise control or sham (e.g. stretching) exercises

Outcome
measure

Bone Mineral Density (BMD) assessment of lumbar spine, femoral neck and/or total hip, checking absolute or relative
changes in BMD at those sites on first follow-up, post-intervention. Other secondary outcome measures such as broadband
ultrasound attenuation, bone mineral content, blood markers and computed tomography scanning.
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citation tracking and reference lists. Current awareness
searches were conducted by contacting expert authors in the
field for published and unpublished literature in the area.
Full text versions of relevant articles were obtained and
assessed by two independent reviewers (OB and CG).

Methodological quality assessment of studies

Quality of studies was assessed independently by two
investigators (OB and CG) using the Effective Public
Health Practice Project quality assessment tool for quanti-
tative studies [22]. Using this tool, rating opinion was based
upon information contained in the study. Differences of
opinion regarding scoring of articles were resolved between
the two investigators through discussion until consensus
was reached.

Data extraction and analysis

Data extraction was completed for all included studies
independently by OB and CG. The data extracted included:
the participants' age and premenopausal status; number of
allocated participants; number of participants followed up;
mode of exercise intervention (intensity (number of loading
cycles), duration (minutes), frequency (number of times per
week), length of intervention (months)); setting (home- or
facility based); attrition; compliance; whether exercise was
supervised or not; adjuvant pharmacological or nutritional
therapy and outcome measures (region of interest (ROI)
assessed; BMD values with standard deviation). Where
standard deviations were not provided, they were calculated
using recommended equations [23].

To provide a measure of the impact of each exercise
intervention, as well as a comparison between outcomes
reported by individual studies, effect sizes (standardised
mean difference (SMD)) after Hedges' g transformation
with 95% confidence intervals (CI) were calculated. This
transformation was necessary as change in mean BMD
scores was reported in different units (absolute change

(grams per square centimetre) or relative change (in
percent)). Meta-analysis using a fixed effect model was
applied to investigate specific ROI (femoral neck, lumbar
spine and trochanter). For studies with multi-intervention
groups [20, 24], data from the exercise group which were
reported to have generated the most osteogenetic response
in their respective trials were incorporated into the meta-
analysis. Between-study heterogeneity was assessed
through visual inspection of funnel plots, Cochran's χ2 test
(p<0.05 indicating significance) and the I2 index values
(25%, 50% and 75% represents low, moderate and high
heterogeneity, respectively). These values were generated using
the Cochrane Collaboration Review Manager (RevMan)
computer programme, version 5.1.

Results

Six randomised controlled trials (RCT) involving 255
participants in total met the predetermined inclusion criteria.
A summary of the review process is presented in Fig. 1 and a
synopsis of data from the six studies is presented in Table 2.

Description of studies

All of the included trials in this review were duplicated in
the electronic databases that were searched. They were also
cited in the reference lists of each other and many other
prominent articles published in this area of research. One
large on-going RCT, which fits into this present review's
inclusion criteria, was found through correspondence with
experts in the field [25], but no new studies were found
through a monthly search alert system that was set up to
intimate the author of new publications in the area.

Study quality assessment

Although all of the studies reported randomisation of study
participants into exercise intervention groups and control

Potentially relevant publications identified and 
screened (n=1948)

Papers excluded on basis of title and abstract  
(n=1,793)

Papers retrieved for more detailed evaluation 
(n=155)

Excluded studies (n= 149).Reasons for 
exclusions:

• exercise duration > 30 min
• type of exercise intervention (resistance 

training and / aerobic)
• animal studies
• >30% supervised, and facility-based 

programsPublications included (n=6)

Fig. 1 Flow chart of review
process
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groups, none employed random recruitment or detailed the
randomisation process. Only two of the six studies [19, 21]
reported concealed allocation of subjects to their respective
groups (semi-blinded). Bassey and Ramsdale [18] reported
outcome assessor blinding to group allocation of partic-
ipants. With a ‘2’ rating, on a scale of 1 to 3, most of the
studies were classified as having moderate methodological
quality [18–20, 24, 26]. Only one study [21] was
considered to have high methodological quality with a
rating of ‘1’.

All the trials were conducted with apparently healthy
premenopausal women between the ages of 18 and 50 years.
Premenopausal status was based on self-completed lifestyle
and menstrual history questions. The sample size varied
from 42 [21] to 91 participants [26]. Only three studies [20,
24, 26] reported a power calculation and estimated
achievement of at least 80% power to detect between 2%
and 3% differences in BMD of premenopausal women in
response to the brief high-impact exercise intervention at
the 0.05 alpha level. While there were generally mild
variances in the number of participants allocated to each
group (intervention versus control) across the studies at
baseline, in one trial [19], there were five more subjects in
the intervention group due to a higher anticipated dropout
rate in the exercise group. Bailey and Brooke-Wavell [20],
who had three exercise intervention groups, successfully
preserved the required number of participants (n=16) in
each group, according to a priori power calculation.

Intervention

All studies compared the effectiveness of a high-impact
exercise intervention with their respective control groups.
The control groups in three of the studies received no
specific treatment [19–21]. In two of the studies [20, 21],
the control group participants were requested to maintain
their usual diet and lifestyle, while Bassey et al. [19] gave
no information on any form of intervention to control
participants. The participants in the control groups of the
other three studies [18, 24, 26] performed mild stretching
(sham) exercises which followed a similar regime with their
respective experimental group in terms of duration, fre-
quency and time commitment. The exercise intervention in
three studies [18, 19, 24] comprised of brief bouts of high-
impact jumping exercises 6 days in a week. Similar
interventions were carried out by two other studies [21,
26] on alternate days (three sessions per week). Bailey and
Brooke-Wavell [20] had three intervention groups who
completed the same hopping exercise on 2, 4 or 7 days per
week. Strong [24] also had 2 intervention groups, 1 of
whom performed 10 high-impact jumps and the other who
performed 20 jumps. The number of high-impact jumps
completed as part of the intervention varied across the

studies, but they were commonly completed in five sets of
ten high-impact jumps or hops, which were interspersed
with rest intervals [18–20, 26]. Kato et al. [21] employed
only one set of ten vertical jumps each interspersed with 8–
12 s of rest, while Strong [24] employed either one or two
sets of ten high-impact jumps. Each jump was interspersed
with a 30-s rest interval.

With the exception of one study, which was office based
and video guided [26], the exercise interventions of all the
studies included in this review were completed without
supervision at the participants' homes for 80% of the time.
Four of the trials included a few supervised sessions in
order to ensure adherence and compliance to precise
exercise protocols. The supervision sessions that were
introduced in those trials ranged from 0% [20, 21, 24] to
30% supervised sessions [26]. The intervention periods
were 4 [24], 6 [18–21] and 12 months [26].

Outcome measures/measurement tools

A number of outcome measures were reported. Measure-
ment of BMD as a function of bone health using dual
energy X-ray absorptiometry (DXA) was the primary
outcome for all studies. Specific ROIs assessed were the
lumbar spine L1–L4 [18, 19, 21, 24, 26], femoral neck and
the trochanter [18–21, 24, 26]. Assessors were reported to
have been blinded to participants' group allocation in all
studies. Secondary outcomes included bone resorption
markers, ground reaction forces and accelerometry data.
In two of the studies [21, 26], bone resorption markers were
measured to complement the BMD assessment; Kato et al.
[21] measured deoxypyridinoline, while Niu et al. [26]
measured adiponectin concentration and gave evidence of
bone metabolism as a result of the exercise intervention.
Ground reaction forces were measured in five studies and
were found to be four to five times the body mass. Niu et
al. [26] and Kato et al. [21] employed accelerometry-based
measures of physical activity, which enabled them to
classify the physical activity profiles of participants in the
exercise intervention groups of their study as ‘average’. The
study by Niu et al. [26] also included quality of life (QOL)
and cardiovascular risk factor assessments. They found
significant decreases in systolic blood pressure and low-
density lipoprotein cholesterol and significant increases in
high-density lipoprotein cholesterol in both exercise and
control groups post-intervention. The authors also reported
significant increases in diastolic blood pressure and total
cholesterol for the control group after 1 year when
compared with baseline values, but the QOL indexes were
not perceptibly different between groups. In order to clarify
any association with improvement of physical capabilities
as a result of the exercise intervention, in three studies [18,
19, 26], leg strength and coordination were measured, but a
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positive relationship with changes in BMD was not found
for either of these two measures.

Dropout rate

Kato et al. [21] had only 1 dropout (2.4% of the total sample)
from 36 participants in the control group through lack of
interest. In contrast, Bassey and Ramsdale [18] reported 48%
dropout rate but did not specify the reasons and the group from
which they had dropped out. The office-based intervention of
Niu et al. [26] accounted for a 26.4% dropout rate which was
mostly due to job relocation. Bailey and Brooke-Wavell [20]
lost 24.7% of the participants for reasons mostly related to
personal or changed circumstances (17.9%) and adverse events
(6.8%) including ankle sprains and back discomforts.

Meta-analyses

The included trials represented evidence from 255 premen-
opausal women who participated in between 4 and
12 months of non-facility based, brief bouts of high-
impact jumping or hopping exercises. A significant im-
provement in femoral neck BMD (0.64 SMD; 95% CI 0.38,
0.90) (Fig. 2a) and a 0.36 SMD (95% CI 0.10, 0.61)
(Fig. 2b) significant improvement in trochanteric BMD
were apparent. Significant BMD improvements were not
evident for the lumbar spine (Fig. 2c). The I2 parameter
indicated a substantial amount of unexplained heterogeneity
at the femoral and trochanteric sites owing to a significantly
large effect observed in the study by Bassey & Ramsdale
[18]. On the exclusion of this study from the meta-analysis,

Study [ref]

Bassey & Ramsdale [18]
Bassey et al. [19]
Kato et al. [21]
Strong [24]
Niu et al. [26]

Total (95% CI)

Heterogeneity: Chi² = 3.50, df = 4 (P = 0.48); I² = 0%

Test for overall effect: Z = 0.26 (P = 0.79)

Mean

0.006
0.012
0.024
-0.58
0.008

SD

0.005
0.016
0.038
2.44
0.032

Total

14
30
18
37
14

113

Mean

0.009
0.013
0.006
-0.52
0.002

SD

0.008
0.02
0.037
1.92
0.032

Total

13
25
18
23
33

112

Weight

12.4%
25.8%
16.5%
26.8%
18.5%

100.0%

IV, Fixed, 95% CI

-0.44 [-1.21, 0.33]
-0.05 [-0.59, 0.48]
0.47 [-0.20, 1.13]

-0.03 [-0.55, 0.49]
0.18 [-0.44, 0.81]

0.04 [-0.23, 0.31]

BHIEa
Control SMD

b
SMD

b

IV, Fixed, 95% CI

-2 -1 0 1 2
Favors Control Favors BHIE

Study [ref]

Bassey & Ramsdale [18]
Bassey et al. [19]
Bailey& BrookeWavell [20]
Kato et al. [21]
Strong [24]
Niu et al. [26]

Total (95% CI)

Heterogeneity: Chi² = 22.36, df = 5 (P = 0.0004); I² = 78%

Test for overall effect: Z = 2.73 (P = 0.006)

Mean

0.027
0.024

-0.8
0.002
-0.59

-0.001

SD

0.009
0.033
4.833
0.026
1.23

0.026

Total

13
30
16
18
14
34

125

Mean

0.004
0.003

0.2
-0.01
-1.27

-0.002

SD

0.007
0.04

6.523
0.047
2.16
0.02

Total

13
25
19
18
23
33

131

Weight

5.2%
22.2%
14.7%
15.1%
14.5%
28.4%

100.0%

IV, Fixed, 95% CI

2.76 [1.64, 3.88]
0.57 [0.03, 1.11]

-0.17 [-0.83, 0.50]
0.31 [-0.35, 0.97]
0.36 [-0.31, 1.03]
0.04 [-0.44, 0.52]

0.36 [0.10, 0.61]

BHIEa Control SMDb SMDb

IV, Fixed, 95% CI

-2 -1 0 1 2
Favors Control Favors BHIE

Study [ref]

Bassey & Ramsdale [18]
Bassey et al. [19]
Bailey&BrookeWavell [20]
Kato et al. [21]
Strong [24]
Niu et al. [26]

Total (95% CI)

Heterogeneity: Chi² = 14.17, df = 5 (P = 0.01); I² = 65%

Test for overall effect: Z = 4.84 (P < 0.00001)

Mean

0.012
0.02
1.7

0.026
0.35

0.004

SD

0.008
0.027
7.331
0.027
1.93
0.033

Total

13
30
16
18
14
34

125

Mean

-0.009
0.004
-0.3
-0.011
-0.93
-0.008

SD

0.008
0.04
2.847
0.046
2.32
0.022

Total

12
25
19
18
23
33

130

Weight

5.5%
23.0%
14.8%
13.8%
14.5%
28.4%

100.0%

IV, Fixed, 95% CI

2.54 [1.44, 3.64]
0.47 [-0.07, 1.01]
0.36 [-0.31, 1.04]
0.96 [0.26, 1.65]
0.57 [-0.11, 1.25]
0.42 [-0.06, 0.91]

0.64 [0.38, 0.90]

BHIEa Control SMDb SMDb

IV, Fixed, 95% CI

-2 -1 0 1 2

Favors Control Favors BHIIE

b

a

c

Fig. 2 a Meta-analysis of femoral neck BMD; superscript letter a brief high-impact exercises, superscript letter b standardised mean difference.
b Meta-analysis of trochanteric BMD. c Meta-analysis of Lumbar spine BMD
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the I2 became 0% and the summary effect size remained
significant at these ROIs (Table 3). Both fixed and random
effects' models were unchanged in the subgroup analysis
for all outcomes (Table 3). Funnel plots, which may not be
easily depicted due to the small number of studies, were
produced for all the ROIs. Visual inspection of these plots
shows some asymmetry indicating the possibility of
publication bias. The funnel plot for the femoral neck is
presented in Fig. 3.

Discussion

The aim of this meta-analysis was to evaluate the effect of
brief bouts of high-impact exercise on the bone health of
premenopausal women. The six RCTs synthesised in this
review were of medium to high methodological quality.
There was evidence to support the efficacy of high-impact
exercises in bringing about 0.36 SD and 0.64 SD respective
increases in trochanteric and femoral BMD among premen-
opausal women. Regarding clinical significance, each 1 SD
decrease in BMD is thought to be associated with a 10%
increase in fracture risk [27]; findings from this present
study implies that an increase in BMD of these extent (0.36
and 0.64 SD) if sustained could affect an almost 3.6% and
6.4% decrease in hip fracture risk. The overall effect could
be greater considering the added benefits of augmenting
muscle mass, strength gain and dynamic balance, all of
which are independent risk factors for fracture [27].

Significant heterogeneity was brought into the meta-
analysis by the study of Bassey et al. [19]; this suggests that
the result of this particular study must be interpreted with
caution. Possible sources of bias could be due to method of
recruitment of participants into this study [19] which
involves women registered with a particular GP practice.
These women may not be representative of a larger
population. However, exploration of heterogeneity due to

the large variance effect from the study of Bassey et al. [19]
was explored via subgroup analysis (Table 3) and the
results remained statistically significant for the trochanteric
SMD, 0.22 (−0.04, 0.49) and femoral neck SMD, 0.53
(0.26, 0.79) BMD.

Based on this meta-analysis, no significant beneficial
effect of high-impact exercise was found at the lumbar
spine. The individual studies in this review also showed no
consistent benefit of this type of exercise on spinal BMD. It
has been suggested that the loads engendered during high-
impact exercise are hinged upon the interaction between the
targeted bone's morphology and the amount and orientation
of mechanical load applied to it [28]. It appears that the
mechanical load generated during the jumping exercises
could have been attenuated before being translated to the
spine, and as such, does not generate sufficient osteogenic
stimulus for bone formation [29]. Moreover, different bone
regions may respond differently to mechanical loads due to
similar movements [28]. It could also be that the lumbar
spine responded to this type of exercise intervention in a
manner that had not been captured in the given time frame
or by BMD which is the efficacy criterion that was
employed by all the trials in this review. Further research
is required to bridge the gap of knowledge in this regard.

Intention-to-treat analysis was not used in any of the
studies; thus, potential bias as a result of attrition failed to
be accounted for. The participants were followed up post-
intervention in only one of the trials [18] and it was
reported that the group maintained their improvement
relative to baseline in the 6 months following exercise
intervention. This finding is consistent with that of
Kontulainen et al. [30], who demonstrated a significant
increase in BMD in response to an 18-month high-impact
exercise intervention as well as a relative maintenance of
this gain 3.5 years after the intervention. The accompanying
neuromuscular performance improvements, in contrast,
disappeared during the post-intervention follow-up [30].

Table 3 Meta-analysis of
outcome and subgroup
analysis

Outcome analysis all studies in-
cluded, Subgroup analysis
exploration of heterogeneity,
SMD standardised mean
difference, CI confidence
interval, BMD bone mineral
density

Outcome/subgroup No of
study

No of
participants

Statistical
method SMD

Effect estimate
(95% CI)

Femoral neck BMD Outcome 6 225 Fixed 0.64 (0.38, 0.90)

Random 0.75 (0.30, 1.20)

Subgroup 5 230 Fixed 0.53 (0.26, 0.79)

Random 0.53 (0.26, 0.79)

Trochanteric BMD Outcome 6 256 Fixed 0.36 (0.10, 0.61)

Random 0.52 (−0.04, 1.08)
Subgroup 5 230 Fixed 0.22 (−0.04, 0.49)

Random 0.22 (−0.04, 0.49)
Lumbar spine BMD Outcome 5 225 Fixed 0.04 (−0.23, 0.31)

Random 0.04 (−0.23, 0.31)
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Due to the limited post-intervention data in the present
analysis, recommendation on the long-term effect of brief,
high-impact exercises on bone health cannot be presented.

Measurements of BMD in all the studies in this review
were made with the aid of DXA; however, possible
variations in BMD measurements cannot be excluded due
to inherent differences in instrument models, manufacturers
and operators [31]. Though not synonymous with bone
strength, BMD, as an expression of bone mineral, has a
widespread use in bone research as an outcome measure.
There remains equivocal criticism of BMD measurement on
account of its non-consideration of vital components of
bone strength (bone architecture and material properties),
which are similarly influenced by mechanical loading [31].
Aggregated data from a recent meta-analysis by Nikander et
al. [32] indicate that BMD and geometrical adaptations of
bones to mechanical loading vary by age, skeletal site and
sex. There is, therefore, a possibility that measurement of
alternative endpoints by the trials in this study could have
given a more vivid picture of bone adaptation in response to
brief bouts of high-impact exercises among premenopausal
women.

Only one of the trials included in this review reported
associated injuries as a result of participation in brief high-
impact exercises [19] which may be due to the unilateral
nature of the exercise intervention. All the other studies in
the review involved two-legged jumps with countermove-
ment style. It may be that the predominant style offers more
support to the back and lower limbs and as such carries less
risk to the participants. Moreover, the exercises, though
high impact in nature were submaximal and probably too
brief for likelihood of significant injury. It should be noted
that the participants were young to middle-aged adults who
as at the time of baseline measurements were not shown to
be at risk of developing osteoporosis or sustaining an
osteoporotic fracture. Bassey et al. [19] had an exercise arm
comprising of postmenopausal women: some of whom
were on hormone replacement therapy, none of whom
reported exercise related injury. However, caution would

need to be exercised in recommending this type of exercise
to postmenopausal women or women at high risk of
fracture.

For many chronic diseases, low adherence to therapy is a
public health issue, especially for initially asymptomatic
conditions like osteoporosis [33, 34]. The heavy reliance of
the efficacy of exercise intervention on life-long compli-
ance has long been described [35, 36]. Poor rates of
adherence to exercise prescription and non-sustainability of
exercise regimes beyond study lifetime present a potential
barrier to the enhancement of bone health in susceptible
populations. A lifestyle approach to physical activity that
promotes integration of simple exercises into everyday life
would be valuable [37–39]. The RCTs included in this
review were either home- or office based, without associ-
ated travel and facility cost, required minimal or no
equipment and involved relatively small time commitments.
The regimes of the RCTs [18–21, 24, 26] simulated
practical lifestyle interventions that contrast favourably
with other similar regimes [11–14, 28, 30] that were also
excluded from this study when considering feasibility in
terms of the minimal obligations of the participants and the
potential for sustainability beyond the study lifespan.

The nature of exercise intervention (brief, rest inserted,
mechanical loading through high-impact exercise) employed
in each of the trials warrants examination in light of current
understanding of bone physiology. Bone's response to
mechanical loading, according to this review and that of
Nikander et al. [32] does not seem to be entirely load
dependent. In the animal studies by Rubin and Lanyon [15]
and by Umemura et al. [17], a 50-fold increase in the number
of loading cycles (from 36 to 1,800) yielded no increase in
osteogenesis, and the adaptive response from 100 jumps per
day was not significantly different from that realised with 40
jumps per day. These findings suggest that tissue sensitivity
to mechanical loading after a minimum threshold [40] is
inversely proportional to the number of consecutive loading
cycles, giving a strong indication that undue levels of
exercise frequency and duration may not confer additional
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SE(SMD)Fig. 3 Funnel plot of femoral
neck BMD. SE (SMD) standard
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benefits on bone health. In more recent studies on bone
health [41, 42], the enhanced osteogenic response to loading
with discrete bouts of high-impact exercises has been
established. Based on increased intracellular calcium signal-
ling occurring 15 s post-recurrent fluid stimuli [43, 44] in
bone cell mechanotransduction [45], it was presumed that the
insertion of rest periods between loading cycles would
reduce inertial fluid flow effects and enhance fluid flow near
the osteocytes in succeeding cycles. Srinivasan et al. [46]
blamed recurrent mechanical loading as a primary contrib-
utor to the poor efficacy of exercise interventions and
highlighted rest insertion as a vital tool for making reduced
amounts of mechanical loading a potent osteogenic stimulus.
The rest-inserted interval between bouts of high-impact
exercise in this review mostly ranged from 8 to 15 s. This
rest interval is consistent with the 15 s elevation in
intracellular calcium signalling prescribed for resensitising
bone cells to mechanical stimuli in animal studies [42, 43]. It
appears that the insertion of a short rest period between each
loading cycle, as employed by the studies in this review,
enhanced fluid flow near the bone forming cells and
optimised their response to subsequent cycles of mechanical
loading. It may be that the rest insertions played an important
role in amplifying the effectiveness of this type of low-
frequency, high-impact exercise. Examination of cellular
processes by the RCTs included in this study could have
given more credence to the elucidation of the underlying
physiological mechanism of these exercise interventions.

Limitations

The strength of evidence from this review is limited to data
from only six RCTs. Another inherent limitation of this
review is the lack of cost/economic analysis. Future
researchers may want to address this gap in body of
knowledge through cost benefit analysis of traditional
structured exercises versus brief, home- and or office-
based exercises for enhancing bone health among premen-
opausal women.

Conclusion

The meta-analysis showed that brief high-impact exercise
improved BMD at the hip but not at the lumbar spine.
Based on the studies included in this review, the insertion
of rest periods between consecutive loading bouts of high-
impact exercise may optimise the response of bone to
mechanical loading and thus serve to enhance bone health
among premenopausal women. Practitioners may now
consider brief, rest-inserted, high-impact exercises as an
opportunity to enhance bone health of their clients through

appropriate prescription and adoption of simple, home- or
office-based, lifestyle exercises. Further evidence on the
cost effectiveness of this form of exercise as a lifestyle
physical activity for enhancing bone health of premeno-
pausal women should be explored in larger populations.
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Appendix 1. Search strategy

Databases searched: MEDLINE/PubMed, EMBASE, Web
of Science, SportDiscus, Cochrane controlled trials register,
ProQuest and CINAHL.

1. exercis*.ti,ab
2. exp EXERCISE/
3. (high AND impact AND exercise).af
4. (brief AND exercise).ti,ab
5. 1 OR 2 OR 3 OR 4
6. (bone AND m*).ti,ab
7. BONE DENSITY/
8. 6 OR 7
9. 5 AND 8

10. 9 [Limit to: (Gender Female)]
11. 9 [Limit to: (Gender Female) and (Age Groups

Adults)]

Search format was repeated for all the databases.
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