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Introduction

Osteoporosis is a disease where bone density and bone 
quality are reduced, leading to a weakness of the skeleton and 
a signifi cantly increased risk of bone fracture [1]. This disease 
is recognized as a major public health issue in New Zealand and 
the developed world, with 59% of women and 29% of men over 
the age of 60 years suffering a fracture from this age [2,3]. The 
economic burden on the public health and social care system as 
a result of treatment and management of osteoporotic fractures 
is diffi cult to determine as often not diagnosed until a fragility 
fracture occurs [4]. An Australian study estimated the direct 
economic cost of osteoporosis in 2017 to be AUD$3.4 billion, 
which is three times higher than in 2007  [5]. Osteoporosis New 
Zealand estimated the total cost of the disease at a staggering $1 
billion each year, with this fi gure predicted to increase rapidly 
if additional efforts are not made to address this disease [6].

Generally, women experience bone losses of approximately 
1% per year after the fourth decade of life, however annual losses 
of 3% - 5% Bone Mineral Density (BMD) can be experienced 
during early post-menopause. The National Osteoporosis 
Foundation of America estimated that up to 20% of BMD can be 
lost in the 5 - 7 years after menopause, with lifetime bone losses 
estimated to be 30 - 40% of peak bone mass [7,8]. Researchers 
[9] have demonstrated that the hip and lumbar spine are 
fracture sites most frequently associated with postmenopausal 
osteoporosis, which is primarily a consequence of trabecular 
bone losses due to estrogen defi ciency, however, the hip is 
considered the most severe osteoporosis complication [10]. 

Recommendations guiding exercise prescription for bone 
health have suggested moderate weight-bearing exercise, 
such as walking, as benefi cial to these clinically relevant sites, 
however, this intensity of loading is insuffi cient and no longer 
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consistent with the current evidence base [4,11,12]. It should 
be noted that although physical activity provides a multitude 
of health benefi ts, not all exercise is osteogenic. Therefore, in 
spite of the benefi ts aerobic activities such as walking, cycling 
and swimming may provide to body composition, strength, 
and balance, researchers have shown that these activities may 
have little or no effect on enhancing bone health [11,13-15]. 
Osteoporosis Australia (2013) has published recommendations 
for physical activity, based on an evidence-informed strategy 
to prevent osteoporosis. The key message was to optimize 
bone health throughout all stages of life and that high-impact 
loading appears to be the most benefi cial approach in older 
women, however, the optimal loading prescription was still to 
be determined [4,16]. More recently, Exercise and Sports Science 
Australia published a position statement recommending that 
low-risk individuals, defi ned as healthy adults with normal 
BMD (T-score above -1.0 SD), need to perform 10 - 50 jumping 
exercises 4 - 7 times a week for the prevention of osteoporosis 
[17]. However, although the position statement identifi ed the 
types of jumps to be performed, it lacked specifi c detail in terms 
of jump-landing technique, program design, and monitoring 
of the daily and weekly loading.

Thus although literature exists to support that a specifi c 
mode of impact exercise needs to be integrated into the lives 
of healthy adults and that well-designed exercise programs 
for enhancing and preserving BMD are required, current 
recommendations are outdated and need revision [16,18-22]. 
The current literature indicates that to provide an adaptive bone 
response the programme must consider: 1) GRF magnitude 
and rate of force development; 2) distribution patterns of 
loading; 3) duration of the programme; 4) number of loading 
cycles; 5) frequency and recovery between loading sessions; 
6) age-specifi c response to loading; 7) bone-site specifi city; 
8) instructions provided; and, 9) jump-landing technique. 
In addition, the programme needs to adhere to best practice 
strength and conditioning principles such as; 10) progressive 
overload; 11) individualisation; and, 12) mesocycle design and 
periodisation.

The focus on premenopausal women represents a “window 
of opportunity” for premenopausal women to prevent or delay 
the time before the fracture threshold is surpassed in the 
postmenopausal years. Therefore, the purpose of this literature 
review is to critique training studies that have examined the 
effects of jump-landing programs on bone health parameters 
in premenopausal women. From this critique, those factors 
thought important for optimizing program design for improved 
bone health will be identifi ed and discussed. 

Literature search methods

This review evaluated and interpreted the current evidence 
base to provide researchers, primary health carers, sports 
scientists, and physical therapists alike, with an understanding 
of the rationale and application of osteogenic exercise as a 
preventative approach for osteoporosis and consequently the 
effects on reducing the risk of fracture. The conclusions and 
practical applications of this review were drawn from peer-
reviewed journal publications. The databases searched were 

Academic Search Premier, SPORT Discus, PubMed, MEDLINE, 
and CINAHL. Literature searches were undertaken using several 
keywords including ‘osteoporosis prevention’, ‘strength 
and conditioning, ‘resistance training’, ‘premenopausal’, 
‘impact exercise’, ‘periodization’, ‘exercise frequency’, 
‘exercise loading’, ‘neural adaptation for exercise’, ‘exercise 
duration’, ‘contraindications to exercise, ‘falls prevention’, 
‘muscle reactivity’, ‘balance’, ‘body composition’, ‘jumping’, 
‘ground reaction forces’, ‘bone mineral density, ‘DEXA’, ‘bone 
geometry’, ‘jumping technique’, ‘plyometrics’, and ‘bone 
health’. Only English-language articles published in peer-
reviewed journals were considered. Relevant literature was also 
sourced from searches of related articles and books arising from 
the reference list of those obtained from the database searches. 
The studies reviewed examined various recommendations from 
credible national organizations and ‘best practice’ strength 
and conditioning programs that could be integrated into an 
osteogenic exercise program for premenopausal women. 
Eleven studies (Table 1) were found that met the inclusion 
criteria which included; being female, premenopausal (< 51 
years), utilizing dual-energy x-ray absorptiometry (DEXA) 
technology, and involving a jumping intervention lasting more 
than 3 months (minimum bone turnover cycle). 

Summary of the research

Participants: A total of 672 female participants subjects were 
involved in the research and comprised of 361 participants who 
performed a jump intervention and 311 controls. The average 
age for all participants was 34.6 years, which represented the 
premenopausal stage (post the attainment of peak bone mass 
and pre the hormonal changes associated with menopause) 
[23]. The population of interest was healthy premenopausal 
women who were not performing regular exercise (no more 
than 2.5 hours per week) and therefore representative of the 
general population.

Discussion

A discussion of the factors to be considered when designing 
an exercise program to optimally stimulate an adaptive bone 
response is detailed below. Please note that the fi ndings of the 
training studies reviewed were combined with relevant acute 
research where appropriate, which has investigated osteogenic 
loading in pre-menopausal women. 

1. GRF magnitude and rate of force development

Although the optimal dose of exercise is yet to be determined, 
it would seem from the research reviewed and other acute data 
that a Ground Reaction Force (GRF) magnitude of greater than 
3-Body Weights (BW) and a rate of force development exceeding 
43-body weights per second (BW∙sˉ1) are needed for stimulating 
bone [26,35,36]. Bassey and colleagues [26], previously defi ned 
vertical osteogenic thresholds for GRF magnitude and rate (>3 
BW and 4 BW∙sˉ1, respectively), which they developed using 
bilateral jump-landings with premenopausal women  [26]. 
The jumps utilized in this review reported GRFs ranging from 
2.0 - 6.5 BW, using mostly bilateral jump-landings, which 
is in agreement with authors of meta-analyses that reported 
GRFs of 2 - 5 BW as being effective to stimulate bone and 



009

https://www.peertechzpublications.com/journals/archives-of-sports-medicine-and-physiotherapy

Citation: Clissold T, Cronin JB, De Souza MJ, Winwood PW (2022) Program design considerations for bone health in premenopausal women. Arch Sports Med 
Physiother 7(1): 007-015. DOI: http://dx.doi.org/10.17352/asmp.000015

2. Distribution pattern of loading

Most of the studies included in this review utilized jumps 
in the vertical plane, and all studies represented GRFs in the 
vertical direction only. Bone adaptation has been shown to 
be blunted by habitual patterns of loading (e.g. walking and 
running), so novel or diverse loading patterns are required to 
stimulate an adaptive bone response [36,41]. Thus, exercises 
such as jumping and hopping in different directions, which 
are considered to provide ‘unusual’ or ‘unfamiliar’ patterns of 
loading have been shown to have a greater osteogenic effect 
than landing force magnitude alone, with bone adaptation being 
observed at much lower GRFs when these non-habitual strains 
are applied [36,38]. Furthermore the ‘error strain distribution 
hypothesis’ suggests that unusual or novel directions of 
force application may have a greater osteogenic effect than 
magnitude alone, and is therefore vital to osteogenesis [38,41]. 
Interestingly, the studies which utilized multidirectional 

result in bone formation [12,26,34,37]. Interestingly, although 
Bailey and Brooke-Wavell [30], reported GRFs for vertical 
hops performed maximally that did not achieve the previously 
defi ned osteogenic threshold (> 3 BW), they reported femoral 
BMD gains of nearly 2% for the premenopausal participants. 
They speculated that the single-leg landing forces may be 
equivalent to a total landing force of 5 - 6 BWs due to forces 
being transmitted through one leg only, and therefore easily 
exceeded the bone stimulation thresholds previously defi ned. 
Although GRF magnitude is considered an important factor to 
infl uence the adaptation of bone, the rate of loading (rate of 
force development) is considered equally important [36,38,39]. 
Researchers have reported that if the peak rate of force 
production is suffi ciently high, then bone adaptation can be 
stimulated without using high force magnitudes [36,38,40]. 
Thus, both peak magnitude and loading rate are considered 
important factors in achieving osteogenic thresholds.

Table 1: Randomized controlled trials of jump-landing interventions in premenopausal women.

 Authors
Age (year)

(mean  ±  SD)
Sample size (n) Jump-landing Intervention

Duration
(months)

Change in BMD %

 [24]
J = 32.0  ±  1.2
C = 29.8  ±  1.8

n = 14
J = 14
C = 13

50 vertical jumps/per day
> 2 BW

6
FN: J = ↑2.4; C = ↓1.8
LS:  J = ↑1.0; C = ↑1.5

 [25]
J = 39.0  ±  3.0
C = 39.0  ±  3.0

n = 84
J = 39
C = 45

60 min session with 20 min high impact jumping 
2.1 - 5.6 BW

18
€FN: J = ↑1.6; C = ↑0.6
 LS:  J = ↑2.2; C = ↑0.7

 [26]
J = 38.4  ± 7.4
C = 36.4  ± 7.6

n = 55
J = 20
C = 35

5 x 10 vertical jumps
6 x week 

3BW
5 

 €FN: J = ↑2.8; C = ↓0.3
 €LS:  J = ↑1.1; C = ↓1.1

 [27]
J = 38.1  ± 1.7
C = 38.5  ± 1.6

n = 80
J = 39
C = 41

60 min session with 40 min high impact stamping, 
jumping & running

3 x week 
12 

€FN: J = ↑1.1; C = ↓0.4
*LS: J = ↑2.2; C = ↓0.4

* L1 only

 [28]
J = 20.5  ± 0.6 
C = 20.9  ± 0.8

n = 36
J = 18
C = 18

10 x maximal vertical jumps
3 x week 

4.76BW (peak)
6 

 €FN: J = ↑2.6; C = ↓1.1
 €LS:  J = ↑2.4; C = ↓0.6

 [29]

J1 = 38.3  ±  3.8
J2 = 41.3  ±  3.8
C = 40.5  ±  3.5

n = 59
J1 = 19, J2 = 16

C = 24

100 jumps + lower only (J1) or upper & lower (J2) 
body resistance exercises

3 x week
4 - 5BW

12 
 €FN:  J1 = ↑1.0; J2 = ↑1.0; C = ↑0.1
  €LS:  J1 = ↓0.3; J2 = ↑1.1; C = ↑0.6

 [30]  32.9  ±  2.4

n = 64
J1 = 16, J2 = 13 & 

J3 = 16
C = 19

5 x 10 multidirectional hops
2, 4, or 7x week 

2.5 – 2.8BW
6 

 €FN: J1 = nc; J2 = ↑0.9 and 
  J3 = ↑01.8; C = ↓1.2

* No changes in LS reported

 [31]
J = 39.7  ± 1.2
C = 38.1  ± 1.2

n = 67
J = 34
C = 33

5 x 10 vertical jumps in an offi  ce setting
3 x week

> 3.9g (2 - 3BW)
12 

 €FN: J = ↑0.6; C = ↓0.1
  €LS:  J = ↑0.8; C = ↓0.2

[32]
J = 22.8  ± 4.0
C = 21.7  ± 2.9

n = 96
J = 48
C = 48

10 x maximal vertical jumps
3 x week

4.56 BW (3.64 - 6.46)
6 

FN: J = ↑3.7; C = ↓2.0
* using BUA (proposed to equal to 

↑4.0 BMD in J group)

[33]
J1 = 41.0  ± 4.4
J2 = 39.8  ± 4.8
C = 37.6  ± 6.4

n = 60
J1 = 23
J2 = 14
C = 23

Jump 10 jumps, 2 x day (J1)
Jump 20 jumps, 2 x day (J2)
(8 hours between sessions)

6x week
3.8 - 4BW

4
Hip: J1 = ↑0.3; J2 = ↑0.2; C =↓0.9

* LS not reported

[34]
J = 43.0  ± 5.3
C = 41.5  ± 5.8

n = 57
J =32
C =25

32-42 max jump-landings
2-5 x week

Bilateral and unilateral jumps (multiplanar)
> 3BW

12
FN: ↑3.4; C = ↓0.2
LS: ↑0.4; C = ↓0.2

Key: BMD: Bone Mineral Density; FN: Femoral Neck; LS: Lumbar Spine; J: Jump group; C: Control group; BUA: Broadband Ultrasound Attenuation; BW: Body Weight € 

Signifi cant change compared to the control group.
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jumps in this review [25,27,29], reported similar gains in 
BMD to those that utilized jumps in the vertical direction only. 
However, these multidirectional studies incorporated up to 200 
jumps within a prolonged exercise session (60 minutes), which 
according to animal studies, may have saturated the optimal 
impact stimulus and consequently had a negative effect on 
bone mechanosensitivity [35,42]. In addition, the principle 
of variation may explain some of the fi ndings in this review, 
whereby the changes in fi ve months were similar to 18 months, 
as maybe not enough variation (i.e. multiplanar, unilateral vs 
bilateral) had been provided as a programming progression. 
The infl uence of loading variation is a particularly important 
consideration for osteogenic jump-landing programs and for 
special populations such as older adults unable to tolerate high 
magnitude and rate of GRF that warrants further investigation. 
Thus, future research is required to gain an understanding 
of the contribution of multi-planar GRFs (i.e. medio-lateral 
and anterior-posterior) in addition to vertical only, on the 
mechanosensitivity and subsequent adaptation of bone.

3. Number of loading cycles

The number of impacts (loading cycles) has been shown 
to affect the rate of bone formation, with animal studies 
demonstrating that a range of 5-100 loading cycles can 
stimulate bone formation and maintain the mechanosensitivity 
of bone [35,38,42]. Researchers using rats have shown that 
bone quickly becomes desensitized to impact exercise as the 
loading bout continues without interruption [35,42]. These 
researchers using animal models reported that skeletal tissue 
becomes desensitized after only 40 - 50 repetitive loading 
cycles, and furthermore recommended a rest period of 24 
hours as suffi cient to restore bone mechanosensitivity [35]. 
Interestingly, as few as 10 maximal vertical jumps (4.6 BW), 
achieved femoral neck gains equivalent to 4% (determined 
using broadband ultrasound attenuation), and thus fewer 
jump-landing repetitions (achieving osteogenic thresholds 
for magnitude and rate) may optimize the adaptive response 
of bone whilst reducing the risk of injury relating to fatigue. 
Studies which utilized longer duration exercise sessions (i.e. 
60 minutes), including more jump-landing repetitions and 
additional resistance exercise [27,29], achieved similar (or 
lesser) increases in femoral BMD than studies lasting less than 
5 minutes [34] (↑1.0 compared to ↑3.4%). This fi nding further 
supports the concept that GRF magnitudes exceeding > 3 BW are 
essential to bone adaptation. Although the optimal number of 
loading cycles for humans has not been determined, it appears 
from the current review that a similar, and potentially greater, 
the osteogenic effect occurred for the shorter exercise sessions 
(< 50 loading cycles), as compared to the longer exercise 
sessions (100 - 200 loading cycles). Thus, a shorter exercise 
session (< 10 minutes), would potentially be more benefi cial 
to the bone, and more likely to positively infl uence exercise 
adherence, than exercise programs of extended duration. 

4. Study duration

The jump-landing studies in this review ranged from 4 - 18 
months, with an average intervention duration of 8.7 months. 
As one bone remodeling cycle (the complete cycle of activation, 

resorption, and formation of bone), is approximately 3 to 4 
months, the program duration needs to be continued through 
several cycles in order to detect changes in BMD using DEXA 
[43]. Thus, a longer study duration (at least 12 months) has 
been suggested as providing a more valid representation of 
bone changes [12,17,44]. It appears that signifi cant increases in 
femoral BMD  (↑0.3 – ↑2.8%), have been achieved with jump-
landing programs of only 4 - 5 months in duration, using 
vertical jumps (10 - 50 each session). Interestingly, studies 
of at least 12 months report a similar (and increased) benefi t 
to femoral BMD (↑0 .6 - ↑3.4%), using similar jump-landing 
protocols which indicates that longer studies may require 
loading to be progressively increased (periodised) or varied in 
some manner, to continue to satisfy bone mechanosensitivity 
requirements.

5. Frequency and recovery between loading sessions

The jump-landing protocols in this review utilized exercise 
session frequencies ranging from 3 - 7 times per week. One 
of these studies focused directly on the effect of frequency, 
reporting greater BMD gains when the jump-landing program 
was performed daily, compared to twice or four times (no 
change, ↑0.9 and ↑1.8%, respectively) [30]. These fi ndings 
indicate that at least three sessions of a jump-landing program 
are required to achieve signifi cant increases at the femoral 
neck, however, consideration may be needed for recovery 
and to reduce injury risk. Although the optimal frequency of 
loading bouts has not been established in humans, increases 
in BMD have previously been reported in premenopausal 
women using jumping interventions performed 3 - 7 times 
per week, thus further research is required regarding this 
variable. Interestingly, one study in the review, which used a 
multidirectional hopping intervention, concluded that hopping 
exercises need to be performed daily, when compared to 
other weekly frequencies, to increase femoral neck BMD [30]. 
Furthermore, two unrelated studies using young men and 
premenopausal women concluded that jumping twice daily 
(separated by 6 - 8 hours of recovery) was more osteogenic 
than the same number of jumps (40 - 60 jumps/day) carried 
out in a single session [33,45]. Adequate recovery between 
loading cycles and jumping sessions has been shown to 
maintain the mechanosensitivity of bone and optimize the 
osteogenic response by enhancing the surface area of bone 
actively forming new bone [46]. Researchers using animal 
models demonstrated that skeletal tissue became desensitized 
after 40 - 50 repetitive loading cycles, and a rest period of 24 
hours was suffi cient to restore bone mechanosensitivity  [35]. 
Furthermore, rest periods between loading bouts of around 15 
seconds and up to 4 hours, have been shown to increase bone 
formation outcomes by 65% to 100% [35,39,46,47]. Less than 
half of the studies in this review utilized rest intervals between 
jumps, and after sets of jumps, in spite of the recommendations 
indicated from these animal studies. Thus, the design of a 
jump-landing program needs to consider inserting appropriate 
rest periods within and between jump-landing sessions to 
optimize bone adaptation and reduce the risk of fatigue and 
bone damage [48,49].
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6. Age-specifi c response to loading

One study in this review investigated the effect of 
providing the same vertical jumping intervention in a cohort of 
premenopausal and postmenopausal women [26]. Bassey and 
colleagues [26], reported an increased femoral neck BMD gain 
of 2.8% in the premenopausal group, however, failed to achieve 
a signifi cant difference for the postmenopausal group. This 
fi nding indicated that the loading forces required to achieve an 
osteogenic response in older (> 50 years) women may be higher 
than for younger women (< 50 years) [19,41,50]. If we consider 
the concept that post-menopausal BMD is a consequence of 
peak BMD (achieved at skeletal maturity), menopause, and the 
rate of bone loss as the women ages, then the period of bone 
growth during the pre-pubertal, pubertal and premenopausal 
years is the optimal time to focus on positive interventions for 
maximizing bone health. In a recent Exercise Sports Science 
Australia (ESSA) position statement, the key message was to 
optimize bone health throughout all stages of life, however 
high-impact loading (i.e. jumping and hopping) appeared to 
be the most benefi cial approach in healthy premenopausal 
women [17].

7. Bone-site specifi city 

Cross-sectional studies have shown that athletes in weight-
bearing sports (i.e. gymnastics, tennis, and volleyball) which 
involve high magnitude and rates of loading and novel or diverse 
loading patterns, have greater bone mass at loaded skeletal 
sites compared to non-athletes or athletes in non-weight-
bearing or lower-impact sports [51-53]. These observations 
indicated that an osteoporosis prevention program needs 
to provide an appropriate osteogenic stimulus at clinically 
relevant bone sites related to osteoporotic fracture (i.e. femoral 
neck and lumbar spine), as the hip and lumbar spine are 
fracture sites most frequently associated with postmenopausal 
osteoporosis, although the hip is considered the most severe 
osteoporosis complication [10]. Evidence from all the studies in 
this review has shown that jump-landing exercises can provide 
osteogenic stimulus to the hip region (i.e. femoral neck), and 
the majority of studies also achieved signifi cant BMD gains at 
the lumbar spine. The researchers from one study suggested 
that jump-landings would not provide an effective stimulus 
for individuals aiming to improve bone strength at the spine, 
and recommended upper-body resistance exercises as a better 
option [29]. These researchers suggested that jump-landing 
exercises fail to generate suffi cient osteogenic stimulus 
for bone formation at the spine, as the mechanical load is 
attenuated before being translated to the lumbar area [27,29]. 
It is therefore of interest to determine whether jump-landings 
performed whilst utilising a reactive jump-landing, and ‘stiff’ 
landing mechanics, have the ability to stimulate the lumbar 
spine, in addition to the femoral region. 

8. Instructions provided

Researchers have shown that we can successfully employ 
a specifi c jumping style after being instructed only once [54], 
which implies that once profi cient, jumps do not need further 
coaching and can be performed in the home setting with the 

knowledge that the appropriate GRFs and subsequent osteogenic 
thresholds will be met. The studies in this review documented a 
variety of different instructions for arm position, effort during 
jumping, and most importantly, the technique utilized when 
landing. In addition, most of the studies in this review provided 
supervision during the jump-landing sessions. Therefore, 
future research is required to determine whether participants 
can achieve similar or greater jump-landing forces after only 
one instructed session, using specifi c cues to land stiffl y with 
minimal knee fl exion, due to learning or practice effects. This 
information would have clinical implications for osteogenic 
jump-landing programs to be effective when performed in a 
home-based unsupervised setting.

9. Jump-landing technique

Biomechanics researchers have indicated that jumping and 
hopping exercises may only be useful in terms of osteogenic 
benefi t if the jump-landing technique is elucidated for this 
purpose. The important aspects of jump-landing include 
the cueing of participants to land stiffl y and to minimize 
ground contact time, which has been shown to signifi cantly 
infl uence this aspect of force attenuation, and therefore vital 
to osteogenesis [54-57]. Researchers from these biomechanical 
studies showed that the jump-landing technique utilized by 
participants is a major factor that can infl uence the osteogenic 
effectiveness of jumps and that repeated jump-landings have 
the potential to heighten bone stimulation. Although the 
studies included in this review have provided some information 
about the jumping technique, few have focussed on the jump-
landing technique. Thus, future research is required to explore 
the effect of cueing participants to land ‘stiffl y’, to utilize a 
fl at-footed ground contact, and to employ repeated jump-
landing for achieving osteogenic thresholds previously shown 
to increase bone mass in premenopausal women.

10. Progressive overload

In accordance with ‘best practice’ strength and conditioning, 
and physiotherapeutic programming, the fi rst stage of a jumping 
or plyometric training program need to focus on developing 
competent movement patterns, general strength, and balance 
[58-60]. It is recommended that the successful completion 
of a progressive weight-bearing program, including strength 
and balance, will adequately prepare untrained individuals to 
tolerate the stresses involved with jump-landings to maximize 
benefi ts to bone health and reduce the risk of injury [59,61,62]. 
Only one study in this review provided a description of 
musculoskeletal and neural adaptation programming prior to 
participating in a jump-landing program [34]. It is therefore 
recommended that before an individual can undertake jump-
landing exercises, pre-conditioning exercises may be needed 
to tolerate the stresses involved with jump-landing exercises 
to maximize benefi ts to bone health and reduce the risk of 
injury. It is recommended that this phase be performed in a 
supervised capacity, as the ability to provide instruction and 
demonstrate the proper technique is an important process for 
guiding exercise prescription and progression in a safe manner 
[63-65]. In addition, it is essential that participants are loaded 
and progressed within a jump-landing program according to 



012

https://www.peertechzpublications.com/journals/archives-of-sports-medicine-and-physiotherapy

Citation: Clissold T, Cronin JB, De Souza MJ, Winwood PW (2022) Program design considerations for bone health in premenopausal women. Arch Sports Med 
Physiother 7(1): 007-015. DOI: http://dx.doi.org/10.17352/asmp.000015

several factors including; strength, balance, movement and 
technical profi ciency, fi tness level, injury status, and comfort, 
to maximize the potential for adaptation and minimize the 
risk of injury [59,61,62]. It is however evident that the jump-
landing programs in this review are very basic in their design, 
with only one including a variety of multiplanar bilateral and 
unilateral jumps [34] and most utilizing only one exercise 
(i.e. vertical jump). In addition, most of these studies have 
provided a very basic understanding of the principle of 
progressive overload, with increased number and/or height of 
jumps described within the fi rst 4 months only. Thus, further 
research is required to establish jump-landing programs that 
can continue to stimulate bone over long periods of time (i.e. 
greater than 1 year). 

11. Individualization

Although the studies reviewed stipulated that participants 
needed to be healthy and without current musculoskeletal 
injury to take part in the jump-landing programs, a limitation 
of current exercise recommendations for osteoporosis 
management and prevention, is the lack of consideration 
for individual differences, existing bone health, movement 
competency, and functional capacity. Therefore, a safe and 
effective osteogenic jump-landing program must consider risk 
factors that may compromise the safety of performing such 
a program such as; age, frailty, pre-existing osteoporosis, 
musculoskeletal pain or injury, osteoarthritis, and history of 
fractures or falls [23]. Authors of a recent position statement 
on exercise prescription for the prevention and management 
of osteoporosis, recommended that individuals were classifi ed 
into three levels of risk for fragility fracture (low, moderate, 
and high), using the World Health Organisation (WHO) 
defi ned T-scores [17]. According to this classifi cation, low-
risk individuals were defi ned as having normal BMD (T-score 
above -1.0 SD), and no clinical risk factors for falls or fracture, 
and deemed safe to participate in a jump-landing program. 
Individuals classed as moderate and high risk (T-score -1.0 
to -2.5 SD and less than -2.5 SD, respectively), were also 
recommended to perform jump-landings (2 - 3 BW), with an 
emphasis on conditioning the musculoskeletal system, gradual 
loading increments, pain-free competency and safety in terms 
of falls prevention [17]. 

12. Mesocycle design and periodization

Strength and conditioning training principles imply 
that a musculoskeletal exercise program needs to utilize a 
model of periodization to ensure that training principles 
are manipulated safely and effectively to achieve long-term 
benefi ts for the individual [66-68]. Thus, a jump-landing 
program needs to progress in volume and the technical 
diffi culty over a 12-month period and its development should 
consider fi ndings from previous studies which have achieved 
BMD gains in premenopausal women over similar time periods 
[17,66-68]. However, periodization and musculoskeletal 
programming principles, which may infl uence the long-term 
effectiveness and safety of these programs, are not currently 
refl ected in the osteogenic jump-landing programs reviewed. 
Variables to be considered in a periodised training program for 
bone (adapted from musculoskeletal programming) include 

a progressively increased; magnitude, rate of strain, number 
of ground contacts, and technical diffi culty (i.e. bilateral to 
unilateral) over at least a 12-month period. In addition, it 
would be of interest to utilize previously quantifi ed GRF data 
for premenopausal women performing a variety of different 
jump-landings (i.e. multiplanar, bilateral, and unilateral), to 
determine the order these exercises should be introduced into 
an osteogenic jump-landing program. 

Conclusion

The purpose of this review was to present a su mmary of 
the variables identifi ed as integral in the development of a 
longitudinal periodised osteogenic jump-landing program for 
premenopausal women. Information regarding optimal jump-
landing kinetics was identifi ed whilst integrating current 
bone health guidelines, research, and concepts of best practice 
strength and conditioning. 

Fr om this review, it can be concluded that jump-landing 
protocols that; utilize brief jumping episodes (10 - 100 jumps/
day, 3 - 7 days/week), are 4 - 18 months in duration, and 
present loading magnitudes of between 2 - 6 BW and rates of > 
43 BW∙sˉ, can result in signifi cant gains in femoral neck BMD 
of 0.6% – 3.4% in premenopausal women. Although these 
researchers have demonstrated that bone responds optimally 
to unusual or atypical mechanical forces applied to the skeleton 
for women who are habitually inactive and are not involved 
in high-impact sports, the aspects of the program design 
deemed important to the osteogenic potential of the exercise 
have not been clearly identifi ed. In addition, only one study has 
attempted to incorporate all of the osteogenic loading (i.e. GRF 
magnitude, rate, and direction), and programming (frequency, 
intensity, duration, and type) variables, deemed important to 
musculoskeletal adaptation.

National and International Osteoporosis Organisations are 
now recommending that exercises, including jumping and 
hopping, should be utilized in an osteoporosis prevention 
program. However, currently, the peer-reviewed scientifi c 
literature on the use of exercise as a means of preventing 
osteoporosis is quite limited. While it would appear that 
jumping and hopping exercises are effective for this purpose, 
osteogenic programs specifi cally designed for premenopausal 
women are currently lacking [4,17,37,69]. Practitioners 
need to develop longitudinal periodised osteogenic jump-
landing programs for healthy pre-menopausal women, which 
utilize quantifi ed jump-landing force data (obtained from 
premenopausal women), whilst integrating current bone health 
guidelines, research, and concepts of best practice strength 
and conditioning. These programs need to utilize a model of 
periodization to ensure that training principles are manipulated 
safely and effectively to achieve long-term benefi ts to the bone 
whilst adhering to safe programming guidelines. In addition 
to participants developing adaptations to both generate and 
tolerate increased landing forces over time, multidirectional 
jumping and hopping interventions have the potential to 
achieve improvements in factors relevant to fall prevention, 
such as muscle strength and balance, in addition to enhanced 
BMD for premenopausal women at clinically relevant sites for 
osteoporosis prevention. 
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