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Abstract
Performing jump-landings may not be suitable for some individuals when programming for bone health. This study 

quantified a stomp exercise to determine its magnitude (body weight’s [BW’s]) and rate (body weights per second [BW∙s-1]) of 
strain among premenopausal women. Twenty healthy premenopausal women [Mean ±SD: 41.7±5.6y; 68.2±10.6kg; 165±5.5cm; 
27.5±8.7% body fat] performed stomps on left and right legs at different rate of perceived exertions (RPE’s) (5 and 8) within 
the same session. The stomp RPE5 resultant magnitudes (3.08 and 2.89, BW’s) and rates of strain (199 and 180, BW∙s-1) for 
right and left legs (respectively), performed on a Kistler force plate, were similar to previously determined osteogenic thresholds 
(>3BW’s and >43 BW∙s-1 respectively). The stomp performed at RPE8, significantly (p < 0.001) exceeded stomps performed 
at RPE5 (4.58 and 4.42, BW’s and 344 and 333, BW∙s-1). The within-session reliability was good to excellent (0.68 to 0.89) 
for stomps performed at RPE5 and moderate to excellent (0.56 to 0.90) for stomps performed at RPE8. The stomp exercise 
achieves osteogenic thresholds thought pre-requisite for bone growth in premenopausal women and can be safely and reliably 
auto regulated by individuals for use in bone health programs where jump-landings may be contraindicated.
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Introduction
Osteoporosis is a skeletal disorder characterised by low bone 

density and compromised bone strength [1,2], as well as qualitative 
changes in the microarchitecture of the bone [3]. Overall bone 
strength is determined by bone size, bone morphology and 
properties of the Bone Mineral Density (BMD), such as collagen 
traits and micro damage [4,5]. The result of low bone density and 
compromised bone strength is an increased risk of osteoporotic 
fractures. Common areas for osteoporotic fractures to occur are at 
the femoral neck, vertebral column and distal radius [6]. However, 
there is still an increased risk and possibility for fractures to occur 
at other sites as a result of low bone density [7]. The World Health 
Organisations (1994) operational definition of osteoporosis is 
based on the estimation of bone mineral density, which is measure 
by dual-energy x-ray absorptiometry (DEXA). This is considered 
the gold standard measurement for BMD [8]. In 2018, it was 

reported that approximately 52 million people had been diagnosed 
with osteoporosis or osteopenia in the United States alone [9]. 
This number was expected to rise to 61 million by the year 2020. 
Globally, osteoporosis is accountable for over 50% of fractures in 
women and 20% of fractures in men [10]. 

Osteoporosis can negatively affect a person’s quality of life, 
as well as have a large economic burden [11,12]. As the elderly 
population increases, it is expected that the economic burden will 
continue to grow. During the year of 2016, Canada was estimated 
to spend $4.6 billion dollars on osteoporosis [13]. Different 
populations have different risks of getting osteoporosis, with 
women being at greater risk than men. In 2017, nearly two-thirds 
of Australians over the age of 50 suffered from low bone mass, 
however only 30% of those were males. According to Osteoporosis 
New Zealand (2020), at least one in three women and one in five 
men will suffer from an osteoporotic fracture during their lifetime 
[14]. It is estimated that a 50-year-old white female has a 15 - 20% 
lifetime risk of hip fracture and a 50% risk of any osteoporotic 
fracture [3,15]. Researchers have focused on the effects of exercise 
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such as bilateral vertical jumps, on bone mineral density, largely 
focusing on women [16-19]. One study has investigated bilateral 
jumps with a reactive jump landing [20,21].

Bone tissue is a structural material that has the ability to 
adapts its form and microstructure to changing environmental 
loading conditions [22]. Turner (1998) [23] has identified three 
fundamental rules that determine bone adaptation; 1) bone 
adaptation is driven by dynamic rather than static loading, 2) only 
a short duration of mechanical loading is required to initiate an 
adaptive response; and 3) bone cells will adjust to a mechanical 
loading environment, making them less responsive to routine 
loading signals. Research has investigated the threshold of strain 
required to achieve skeletal adaptation, with Frost hypothesising 
that mechanical forces exceeding this remodelling threshold would 
therefore stimulate bone formation, as well as increase overall 
bone strength and mass [24-26]. 

Bassey and colleagues (1998) demonstrated that peak 
vertical landing forces of 3 BW’s and peak loading rates of 43 
BW∙s-1 achieved during a countermovement jump landing, 
resulted in significant increases (↑2.8%) in Bone Mineral Density 
(BMD) at the femoral neck [18]. Other studies that have seen 
improvements in femoral neck BMD in premenopausal women, 
used a range of different jumping protocols, (3 - 7 days per week), 
lasted in duration of 4 - 18 months [16,18,27,28] and used loading 
magnitudes between 2 - 6 BW. 

To the authors knowledge, only jump landings have been 
quantified and investigated. Some researchers have focused 
on the effects of instructions being given during these jumps 
[21,29], while others have focused on different landing mechanics 
[21,30,31]. These jumps and hops that have been investigated may 
be technically difficult and challenging for certain populations. 
Therefore, studies are needed to investigate other exercise 
alternatives, that may be more suitable for various populations to 
stimulate bone development at clinically relevant sites. Moreover, 
no studies have investigated whether osteogenic exercises can 
be reliably auto regulated to influence the loading response (i.e. 
magnitude (BW) and rate of strain (BW∙s-1). Such information 
could help individuals safely periodize osteogenic exercises and 
slowly progress over time using the principle of progressive 
overload. Previous research has investigated using a Rate of 
Perceived Exertion (RPE) as a method of volume autoregulation 
within a periodized program [32], determining that volume and 
intensity can effectively be auto regulated using RPE. 

Given the technical difficulty associated with jumping and 
jump landings for some populations, it is important to quantify 

other potential osteogenic exercises to determine their suitability in 
osteogenic programs which may improve bone health. Therefore, 
this study sought to; a) determine whether the stomp exercise 
can be auto regulated and reach osteogenic thresholds previously 
determined by Bassey and colleagues (1998), in premenopausal 
women; and b) determine the reliability of the magnitude and 
rate of strain variables of the stomp performed at different RPE 
intensities [18]. It was hypothesised that stomps would achieve 
previously established osteogenic thresholds and the high RPE 
(i.e. 8) would produce significantly greater magnitudes and rates 
of strain compared to stomps performed at a moderate RPE (i.e. 5). 

Methods
Approach to The Problem

Exercise has been utilised as a preventative strategy for 
improving bone density in premenopausal women [21]. Researchers 
have quantified a series of jumping and hopping exercises to 
determine whether they exceed thresholds thought to stimulate 
bone (3BW and 43 BW∙s-1) [18,21]. The aim of this research was 
to quantify a stomp exercise performed at different RPE intensities 
and determine if the stomp can be reliably auto regulated. A cross-
sectional descriptive design was used for this research. The stomp 
exercises were performed on left and right legs on a Kistler (Kistler 
Instruments, Victoria, Australia) force plate (length 1200mm x 
width 600mm x height 100mm). Ground Reaction Forces (GRF) 
were recorded during one testing session. Such a design was 
similar to that used to investigate whether bilateral vertical jumps 
with reactive jump landings achieve osteogenic thresholds with 
and without instruction in premenopausal women [21].

Participants

Twenty healthy premenopausal women took part in this 
study. A summary of their descriptive characteristics is presented 
in Table 1. Participants were provided with a participant 
information sheet and completed an informed consent form. This 
sample size and demographic is comparable to other studies that 
have used a similar design [18,21]. Inclusion criteria for this 
research was that participants must have a regular menstrual 
cycle, indicating premenopausal status (32 - 50y). A participant 
was excluded if any medical problems were reported, such as 
injury, arthritis, osteoporosis, or balance issues that impacted their 
ability to perform the stomp exercise. These medical problems 
were identified on a pre-exercise questionnaire. The methods and 
procedures used in this study were approved by the Institutional 
Review Board Committee (R14/17).
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Participants (n = 20)
Demographics

Age (y) 41.7 ± 5.6
Height (cm) 165.0 ± 7.6

Body mass (kg) 68.2 ± 10.6
BMI 25.0 ± 3.5

Body fat (%) 27.5 ± 5.5
Maximal countermovement jump

Jump height (cm) 36.4 ± 6.0

Table 1: Descriptive characteristics of participants (mean ± SD).

Testing protocol

Participants were required to attend a familiarisation 
session before they completed the testing session. During this 
familiarisation session, participants filled in a pre-screening 
questionnaire containing information about injuries or medical 
issues that may exclude them from the study. Height was measured 
using a portable stadiometer, and body mass and composition were 
measured using a Hologic DEXA Discovery fan beam machine 
(Marlborough, Massachusetts, USA). This machine has been 
shown to have excellent validity [33]. A Vertec yardstick (Swift 
Performance Equipment, Wacol, Australia), was used to collect 
maximal vertical jump height for each participant. This data was 
taken at the end of the warmup. This data was used to determine 
baseline jumping and lower body power abilities [21,34]. Before 
jumping commencement, the participants reach height was 
determined by reaching as high as possible (allowing scapular 
elevation) and the researcher adjusted the Vertec height accordingly. 
The participant was then encouraged to jump and tough the highest 
vane possible on the Vertec device. The participants were given 
three attempts. 

Participants were given a demonstration of the stomp 
exercise. They were then asked to practice the stomp on the force 
plate (3 practice submaximal stomps on each leg). All stomps were 
performed in bare feet (see Figure 1) in order to standardise the 
testing between all participants. It has previously been suggested 
that the natural elastic components of the body are able to provide 
greater protection to loading forces in comparison to footwear 
[21,35]. Prior to performing the stomps during the testing session, 
each participant provided a light 5 - minute standardised warmup on 
the Watt bike (Wattbike Trainer, Nottingham, United Kingdom), as 
well as 10 submaximal countermovement jumps, before the Vertec 
testing. Participants were asked to stand on the force plate and 
perform two stomps on each leg for each RPE condition (i.e. RPE5 
and RPE8). The stomps at RPE5 were performed first followed 

by stomps at RPE8. This order was used to ensure for participant 
safety and adequate progression of the stomp. Participants rested 
for thirty seconds between each stomp. RPE was self-determined 
by each participant on how they perceived a 50% effort stomp and 
an 80% effort stomp. All data is presented as an average of the two 
stomps (mean ± SD). 

Figure 1: Anterior (top row) and lateral (bottom row) view of the 
stomp movement being performed. A) mid-point of preparation, B) 
start of execution, C) mid-point of execution, D) end of execution.

Data Analysis

All force-time data was collected at 1000HZ and filtered using 
a second order low-pass Butterworth filter (cut off frequency 20 
Hz) with zero lag. The force-time data was calculated in Microsoft 
Excel 2013, and presented as peak values (i.e. N, BW and BW∙s-1). 
Peak resultant forces were calculated as √(x^2+y^2+z^(2 ) ) and 
used to determine the rate of force development (N∙s-1 * 100/ body 
mass, N; body weight per second, BW∙s-1) over 10 ms taken from 
the steepest part of the slope between the start of the stomp and 
the peak stomp force [17]. A pictorial representation of the force 
profiles (RPE 5 and RPE 8) of the stomps (normalised for time 
using ensemble averaging in Microsoft Excel 2013) utilised in this 
study are presented in Figure 2.  
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Statistical Analyses

Figure 2: A Typical Vertical Force Profile (normalised for time 
and smoothed with a 2pt moving average) of the Stomp performed 
at RPE5 and RPE8. RPE = Rate of perceived exertion.

Stem and leaf plots were used to ascertain whether there 
were any outliers in the data for each variable. After extreme 
outliers were removed, descriptive statistics were calculated and 
reported as means and standard deviations. A repeated measures 
ANOVA with sidak pairwise comparisons were used to determine 
if statistical differences existed between stomps performed on left 
and right legs, and for each rate of perceived exertion (i.e. RPE 5 
and RPE 8). Classifications of effect size (small = 0.20 to 0.50, 
moderate = 0.51 to 0.80 and large = >0.80) [36], were calculated 
to determine the magnitude of the differences between each stomp 

RPE condition. Within session reliability of stomp measures 
(i.e. between each left and right leg trial within each perceived 
condition) was evaluated by Intraclass Correlation Coefficients 
(ICC) using a two-way random effects model, absolute agreement, 
and average measures ICC. ICC’s were classified as follows; 
‘poor’ (≤0.40), ‘moderate’ (0.41 – 0.60), ‘good’ (0.61 – 0.80), or 
‘excellent’ (≥ 0.81) [37,38]. 95% confidence intervals (95% CI) 
were calculated for all reliability measures. Internal consistency 
was assessed using Cronbach Alpha. All data analyses were 
conducted using SPSS 25.0 for Windows (SPSS Inc., Chicago, IL, 
USA). Significance was set at P < 0.05. 

Results

The magnitude and rate of strain for the right leg RPE 5 
(3.08 BW and 199.37 BW∙s-1) and left leg RPE 5 (2.89 BW and 
179.87 BW∙s-1) are similar to the magnitude of strain (>3BW’s) 
and exceed the rate of strain (43 BW∙s-1) previously determined 
for osteogenic thresholds [18]. The magnitude and rate of strain 
for the right leg RPE 8 and left leg RPE 8 were 4.42 BW’s and 
332.75 BW∙s-1, and 4.58 and 343.67 BW∙s-1 (respectively). The 
RPE 8 condition significantly exceeded (P < 0.001) the RPE 5 
condition for magnitude of strain (BW) (↑58% and ↑44%; ES= 
1.32 and 1.25) and rate of strain (BW∙s-1) (↑91% and ↑67%; ES= 
1.41 and 1.40) for right and left legs (respectively). No significant 
differences were found between right and left leg for each RPE 
condition (i.e. 5R and 5L). A summary of the ground reaction force 
data (presented as N, BW and BW∙s-1) is presented in Table 2. 

Variables

RPE 5 RPE 8

Right Leg Left Leg Right Leg Left Leg

Peak Vertical Force (N) 1911 ± 469*ʈ 1853 ± 512*ʈ 2826 ± 713 2930 ± 842

Peak Resultant Force (N) 1984 ± 488*ʈ 1911 ± 527*ʈ 2934 ± 717 3026 ± 839

Peak Vertical Force (BW) 2.97 ± 0.80*ʈ 2.81 ± 0.90*ʈ 4.26 ± 1.26 4.44 ± 1.52

Peak Resultant Force (BW) 3.08 ± 0.82*ʈ 2.89 ± 0.92*ʈ 4.42 ± 1.26 4.58 ± 1.51

Peak Rate of Force Development (N) 1297 ± 463*ʈ 1175 ± 529*ʈ 2195 ± 734 2256 ± 823

Peak Rate of Force Development (BW∙s-1) 199.37 ± 78.71*ʈ 179.87 ± 87.11*ʈ 332.75 ± 125.13 343.67 ± 144.39

Key: *significantly different (P <0.001) to RPE right leg 8; ʈ significantly different (P <0.001) to RPE left leg 8.

Table 2: Ground reaction forces associated with the stomp at RPE 5 and RPE 8.
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The within session reliability of a right and left leg stomp at RPE 5 and was calculated using ICC’s. The results are presented in 
Table 3. Excellent reliability was shown for the stomp on the right leg and good to excellent reliability was shown for the left leg stomp. 

Within session reliability ICC 
(SinMea) 95% CI

ICC

(AvgMea)
95% CI CA Qualitative 

Inference

Stomp right leg RPE 5

Peak Vertical Force (N) .77s .50 to .91 .87s .67 to .95 .87 Excellent

Peak Resultant Force (N) .77s .49 to .91 .87s .65 to .95 .87 Excellent

Peak Vertical Force (BW) .81s .55 to .92 .89s .71 to .96 .88 Excellent

Peak Resultant Force (BW) .80s .53 to .91 .89s .70 to .96 .88 Excellent

Peak Rate of Force (N) .75s .45 to .90 .86s .62 to .95 .86 Excellent

Peak Rate of Force (BW∙s-1) .77s .49 to .91 .87s .66 to .95 .87 Excellent

Stomp left leg RPE 5

Peak Vertical Force (N) .56s .16 to .81 .72s .28 to .89 .73 Good

Peak Resultant Force (N) .53s .12 to .79 .68s .21 to .88 .71 Good

Peak Vertical Force (BW) .68s .34 to .87 .81s .50 to .93 .82 Excellent

Peak Resultant Force (BW) .65 s .29 to .85 .79 s .45 to .92 .80 Good

Peak Rate of Force (N) .51 s .10 to .78 .68 s .18 to .88 .69 Good

Peak Rate of Force (BW∙s-1) .59 s .20 to .82 .74 s .34 to .90 .75 Good

Key: ICC Intraclass correlation coefficient; SinMea Single measures; AvgMea Average measures; s P <0.05; CA Chronbach’s Alpha.

Table 3: Within session reliability of a right and left leg stomp at RPE 5.

The within session reliability of a right and left leg stomp at RPE 8 was calculated using ICC’s. The results are presented in Table 
4. Moderate to good reliability was shown for the stomp on the right leg, and excellent reliability was shown for the left leg stomp.

Within session reliability ICC 
(SinMea) 95% CI

ICC

(AvgMea)
95% CI CA Qualitative 

Inference

Stomp right leg RPE 8

Peak Vertical Force (N) .44 s -.01 to .73 .61 s -.02 to .85 .60 Good

Peak Resultant Force (N) .39 s -.07 to .71 .56 s -.17 to .83 .55 Moderate
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Peak Vertical Force (BW) .53 s .12 to .79 .70 s .21 to .88 .68 Good

Peak Resultant Force (BW) .49 s .06 to .77 .66 s .12 to .87 .65 Good

Peak Rate of Force (N) .42 s -.04 to .72 .59 s -.08 to .84 .58 Moderate

Peak Rate of Force (BW∙s-1) .50 s .07 to .77 .66 s .12 to .87 .65 Moderate

Stomp left leg RPE 8

Peak Vertical Force (N) .77 s .50 to .90 .87 s .66 to .95 .86 Excellent

Peak Resultant Force (N) .75 s .47 to .89 .86 s .64 to .94 .85 Excellent

Peak Vertical Force (BW) .81 s .58 to .92 .90 s .74 to .96 .89 Excellent

Peak Resultant Force (BW) .80 s .56 to .92 .89 s .72 to .96 .88 Excellent

Peak Rate of Force (N) .75 s .46 to .89 .86 s .63 to .94 .85 Excellent

Peak Rate of Force (BW∙s-1) .79 s .54 to .91 .88 s .70 to .95 .88 Excellent

Key: ICC Intraclass correlation coefficient; SinMea Single measures; AvgMea Average measures; s P <0.05; CA Chronbach’s Alpha.

Table 4: Within session reliability of a right and left leg stomp at RPE 8.

Discussion
Previous studies have focused purely on jump landings and 

their effect on bone health in premenopausal women [21,30,31]. 
However technical difficulty associated with jumping and 
jump landings, may not be suitable osteogenic exercises for all 
populations. This study quantified and determined the reliability 
of ground reaction forces associated with an autoregulated stomp 
exercise in premenopausal women at different RPE intensities (5 
and 8). The results support the hypotheses generated for this study 
with stomps performed at a moderate intensity (RPE 5) being 
similar to and exceeding the previously determined osteogenic 
thresholds (3 BW’s; 43 BW∙s-1, respectively) shown to improve 
bone health at clinically relevant sites for premenopausal women 
[18]. Stomps performed at higher intensities (RPE8) achieved 
significantly greater rates and magnitudes of strain in comparison 
to stomps performed at a moderate intensity (RPE5). Within 
session reliability measures were good to excellent for stomps 
performed at RPE5 and for the left leg RPE 8 intensity. Moderate 
to good reliability was observed for the left leg RPE8 condition.

In this study, stomps performed at a lower intensity (RPE5) 
produced peak vertical forces of 2.97 (right) and 2.81 BW’s (left) 

which is similar to the >3BW of landing forces previously observed 
in the countermovement vertical jump in this population [18]. 
Bassey and colleagues (1998) investigated the effects of a vertical 
jumping exercise regime on BMD in pre- and postmenopausal 
women [18]. The exercise consisted of 50 vertical jumps 6 days/
week, resulting in a significant increase of 2.8% in femoral neck 
BMD for the premenopausal women, after 5 months of completing 
the exercise. However, there was no significant change in the 
postmenopausal women, therefore suggesting that premenopausal 
status is a more desirable time to develop BMD gains. This is due 
to oestrogen deficiency in postmenopausal women, as oestrogen 
plays a major role in the bone remodelling process [39,40]. 

Stomps performed at the RPE8 intensity in the current study 
produced peak resultant forces (PVF) of 4.26 (right) and 4.44 
BW’s (left), which greatly exceeded the previously determined 
osteogenic threshold (3 BW’s) [18]. Ground reaction forces were 
measured in three axes and then used to calculate peak resultant 
forces for all stomp conditions. The steepest 10ms was used to 
represent peak rate of force development (PRFD). The same 
process was used by Bassey and colleagues (1998) [18]. PRFD 
under both RPE5 and RPE8 conditions (respectively) in the current 
study were substantially higher (199.37 and 179.87 BW∙s-1; 332.75 
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and 343.67 BW∙s-1) for right and left legs (respectively) than the 
previously determined value of 43 BW∙s-1 [18]. Such values are 
similar to or greater than those previously reported [18,20,21]. 
Clissold and colleagues (2020; 2018), investigated whether 
bilateral vertical jumps and multidirectional jumps with reactive 
jump landings achieved osteogenic thresholds in premenopausal 
women [20,21]. The magnitudes of strain (4.59 to 5.59 BW’s) 
achieved are similar to those achieved with the stomp at RPE8. 
The rates of strain (264 to 359 BW∙s-1) achieved for bilateral 
vertical jumps were relatively higher than those achieved by the 
stomp RPE5. However, stomps performed at an RPE8 achieved 
similar rates of strain (332 to 343 BW∙s-1). Such findings from the 
current study indicate that the stomp can indeed be autoregulated 
and potentially be utilized as a way of progressive overload in 
osteogenic programs. 

Previous researchers have identified that key mechanisms 
for providing the greatest influence for stimulating bone formation 
are, peak vertical force (magnitude of strain) and peak rate of force 
development (rate of strain) [41]. It has been suggested that if peak 
rate of force development is sufficiently high, bone adaptation may 
be stimulated without using high peak vertical force [21,25,42]. 
Therefore, although the stomp performed at a lower intensity 
(RPE5) did not exceed peak vertical force thresholds (>3 BW’s), 
it clearly exceeds peak rate of force development thresholds (43 
BW∙s-1) and may still stimulate the bone [41-43].

Reliability refers to the reproducibility of values of a test in 
repeated trials on the same individuals [44]. ICC’s were used in this 
study to measure the within session reliability. Excellent reliability 
was shown for the right leg stomp at RPE5 and the left leg stomp 
at RPE8. Good to excellent reliability was shown for the left leg 
stomp RPE5 with moderate to good reliability being observed for 
the right leg stomp RPE8. To the authors knowledge, this is the 
first study to determine whether a stomp exercise can be reliably 
auto regulated for magnitude and rate of strain using an RPE scale. 
Helms and colleagues (2018) sought to determine whether RPE 
could be used as a method of volume autoregulation, with results 
showing that it is possible to use RPE to auto regulate training 
volume [32]. The results of the current study show that the stomp 
exercise can be reliably auto regulated by participants using an 
RPE scale. The results from this study demonstrate that the stomp 
exercise can be used in bone health programs and in combination 
with other exercises that have been shown to reach these thresholds 
[21], to create programmes targeted to premenopausal women with 
the goal of increasing their bone mineral density and preventing 
osteoporosis. Exercise prescription guidelines for the prevention 
and management of osteoporosis, recommended healthy adults 
(Low to moderate risk), to perform moderate to high-impact 
weight-bearing activities (>2 to >4 BW; 3-5 sets 10-20 repetitions, 
1-2 minutes’ rest between sets), four to seven days each week [1].

Conclusion
Our results demonstrate that the stomp exercise performed 

at RPE5 and RPE8 can be reliably auto regulated, and reach and 
exceed osteogenic thresholds previously shown to increase bone 
mass in premenopausal women. Previously only bilateral and 
unilateral jumps have been quantified; however, these require a 
certain technical aspect and may not be appropriate or easily 
performed by high-risk populations. The stomp can therefore 
provide a safe and effective exercise to perform that will stimulate 
bone. In addition, individuals can auto regulate the stomp using an 
RPE scale as a means of progressive overload.

Further research should focus on training studies to 
determine exactly how effective osteogenic exercises such as the 
stomp are for improving bone health amongst various populations 
(e.g. age, life stage, and sex). There is a paucity of research that 
has quantified impact exercises that don’t involve a jump and flight 
phase. In susceptible populations, the risk of performing jumping 
exercises may outweigh the potential benefits. Therefore, it would 
be of value to have the option of performing exercises that may 
help minimise risk, while still reaching osteogenic thresholds. To 
the authors knowledge, there is no research that has quantified 
upper body exercises. Given the fact that radius fractures are 
common it is important to also quantify upper body exercises for 
their suitability in osteogenic programs [45]. 

Acknowledgements
The authors would like to thank the women who gave up 

their time to participate in this study, and Toi Ohomai Institute of 
Technology for support in this research.

References
1.	 Beck BR, Daly RM, Singh MAF, Taaffe DR (2017) Exercise and Sports 

Science Australia (ESSA) position statement on exercise prescription 
for the prevention and management of osteoporosis. J Sci Med Sport 
20: 438-445.

2.	 Lane NE (2006) Epidemiology, etiology, and diagnosis of osteoporosis. 
Am J Obestet Gynecol 194: S3-S11.

3.	 Black DM, Rosen CJ (2016) Postmenopausal osteoporosis. N Engl J 
Med 374: 254-262.

4.	 Bouxsein ML (2005) Determinants of skeletal fragility. Best Pract Res 
Clin Rheumatol 19: 897-911.

5.	 Stepan JJ, Burr DB, Pavo I, Sipos A (2007) Low bone mineral density is 
associated with bone microdamage accumulation in postmenopausal 
women with osteoporosis. Bone 41: 378-385.

6.	 Kanis JA, Melton Iii LJ, Christiansen C, Johnston CC, Khaltaev N 
(1994) The diagnosis of osteoporosis. J Bone Miner Res 9: 1137-1141.

7.	 Ross PD, Davis JW, Vogel JM, Wasnich RD (1990) A critical review of 
bone mass and the risk of fractures in osteoporosis. Calcif Tissue Int 
46: 149-161.

https://pubmed.ncbi.nlm.nih.gov/27840033/
https://pubmed.ncbi.nlm.nih.gov/27840033/
https://pubmed.ncbi.nlm.nih.gov/27840033/
https://pubmed.ncbi.nlm.nih.gov/27840033/
https://pubmed.ncbi.nlm.nih.gov/16448873/
https://pubmed.ncbi.nlm.nih.gov/16448873/
https://pubmed.ncbi.nlm.nih.gov/27223157/
https://pubmed.ncbi.nlm.nih.gov/27223157/
https://pubmed.ncbi.nlm.nih.gov/16301186/#:~:text=There is evidence that in,a bones resistances to fracture.
https://pubmed.ncbi.nlm.nih.gov/16301186/#:~:text=There is evidence that in,a bones resistances to fracture.
https://pubmed.ncbi.nlm.nih.gov/17597017/
https://pubmed.ncbi.nlm.nih.gov/17597017/
https://pubmed.ncbi.nlm.nih.gov/17597017/
https://pubmed.ncbi.nlm.nih.gov/7976495/
https://pubmed.ncbi.nlm.nih.gov/7976495/
https://pubmed.ncbi.nlm.nih.gov/2137720/
https://pubmed.ncbi.nlm.nih.gov/2137720/
https://pubmed.ncbi.nlm.nih.gov/2137720/


Citation: Ryan CMC, Clissold TL, Winwood PW (2021) The Quantification, Autoregulation and Reliability of the Stomp as an Osteogenic Exercise. Sports Injr Med: 5: 
168. DOI: 10.29011/2576-9596.100068

8 Volume 5; Issue 01

Sports Injr Med, an open access journal

ISSN: 2576-9596

8.	 World Health Organisation (1994) Assessment of fracture risk and its 
application to screening for postmenopausal osteoporosis: report of a 
WHO study group.

9.	 International Osteoporosis Foundation (2015). Osteoporosis Fast 
Facts. Available at https://www.iofbonehealth.org/facts-statistics. 
Accessed 15 May 2017.

10.	 Lippuner K, Johansson H, Kanis JA, Rizzoli R (2009) Remaining 
lifetime and absolute 10-year probabilities of osteoporotic fracture in 
Swiss men and women. Osteoporosis International 20: 1131-1140.

11.	 Becker DJ, Kilgore ML, Morrisey MA (2010) The societal burden of 
osteoporosis. Curr Rheumatol Rep 12: 186-191.

12.	 Weisenthal B, Chotai S, Sivaganesan A, Hills J, Devin CJ (2018) 
Healthcare burden of osteoporosis Elsevier. 30: 2-7.

13.	 Hopkins RB, Burke N, Von Keyserlingk C, Leslie WD, Morin SN, et 
al. (2016) The current economic burden of illness of osteoporosis in 
Canada. Osteoporosis Int 27: 3023-3032.

14.	 Osteoporosis New Zealand (2020) Osteoporosis New Zealand. 
Available at https://osteoporosis.org.nz. Accessed 20 May 2017.

15.	 Schott AM, Cormier C, Hans D, Favier F, Hausherr E, et al. (1998) How 
hip and whole-body bone mineral density predict hip fracture in elderly 
women: the EPIDOS Prospective Study. Osteoporos Int 8: 247-254.

16.	 Babatunde O, Forsyth JJ, Gidlow CJ (2012) A meta-analysis of brief 
high-impact exercises for enhancing bone health in premenopausal 
women. Osteoporosis Int 23: 109-119.

17.	 Bassey EJ, Ramsdale SJ (1994) Increase in femoral bone density in 
young women following high-impact exercise. Osteoporos Int 4: 72-75.

18.	 Bassey EJ, Rothwell MC, Littlewood JJ, Pye DW (1998) Pre‐
and postmenopausal women have different bone mineral density 
responses to the same high‐impact exercise. J Bone Miner Res 13: 
1805-1813.

19.	 Strong JE. Effects of different jumping programs on hip and spine 
bone mineral density in pre-menopausal women [Ph.D.]. Ann Arbor, 
Brigham Young University; 2004.

20.	 Clissold TL, Cronin JB, De Souza MJ, Wilson D, Winwood PW (2020) 
Bilateral multidirectional jumps with reactive jump-landings achieve 
osteogenic thresholds with and without instruction in premenopausal 
women. Clin Biomech 73: 1-8.

21.	 Clissold TL, Winwood PW, Cronin JB, De Souza MJ (2018) Do 
bilateral vertical jumps with reactive jump landings achieve osteogenic 
thresholds with and without instruction in premenopausal women? J 
Appl Biomech 34: 118-126.

22.	 Cowin SC (1990) Structural adaptation of bones. Appl Mech Rev 43: 
S126-S133.

23.	 Turner CH (1998) Three rules for bone adaptation to mechanical 
stimuli. Bone 23: 399-407.

24.	 Frost HM (1987) Bone “mass” and the “mechanostat”: a proposal. Anat 
Rec 219: 1-9.

25.	 Frost HM (1992) Perspectives: the role of changes in mechanical 
usage set points in the pathogenesis of osteoporosis. J Bone  Miner 
Res 7: 253-261.

26.	 Frost HM (2003) Bone’s mechanostat: a 2003 update. The Anatomical 
Record Part A: Discoveries in Molecular, Cellular, and Evolutionary 
Biology: An Official Publication of the American Association of 
Anatomists, 275: 1081-1101.

27.	 Bailey CA, Brooke-Wavell K (2010) Optimum frequency of exercise 
for bone health: randomised controlled trial of a high-impact unilateral 
intervention. Bone 46: 1043-1049.

28.	 Tucker LA, Strong JE, LeCheminant JD, Bailey BW (2015) Effect of 
two jumping programs on hip bone mineral density in premenopausal 
women: a randomized controlled trial. Am J Health Promot 29: 158-
164.

29.	 Young WB, Pryor JF, Wilson GJ (1995) Countermovement and Drop 
Jump Performance. J Strength Cond Res 9: 232-236.

30.	 Bobbert MF, Mackay M, Schinkelshoek D, Huijing PA, van 
Ingen Schenau GJ (1986) Biomechanical analysis of drop and 
countermovement jumps. Eur J Appl Physiol Occup Physiol 54: 566-
573.

31.	 Lees A (1981) Methods of impact absorption when landing from a 
jump. Eng. Med. 10: 207-211.

32.	 Helms ER, Cross MR, Brown SR, Storey A, Cronin J, et al. (2018) 
Rating of perceived exertion as a method of volume autoregulation 
within a periodized program. J Strength Cond Res 32: 1627-1636.

33.	 Visser M, Fuerst T, Lang T, Salamone L, Harris TB, et al. (1999) Validity 
of fan-beam dual-energy X-ray absorptiometry for measuring fat-free 
mass and leg muscle mass. J Appl Physiol 87: 1513-1520.

34.	 Leard JS, Cirillo MA, Katsnelson E, Kimiatek DA, Miller TW, et al. 
(2007) Validity of two alternative systems for measuring vertical jump 
height. J Strength Cond Res 21: 1296-1299.

35.	 Bassey EJ, Littlewood JJ, Taylor SJG (1997) Relations between 
compressive axial forces in an instrumented massive femoral implant, 
ground reaction forces, and integrated electromyographs from vastus 
lateralis during various ‘osteogenic’exercises. J Biomech 30: 213-223.

36.	 Cohen J. Statistical power analysis for the behavioural science. 
Hillside, New Jersey: Lawrence Erlbaum Associates; 1988.

37.	 McGraw KO, Wong SP (1996) Forming inferences about some 
intraclass correlation coefficients. Psychological Methods 1: 30.

38.	 Nunnally JC (1994) Psychometric theory 3E: Tata McGraw-Hill 
Education.

39.	 Hafeez F, Zulfiqar S, Hasan S, Khurshid R (2009) An assessment of 
osteoporosis and low bone density in postmenopausal women. Pak J 
Physiol 5(1).

40.	 Siddiqui JA, Partridge NC (2016) Physiological bone remodeling: 
systemic regulation and growth factor involvement. Physiology 31: 
233-245.

41.	 O’Connor JA, Lanyon LE, MacFie H (1982) The influence of strain rate 
on adaptive bone remodelling. J Biomech 15: 767-781.

42.	 Turner CH, Robling AG (2003) Designing exercise regimens to 
increase bone strength. Exer Sport Sci Rev 31: 45-50.

43.	 Lanyon LE (1987) Functional strain in bone tissue as an objective, 
and controlling stimulus for adaptive bone remodelling. J Biomech 20: 
1083-1093.

44.	 Hopkins WG (2000) Measures of reliability in sports medicine and 
science. Sports Med 30: 1-15.

1.	 Ring D, Jupiter JB (2005) Treatment of osteoporotic distal radius 
fractures. Osteoporos Int 16: S80-S84.

https://apps.who.int/iris/handle/10665/39142
https://apps.who.int/iris/handle/10665/39142
https://apps.who.int/iris/handle/10665/39142
https://link.springer.com/article/10.1007/s00198-008-0779-8
https://link.springer.com/article/10.1007/s00198-008-0779-8
https://link.springer.com/article/10.1007/s00198-008-0779-8
https://pubmed.ncbi.nlm.nih.gov/20425518/#:~:text=Osteoporosis currently affects 10 million,17 to 20 billion dollars.
https://pubmed.ncbi.nlm.nih.gov/20425518/#:~:text=Osteoporosis currently affects 10 million,17 to 20 billion dollars.
https://www.sciencedirect.com/science/article/pii/S1040738317301223
https://www.sciencedirect.com/science/article/pii/S1040738317301223
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104559/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104559/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104559/
https://osteoporosis.org.nz/
https://pubmed.ncbi.nlm.nih.gov/9797909/
https://pubmed.ncbi.nlm.nih.gov/9797909/
https://pubmed.ncbi.nlm.nih.gov/9797909/
https://www.ncbi.nlm.nih.gov/books/NBK91651/
https://www.ncbi.nlm.nih.gov/books/NBK91651/
https://www.ncbi.nlm.nih.gov/books/NBK91651/
https://pubmed.ncbi.nlm.nih.gov/8003843/
https://pubmed.ncbi.nlm.nih.gov/8003843/
https://pubmed.ncbi.nlm.nih.gov/9844097/#:~:text=In the premenopausal women%2C the,group (n %3D 26).
https://pubmed.ncbi.nlm.nih.gov/9844097/#:~:text=In the premenopausal women%2C the,group (n %3D 26).
https://pubmed.ncbi.nlm.nih.gov/9844097/#:~:text=In the premenopausal women%2C the,group (n %3D 26).
https://pubmed.ncbi.nlm.nih.gov/9844097/#:~:text=In the premenopausal women%2C the,group (n %3D 26).
https://www.sciencedirect.com/science/article/abs/pii/S0268003319306448
https://www.sciencedirect.com/science/article/abs/pii/S0268003319306448
https://www.sciencedirect.com/science/article/abs/pii/S0268003319306448
https://www.sciencedirect.com/science/article/abs/pii/S0268003319306448
https://pubmed.ncbi.nlm.nih.gov/29091539/#:~:text=' These jumps represent a unique,thought prerequisite for bone growth.
https://pubmed.ncbi.nlm.nih.gov/29091539/#:~:text=' These jumps represent a unique,thought prerequisite for bone growth.
https://pubmed.ncbi.nlm.nih.gov/29091539/#:~:text=' These jumps represent a unique,thought prerequisite for bone growth.
https://pubmed.ncbi.nlm.nih.gov/29091539/#:~:text=' These jumps represent a unique,thought prerequisite for bone growth.
https://asmedigitalcollection.asme.org/appliedmechanicsreviews/article-abstract/43/5S/S126/401842/Structural-Adaptation-of-Bones?redirectedFrom=fulltext
https://asmedigitalcollection.asme.org/appliedmechanicsreviews/article-abstract/43/5S/S126/401842/Structural-Adaptation-of-Bones?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/abs/pii/S8756328298001185
https://www.sciencedirect.com/science/article/abs/pii/S8756328298001185
https://pubmed.ncbi.nlm.nih.gov/3688455/
https://pubmed.ncbi.nlm.nih.gov/3688455/
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.5650070303
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.5650070303
https://asbmr.onlinelibrary.wiley.com/doi/abs/10.1002/jbmr.5650070303
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.a.10119
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.a.10119
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.a.10119
https://anatomypubs.onlinelibrary.wiley.com/doi/full/10.1002/ar.a.10119
https://pubmed.ncbi.nlm.nih.gov/20004758/#:~:text=Methods%3A Healthy premenopausal women were,days%2Fweek for 6 months.&text=Results%3A 61 women (age 33.6,to 2.8 times body weight.
https://pubmed.ncbi.nlm.nih.gov/20004758/#:~:text=Methods%3A Healthy premenopausal women were,days%2Fweek for 6 months.&text=Results%3A 61 women (age 33.6,to 2.8 times body weight.
https://pubmed.ncbi.nlm.nih.gov/20004758/#:~:text=Methods%3A Healthy premenopausal women were,days%2Fweek for 6 months.&text=Results%3A 61 women (age 33.6,to 2.8 times body weight.
https://pubmed.ncbi.nlm.nih.gov/24460005/
https://pubmed.ncbi.nlm.nih.gov/24460005/
https://pubmed.ncbi.nlm.nih.gov/24460005/
https://pubmed.ncbi.nlm.nih.gov/24460005/
https://pubmed.ncbi.nlm.nih.gov/3948851/
https://pubmed.ncbi.nlm.nih.gov/3948851/
https://pubmed.ncbi.nlm.nih.gov/3948851/
https://pubmed.ncbi.nlm.nih.gov/3948851/
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.966.1744&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.966.1744&rep=rep1&type=pdf
https://pubmed.ncbi.nlm.nih.gov/29786623/#:~:text=and Zourdos%2C MC.-,Rating of perceived exertion as a method of volume autoregulation,impacted volume performed by powerlifters.
https://pubmed.ncbi.nlm.nih.gov/29786623/#:~:text=and Zourdos%2C MC.-,Rating of perceived exertion as a method of volume autoregulation,impacted volume performed by powerlifters.
https://pubmed.ncbi.nlm.nih.gov/29786623/#:~:text=and Zourdos%2C MC.-,Rating of perceived exertion as a method of volume autoregulation,impacted volume performed by powerlifters.
https://europepmc.org/article/med/10517786
https://europepmc.org/article/med/10517786
https://europepmc.org/article/med/10517786
https://pubmed.ncbi.nlm.nih.gov/18076265/#:~:text=The Just Jump method of,with the 3%2Dcamera system.
https://pubmed.ncbi.nlm.nih.gov/18076265/#:~:text=The Just Jump method of,with the 3%2Dcamera system.
https://pubmed.ncbi.nlm.nih.gov/18076265/#:~:text=The Just Jump method of,with the 3%2Dcamera system.
https://pubmed.ncbi.nlm.nih.gov/9119820/
https://pubmed.ncbi.nlm.nih.gov/9119820/
https://pubmed.ncbi.nlm.nih.gov/9119820/
https://pubmed.ncbi.nlm.nih.gov/9119820/
https://pubmed.ncbi.nlm.nih.gov/27053737/
https://pubmed.ncbi.nlm.nih.gov/27053737/
https://pubmed.ncbi.nlm.nih.gov/27053737/
https://pubmed.ncbi.nlm.nih.gov/7153230/#:~:text=The principal variables of the,range attainable during normal locomotion.&text=The most effective influence on,the maximum strain rate ratio.
https://pubmed.ncbi.nlm.nih.gov/7153230/#:~:text=The principal variables of the,range attainable during normal locomotion.&text=The most effective influence on,the maximum strain rate ratio.
https://pubmed.ncbi.nlm.nih.gov/12562170/
https://pubmed.ncbi.nlm.nih.gov/12562170/
https://link.springer.com/article/10.1007/BF02406134
https://link.springer.com/article/10.1007/BF02406134
https://link.springer.com/article/10.1007/BF02406134
https://pubmed.ncbi.nlm.nih.gov/10907753/
https://pubmed.ncbi.nlm.nih.gov/10907753/
https://pubmed.ncbi.nlm.nih.gov/15614440/#:~:text=The difficulty obtaining reliable fixation,better fixation in osteoporotic bone.
https://pubmed.ncbi.nlm.nih.gov/15614440/#:~:text=The difficulty obtaining reliable fixation,better fixation in osteoporotic bone.

