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Abstract 

Introduction 

 In Australia, 1 in 4 women over 50 and 1 in 2 over 80 suffer from osteoporosis. There are 

8.9 million osteoporosis-related fractures worldwide each year. Current recognised treatment is 

primarily confined to medications which are not without side effects. The discovery of an effective, non-

pharmacological management strategy for osteoporosis will help reduce the financial burden on the 

healthcare system, and potentially reduce mortality, pain and suffering related to osteoporosis. The 

skeletal response to mechanical loading is dependent on the nature of the applied load. Optimal 

osteogenic loads induce high-magnitude strains at high rates. A high-intensity resistance and impact 

training program (HiRIT) was therefore designed and tested as a potential intervention for 

postmenopausal women with osteoporosis or osteopenia - the LIFTMOR trial. Despite concerns about 

inherent risks to a fragile skeleton, HiRIT in the LIFTMOR trial was observed to improve bone without 

causing fractures in this at-risk population. It was not known if HiRIT delivered in a non-research 

supervised clinical setting maintained the same level of safety and efficacy. The primary aim of the 

current observational study was to determine the effects of cessation, continuation or uptake of HiRIT 

on bone and functional outcomes for postmenopausal women with low to very low bone mass who 

participated in the LIFTMOR trial. Secondarily, the study assessed the safety of a HiRIT program for 

postmenopausal women with low to very low bone mass who participated in the LIFTMOR trial. 

 

Methods 

 Of the 101 postmenopausal women who enrolled in the 8-month LIFTMOR trial (for which data 

was collected at baseline [T0] and completion [T1]), 86 completed and were invited for retesting. 

Participants underwent the identical testing protocol as the LIFTMOR trial at three-year follow-up (T2). 
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Bone mineral density (BMD) at the lumbar spine (LS) and femoral neck (FN)(DXA), and physical 

performance measures (back extensor strength [BES], lower limb strength [LES], functional reach test 

[FRT], timed up-and-go test [TUGT], five times sit-to-stand [FTSTS] and maximal vertical jump [VJ]) 

were remeasured. Participants were designated to four groups based on HiRIT participation both during 

and after cessation of the LIFTMOR trial. Participants initially randomised to CON in the LIFTMOR 

trial who did or did not adopt HiRIT thereafter were designated CON-HIRT and CON-CON, 

respectively. Those initially randomised to HiRIT who did or did not adopt HiRIT thereafter were 

designated HiRIT-HiRIT and HiRIT-CON, respectively. The statistical analysis was conducted using 

the SPPS software (Version 25; SPSS Inc., Chicago, IL). Descriptive statistics were generated for 

participant characteristics, biometrics, and all dependent variables. A simple ANCOVA was performed 

to examine between-group differences in change from the original follow-up. 

 

Results 

 Fifty women (65±5 years, 161.8±4.0 cm, 61.9±6.1 kg) agreed to participate in follow-up re-

testing (3.2±0.6 years). LS BMD improved more in HiRIT-HiRIT (8.63±5.29%, n=7) than HiRIT-CON 

(2.18±5.65%, p=0.042, n=16). LS BMD improved more in CON-HiRIT (8.54±4.08%, n=11) than 

HiRIT-CON (2.18±5.65%, p=0.046). FN BMD improved more in HiRIT-HiRIT (3.67±4.45%) than 

HiRIT-CON (2.85±5.79%, p=0.014). LES improved more in CON-HiRIT (7.1±25.7%) than HiRIT-

CON (-8.8±-24.4%, p=0.012), HiRIT-HiRIT (2.8±22.8%, p=0.024), and CON-CON (3.1±26.5%, 

p=0.022, n=16). TUG improved more in CON-HiRIT (15.6±7.9%) than HiRIT-HiRIT (1.4±12.3%, 

p=0.001), HiRIT-CON (7.8±8.2%, p=0.021). FTSTS improved more in CON-HiRIT (7.1±12.9%) than 

HiRIT-CON (-6.4±20.5%, p=0.018) and CON-CON (3.9±10.9%, p=0.029). VJ improved more in CON-

HiRIT (17.23±11.49%) than CON-CON (-22.95±9.58%, p=0.020).   
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Conclusion 

 The LIFTMOR trial was the first to show that a brief, supervised HiRIT exercise program was 

efficacious and safe for improving bone at clinically-relevant sites, stature and functional performance in 

postmenopausal women with low bone mass. The current 3-year follow-up study demonstrated that 

participants who began HiRIT training after being initially randomised to CON improved bone and other 

outcomes in a similar way to those allocated to HiRIT in the LIFTMOR trial. LIFTMOR participants 

allocated to HiRIT during the trial who continued HiRIT after trial cessation continued to improve BMD 

and functional performance. LIFTMOR participants allocated to HiRIT but who ceased HiRIT after trial 

cessation continued to exhibit overall BMD and functional performance gains from baseline, but the 

effects had diminished. LIFTMOR participants allocated to CON who did not take up HiRIT training 

after the trial increased BMD and functional performance, but improvements were not as notable as 

those in the HiRIT groups. Although representing only 58% of the original LIFTMOR participants, to 

the extent that our conclusions are tempered by sample size, our follow-up analyses suggest that 

musculoskeletal and functional benefits from HiRIT may endure for some years.  Nevertheless, ongoing 

participation appears to be necessary for meaningful, sustained effect. 
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1.0 General Introduction 
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1.1 Title 

Are improvements in bone and physical performance from an 8-month high-intensity exercise 

program maintained in postmenopausal women with low bone mass? 3-year follow-up of the LIFTMOR 

trial 

1.2 Lay Title 

Are the benefits of the LIFTMOR trial, an 8-month resistance and impact training program 

maintained in postmenopausal women? 

1.3 Lay Description 

Osteoporosis is a bone disease characterised by a reduction in bone strength and integrity of the 

skeletal system predisposing to fracture. Bone mass declines at a higher rate during menopause due to a 

decline in estrogen circulation. The primary treatment for osteoporosis involves medications. Exercise is 

a potent bone stimulus. However, the best form of exercise for treating osteoporosis has not been well 

characterised. It is known that bone responds favourably when exercises apply large loads to the skeletal 

system. The LIFTMOR trial intervention was developed based on this principle. To achieve large loads, 

the LIFTMOR exercise program included heavy resistance training and impact exercises [1]. Results of 

the LIFTMOR trial showed that the latter form of exercise was beneficial for bone, but the long-term 

effects of the program were unknown. The aim of the current study was to follow up the LIFTMOR 

participants three years after the completion of the trial, to determine the effects of continuing or ceasing 

the intervention on bone health and functional performance.  
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1.4 Aim 

This study is designed as a cross-sectional investigation of longitudinal effects of high-intensity 

resistance and impact training (HiRIT) cessation, maintenance or uptake on bone and risk factors for 

fracture of postmenopausal women with osteoporosis or osteopenia who were enrolled in the LIFTMOR 

trial. (LIFTMOR baseline = T0, LIFTMOR follow up = T1, post-LIFTMOR follow up = T2) 

1.5 Objectives 

1. Determine the effects of HiRIT during the LIFTMOR trial (T1) followed by continued HiRIT

(T2) (HiRIT-HiRIT) on femoral neck (FN) and lumbar spine (LS) BMD, calcaneal bone quality

(QUS), kyphosis and physical performance.

2. Determine the effects of HiRIT during the LIFTMOR trial (T1) followed by cessation of HiRIT

(T2) (HiRIT-CON) on femoral neck (FN) and lumbar spine (LS) BMD, calcaneal bone quality

(QUS), kyphosis and physical performance.

3. Determine the effects of CON during the LIFTMOR trial (T1) followed by HiRIT post (T2)

(CON-HiRIT) on femoral neck (FN) and lumbar spine (LS) BMD, calcaneal bone quality

(QUS), kyphosis and physical performance.

4. Determine the effects of CON during the LIFTMOR trial (T1) followed by no HiRIT (T2)

(CON-CON) on femoral neck (FN) and lumbar spine (LS) BMD, calcaneal bone quality (QUS),

kyphosis and physical performance.
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1.6 Hypothesis 

Objective 1 

Null: Participants who completed the HiRIT during the LIFTMOR trial followed by HiRIT post 

completion of the LIFTMOR trial will not be different from the other groups in femoral neck (FN), and 

lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength and will not have changed 

since T1. 

Alternative: Participants who completed HiRIT during the LIFTMOR trial followed by HiRIT 

post completion of the LIFTMOR trial will have continued to improve and will show the highest 

femoral neck (FN) and lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength 

between groups. 

Objective 2 

Null: Participants who completed the HiRIT during the LIFTMOR trial followed by cessation of 

HiRIT post completion of the LIFTMOR trial will not be different from the other groups in femoral 

neck (FN), and lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength and will not 

have changed since T1. 

Alternative: Participants who completed HiRIT during the LIFTMOR trial followed by cessation 

of HiRIT post completion of the LIFTMOR trial will have lost femoral neck (FN) and lumbar spine (LS) 

BMD, calcaneal bone quality (QUS) and muscle strength between groups. 

Objective 3 
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Null: Participants who completed CON during the LIFTMOR trial followed by HiRIT post 

completion of the LIFTMOR trial will not be different from the other groups in femoral neck (FN), and 

lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength and will not have changed 

since T1. 

Alternative: Participants who completed CON during the LIFTMOR trial followed by HiRIT 

post completion of the LIFTMOR trial will have improved and will show improvement in femoral neck 

(FN) and lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength between groups. 

Objective 4 

Null: Participants who completed CON during the LIFTMOR trial followed by no HiRIT post 

completion of the LIFTMOR trial will not be different from the other groups in femoral neck (FN), and 

lumbar spine (LS) BMD, calcaneal bone quality (QUS) and muscle strength and will not have changed 

since T1. 

Alternative: Participants who completed CON during the LIFTMOR trial followed by no HiRIT 

post completion of the LIFTMOR trial will have continued to lose femoral neck (FN) and lumbar spine 

(LS) BMD, calcaneal bone quality (QUS) and muscle strength between groups. 

1.7 Significance 

Exercise has been proposed as a potential management strategy for osteoporosis, however, it has 

traditionally been recommended that individuals perform resistance training at low to moderate-intensity 

due to a perceived risk of fracture with high-intensity resistance training [2]. The greatest osteogenic 

effect is observed when a mechanical stimulus induces high-magnitude strain, at high frequencies.  If 
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applied at a sufficient load, only a few loading cycles are required [3-10]. The rigorous application of 

these principles likely explains why the LIFTMOR trial was successful in improving bone and physical 

performance in postmenopausal women with low bone mass where other lower intensity exercise trials 

have failed. Importantly, despite safety concerns, participants in the LIFTMOR trial experienced no 

major adverse events [1, 11]. While the LIFTMOR exercise protocol was efficacious and safe, the long-

term safety and effects of high-intensity resistance and impact training on bone is unknown. It is not 

known if the continuation of a HiRIT will have an ongoing benefit, or if those who cease to exercise 

maintain any long-term benefit [1]. Understanding the long-term effects of the LIFTMOR trial is 

important for the development and implementation of exercise prescription for the management of 

osteoporosis in postmenopausal women [1]. The discovery of an effective, non-pharmacological 

management strategy for osteoporosis will help reduce the financial burden on the healthcare system, 

and potentially reduce mortality, pain and suffering related to osteoporosis. 
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2.0 Literature Review 
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2.1 Ageing 

As the population continues to age, there is an increase in healthcare costs and added burden to 

the healthcare system [12]. The Australian healthcare budget, between 2002 and 2003, was $43 billion 

dollars and was predicted to increase to approximately $210 billion AUD by the year 2045, with a net 

increase of approximately $40 billion AUD due to age-related health issues [13]. There is a substantial 

increase in hospitalisation after the age of 50 and four times as many hospital admissions after 80 years 

of age, per 1,000 population [12, 14]. This is due to an increase in chronic disease prevalence with a 

broad range of detrimental effects, leading to events such as fall-related fractures [15]. Excluding the 

increase for younger women accessing hospitals for maternity-related admissions, the pattern over the 

lifespan is similar for both men and women [12, 16].  

Chronic diseases accounted for 70% of the costs for healthcare between 2000-2001 [16]. The 

nine most common of those diseases included arthritis, asthma, cancer, cardiovascular disease, 

dementia, diabetes and osteoporosis. Many older individuals are affected by at least one of the above 

conditions (70%), and 80% of those are affected by three or more [17]. The physiological and 

psychological changes seen in chronic disease states can further increase the risk of other significant 

health issues, such as fall-related fractures and premature death [15, 18-21]. In Australia, up to 80% of 

all premature deaths – that is, deaths before the age of 75, are due to chronic disease, with 3 in 5 

possibly preventable [22]. Within 5-years of a fracture, 26% of women and 51% of men over 60 years 

die without refracture, and 50% of women and 75% of men die following a refracture [18]. 

In older individuals, falls account for the majority of traumatic injuries and are the second largest 

contributor to health care costs behind motor vehicle accidents [23]. Depending on the severity of the 

fall, it can cost the individual who falls between $4,386 AUD(wrist fracture in men) to $33,576 

AUD(hip fracture in women) [24]. Furthermore, it costs an older individual an exponential amount due 
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to co-morbidities and age-related changes, leading to increased recovery time, lengthened hospital stay, 

outpatient services, rehabilitation, aged-care and emergency department for a total estimated cost of 

$22.7 billion AUD between 2012 to 2022 [25, 26]. 

2.2 Osteoporosis 

Osteoporosis is defined as a skeletal disorder characterised by compromised bone strength 

predisposing to an increased risk of fracture [27]. There are approximately 8.9 million osteoporosis-

related fractures each year [28]. One in three women and one in five men over 50 years of age are at risk 

of osteoporotic fracture [29]. It is estimated that an osteoporotic fracture occurs every three seconds, 

with osteoporotic fractures most commonly occurring at the hip, wrist and spine [26]. Importantly, 

women are more likely to experience an osteoporotic fracture at the hip, spine, distal forearm, or 

proximal humerus (40%) than breast cancer (12%) [30]. As individuals age, for both men and women, 

the likelihood of these fractures increases, specifically at the hip and spine [31].  

Osteoporotic fractures are a major cause of morbidity [25]. Hip and vertebral fractures are 

particularly concerning, as hip fractures often require surgery and are associated with loss of 

independence and increased mortality [26, 30]. Vertebral fractures often result in loss of height, back 

pain and spinal deformity. Furthermore, the presence of a vertebral fracture is the greatest predictor of 

future fracture, and with an increasing number, there is an associated increase in disability [30]. The 

recovery process of osteoporotic fractures is challenging, with the majority not regaining their 

premorbid status, leading to increased institutionalisation in care facilities and financial burden on the 

healthcare system [26, 30].  

Osteoporosis affects roughly 200 million people worldwide [32, 33]. It is estimated that 66% of 

people over 50 years of age in Australia have osteopenia or osteoporosis [26], which totals roughly 7.5 
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million Australians. There were over 140,000 related fractures in 2012, a number expected to rise 

proportionally with the ageing population [26]. The cost to Australians for osteoporosis and osteopenia 

in 2012 was $2.75 billion AUD with a further $33.6 billion AUD expected over the subsequent ten years 

[26]. Osteoporotic fractures are associated with increased mortality [34]. In particular, the greatest 

increase in mortality occurs 3 – 6 months post-hip fracture, with the majority associated with co-morbid 

health conditions [35]. 

2.3 Bone Biology 

2.3.1 Basic Bone Biology 

Bone is a tissue comprised of a dense outer cortical layer and an inner trabecular structure. Bone 

has five primary functions, including structural support; storage of minerals; haematopoiesis; protection 

of organs; and leverage and attachment of muscles [36, 37]. There are four cells within bone: osteocytes; 

bone lining cells; osteoblasts; and the osteoclast [38]. Osteoclasts are large multinucleated cells which 

are involved in resorption via the breakdown of bone matrix. Bone lining cells are found on the surface 

of bone and transform into osteoblasts, which secrete the osteoid substance, which mineralises to form 

new bone [37, 38]. Osteocytes are star-shaped bone cells found in mature bone tissue, which 

communicate through canaliculi and are important for regulating bone formation and resorption [36, 38]. 

2.3.2 Modelling and Remodelling 

Bone modelling is a process that results in changes in bone size and/or shape in response to the 

uncoupled independent action of osteoclasts and osteoblasts [38]. Osteoclasts resorb bone, while 

osteoblasts build new bone [39]. Bone remodelling involves coupled and co-ordinated bone resorption 

and formation by osteoclasts and osteoblasts, respectively [39]. Roughly 10% of the skeleton is replaced 
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annually through the process of remodelling [40]. Unlike bone modelling, in the healthy young skeleton, 

remodelling results in little net change in bone size or shape but can results in bone loss through net 

resorption in older age and sedentarianism [38].  

2.3.3 Bone across the lifespan 

Bone mass increases rapidly in the first two decades of life and is largely maintained until 

approximately 50 years of age, after which time there is a gradual decline of approximately 1-2% per 

year (Figure 1) [41, 42].  There are sex differences in bone mass over the lifespan and greater risk of 

fracture in postmenopausal women than men of the same age. At the onset of menopause, there is a 

reduction in circulating oestrogen, which reduces osteoblastic and increases osteoclastic activity [43, 

44]. As oestrogen declines, there is a decrease in osteoblast activity and an increase in apoptosis. These 

changes in cellular activity result in an accelerated net bone loss, to approximately 10% over five years. 

Estrogen-related bone loss is associated with a four times prevalence of osteoporosis in women 

compared to men over 50 years [29].  
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Figure 1: Adapted from ‘Peak bone mass’ by Heaney et al., Bone mass across the lifetime of women 

[31]. 

A variety of methods exist to measure bone quality and quantity in vivo, including dual-energy x-

ray absorptiometry (DXA), and quantitative ultrasound (QUS) [45-48]. DXA is considered the gold 

standard for bone quantification in the clinical setting and is the accepted method for the diagnosis of 

osteoporosis through measuring two-dimensional areal bone mineral density (aBMD) [45, 48]. 

Quantitative ultrasound (QUS) provides an estimate of bone quality through attenuation of sound waves. 

However, QUS is regarded as having a high level of error, although it is more portable, faster and 

simpler than the either DXA and is utilised as a screening purpose [46, 49, 50].  

Osteoporosis and osteopenia diagnosis is based on DXA estimations of aBMD at the two 

clinically relevant sites, the hip and lumbar spine. The T-score is the number of standard deviations 

above or below the mean for a healthy 20-year-old of the same sex as the individual [42]. Osteopenic 

individuals have a bone mineral density (BMD) T-score between -1.0 and -2.5, while osteoporosis is 

classified as a T-score below -2.5 [42, 51]. Osteoporosis can also be diagnosed by the occurrence of a 

low trauma fracture [42, 52].   
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Genetics is the strongest determinant of bone mass, explaining 50-80% of the variance [31, 53-

56]. Beyond genetics, nutrition and physical activity are important lifestyle factors affecting bone mass 

[31, 55]. Vitamin D and calcium are arguably the most influential dietary factors affecting bone and 

insufficiencies are associated with an increased incidence of osteoporosis [57, 58]. Loss of height has 

been to reflect low bone mass and can predict osteoporosis-related fractures [59, 60]. Rapid weight loss 

has been associated with loss of bone density due to the reduction in bone loading in patients who do not 

perform high intensity resistance and/or impact loading training exercise [61].  

2.3.4 Response to Mechanical Loading 

Bone is a dynamic tissue that adapts to chronic mechanical stimuli, including states of both 

increased and decreased loading [37]. Continual increases in mechanical loading can increase bone mass 

through recruitment of osteoblasts for bone formation and suppression of osteoclasts [62]. Similarly, 

chronic reductions in mechanical loading result in bone loss through net osteoclastic resorption [63, 64].  

Mechanical loading is recognised by bone tissue through a process of mechanotransduction; that 

is, the conversion of physical load into cellular signals that stimulate bone adaptation [9]. The signalling 

process is thought to be associated with the fluid flow that occurs in bone tissue undergoing load-

induced deformation [63, 64].  The resultant increased shear force of this fluid on osteocytes can 

stimulate the adaptive response [65, 66], whereas decreased patterns of shear during disuse will 

precipitate bone loss  [63, 64].  

Physical activity is, therefore, an important modifiable lifestyle factor in the development and 

metabolism of bone. The physiological basis of bone adaptation to mechanical strain during physical 

activity has been determined through a variety of animal studies. It is clear that the response to 

mechanical stimuli is dependent on the loading characteristics of such stimuli [3, 8].  
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It has been identified that static loading produces an inhibitory effect on bone, whereas, in two 

weeks, dynamic loads on rats were able to increase bone formation [67-69]. This suggests that repetitive, 

cyclical exercise loading is required. 

The rate that loading is applied to the bone is an important determinant of the bone response. By 

applying bending and compressive loads to the radius and ulna of sheep in vivo, it was determined that 

increased strain rate was associated with increased intracortical osteonal remodelling [3]. Strain rate is 

closely related to load frequency, measured in Hertz, or cycles per second. Loads applied at high 

frequency and magnitude are most likely to induce new bone formation or at least reduce bone 

resorption [3, 6, 70].  

While the loading of bone must be cyclic to promote new bone formation [10], the number of 

load cycles appears to be a less influential feature of the bone adaptive stimulus [7]. In fact, no more 

than 36 loading cycles are required to stimulate the maximum bone response to a stimulus [7].  

The consensus of non-human trials is that bone loading and strains can affect the remodelling of 

bone in a positive manner. There is an importance of high strain, high frequency and high load and no 

more than 36 cycles are required [3, 6, 8]. The method most convenient to habitually load the human 

skeleton is through physical activity.  

2.4 Exercise for bone 

Observational data suggest that athletes participating in high-intensity weight-bearing sports 

have greater bone mass than athletes of non-weight bearing sports [4, 5, 71]. Several controlled 

intervention studies support the osteogenic benefits of physical activity at a variety of stages through the 

lifespan and provide the scientific basis of physical activity for the management of osteoporosis [72-76]. 

Exercise has long been recommended for the prevention and management of osteoporosis; however low 
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to moderate-intensity exercise is not notably effective. Recent evidence suggests that high load exercise 

is a potentially more effective strategy for improving bone health [1, 77-79].  

2.4.1 Impact Loading Exercise 

Impact exercises are force-generating activities that stimulate bone beyond a level provided by 

daily activities [80]. Impact exercises, such as jumping, with high magnitude and strain loading rates, 

have shown to be efficacious for improving bone [78, 81-84]. Low-intensity impact loading is 

considered to be less than two times body weight (BW), moderate, two to four times BW and high, 

greater than four times BW [85]. Examples of low-impact exercises include walking, cycling and Tai 

Chi [86-92]. Examples of moderate-impact training include running and jumping. Examples of high-

impact training include exercises that involve heavy landings such as gymnastics and weighted jumping. 

Low-impact exercises do not provide sufficient mechanical stimuli to provoke an osteogenic 

effect [86, 89, 90, 93-98]. Indeed walking may increase fracture risk in the frail elderly due to the 

cumulative risk of falls with no improvement in BMD [93]. On the other hand, Tai Chi may reduce the 

risk of falling, and thus fractures [91, 97]. While low-impact exercises may be ineffective for bone, they 

are generally regarded as safe, require minimal equipment and improve general health. They, therefore, 

have a role in fracture prevention by improving balance and reducing risk factors for falls [91].  

Moderate-impact exercises are have traditionally been recommended for older adults with low 

bone mass, due to concerns that high-impact activities may increase the risk of injury [2, 85]. In pre-

menopausal women, high-impact exercises, such as weighted jumping and high-impact jumping, have 

proven to be beneficial to bone density [88, 99-101]. In postmenopausal women, conflicting evidence 

exists, which is likely due to variability in the definition of high-intensity loading [88, 99-105]. It is now 
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recognised that under supervised, controlled conditions, high-impact exercise can safely produce 

improvements in bone, in postmenopausal women [1, 79, 106]. 

2.4.2 Resistance Training 

Resistance training is the application of an external load which can be applied through many 

different modalities and intensities. The intensity of resistance training can be categorised as either low, 

moderate, and high-intensity and are defined by the number of repetitions and percent of 1 repetition 

maximum (1RM) that can be lifted [91, 99, 107].  

Low-intensity resistance training is defined as a load that can be lifted more than twelve 

repetitions, or a load of less than 67% of an individual’s one repetition maximum [108-110].  Low-

intensity resistance exercises can be implemented through a variety of modalities, including body weight 

exercises, barbells, dumbbells and machines [109, 110]. Low-intensity resistance training exercises such 

as step up or unweighted squats have shown no benefit for bone [91, 107-109, 111]. The low loads 

applied through low-intensity resistance training limit their osteogenic potential [2, 107, 112]. While 

low-intensity resistance training has limited effect on bone, it does confer benefits in muscle mass and 

strength, therefore may still be an important component of a falls reduction exercise program and overall 

health (Figure 2) [107, 110, 112-115]. 



17 

Figure 2: AHA Comparison of the Effects of Aerobic Training to Resistance Training on Health and 

Fitness Variables [115]. 

Moderate-intensity resistance training requires 67-80% of an individual’s one repetition 

maximum, equating to a load that can only be lifted for eight to twelve repetitions [116-119]. Similar to 

low-intensity resistance training, moderate-intensity resistance training programs do not appear to 

induce sufficient strain to stimulate improvements in bone [120, 121]. The moderate loads required to be 

able to perform eight repetitions are unlikely to stimulate notable bone adaptation [107, 112]. Initially, 

free weight or machine-based exercises were recommended in these moderate-intensity training 
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programs [64, 122-124]. Exercises such as deadlifts and squats have also shown modest improvements 

in bone when performed at moderate intensities [108, 109, 111, 125, 126]. Compound movements such 

as squats and deadlifts require the recruitment of a variety of large muscle groups, thus increasing the 

load that can be lifted [1, 127-129]. Therefore, compound exercises are potentially the ideal form of 

resistance training for improving bone, balance, strength and risk of falls and fractures [1, 79, 106, 127, 

130, 131]. 

High-intensity resistance training requires a load greater than 85% one repetition maximum, or a 

load that can be lifted for less than six repetitions [1, 77, 78]. Multi-joint compound movements, such as 

squats and deadlifts, at high-intensity, have the potential to stimulate bone health improvements. [1, 108, 

109, 111, 125, 126]. It has been identified that to obtain the best results in terms of positive bone, a 

combination of high-impact exercises and high-intensity progressive resistance training is required [1, 

79]. High-intensity resistance and impact training (HiRIT) in postmenopausal women with low bone 

mass raises safety concerns. However, recent work has demonstrated that under appropriate supervision, 

HiRIT can be safe and efficacious in postmenopausal women with low bone mass [1].  

2.4.3 Combined impact and resistance training programs 

As improvements in bone health have been observed following independent high-intensity 

resistance training and high-impact training [89, 116, 132-135], it was anticipated that a combined 

program of exercise would produce particularly efficacious results [1, 77, 79]. High-impact and 

moderate-intensity resistance training is beneficial for bone and has been efficacious for attenuating age-

related bone loss and increasing muscle strength [41, 136]. The effects of combined moderate-impact 

and resistance training over 15 years demonstrated improvements in the total hip and lumbar spine BMD 
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of postmenopausal women [137, 138]. This provides supporting evidence of prolonged resistance 

training for the management of osteoporosis [137, 138].  

2.4.4 Maintenance Training programs 

The combination of ageing and associated reduction of physical activity result in bone and 

functional declines [139, 140]. The benefits gained from exercise programs are lost when the 

intervention ceases [141-143]; however, there is some evidence to suggest that continued exercise can 

preserve these benefits [121, 136-138, 144, 145]. Moderate intensity exercise programs have been examined 

for maintenance effects [121, 136-138, 144, 145]. Postmenopausal women who continued only moderate-impact 

and resistance training programs lost bone at both LS and FN over the monitored period [121, 136-138, 144, 145]. 

A study implementing long term HiRIT is required to determine if the effects of higher intensity exercise on bone 

can be maintained. 

2.5 Muscle and Ageing 

2.5.1 Skeletal muscle 

Skeletal muscle is the largest component of fat-free body mass and has six main functions; 

production of skeletal movement, maintenance of posture and body position, support of soft tissue, 

protection of entrances and exits, maintenance of body temperature, and storage of nutrients [37]. The 

production of force in skeletal muscle is complex and largely related to the cross-sectional area but is 

influenced by age, gender, and training [146]. The number of muscle fibres directly relates to muscle 

function as it apart of the muscle physiological cross-sectional area. The process known as hypertrophy 

is a forceful contraction of skeletal muscle, encountered in resistance training, which upregulates protein 

synthesis leading to an increase in the cross-sectional area without a significant increase in the number 

of muscle fibres [147].  
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 Peak skeletal muscle mass occurs at approximately 25 years of age and is maintained until 

approximately 45 years of age, with a subsequent decline thereafter [139, 140]. Deterioration in skeletal 

strength is due to the loss of skeletal muscle mass, at 1-2% per year, known as sarcopenia [139, 140]. 

Muscle strength and power decline at twice the rate of mass, at approximately 3-4% per year [139, 140]. 

With a decline in muscle function, there is an increased risk of falls, injury, and when combined with 

low bone mass, fragility fractures [148, 149].  

 

2.6 Physical Activity and physical function 

 The participation of physical activity is important for the musculoskeletal system and benefits 

physical performance, body composition and psychosocial factors [50, 150-154]. A decrease in physical 

activity participation is associated with poorer health with increasing age [155]. Risk of hip fracture, 

cardiovascular disease and mortality are reduced for older people who maintain high levels of physical 

activity [156-158]. These benefits can be achieved for individuals who have not always maintained these 

high levels of activity, i.e. those who take up exercise in later stages of life can still benefit from 

physical activity health improvements [108, 111, 123, 159, 160]. 

 

2.6.1 Measuring Physical Activity 

 Physical activity can be measured by various devices, such as pedometers, accelerometers and 

multi-sensor devices [161, 162]. Physical activity history is measured and quantified through the use of 

physical activity diaries and physical activity questionnaires [161, 163]. However, these forms of 

measurement do not discriminate for characteristics specific to bone health, such as magnitude and rate 

of mechanical loading. The bone-specific physical activity questionnaire (BPAQ) was explicitly 

designed to account for musculoskeletal loading of bone [164]. The BPAQ has excellent validity and 
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reliability for the determination of bone-relevant loading and provides scores for both current 

participation (past 12 months) and past activities (whole life), which accounts for whole life loading 

[165].  

2.6.2 Measuring Physical Performance 

Measuring changes in physical performance in older adults is commonly used to identify 

improvements in an individual’s ability to perform activities in daily living and risk of falls [166-168]. 

Physical performance can be measured by various methods, including both laboratory-based and clinical 

measures [161-163, 169]. To measure muscle force and rate of force development, isokinetic 

dynamometers are widely used [170-173]. Isokinetic dynamometers exhibit both high reliability and 

repeatability [170-173]. Commonly used clinical tests include measures of walking, stair climbing, and 

standing from a chair [167, 174-176]. The timed-up and go test, functional reach test and five times sit-

to-stand have been widely reported in investigations of older adults for falls risk [151, 170, 177]. Tests 

such as back extensor strength and leg extensor strength are fundamental in measuring and quantifying 

strength development [178-180]. These tests allow for measurement of muscle strength, power and 

balance within a clinical setting with relevance to common daily movements.  

The vertical jump is a validated measure of lower limb neuromuscular performance in adults and 

incorporates other factors and aspects of physical performance such as power, proprioception, 

coordination and balance not captured in simple, functional measures [181, 182]. While performing a 

jump is not a daily activity for a postmenopausal woman, the vertical jump can be used to examine the 

relationship between bone strength and neuromuscular performance in these individuals [183, 184]. 

Vertical jump has been identified as a method for screening and measuring the functional decline caused 
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by sarcopenia in older women. As stated previously, it is able to measure various aspects of physical 

performance, specifically muscle power, which deteriorates with age [185].  

 

2.6.3 Measuring Muscle 

 There are several methods to measure muscle, including magnetic resonance imaging (MRI), 

dual-energy x-ray absorptiometry (DXA), peripheral quantitative computed tomography (pQCT), 

underwater weighing and bioelectrical impedance (BI) [186]. MRI is considered the gold standard for 

measuring skeletal muscle mass due but is limited by scan duration, cost and availability [187, 188]. 

DXA is a two-dimensional measure widely used for quantifying skeletal mass. The benefit of DXA 

compared to MRI is that it is faster, is readily available and shows validity with MRI measures with a 

correlation coefficient of 0.96 [175]. The pQCT is also a valid measure, however, it is limited to 

assessing peripheral sites [189]. pQCT is a three-dimensional measure which has the advantage of 

measuring both cross-sectional muscle area and muscle density. BI is a common alternative for 

measuring skeletal mass. It is simple and inexpensive, however, it is dependent on hydration status and 

so is only used when DXA or MRI are not available [45]. In summary, MRI is the preferred modality to 

estimate muscle mass, but DXA serves as a valid and reliable alternative of both whole body and 

regional measures of skeletal muscle [186].  

 

2.7 Exercise for muscle 

 The effects of resistance training on muscle size and strength have been thoroughly investigated 

[132, 190, 191]. In post-menopausal women, improvements of 11-150% have been observed in muscle 

strength in programs of as little as 12 weeks [108, 121, 123, 136, 159]. Improvements in strength have 

coincided with increases in lean mass, with increases of 3.9-4.6% being observed [108, 111, 123]. More 
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importantly, resistance training in postmenopausal women has not only shown improvements in lean 

muscle and physical performance but has also been completed without injury, highlighting that 

resistance training is safe when under supervision [108, 111, 123, 159]. 

 

2.8 Kyphosis 

 Kyphosis is the excessive posterior convexity of the spine occurring in the thoracic region [192]. 

Kyphosis is multifactorial and can result from degenerative disc disease, developmental abnormalities, 

osteoporosis-related vertebral fractures, multiple myeloma or trauma [193-195]. A normal thoracic 

vertebral angle ranges from 20º to 45º, however, a curvature exceeding 45º it is considered to be 

hyperkyphosis [192]. Kyphosis can be debilitating and is associated with severe pain, breathing and 

digestion difficulties and increased mortality [196-200]. Depending on the severity of the kyphosis, 

there are several treatments such as bracing (only effective for developing individuals, i.e. children and 

young adults), physical therapy or surgery (80º to 90º curvature) [201]. Generally, severe kyphotic 

patients do not respond well to conservative treatment and require fusion surgery [202]. However, 

specific exercise programs devised to increase back extensor strength have been efficacious in 

improving hyperkyphosis and stature [1].  

 

2.8.1 Measuring kyphosis 

 The ideal kyphosis measure is precise, accurate, inexpensive, non-invasive and safe [201]. There 

are multiple methods of measuring kyphosis including both radiographic and non-radiographic [203]. 

The radiographic assessment of the thoracic spine to identify kyphosis involves the traditional Cobb 

angle [186, 203]. The Cobb angle is measured by extending the vertebral body endplates anteriorly to 

the point of intersection. The angle between the 1st and 12th thoracic vertebrae endplates are used to 



24 

determine global thoracic Cobb angle. On a lateral radiograph, the overlying skeletal structures obstruct 

the image thus limiting the quality of the measure [204]. This limitation has led to the use of the 4th and 

12th thoracic vertebrae [205]. This method of measurement exposes the individual to radiation and can 

be more expensive, time-consuming, and less available than other clinical instruments [204]. Kyphosis 

can also be measured by simple clinical tools such as a flexicurve or inclinometer [192]. The manual 

inclinometer has been shown to be reliable and can produce an immediate analysis [206]. Similar to the 

inclinometer, the flexicurve has been proposed as a practical clinical measure of kyphosis, because it is 

easy to use and is reliable and produce high validity [192, 201, 206-210]. 

2.8.2 Exercise for kyphosis 

Exercises that focus on improving the strength of the back-extensor muscles can also improve 

thoracic kyphosis [207, 211-213]. Exercises involving strengthening and flexibility, such as Yoga, 

postural exercises and resistance training have proven to improve kyphosis [207, 214]. The LIFTMOR 

trial showed that a HiRIT program could improve kyphosis in low bone density post-menopausal 

women [1, 79].  

2.9 The LIFTMOR trial 

The LIFTMOR trial was a single-blind stratified randomised controlled trial that evaluated the 

effects of an 8-month, HiRIT program on the bones of postmenopausal women with low to very low 

bone mass. The LIFTMOR trial was efficacious for bone, physical performance, and improving 

kyphosis [1, 79]. Improvements observed for bone mass in the LIFTMOR trial surpassed those reported 

from previous studies that implemented combined moderate intensity and impact training programs [1, 

110, 121, 136-138, 144, 145]. It was previously thought that HiRIT might not be safe in postmenopausal 
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women with low to very low bone mass, the LIFTMOR trial had a single adverse event, which was a 

minor muscle strain of the lower back, supporting the safety of previous exercise programs for those at 

risk of fracture [1, 122, 137, 144, 215]. The LIFTMOR trial supports the potential for HiRIT as an 

efficacious and safe option for the management of osteoporosis in postmenopausal women with low 

bone mass. However, like all exercise-based therapeutic options, it does have its limitation. The major 

limitation of all exercise programs is participant motivation for continued participation [137, 216, 217]. 

Exercise interventions require both time and motivation for continued participation, meanwhile, 

pharmacological management options are less demanding on an individual [216, 218]. The major gap in 

the research is that the long-term effects of a combination HiRIT programs have yet to be investigated. 

Previously, long-term studies of moderate HiRIT programs have shown modest improvements in bone 

for older women [41, 121, 136-138, 145]. Therefore, a follow-up of the novel LIFTMOR trial would 

benefit the field greatly for several reasons. Firstly, the improvements demonstrated in the LIFTMOR 

trial were not expected to have been completely captured by the 8-month intervention [1]. Therefore, a 

follow-up of the LIFTMOR trial participants would be beneficial to capture these trends and investigate 

the participant motivation to continue treatment. [137, 216, 217]. Secondly, it will also be important to 

investigate the effects associated with diminishing returns of continued training. Thirdly, it will be 

informative to investigate the effects of HiRIT training while not under the guidance of the investigators 

of the trial for bone health and functional performance improvements, safety and compliance. Finally, 

observing the adverse effects of cessation of HiRIT training. 

 

2.10 Summary 

 The population continues to age and as such, there is a continued increase in chronic disease and 

burden on the health care system [12]. With one in three women over 50 years of age at risk of 
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osteoporosis, and with osteoporotic fractures occurring every 3 seconds, it is vitally important that this 

issue is addressed [26, 29]. It is established that high-magnitude strain applied at a high rate induces the 

greatest osteogenic effect [3-10], loading that is potentially hazardous for fragile bone. Recent novel 

findings from the LIFTMOR trial, however, suggests such loading can be applied safely to 

postmenopausal women with osteoporosis or osteopenia. The LIFTMOR trial demonstrated the ability 

to reduce the risk of fracture through bone improvements, reduced risk of falls and reduced kyphosis, 

with no notable adverse events. Whether exercise benefits can be sustained after cessation of training or 

improved with ongoing training has not been established.  The focus of the current study is to do so.  
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3.0 Methods  
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3.1 Study Design 

The LIFTMOR trial was a single-blind stratified randomised controlled trial that evaluated the 

effects of an 8-month, high-intensity progressive resistance and impact training for postmenopausal 

women with low to very low bone mass. A retrospective study design was implemented to follow-up 

participants approximately three years’ post completion of the LIFTMOR trial. Thus, this study was a 

longitudinal examination of the original participants from the LIFTMOR trial. Comparisons between the 

original data from the LIFTMOR trial, baseline (T0) and 8-month follow-up (T1,) were compared to the 

current 3-year follow-up data (T2). Outcome measures during the current study replicated those 

collected in the LIFTMOR trial, including: physical activity (BPAQ), calcium intake (AusCal), quality 

of life (WHOQOL-BREF), enjoyment of physical activity (PACES), functional physical performance 

(BES, LES, TUG, FTSTS, MVJ and FRT), whole body and regional bone parameters (DXA and QUS). 

An extension of the original Human Research Ethics Approval was obtained (Protocol Number: 

AHS/7/14/HREC).  

3.2 Participants 

Participants who enrolled in the LIFTMOR trial were invited to participate in the current study. 

The LIFTMOR trial recruited postmenopausal women older than 58 years with low bone mass (T-score 

< -1.0 at the hip/or spine) with low to very low bone mass. Additionally, all participants of the

LIFTMOR trial were screened for eligibility and excluded if they had any of the following: lower limb 

joint pain or surgery; recent fracture, within 12 months or localised back pain; less than 5 years 

postmenopause; malignancy; uncontrolled cardiovascular disease; cognitive impairment; recent X-ray or 

radiation treatment; contraindications for participating in heavy physical activity; conditions known to 

influence bone health; taking drugs known to influence bone that are not osteoporosis medications; or 
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unable to attend the supervised training program. There were no exclusions in the current study, only a single 

inclusion criterion, which was, they must have participated in the LIFTMOR trial. Following the LIFTMOR trial, 

the participants were not instructed to do any particular exercise program. However, they were informed that the 

HiRIT program was beneficial for bone and that positions at the Bone Clinic (HiRIT facility) were available to all 

LIFTMOR participants.  

In the current study, participants from the original two groups of the LIFTMOR trial were 

assigned to 1 of 4 groups dependent on original allocation (CON1 or HiRIT1) and exercise exposure 

since the completion of the LIFTMOR trial (CON2 or HiRIT2). Only the participants who returned for 

the LIFTMOR follow-up assessment (T1) were asked to return for 3-year follow-up testing (T2). CON1 

participants are those who were not allocated to 8-months HiRIT exercise during the LIFTMOR trial. 

CON2 participants were those who chose not to engage in HiRIT post LIFTMOR. To be eligible for 

allocation to HiRIT2 post LIFTMOR, a 25% compliance rate to a HiRIT program was required. Across 

the study sample there was considerable variation in HiRIT engagement since completion of the 

LIFTMOR trial, therefore a cut-off compliance was required to facilitate allocation to current study 

groups. We determined a cut off of 25% compliance (representing, e.g. a minimum of two HiRIT 

sessions per week for one-quarter of the time, or once per week for half of the time since completion of 

the LIFTMOR trial) to qualify for allocation to the HiRIT group. As demonstrated in Figure 3, the four 

groups examined in the current study can be described as CON-CON, CON-HiRIT, HiRIT-CON and 

HiRIT-HiRIT.   
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Figure 3: Grouping of participants from the LIFTMOR trial. 

3.3 Data Collection 

Participants were required to attend a 2-hour testing session at Griffith University Gold Coast 

Campus or The Bone Clinic at Coorparoo. To ensure data collection accuracy and consistency at T2, the 

original tester of the LIFTMOR trial performed all DXA testing on the same DXA device and 

supervised all other testing procedures. Data collected included: 

1. Medical history - Compliance and adverse effects

2. Anthropometric measures – Height, weight, waist circumference, and body mass index (BMI)

3. Bone-specific physical activity participation (BPAQ)

4. Daily dietary calcium intake (AusCal)

5. Quality of life (WHOQOL-BREF)

6. Physical activity exercise enjoyment (PACES-8).
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7. Whole body and regional measures of bone, muscle and fat (DXA (Norland XR-800, Norland 

Medical Systems, Inc., USA) (Medix DR, Medilink, France) and QUS (QUS, Lunar Achilles 

TM Insight, GE)) 

8. Kyphosis (inclinometer) 

9. Functional measures (Back extensor strength, leg extensor strength, functional reach test, timed 

up-and-go, five times sit-to-stand, and maximal vertical jumps)  

 

3.4 Outcome Measures 

3.4.1 Medical History 

The participants provided recent medical history consisting of the date of birth, medications, 

compliance, and falls history, fracture history and medical history since the LIFTMOR trial (7.1 

Appendix A). All falls, fracture or musculoskeletal injuries in the period since the cessation of 

involvement in the LIFTMOR trial were retrospectively collected from the recollection of the participant 

during the medical history questionnaire. Each incident was investigated to determine how the incident 

occurred and injury extent. 

 

3.4.2 Anthropometrics 

Upon arrival at the Bone Densitometry Research Laboratory, measures of height (wall-mounted 

stadiometer, Model 216; Seca, Hamburg, Germany), blood pressure from sphygmomanometer (Standby 

Baumanometer. Baum Co. Inc, Copiague, New York, USA) and stethoscope (Littman classic, 3M, St. 

Paul, Minnesota, USA), weight (Floor-mounted load cell, AMTI, Newtown, MA, USA), and waist 

circumference from metal tape measure (Lufkin, Sparks, Marylan, USA), were performed. BMI was 

calculated [BMI=Weight(kg)/height2(m2)] (7.1 Appendix A). 
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3.4.3 Physical Activity Participation 

Bone-relevant physical activity was estimated using the Bone-related Physical Activity 

Questionnaire (BPAQ) (7.2 Appendix B) [164]. The BPAQ data required the participant to recall previous 

physical activity. The BPAQ quantifies current and past bone related physical by collating all previous 

physical activity and then inputting this data into computer software, which produces a total bone 

specific activity index. The BPAQ is a two-page document. On the first page, the participant documents 

activities they had participated in for a year or longer throughout their lifetime. This data was used to 

calculate lifetime BPAQ score (pBPAQ). The second page of the document required the participant to 

record the mode, frequency and duration of physical activities performed over the past twelve months on 

a regular basis and was used to calculate the current BPAQ score (cBPAQ). All physical activity was 

entered into custom-written software, and a value of bone-relevant physical activity produced for 

comparison. A Microsoft Visual Basic 2010 Express program (Microsoft, Redmond, WA, USA) 

(http://www.fithdysign.com/BPAQ/) was used to analyse the BPAQ scores.  

 

3.4.4 Dietary Calcium Intake 

 The AusCal (7.3 Appendix C) is an Australian specific dietary calcium questionnaire and 

required the participant to record the quantity and frequency of calcium-containing food consumed 

regularly over the past twelve months, including supplementation [219]. This data was analysed using 

FoodWorks (Foodworks 2007 Version 7, Xyris, Brisbane, Australia) to estimate a participant’s average 

daily dietary calcium intake (mg). 

 

http://www.fithdysign.com/BPAQ/
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3.4.5 Quality of Life 

The World Health Organisation’s Quality of Life questionnaire (WHOQOL-BREF) (7.4 

Appendix D) contains 26 questions over four domains, including physical health, psychological health, 

social relationships, and environment [220]. The higher the score, the higher the quality of life. The 

participant was instructed to complete the questionnaire by circling the number most appropriate to their 

current situation. Each question was rated on a scale of 1-5, and the mean score was calculated for each 

domain [220]. The mean scores are multiplied by 4 to make the score comparable to the WHOQOL-100. 

3.4.6 Physical Enjoyment 

The Physical Activity Enjoyment Scale (PACES-8) (7.5 Appendix E) was used to determine the 

participants’ enjoyment of physical activity [221]. It is a single page comprising of 8 questions, which 

are rated on a scale of 1-7 based on a participant’s agreement to a statement provided. The higher the 

score indicates the greater the perceived enjoyment. The sum of the scores of the eight questions was 

used for analysis. 

3.5 Bone measures 

All devices were calibrated each testing day, and quality control procedures were undertaken as 

per ANZBMS and Australian Radiation Protection and Nuclear Safety Agency (ARPANSA) guidelines 

to ensure accurate and repeatable results. The participants were instructed to remain as still as possible 

to avoid any movement artefacts. The same technician from the LIFTMOR trial performed all scans 

during this follow-up.  
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3.5.1 Dual-energy x-ray absorptiometry 

Estimates of bone mass were performed using dual-energy x-ray absorptiometry (DXA) and 

included the whole body, lumbar spine and proximal femur.  The initial fifty participants were scanned 

on a different DXA device (Norland XR-800, Norland Medical Systems, Inc., USA) (Ethics Protocol 

Number: AHS/7/14/HREC) to the final fifty-one participants (Medix DR, Medilink, France). The same 

DXA device was used for the data collection of each participant at T0, T1 and T2. To minimise scanning 

error, each participant was scanned by the same certified technician at all time points. The whole-body 

scan required the participant to be in a supine position and hands by their side ( 

Figure 4A). Following the whole-body scan, a foam block was positioned under the participant's legs to 

achieve approximately 60 to 90 degrees of hip flexion ( 

Figure 4B). The foam block was then removed, and a divider was positioned between the ankles of the 

participants ( 

Figure 4C). Each lower limb was then positioned to approximately 15 to 20 degrees of internal rotation 

at the hip for the proximal femur scan ( 

Figure 4D). Scan analysis was performed by the corresponding software provided by the 

manufacturer of each device. Outcome measures for each regional DXA scan include bone mineral 

content (g), bone area (cm2) and areal bone mineral density (g/cm2). Additionally, lean mass (g) and fat 

mass (g) were estimated from the whole body scan.
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Figure 4: Participant positioning for (A) whole body (B) lumbar spine (C) femoral neck and (D) femoral neck scans on the Norland XR-800 

densitometer. 

A 

C 

B 

D 



36 

3.5.2 Quantitative ultrasound 

Quantitative ultrasound (QUS, Lunar Achilles TM Insight, GE) (Ethics Protocol Number: 

AHS/7/14/HREC) was performed by positioning the participant in an upright seated position 

with the heel positioned between the transducer membranes. Once the participant details were 

entered into the device, the participant's heel and transducer membranes were sprayed with 70% 

ethanol. The heel was then positioned between the transducer membranes, ensuring that the 

participant was positioned in such a way to ensure the hip, knee and ankle were aligned 

vertically (Figure 5). Once positioned correctly, the calcaneus scan was commenced and 

recorded. Both heels were scanned independently to obtain broadband ultrasound attenuation 

(BUA)(db/MHz-1), speed of sound (SOS)(m/s-1) and stiffness index (SI)(unitless).  

Figure 5: Participant positioning for quantitative ultrasound examination on the calcaneal 

ultrasonometer.  
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3.6 Thoracic kyphosis 

A clinical measure of kyphosis was performed in both a relaxed standing and standing 

tall position.  The inclinometer was used to measure the curvature of the thoracic spine between 

thoracic vertebrae 1 and 12 [192, 207]. To enable marking of T1 and T12, participants were 

instructed to remove clothing or position in such a way to expose the require anatomical 

landmarks. To identify T12, the iliac crests were first located, and a vertical line was estimated, 

and the spinous process superior to this line was identified as L4. To identify T12, the spinous 

processes were palpated superiorly [222]. To identify T1, the participant was instructed to touch 

their chin to their chest, the superior prominent spinous process was identified as C7, and the 

spinous process immediately inferior was marked at T1. To measure a participant’s thoracic 

kyphosis, the participant was instructed to stand in a relaxed posture with arms by their side, 

without shoes and their weight distributed equally on both feet [201, 207, 209, 210]. For the 

standing tall position, the participant was instructed to stand as tall as possible. At the marks of 

the 1st (Figure 6A) and the 12th (Figure 6B) thoracic vertebrae the inclinometer was positioned 

and used to measure the difference in angle between the two points [206, 207]. If the difference 

was greater than 5 degrees, the participant was repositioned, and the measurement was repeated. 



38 

Figure 6: Participant position for (A) T1 and (B) T12 for measuring thoracic kyphosis with an 

inclinometer. 

3.7 Physical Performance Tests 

Functional performance was measured with a stopwatch, isometric dynamometer or 

handheld digital dynamometer and were completed in the following order: 

1. Back extensor strength (BES)

2. Lower limb strength (LES)

3. Function reach test (FRT)

4. Timed-up-and-go (TUG)

5. Five times sit-to-stand (FTSTS)

A B 
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6. Vertical Jump (VJ)

3.7.1 Back Extensor Strength 

Back extensor strength was performed with a handheld digital dynamometer (Lafayette 

Manual Muscle Testing Systems, USA) as previously described [178]. Participants were 

positioned with their back and heels against the wall, with arms crossed between two vertical 

rails (Figure 7A). The participant was then secured via a belt between these two rails at the level 

of the anterior superior iliac spine. The participant was instructed to lean forward, and a hand-

held dynamometer was then positioned at the level of the 7th thoracic vertebrae (Figure 7B). The 

participant was instructed to push back as hard as possible for three seconds. Three repetitions 

were performed with a 30-second rest interval between each attempt, the maximal strength (kg) 

produced of the three attempts was used for analysis. 

Figure 7: (A) Participant positioning for Back Extensor Strength Test (B) Participant hand-held 

dynamometer positioning while performing the back-extensor test. 

B A 
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3.7.2 Lower Limb Strength 

Lower limb strength was measured using an isometric dynamometer (TTM Muscular 

Meter, Tokyo, Japan) [179, 180]. The participant was instructed to stand with their back against 

the wall with feet on the strength testing platform. The participant was then positioned with 120 

degrees of knee flexion, ensuring their back and head remains against the wall throughout the 

entire test (Figure 8A). A handle was positioned in the participant's hands and secured to the 

force plate with the participant's elbows in full extension (Figure 8B). The participant was then 

instructed to pull up on the handle as hard as possible using only their legs, while their back and 

head remain against the wall. Three repetitions were performed with a 30-second rest interval 

between each attempt, the maximal strength (kg) produced of the three attempts was used for 

analysis. 

Figure 8: (A) Participant starting position and (B) participant positioning with 120 degrees of 

knee flexion for the lower limb strength test.  

B A 
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3.7.3 Functional reach test 

The FRT was performed as described by Duncan and colleagues [223]. The participant 

stood with their feet shoulder width apart with their dominant arm raised at 90 degrees of 

shoulder flexion and hand positioned in a fist. A wall-mounted board with a 1 cm grid was 

positioned next to the participant with the head of the 3rd metacarpal aligned at the edge of the 

board (Figure 9A). The participant was then instructed to reach forward as far as possible 

without taking a step or falling over. The final position of the head of the 3rd metacarpal head 

was subtracted for the starting position on the grid to determine the total lateral distance reached 

(Figure 9B). Three repetitions were performed with a 10-second rest interval between each 

attempt, the greatest distance of the three attempts was used for analysis. 

Figure 9: Participant (A) starting position and (B) forward flexion during the functional reach 

test. 

B A 
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3.7.4 Timed-up-and-go test 

The TUGT was performed using a standard size seat (height: 46 cm) with armrests [224]. 

The participant was seated on a standardised chair with feet flat on the ground, back against the 

backrest and arms folded across their chest (Figure 10A). The participant was instructed to stand 

up and walk as fast as possible without running across a defined mark on the seated position with 

their back against the backrest (Figure 10B). The time from the participants back leaving the 

backrest to the time it touches again was recorded. Three repetitions were performed with a 30 

second rest interval between each attempt, the quickest time of the three attempts was used for 

analysis. 

Figure 10: (A) Equipment set up with tape marking at 3 metres with participant starting position 

and (B) participant returning to the chair for the timed up-and-go test. 

B A 
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3.7.5 Five times sit-to-stand 

To perform the FTSTS, the participant was seated in the same chair as used in the TUGT 

and instructed to sit with feet flat on the ground, back to the back of the chair and arms folded 

across their chest (Figure 11A). The participant was then instructed to stand up straight with 

both the knees and hips fully extended before returning to the initial seated position (Figure 

11B). The participant repeated this movement five times as quickly as possible and the time 

taken to perform all five repetitions is recorded. Three attempts were performed with a 30-

second rest interval between each attempt. The quickest time of the three attempts was used for 

analysis. 

 

 

Figure 11: Participant demonstrating (A) the starting position and (B) the standing position for 

five times sit-to-stand test.  

 

3.7.6 Vertical jump 

The maximal vertical countermovement jump was performed as previously described 

[225]. A standardised warm-up using an exercise bike at 50 watts for a total of five minutes was 

performed. Once complete, the participant had a one-minute rest period before being instructed 

B A 
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to stand in the middle of a force plate (AMTI, Watertown, MA). The participant was then 

instructed to raise their dominant upper limb vertical above their head while keeping their non-

dominant upper limb by their side (Figure 12A). The participant was then instructed to squat 

down and jump vertically as high as possible without arm swing (Figure 12B). Maximal vertical 

jumps were captured at 1000 Hz using Vicon Nexus software version 1.8 (Vicon, Oxford 

Metrics, Oxford, UK). A maximal vertical jump measuring device (Yardstick, Swift Sports, 

Aspley, Australia) was positioned next to the participants, and after the first attempt, ten pegs 

above the performance of this first attempt were removed to provide a standardised target for 

motivation. The participant was given a brief, 30-second break between each attempt. A total of 

four vertical jumps were performed, and the best performance was used for analysis. Custom 

Matlab (Matlab version 7.8.0, The MathWorks Natick, MA) code using the impulse-momentum 

method was used to analyse to standing jump from the point of pre-jump (ji) to the point of take-

off (jt) (Linthorne et al.).  
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Figure 12: (A) Participant performing a maximal vertical jump.  

 

3.8 Statistical analysis  

The statistical analysis was conducted using SPPS software (Version 25; SPSS Inc., 

Chicago, IL). Descriptive statistics were generated for participant characteristics and all 

dependent variables. For parametric data, the ANCOVA was used and for non-parametric the 

Kruskal-Wallis H test and Friedman test would be used. All comparisons were made between the 

completion of the LIFTMOR trial T1 and the three-year follow-up T2. Comparisons of the 

percent change since the completion of the LIFTMOR trial were conducted using simple 

ANCOVA to determine between-group differences.  When a main effect was detected, post hoc 

analyses were conducted. Participant characteristics that were significantly different at baseline 

A 
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(T0), BPAQ (T2) and AusCal (T2) were used as covariates in the bone analyses. Initial values 

(T0) and compliance (T2) were adjusted for in all analyses. To adjust for multiple comparisons, 

Fisher’s LSD and the Bonferroni corrections were applied.  
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4.0 Results 
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4.1 Participant characteristics 

Of the 84 participants who completed the LIFTMOR trial (HiRIT, n=43; CON, n=43), as 

demonstrated ins Figure 13 50 returned for follow-up testing at T2 (CON-CON, n=16; CON-

HiRIT, n=11; HiRIT-CON, n=16; HiRIT-HiRIT, n=7). The average time of follow-up was 3.25 

± 0.62 years. 51 participants from the LIFTMOR trial were not examined. The common reasons 

were: did not complete the LIFTMOR trial (n = 17), uncontactable (n = 22), declined retesting (n 

= 8), moved away (n = 4) and, health-related issues (n = 4). Initial baseline (T0) participant 

characteristics for each group are presented in Table 1. The Fisher’s LSD post hoc analysis 

demonstrated that dietary calcium (p = 0.038), FN BMD (p = 0.023) and LS BMD (p = 0.024) 

were different at baseline.  At baseline, the CON-HiRIT group had greater dietary intake than 

CON-CON (1418 ± 673 mg vs 869 ± 510 mg, p = 0.016) and the HiRIT-CON (1418 ± 673 mg 

vs 860 ± 446 mg, p = 0.020). At baseline, the HiRIT-CON group had a greater LS BMD than 

CON-HiRIT (0.876 ± 0.114 g/cm2 vs 0.775 ± 0.081 g/cm2, p = 0.029) and the HiRIT-HiRIT 

(0.876 ± 0.114 g/cm2 vs 0.758 ± 0.112 g/cm2, p = 0.019). At baseline, the HiRIT-HiRIT group 

had lower FN BMD than CON-CON (0.612 ± 0.045 g/cm2 vs 0.685 ± 0.057 g/cm2, p = 0.028) 

and the HiRIT-CON (0.612 ± 0.045 g/cm2 vs 0.712 ± 0.095 g/cm2, p = 0.004). No other baseline 

characteristic differed between-groups. No baseline characteristic for a specific group mean 

differed between the whole study mean.  
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Figure 13: Grouping of participants from the LIFTMOR trial at 3-year Follow-up. 
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Table 1. Baseline (T0) Participant Characteristics (n=50) 

Parameter CON-CON 

 (n=16) 

CON-

HiRIT 

(n=11) 

HiRIT-

CON (n=16) 

HiRIT-

HiRIT 

(n=7) 

p 

value 

Age (years) 64 ± 4 64 ± 5 65 ± 4 64 ± 4 0.864 

Weight (kg) 60.8 ± 7.8 63.92 ± 10.8 63.6 ± 11.2 67.0 ± 7.3 0.534 

Height (cm) 161.3 ± 5.2 164.1 ± 6.1 161.8 ± 5.9 158.9 ± 6.8 0.325 

LS BMD (g/cm2) 0.811 ± 

0.087 

0.775 ± 

0.081 

0.876 ± 

0.114 

0.758 ± 

0.112 

0.024b 

LS T-score -2.2 ± 0.7 -2.4 ± 0.6 -1.8 ± 0.7 -2.6 ± 0.9 0.063 

FN BMD 

(g/cm2) 

0.685 ±

0.057

0.665 ±

0.060

0.713 ±

0.095

0.612 ±

0.045

0.023b 

FN T-score -2.1 ± 0.5 -2.2 ± 0.5 -1.8 ± 0.8 -2.6 ± 0.4 0.045b 

BUA (dB/MHz) 100.2 ±

15.2

95.0 ± 10.0 104.4 ± 10.0 91.3 ± 8.5 0.064 

SOS (m/s) 1543.8 ±

28.9

1527.3 ± 

20.5 

1544.6 ± 

24.1 

1525.3 ±

22.7

0.136 

SI 78.9 ± 16.4 71.1 ± 11.1 81.4 ± 12.5 67.9 ± 10.2 0.074 

BES 30.1 ± 7.7 31.8 ± 10.0 34.0 ± 10.3 30.3 ± 6.8 0.642 

LES 56.6 ± 15.5 57.6 ± 13.6 64.3 ± 13.1 62.0 ± 10.6 0.400 

TUGT 5.8 ± 0.6 5.9 ± 0.8 5.9 ± 0.6 6.4 ± 0.4 0.187 

FTSTS 9.7 ± 1.5 10.4 ± 2.1 9.3 ± 0.9 10.9 ± 1.4 0.077 

FRT 42.3 ± 4.2 42.3 ± 5.9 40.7 ± 5.2 41.1 ± 5.5 0.784 

Vertical jump 

(N·s/kg) 

1.36 ± 0.17 1.30 ± 0.29 1.29 ± 0.18 1.27 ± 0.10 0.108 

tBPAQ 16.1 ± 19.1 13.3 ± 8.8 13.5 ± 9.5 13.8 ± 18.4 0.946 

cBPAQ 0.90 ± 0.66 0.94 ± 1.15 0.79 ± 0.85 0.57 ± 0.20 0.779 

Dietary calcium 

(mg) 

869 ± 510 1418 ± 673 860 ± 446 1134 ± 540 0.038b 

Time to follow-

up (years) 

3.48 ± 0.64 3.08 ± 0.43 3.27 ± 0.76 2.93 ± 0.29 0.178 

BMI = body mass index; LS = Lumbar spine; BMD = bone mineral density; FN = femoral neck; BUA = 

broadband ultrasound attenuation; SI = stiffness index; SOS = speed of sound; LES = leg extensor strength; BES = 

back extensor strength; TUGT = timed up-and-go test; FTSTS = five times sit-to-stand; FRT = functional reach test; 

cBPAQ = current bone-specific physical activity questionnaire score; tBPAQ = total bone-specific physical activity 

questionnaire score.  

bBetween-group difference at baseline (p < 0.05)
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4.2 Anthropometrics and Lifestyle Characteristics 

Three-year change in anthropometric and lifestyle characteristics are presented in Table 

2. There was no between-group effect detected for weight following the completion of the 

LIFTMOR trial (T2) (p = 0.179). However, within-group differences were observed, with 

changes in weight observed for both CON-HiRIT and HiRIT-CON (3.07 ± 1.27 kg, p = 0.020 

and -1.89 ± 3.41 kg, p = 0.033). While changes were identified, the CON-HiRIT and HiRIT-

CON groups did not demonstrate a significant change in lean or fat mass following the 

completion of the LIFTMOR.  

There was a between-group effect for height following the completion of the LIFTMOR 

trial (T2) (F = 3.932, p = 0.014). CON-CON increased in height while decreases were 

demonstrated by HiRIT-CON (0.41 ± 0.78 cm > -0.16 ± 0.82 cm, p = 0.031) and HiRIT-HiRIT 

(0.41 ± 0.78 cm > -0.64 ± 0.69 cm, p = 0.002). CON-HiRIT increased in height while a decrease 

was demonstrated by HiRIT-HiRIT (0.09 ± 0.31 cm > -0.64 ± 0.69 cm, p = 0.038) but no within-

group changes were significant (p > 0.05).  

No between-group effect was detected for BMI (F = 1.825, p = 0.156). An increase in 

BMI was exhibited for CON-HiRIT compared HiRIT-CON (0.52 ± 3.0 cm > -2.5 ± 4.4 cm, p = 

0.038) following the completion of the LIFTMOR trial but no within-group changes were 

significant (p > 0.05). Lastly, no between-group or within-group differences were observed for 

either cBPAQ or AusCal at any time point (p > 0.05). 
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Table 2. Means and SD of adjusted change in anthropometric and lifestyle characteristics from trial baseline to 3-years after the completion of an 8-

month exercise intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Parame

ter 

CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) p 

T0 T1  T2  T0 T1  T2  T0 T1  T2  T0 T1  T2   

Weight 

(kg) 

60.8 

(7.8) 

61.5 

(8.6) 

0.71 

(1.96) 

60.9 

(9.7) 

-0.48 

(2.54) 

63.9 

(10.8) 

63.0 

(10.0) 

-0.90 

(2.24) 

59.2 

(6.7) 

3.07 

(1.27)a 

63.6 

(11.2) 

63.8 

(10.8) 

0.24 

(2.67) 

61.9 

(9.5) 

-1.89 

(3.41)a 

67.0 

(7.3) 

68.1 

(7.3) 

0.83 

(1.98) 

67.0 

(7.2) 

-0.30 

(1.70) 
0.179 

Height 

(cm) 

161.3 

(5.2) 

161.2 

(5.2) 

-0.15 

(0.61) 

161.6 

(5.2) 

0.41 

(0.78) 

164.1 

(6.1) 

164.1 

(6.2) 

-0.04 

(0.38) 

163.5 

(5.7) 

0.09 

(0.31) 

161.8 

(5.9) 

161.9 

(5.7) 

0.16 

(0.68) 

161.8 

(5.9) 

-0.16 

(0.82) 

158.9 

(6.8) 

159.3 

(6.8) 

0.45 

(0.56) 

159.4 

(6.5) 

-0.64 

(0.69) 0.014b 

BMI 

(kg/m2) 

23.3 

(2.4) 

23.6 

(2.7) 

0.31 

(0.78) 

23.3 

(2.9) 

-0.32 

(0.88 

23.8 

(4.3) 

23.4 

(3.9) 

-0.35 

(0.78) 

22.4 

(2.3) 

0.12 

(0.67) 

24.5 

(5.6) 

24.5 

(5.2) 

0.01 

(1.04) 

23.8 

(4.3) 

-0.73 

(1.43) 

26.7 

(3.4) 

26.9 

(3.9) 

0.22 

(0.82) 

26.5 

(4.1) 

0.09 

(0.55) 
0.156 

cBPAQ 
0.90 

(0.66) 

0.96 

(0.99) 

0.07 

(6.8) 

1.10 

(0.91) 

0.38 

(1.31) 

0.94 

(1.15) 

1.04 

(1.37) 

-0.02 

(0.34) 

1.04 

(0.43) 

0.17 

(1.62) 

0.79 

(0.85) 

1.04 

(1.09) 

0.05 

(1.14) 

1.27 

(0.96) 

0.54 

(1.66) 

0.57 

(0.20) 

0.60 

(0.22) 

0.08 

(0.37) 

1.00 

(0.41) 

0.41 

(0.31) 
0.731 

AusCal 

(mg) 

869.0 

(510.2) 

753.1 

(486.6) 

-116.0 

(200.8) 

928.2 

(479.7) 

157.5 

(403.8) 

1417.7 

(672.8

) 

1314.4 

(677.3) 

-103.3 

(331.8) 

1437.9 

(512.9) 

244.6 

(464.6) 

859.7 

(445.6) 

878.1 

(515.5) 

18.4 

(203.1) 

1061.5 

(726.9) 

205.2 

(336.8) 

1133.8 

(540.2) 

1177.8 

(685.3) 

43.9 

(355.3) 

1297.3 

(762.6

) 

225.8 

(479.5

) 

0.623 

AusCal = daily calcium intake; BMI = body mass index; cBPAQ = current bone-specific physical activity questionnaire score. 

aWithin-group difference (p < 0.05). 

bBetween-group difference (p < 0.05). 
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4.3 Physical Activity and HiRIT Compliance 

 Compliance with a HiRIT program and the mode and frequency of all other physical 

activity are presented in Table 3. The CON-CON group had a mean compliance rate of 0.6 ± 

2.5% and a range from 0.0% to 10.1%. The CON-HiRIT group had a mean compliance rate of 

40.4 ± 16.6% and a range from 28.2% to 77.0%. The HiRIT-CON group had a mean compliance 

rate of 1.5 ± 6.1% and a range from 0.0% to 22.5%. The HiRIT-HiRIT group had a mean 

compliance rate of 68.5 ± 29.4% and a range from 28% to 100.0%. 

 There was a between-group difference for HiRIT compliance at the follow-up (T2) (F = 

51.053, p < 0.001). Of the HiRIT exercise, 100% were found to be supervised. There were 

between-group differences in HiRIT compliance at the follow-up (T2), for CON-CON, when 

compared with CON-HiRIT (0.6 ± 2.5% < 40.4 ± 16.6%, p < 0.001); and HiRIT-HiRIT (0.6 ± 

2.5% < 68.5 ± 29.4%, p < 0.001). There were between-group differences in HiRIT compliance at 

the follow-up (T2), for CON-HiRIT, when compared with HiRIT-CON (40.4 ± 16.6% > 1.5 ± 

6.1%, p < 0.001); and HiRIT-HiRIT (40.4 ± 16.6% < 68.5 ± 29.4%, p < 0.001). There were 

between-group differences in HiRIT compliance at the follow-up (T2), for HiRIT-CON, when 

compared with HiRIT-HiRIT (1.5 ± 6.1% < 68.5 ± 29.4%, p < 0.001).  

 There was a between-group effect for HiRIT PA at the follow-up (T2) (F = 43.254, p < 

0.001). There were between-group differences in HiRIT PA at the follow-up (T2), for CON-

CON, when compared with CON-HiRIT (0.06 ± 0.25 < 1.82 ± 0.75, p < 0.001); and HiRIT-

HiRIT (0.06 ± 0.25 < 2.14 ± 1.07, p < 0.001). There were between-group differences in HiRIT 

PA at the follow-up (T2), for CON-HiRIT, when compared with HiRIT-CON (1.82 ± 0.75 < 

0.06 ± 0.25, p < 0.001). There were between-group differences in HiRIT PA at the follow-up 

(T2),, for HiRIT-CON, when compared with HiRIT-HiRIT (0.06 ± 0.25 < 2.14 ± 1.07, p < 

0.001). 
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The FPW is an average frequency per week of the of participants who participated in that 

physical activity. No between-group effect was detected for any physical activity. 

Compliance with a HiRIT program and the mode and frequency of all other physical 

activity are presented in Table 4. The CON-CON group had a mean compliance rate of 10.1% 

with only one participant performing HiRIT. The CON-HiRIT group had a mean compliance rate 

of 40.4 ± 16.6% and range from 28.2% to 77.0% of the eleven participants. The HiRIT-CON 

group had a mean compliance rate of 24.5% with only one participant performing HiRIT. The 

HiRIT-HiRIT group had a mean compliance rate of 68.5 ± 29.4% and range from 28% to 

100.0% of the seven participants. 

There was a between-group difference for HiRIT compliance at the follow-up (T2) (F = 

3.341, p = 0.048). Of the HiRIT exercise, 100% were found to be supervised. There were 

between-group differences in HiRIT at the follow-up (T2), for CON-CON, when compared with 

CON-HiRIT (10.1% < 68.5 ± 29.4%, p < 0.024). There were between-group differences in 

HiRIT compliance at the follow-up (T2), for CON-HiRIT, when compared with HiRIT-CON 

(40.4 ± 16.6% > 68.5 ± 29.4%, p = 0.026).  

The FPW is an average frequency per week of the of participants who participated in that 

physical activity. No between-group effect was detected for any physical activity. 
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Table 3. Means ± SD with compliance and physical activity mode and frequency 3-years after the completion of an 8-month exercise 

intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Parameter CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) p value 

Compliance of HiRIT (%) 0.6 ± 2.5a 40.4 ± 16.6a 1.5 ± 6.1a 68.5 ± 29.4a 0.000b 

HiRIT (FPW) 0.06 ± 0.25a 1.82 ± 0.75a 0.06 ± 0.25a 2.14 ± 1.07a 0.000b 

L/MiRIT (FPW) 1.19 ± 3.08 1.27 ± 1.42 1.37 ± 2.03 0.43 ± 0.79 0.617 

Walk (FPW) 4.63 ± 3.30 4.82 ± 2.48 3.63 ± 3.18 3.29 ± 2.93 0.714 

Cycling (FPW) 0.88 ± 2.39 - 1.00 ± 1.75 0.43 ± 1.13 0.578 

Swimming (FPW) 0.50 ± 1.09 0.45 ± 0.82 0.56 ± 1.09 - 0.341 

Tai Chi (FPW) 0.94 ± 2.98 - 0.13 ± 0.34 - 0.405 

Yoga (FPW) 1.38 ± 3.01 - 1.25 ± 1.77 - 0.230 

Pilates (FPW) 1.38 ± 2.99 - 1.44 ± 1.79 0.29 ± 0.76 0.200 

FPW = Frequency per week; L/MiRIT = low or moderate-intensity resistance and impact training. 

aWithin-group difference (p < 0.05). 

bBetween-group difference (p < 0.05). 
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Table 4. Means ± SD with compliance and physical activity mode and frequency 3-years after the completion of an 8-month exercise 

intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Parameter CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) p value 

Compliance of HiRIT (%) 10.1a (n=1) 40.4 ± 16.6a (n=11) 24.5 (n=1) 68.5 ± 29.4a (n=7) 0.048b 

HiRIT (FPW) 1 (n=1) 1.82 ± 0.75 (n=11) 1 (n=1) 2.14 ± 1.07(n=7) 0.549 

L/MiRIT (FPW) 4.75 ± 4.99 (n=4) 2.33 ± 1.03 (n=6) 3.14 ± 1.95 (n=7) 1.5 ± 0.71 (n=2) 0.524 

Walk (FPW) 6.17 ± 2.13 (n=12) 5.30 ± 2.00 (n=10) 2.27 ± 2.37 (n=11) 3.83 ± 2.79 (n=12) 0.313 

Cycling (FPW) 7.00 ± 0.00 (n=2) - 3.20 ± 1.64 (n=4) 3.00 (n=1) 0.085 

Swimming (FPW) 2.00 ± 1.41 (n=4) 1.67 ± 0.58 (n=3) 1.80 ± 1.30 (n=5) - 0.667 

Tai Chi (FPW) 3.75 ± 5.50 (n=4) - 1.00 ± 0.00 (n=2) - 0.972 

Yoga (FPW) 2.75 ± 3.88 (n=8) - 2.22 ± 1.86 (n=9) - 0.993 

Pilates (FPW) 3.14 ± 3.976 (n=7) - 2.30 ± 1.77 (n=10) 2.00 (n=1) 0.985 

FPW = Frequency per week; L/MiRIT = low or moderate-intensity resistance and impact training. 

aWithin-group difference (p < 0.05). 

bBetween-group difference (p < 0.05)
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4.5 Functional Performance 

Three-year follow-up change in physical performance measures is presented in Table 5. 

There was a between-group effect for LES following the completion of the LIFTMOR trial (F = 

2.955, p = 0.042). There were between-group differences in percent change following the 

completion of the LIFTMOR trial, for CON-HiRIT, when compared with CON-CON (7.1 ± 

25.7% > 3.1 ± 26.5%, p = 0.012), HiRIT-CON (7.1 ± 25.7% > -8.8 ± 24.4%, p = 0.022) and 

HiRIT-HiRIT (7.1 ± 25.7% > 2.8 ± 22.8%, p = 0.024). There were no within-group differences 

(p > 0.05). 

No main effect was detected for BES (F = 2.187, p = 0.103). There was a between-group 

difference in percent change following the completion of the LIFTMOR trial, for HiRIT-CON, 

compared with CON-CON (-21.8 ± 23.8% < -4.6 ± 21.1%, p = 0.018). There was a within-group 

decrease in BES following the completion of the LIFTMOR trial 2 for HiRIT-CON, -21.8 ± 

23.8% (p < 0.001). 

There was a between-group effect for TUG (F = 5.856, p = 0.002). There was a between-

group differences in percent change following the completion of the LIFTMOR trial, for CON-

CON, compared with HiRIT-CON (14.4 ± 2.1% > 7.8 ± 2.1%, p = 0.031); and HiRIT-HiRIT 

(14.4 ± 2.1% > 1.3 ± 3.2%, p = 0.001). There was a between-group differences in percent change 

following the completion of the LIFTMOR trial, for CON-HiRIT, compared with HiRIT-CON 

(15.6 ± 7.9% > 7.8 ± 8.2%, p = 0.031); and HiRIT-HiRIT (15.6 ± 7.9% > 1.4 ± 12.3%, p = 

0.001). Within-group difference in TUG following the completion of the LIFTMOR trial were 

identified. The CON-CON group increased 14.3 ± 6.6% (p < 0.001). The CON-HiRIT group 

increased 15.6 ± 7.9% (p < 0.001). The HiRIT-CON group increased 7.8 ± 8.2% (p = 0.004).  

There was a between-group effect for FTSTS (F = 2.847, p = 0.048). There was a 

between-group differences in percent change following the completion of the LIFTMOR trial, 
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for HiRIT-CON compared with CON-CON (-6.4 ± 20.5% < 3.9 ± 10.9%, p = 0.029); and CON-

HiRIT (-6.4 ± 20.5% < 7.1 ± 12.9%, p = 0.018). The CON-HiRIT group demonstrated a within-

group improvement in FTSTS time following the completion of the LIFTMOR trial 7.1 ± 12.9% 

(p = 0.032).  

No main effect was detected for FRT (F = 1.940, p = 0.137). There was a between-group 

differences in percent change following the completion of the LIFTMOR trial, for HiRIT-CON 

compared with CON-CON (-4.8 ± 9.8% < 4.5 ± 18.1%, p = 0.047); and CON-HiRIT (-4.8 ± 

9.8% > 5.5 ± 9.4%, p = 0.050). 

There was a between-group effect for VJ following the completion of the LIFTMOR trial 

(F = 2.942, p = 0.043). There was a between-group differences in percent change following the 

completion of the LIFTMOR trial, for CON-HiRIT, compared with CON-CON (17.23 ± 11.49% 

> -22.95 ± 9.58%, p = 0.020). The CON-CON group demonstrated a within-group reduction in 

following the completion of the LIFTMOR trial -22.95 ± 9.58% p = 0.019). 
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Table 5. Mean ± SD with adjusted percent improvement in functional performance characteristics 3-years after the completion of an 8-month 

exercise intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Paramet

er 

CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) 
p 

T0 T1 % T2 % T0 T1 % T2 % T0 T1 % T2 % T0 T1 % T2 % 

LES 

(kg) 

56.6 

(15.5) 

62.0 

(14.2) 

17.4 

(25.6) 

65.2 

(22.1) 

3.1 

(26.5) 

57.6 

(13.6) 

64.8 

(11.7) 

12.5 

(14.6) 

69.4 

(18.4) 

7.1 

(25.7) 

64.3 

(13.1) 

80.7 

(14.9) 

31.0 

(21.9) 

72.4 

(24.4) 

-8.8 

(24.4) 

62.0 

(10.6) 

82.6 

(13.3) 

36.2 

(28.8) 

82.8 

(14.7) 

2.8 

(22.8) 
0.042b 

BES 

(kg) 

30.1 

(7.7) 

35.9 

(6.5) 

19.5 

(19.5) 

33.8 

(9.9) 

-4.6 

(21.1)a 

31.8 

(9.9) 

37.4 

(8.2) 

21.3 

(19.6) 

34.7 

(7.5) 

-8.7 

(11.1) 

33.9 

(10.3) 

43.5 

(9.5) 

30.9 

(24.5)a 

33.8 

(12.4) 

-21.8 

(23.8)a 

30.3 

(6.8) 

41.7 

(3.9) 

44.3 

(41.2) 

35.6 

(3.8) 

-14.3 

(8.3) 
0.103 

TUG 

(sec) 

5.8 

(0.6) 

5.9 

(0.4) 

-2.3 

(8.1)a 

5.0 

(0.5) 

14.3 

(6.6)a 

5.9 

(0.8) 

6.2 

(0.6) 

-5.9 

(6.0)a 

5.2 

(0.7) 

15.6 

(7.9)a 

5.9 

(0.6) 

5.7 

(0.4) 

3.5 

(8.0)a 

5.2 

(0.4) 

7.8 

(8.2)a 

6.4 

(0.4) 

5.8 

(0.4) 

9.0 

(2.9) 

5.6 

(0.6) 

1.4 

(12.3)a 0.002b 

FTSTS 

(sec) 

9.7 

(1.5) 

9.3 

(1.1) 

3.9 

(9.0) 

8.9 

(1.4) 

3.9 

(10.9)a 

10.4 

(2.1) 

9.7 

(1.3) 

1.7 

(5.2)a 

8.8 

(1.5) 

7.1 

(12.9)a 

9.3 

(0.9) 

8.3 

(0.9) 

10.7 

(12.1) 

8.7 

(1.7) 

-6.4 

(20.5)a 

10.9 

(1.4) 

8.9 

(1.1) 

17.1 

(6.9) 

9.3 

(1.6) 

-3.9 

(10.9) 
0.048b 

FRT 

(cm) 

42.3 

(4.2) 

42.1 

(4.6) 

-0.13 

(7.92) 

43.6 

(6.8) 

4.5 

(18.1) 

42.3 

(5.9) 

41.2 

(5.1) 

-1.3 

(5.9) 

44.0 

(3.3) 

5.5 

(9.4) 

40.7 

(5.2) 

43.6 

(3.7) 

8.1 

(8.6) 

41.5 

(5.9) 

-4.8 

(9.8) 

41.1 

(5.5) 

40.9 

(4.7) 

0.24 

(7.73) 

41.1 

(5.6) 

0.5 

(10.7) 
0.137 

VJ 

(N·s/kg) 

1.35 

(0.05 

1.40 

(0.06) 

3.68 

(4.61) 

1.00 

(0.13) 

-22.95 

(9.58) 

1.30 

(0.06) 

1.32 

(0.07) 

5.27 

(5.53) 

1.57 

(0.15) 

17.23 

(11.49) 

1.30 

(0.49) 

1.39 

(0.06) 

9.27 

(4.59) 

1.31 

(0.12) 

-2.54 

(9.55) 

1.14 

(0.075) 

1.21 

(0.09) 

7.23 

(6.94) 

1.18 

(0.19) 

-4.25 

(14.43) 
0.043b 

FN = femoral neck; BMC = bone mineral content; BMD = volumetric bone mineral density; TH = total hip. 

aWithin-group difference (p < 0.05). 

bBetween-group difference based on adjusted percent change (p < 0.05).
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4.6 Kyphosis Measures 

Three-year follow-up of kyphosis measures are presented in Table 6. No between-group 

effect was detected for relaxed kyphotic posture (INC R) (F = 0.149, p = 0.930) and standing tall 

(INC T) (F = 0.370, p = 0.775). The CON-CON group demonstrated a within-group increase in 

kyphosis INC R (41.6 ± 6.3º < 42.5 ± 11.3º, p = 0.001) and INC T following the completion of 

the LIFTMOR trial (33.9 ± 6.3º < 36.0 ± 7.9º, p = 0.005). The HiRIT-CON group demonstrated 

a within-group decrease in kyphosis INC R (48.0 ± 9.5º > 42.8 ± 9.9º, p = 0.006) and INC T 

following the completion of the LIFTMOR trial (41.6 ± 9.1º > 37.2 ± 10.1º, p = 0.013). The 

HiRIT-HiRIT group demonstrated a within-group increase in kyphosis INC T following the 

completion of the LIFTMOR trial (37.9 ± 9.8º < 39.2 ± 8.8º, p = 0.010). 
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Table 6. Mean ± SD with adjusted kyphosis characteristics 3-years after the completion of an 8-month exercise intervention in postmenopausal 

women with low bone mass (per protocol analysis, n=50). 

Paramet

er 

CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) p 

T0 T1  T2  T0 T1  T2  T0 T1  T2  T0 T1  T2   

Inc R(º) 
48.6 

(7.5) 

41.6 

(6.3) 

-7.0 

(8.3) 

42.5 

(11.3) 

3.2 

(2.0) 

44.4 

(6.6) 

44.9 

(8.8) 

0.5 

(2.1) 

42.3 

(9.9) 

-2.4 

(2.4) 

47.8 

(5.6) 

48.0 

(9.5) 

0.5 

(1.3) 

42.8 

(9.9) 

-4.5 

(2.0) 

50.6 

(9.1) 

44.5 

(9.1) 

-6.1 

(3.2) 

45.5 

(8.8) 

1.0 

(3.0) 
0.930 

Inc T(º) 
40.6 

(6.5) 

33.9 

(6.3) 

-7.3 

(6.4) 

36.0 

(7.9) 

2.1 

(1.6) 

35.9 

(8.2) 

36.9 

(10.4) 

1.2 

(2.3) 

33.3 

(8.2) 

-1.5 

(1.9) 

41.2 

(6.5 

41.6 

(9.1) 

0.4 

(1.3) 

37.2 

(10.1) 

-4.2 

(1.6) 

41.4 

(9.5) 

37.9 

(9.8) 

-4.5 

(2.9) 

39.2 

(8.8) 

1.2 

(2.5) 
0.775 

Inc R = inclinometer relaxed, Inc T = inclinometer Tall, 
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4.4 Bone Outcomes 

Three-year follow-up (T2) percent change in bone outcomes are presented in Table 7. 

There was a between-group effect for LS BMD change following the completion of the 

LIFTMOR trial (F = 3.739, p = 0.018). There were between-group differences in percent change 

following the completion of the LIFTMOR trial, for CON-CON, when compared with HiRIT-

CON (6.32 ± 4.96% > 2.18 ± 5.65%, p = 0.029); CON-HiRIT (6.32 ± 4.96% < 8.54 ± 4.08%, p = 

0.005); and HiRIT-HiRIT (6.32 ± 4.96% < 8.63 ± 5.29%, p = 0.021). As illustrated in Figure 14, 

all groups exhibited within-group increases in LS BMD following the completion of the 

LIFTMOR trial. The CON-CON group increased by 6.32 ± 4.96% (p = 0.001). The CON-HiRIT 

group increased by 8.54 ± 4.08% (p < 0.001). The HiRIT-CON group increased by 2.18 ± 5.65% 

(p = 0.031). The HiRIT-HiRIT group increased by 8.63 ± 5.29% (p = 0.002). 

There was no between-group effect for FN BMD following the completion of the 

LIFTMOR trial (F = 2.489, p = 0.072). As illustrated in Figure 15, all groups exhibited within-

group increases in FN BMD following the completion of the LIFTMOR trial. The HiRIT-HiRIT 

group increased 3.67 ± 4.45% (p = 0.014). The CON-CON group increased 4.48% (p = 0.029). 

The CON-HiRIT group increased 4.59 ± 5.20% (p = 0.012). The HiRIT-CON group increased 

2.85 ± 5.79% (p = 0.038).   

No between-group effect was detected for BUA (F = 1.188, p = 0.325). The HiRIT-CON 

group demonstrated a within-group decrease following the completion of the LIFTMOR trial -

7.6 ± 21.9% (p = 0.007).  

No between-group effect was detected for SOS (F = 0.643, p = 0.591). The CON-CON 

group demonstrated a within-group decrease following the completion of the LIFTMOR trial -

4.8 ± 16.0% (p = 0.046). 
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No between-group effect was detected for SI (F = 2.159, p = 0.106) and no within-group 

changes were evident. 

 

 

Figure 14: Baseline (T0), 8-month LIFTMOR intervention (T1) and 36-month follow-up (T2) 

lumbar spine BMD for CON-CON (n = 16), CON-HiRIT (n = 11), HiRIT-CON (n = 16) and 

HiRIT-HiRIT (n = 7) groups of postmenopausal women with low bone mass (n = 50).  

*Indicates a significant between-group and within-group difference (p < 0.05). 
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Figure 15: Baseline (T0), 8-month LIFTMOR intervention (T1) and 36-month follow-up (T2) ND 

Femoral Neck BMD for CON-CON (n = 16), CON-HiRIT (n = 11), HiRIT-CON (n = 16) and 

HiRIT-HiRIT (n = 7) groups of postmenopausal women with low bone mass (n = 50). 

*Indicates a significant between-group and within-group difference (p < 0.05). 

+Indicates a significant within-group difference (p < 0.05).
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Table 7. Means ± SD with adjusted percent change in DXA and QUS-derived measures of bone 3-years after the completion of an 8-month exercise 

intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Parameter 
CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) 

p 

T0 T1 % T2 % T0 T1 % T2 % T0 T1 % T2 % T0 T1 % T2 % 

LS BMD 

(g/cm2) 

0.81 

(0.09) 

0.80 

(0.09) 

-1.31 

(2.99)a 

0.85 

(0.09) 

6.32 

(4.96)a 

0.77 

(0.08) 

0.76 

(0.09) 

-1.53 

(2.19)a 

0.83 

(0.11) 

8.54 

(4.08)a 

0.88 

(0.11) 

0.91 

(0.12) 

3.60 

(3.59)a 

0.94 

(0.13) 

2.18 

(5.65)a 

0.76 

(0.11) 

0.78 

(0.12) 

3.47 

(3.33)a 

0.85 

(0.13) 

8.63 

(5.29)a 0.018b 

FN BMD 

(g/cm2) 

0.69 

(0.06) 

0.66 

(0.06) 

-2.96 

(3.08)a 

0.69 

(0.07) 

3.76 

(4.48)a 

0.66 

(0.06) 

0.65 

(0.06) 

-2.20 

(3.59)a 

0.68 

(0.06) 

4.59 

(5.20)a 

0.71 

(0.09) 

0.70 

(0.09) 

-1.29 

(3.33) 

0.72 

(0.11) 

2.85 

(5.79) 

0.61 

(0.05) 

0.63 

(0.05) 

2.58 

(2.29) 

0.65 

(0.04) 

3.67 

(4.45) 
0.072 

BUA 

(dB/MHz) 

100.2 

(15.2) 

100.9 

(12.4) 

1.5 

(9.6) 

96.6 

(8.0) 

-1.1 

(4.2) 

95.0 

(9.9) 

96.8 

(10.1) 

2.0 

(6.3)a 

94.9 

(7.9) 

-1.2 

(4.5) 

104.4 

(9.9) 

104.9 

(13.4) 

0.62 

(8.02) 

94.9 

(7.9) 

-7.6 

(21.9)a 

91.3 

(8.5) 

93.9 

(11.3) 

2.8 

(6.8) 

96.4 

(4.9) 

-1.1 

(5.9) 
0.325 

SI 
78.9 

(16.4) 

78.8 

(12.9) 

1.1 

(6.4) 

79.5 

(9.9) 

2.8 

(4.8) 

71.1 

(11.1) 

72.6 

(12.9) 

2.6 

(7.0) 

76.9 

(7.9) 

0.48 

(3.83) 

81.4 

(12.5) 

83.1 

(13.6) 

2.5 

(7.5) 

81.4 

(8.1) 

0.65 

(3.79) 

67.9 

(10.2) 

71.0 

(11.3) 

4.6 

(5.3) 

75.9 

(9.9) 

-0.401 

(2.91) 
0.106 

SOS (m/s) 
1543.8 

(28.9) 

1541.6 

(28.2) 

0.14 

(1.02) 

1468.4

(246.5) 

-4.8 

(16.0)a 

1527.3 

(20.5) 

1535.8 

(30.7) 

0.56 

(1.35) 

1518.9

(17.9) 

-1.7 

(1.5) 

1544.6 

(24.1) 

1547.5 

(25.4) 

0.21 

(1.15) 

1531.2

(30.9) 

-1.2 

(1.5) 

1525.3 

(22.7) 

1530.2 

(27.1) 

0.32 

(1.17) 

1515.6

(24.7) 

-1.5 

(1.2) 
0.591 

LS = lumbar spine; BMD = bone mineral density; FN = femoral neck; WB = whole body; BUA = broadband ultrasound attenuation; SI = stiffness index; SOS = speed of 

sound. 

aWithin-group difference (p < 0.05). 

bBetween-group difference based on adjusted percent change (p < 0.05).
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4.7 Physical activity enjoyment 

Three-year follow-up change in PACES is presented in Table 8. No between-group 

effect was detected for physical activity enjoyment (F = 1.710, p = 0.179). The CON-CON 

group demonstrated a within-group reduction in PACES following the completion of the 

LIFTMOR trial (49.7 ± 4.2 > 36.7 ± 17.5, p = 0.003).  
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Table 8. Means ± SD with adjusted changes in physical activity enjoyment scale characteristics 3-years after the completion of an 8-month exercise 

intervention in postmenopausal women with low bone mass (per protocol analysis, n=50). 

Parameter 
CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) 

p 
T0 T1  T2  T0 T1  T2  T0 T1  T2  T0 T1  T2  

1 
5.5 

(1.4) 

5.8 

(1.2) 
 

5.6 

(1.4) 
 

5.6 

(1.0) 

5.4 

(1.1) 
 

5.9 

(0.7) 
 

5.5 

(1.4) 

6.2 

(0.8) 
 

6.2 

(0.8) 
 

5.1 

(0.9) 

6.0 

(0.8) 
 

5.5 

(1.0) 
  

2 
2.3 

(1.4) 

5.3 

(1.7) 
 

5.3 

(1.3) 
 

5.8 

(1.1) 

5.3 

(1.2) 
 

5.8 

(0.7) 
 

5.5 

(1.3) 

6.1 

(1.0) 
 

6.0 

(1.0) 
 

5.0 

(1.0) 

6.1 

(0.4) 
 

5.1 

(1.2) 
  

3 
5.4 

(1.3) 

5.4 

(1.7) 
 

5.6 

(1.2) 
 

5.8 

(0.9) 

5.5 

(0.9) 
 

5.8 

(0.7) 
 

5.7 

(1.1) 

6.0 

(1.3) 
 

6.1 

(0.9) 
 

5.1 

(0.9) 

6.1 

(0.7) 
 

5.0 

(1.4) 
  

4 
5.6 

(1.1) 

5.9 

(1.1) 
 

5.7 

(1.1) 
 

6.0 

(0.9) 

6.1 

(0.7) 
 

6.2 

(0.4) 
 

6.0 

(0.9) 

5.9 

(1.3) 
 

6.0 

(1.0) 
 

5.7 

(0.8) 

6.4 

(0.5) 
 

5.6 

(0.8) 
  

5 
5.8 

(1.2) 

6.0 

(1.1) 
 

5.8 

(1.1) 
 

6.1 

(0.6) 

6.2 

(0.80) 
 

6.3 

(0.5) 
 

5.9 

(0.8) 

6.3 

(0.7) 
 

6.1 

(1.0) 
 

5.7 

(0.8) 

6.4 

(0.5) 
 

5.7 

(0.8) 
  

6 
5.6 

(1.1) 

5.5 

(1.3) 
 

5.6 

(1.2) 
 

5.6 

(0.7) 

5.6 

(1.10 
 

5.9 

(0.8) 
 

5.7 

(0.9) 

5.9 

(1.1) 
 

5.8 

(1.2) 
 

5.4 

(1.1) 

6.1 

(0.7) 
 

5.2 

(1.1) 
  

7 
5.8 

(1.1) 

6.3 

(0.9) 
 

5.8 

(1.2) 
 

6.1 

(0.8) 

6.0 

(0.9) 
 

6.1 

(0.8) 
 

5.9 

(0.9) 

6.3 

(0.7) 
 

5.9 

(1.1) 
 

5.6 

(0.8) 

6.3 

(0.5) 
 

5.6 

(0.8) 
  

8 
5.8 

(1.1) 

5.7 

(1.3) 
 

5.7 

(1.4) 
 

6.0 

(0.9) 

6.0 

(0.80) 
 

6.2 

(0.8) 
 

5.7 

(1.2) 

6.2 

(0.9) 
 

5.9 

(1.1) 
 

5.4 

(0.8) 

6.1 

(0.7) 
 

5.7 

(0.7) 
  

Total 
44.9 

(8.5) 

45.8 

(8.7) 

0.9 

(5.35) 

44.6 

(9.3) 

-1.2 

(6.97) 

47.2 

(5.6) 

45.9 

(5.20) 

-1.3 

(7.27) 

42.3 

(15.8) 

-3.6 

(3.63) 

45.9 

(7.4) 

48.9 

(6.8) 

3.00 

(7.08) 

47.9 

(7.8) 

-1.00 

(8.46) 

43.1 

(6.4) 

49.7a 

(4.2) 

6.6 

(3.40) 

36.7a 

(17.5) 

-12.3 

(4.33) 
0.179 

PACES = Physical Activity Enjoyment Scale. 

aWithin-group difference (p < 0.05). 
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4.8 Quality of life 

Three-year follow-up change in WHOQOL-BREF is presented in Table 9. No between-

group effect was detected for quality of life (F = 1.053, p = 0.378). The CON-CON group 

demonstrated a within-group reduction in WHOQOL-BREF following the completion of the 

LIFTMOR trial (100.3 ± 10.4 vs 99.9 ± 10.4, p < 0.001). The CON-HiRIT group demonstrated a 

within-group improvement in WHOQOL-BREF following the completion of the LIFTMOR trial 

(101.6 ± 11.2 vs 101.9 ± 8.7, p = 0.008). The HiRIT-CON group demonstrated a within-group 

reduction in WHOQOL-BREF following the completion of the LIFTMOR trial (102.2 ± 6.2 vs 

100.0 ± 6.3, p = 0.013). The HiRIT-HiRIT group demonstrated a within-group reduction in 

WHOQOL-BREF following the completion of the LIFTMOR trial (98.7 ± 9.8 vs 94.7 ± 8.2, p = 

0.013). 



 

 

69 

Table 9. Means ± SD with adjusted changes in WHOQOL-BREF 3-years after the completion of an 8-month exercise intervention in 

postmenopausal women with low bone mass (per protocol analysis, n=50). 

Paramet

er 

CON-CON (n=16) CON-HiRIT (n=11) HiRIT-CON (n=16) HiRIT-HiRIT (n=7) 
p 

T0 T1  T2  T0 T1  T2  T0 T1  T2  T0 T1  T2  

Domain 

1 

29.7 

(3.4) 

30.5 

(2.9) 
 

29.9 

(1.9) 
 

30.6 

(4.1) 

29.7 

(4.3) 
 

30.9 

(2.9) 
 

29.6 

(3.3) 

30.4 

(2.1) 
 

29.8 

(1.8) 
 

30.3 

(3.3) 

29.9 

(3.2) 
 

28.6 

(2.1) 
  

Domain 

2 

23.0 

(3.9) 

23.4 

(3.9) 
 

24.0 

(3.8) 
 

24.6 

(1.9) 

24.0 

(3.3) 
 

24.3 

(3.2) 
 

23.0 

(3.9) 

24.5 

(2.4) 
 

23.7 

(1.8) 
 

23.6 

(3.9) 

23.0 

(3.4) 
 

22.2 

(3.3) 
  

Domain 

3 

10.8 

(2.3) 

11.3 

(2.1) 
 

11.2 

(2.2) 
 

12..9 

(1.4) 

12.8 

(1.5) 
 

12.3 

(1.3) 
 

11.1 

(2.5) 

12.1 

(1.7) 
 

11.8 

(1.7) 
 

12.1 

(2.5) 

11.4 

(2.9) 
 

10.1 

(1.9) 
  

Domain 

4 

33.8 

(3.4) 

35.1 

(3.1) 
 

34.8 

(3.8) 
 

35.8 

(3.1) 

35.1 

(3.7) 
 

34.5 

(3.3) 
 

33.9 

(4.2) 

35.1 

(2.7) 
 

34.7 

(3.7) 
 

36.0 

(2.4) 

34.4 

(2.6) 
 

33.8 

(2.9) 
  

Total 
97.2 

(10.9) 

100.3a 

(10.4) 

3.1 

(5.3) 

99.9a 

(10.4) 

-0.12 

(7.14) 

104.0 

(6.4) 

101.6a 

(11.2) 

-2.4 

(8.3) 

101.9a 

(8.7) 

1.5 

(6.4) 

97.6 

(10.4) 

102.2a 

(6.2) 

4.6 

(10.7) 

100.0a 

(6.3) 

-2.3 

(6.4) 

102.0 

(10.6) 

98.7a 

(9.8) 

-3.3 

(3.9) 

94.7a 

(8.2) 

-3.3 

(5.0) 
0.378 

WHOQOL-BREF = World Health Organisation’s Quality of Life questionnaire. 

aWithin-group difference (p < 0.05). 
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5.0 Discussion 
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This 3-year follow-up study aimed to determine the effects of cessation, continuation 

or uptake of a HiRIT program for bone and functional outcomes for postmenopausal women 

with low to very low bone mass who participated in the LIFTMOR trial. Findings 

demonstrate that participants who began HiRIT training after being initially randomised to 

CON improved a similar amount as the HiRIT group during the original LIFTMOR trial, 

participants who ceased HiRIT after LIFTMOR essentially maintained bone, and those who 

continued HiRIT continued to gain bone. No HiRIT participant sustained an injury while 

training which largely mirrors the experience of the LIFTMOR participants. Curiously, CON 

participants who did not initiate HiRIT post-LIFTMOR also gained a certain amount of bone 

during the follow up period but not as much as the HiRIT groups. 

5.1 Bone Outcomes 

Physical activity participation has traditionally been shown to evoke only modest 

benefit for bone at the femoral neck and lumbar spine [5, 111, 226-231]. The LIFTMOR trial 

was a novel bone-focussed exercise program that induced more notable improvements in 

indices of bone strength at the hip and spine following an 8-month HiRIT training program 

compared to other more moderate intensity exercise interventions [1, 79]. All HiRIT exercise 

programs following the LIFTMOR trial were undertaken supervised by exercise professionals 

at The Bone Clinic, other clinics that specialize in osteoporosis management, or personal 

trainers.  

5.1.1 HiRIT uptake 

The bone mass outcomes of the current study essentially reflect the characteristic ‘use 

it or lose it’ effect of exercise on bone, with some subtle exceptions. The BMD response in 
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the exercise uptake group largely mirrors that of the HiRIT group during the LIFTMOR trial, 

despite lower compliance (40 vs 92%). This comparison provides the opportunity to evaluate 

something of a dose-response and the difference in intervention effect between a highly 

controlled research setting and community implementation. This is important to the field as it 

furthers supports the effectiveness of HiRIT even at a relatively low dose [1, 79]. When the 

data is viewed in a per annum increase in bone the exercise uptake group (CON-HiRIT) 

reproduced the bone improvements observed during the LIFTMOR trial with a percent 

change of 2.9% and 2.5% at the lumbar spine, and 1.6% and -0.64% at the femoral neck, 

respectively [1, 79]. 

 

5.1.2 Maintenance HiRIT 

 The exercise maintenance group (HiRIT-HiRIT) and the dual control group (CON-

CON) were used to evaluate the magnitude and direction of the interventional effect of the 

change in BMD percent. The ongoing exercise group (HiRIT-HiRIT) demonstrated further 

improvement in bone three years post LIFTMOR trial. This continued improvement 

demonstrates that the HiRIT exercise of the LIFTMOR trial can continue, to not only 

maintain, but improve bone over a long period which was not demonstrated in moderate-

impact resistance training [1, 79, 137, 138, 145]. 

 

5.1.3 Maintenance no exercise 

 While the dual control group (CON-CON) improved FN and maintained LS BMD in 

contrast with observations from other longitudinal studies [29, 31, 41, 42, 232-234],  changes 

in the CON-CON group were nevertheless the smallest of all the groups. The observed BMD 

improvement in the control group likely reflects the participants’ desire to begin an exercise 



73 

 

program when they volunteered for the original LIFTMOR trial, but their group allocation to 

CON discouraged lifestyle changes. Upon completion of the LIFTMOR trial, they appeared 

to implement such changes, as reflected in increases in BPAQ and calcium intake of this 

group, both of which would have a tendency to improve BMD. Participants in the CON-CON 

and HiRIT-CON group engaged in cycling (13 and 25%), swimming (25 and 31%), tai chi 

(25 and 13%), yoga (50 and 56%) and Pilates (44 and 63%). Three participants in the HiRIT 

uptake group participated in swimming (27%) and one HiRIT maintenance participant 

participated in cycling (14%) and Pilates (14%). The uptake of non-HiRIT physical activity 

was far higher than those who did not participate in a HiRIT program than those who 

didNon-intuitively, both non-exercising groups (CON-CON and HiRIT-CON) also exhibited 

slight gains in bone, but to a lesser degree than the exercise groups (CON-HiRIT and HiRIT-

HiRIT). The group that ceased exercise (HiRIT-CON) demonstrates the maintenance of 

intervention effects post the LIFTMOR trial [120, 137, 138, 145, 235].  

 

5.1.4 HiRIT cessation 

 The group that ceased exercising (HiRIT-CON) experienced the least change in bone 

outcomes, demonstrating a degree of maintenance of HiRIT effect, at least 3 years post-

cessation. It is not clear if that effect is secondary to generalised increased level of activity 

that was possible as a result of the HiRIT program.  

 

 It is important to note that the participants who continued HiRIT did not report any 

exercise-related injuries over the past three years, an observation likely related to the fact that 

training continued to be undertaken under supervision from trained exercise professionals and 

that the exercise program is safe for postmenopausal women with low to very low bone mass. 
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All groups increased daily calcium intake since baseline, a behaviour that possibly resulted 

from the awareness attained during the LIFTMOR trial. This increase in calcium may have 

played an important role in the improvement of bone outcomes for all groups.  

 

5.2 Physical Performance 

 It is well known that there is a decline in physical performance and an increase in 

incidence of falls with increasing age [148, 149]. Importantly, fallers tend to exhibit poor 

muscle strength and an associated increased risk of fractures [25, 172, 177]. Those who 

commenced exercise (CON-HiRIT) after the LIFTMOR trial exhibited trends of improved 

physical performance similar to those observed in the LIFTMOR trial [1, 79]. Functional 

performance continued to improve in those who continued exercising (HiRIT-HiRIT), but to 

a lesser extent than those who commenced since the completion of the LIFTMOR trial 

(CON-HiRIT). The reduced response suggests either a diminishing returns effect, or lack of 

training progression [137, 138]. Overall, the group who ceased exercising (HiRIT-CON) had 

the greatest decline in functional performance since completion of the LIFTMOR trial. 

Multiple studies have identified deterioration in muscle mass, muscle strength and dynamic 

balance with age [1, 108, 123, 159]. The group who ceased exercising (HiRIT-CON) and the 

non-exercising group (CON-CON), while not performing HiRIT exercise in the post-

LIFTMOR period, did report participating in other exercise programs such as Yoga and 

Pilates, which could potentially improve balance and reduce falls risk [86, 90, 95, 97, 98, 

129].  

 Specific strength performance measures were used to assess changes in back and 

lower limb muscle strength. The exercise uptake group (CON-HiRIT) improved to a greater 

extent than all other groups in lower limb strength, mirroring observations of the LIFTMOR 

trial and other studies [1, 77, 79, 108, 123, 148, 159]. Improvements in the exercise 
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maintenance (HiRIT-HiRIT) and non-exercising (CON-CON) (65.2 ± 22.1 kg) groups were 

similar, however, final lower limb strength at T2 was vastly greater in the group that had been 

exercising the whole time (HiRIT-HiRIT) (82.8 ± 14.7 kg), and is in agreement with the 

findings of others [1, 79, 108, 123, 126, 155, 159, 236]. As expected, cessation of exercise 

(HiRIT-CON) was associated with the greatest decline in lower limb strength, however, the 

strength observed was still greater than the group that had not exercised at all (CON-CON), 

suggesting the LIFTMOR trial effects had not completely diminished [1]. The cessation of 

HiRIT clearly, negatively impacts the individual through a reduction of lower limb strength 

and this deterioration is known to lead to an increased risk of falls [149, 179]. 

The group that ceased exercise (HiRIT-CON) deteriorated in back strength suggesting 

the benefits gained from exercise programs are lost when the intervention ceases [141-143]. 

No other within or between-group differences in back extensor strength were observed, 

suggesting the non-significant trend for decline across all groups represents a generalised 

age-related deterioration in muscle strength. The LIFTMOR control group that took up 

HiRIT (CON-HiRIT) improved functional mobility (TUG) more than the group that had not 

exercised at all (CON-CON).  

The group that took up exercise (CON-HiRIT) exhibited the greatest improvement in 

dynamic balance, when compared to all other groups in a similar manner to the LIFTMOR 

trial and various other studies [1, 79, 122, 140, 236]. Somewhat non-intuitively, the group 

that had never exercised (CON-CON) also improved dynamic balance at T2. The latter effect 

can likely be attributed to participants commencing balance-focused activities such as yoga or 

tai chi, as 68% of the group that never exercised (CON-CON) took up balance-based exercise 

[86, 90, 95, 97, 98]. The groups did not exhibit a significant difference in balance based 

exercise uptake. However, there was only one incidence of these balance-based exercise in 

the groups who exercised post the LIFTMOR trial of less than 0.3 sessions per week. The 
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improvement in dynamic balance in the group that never exercised (CON-CON) was not 

mirrored in the group that ceased exercising (HiRIT-CON), suggesting the cessation of 

HiRIT precipitated a rapid decline in dynamic balance and likely increased risk of falls. In 

fact, ceasing exercise (HiRIT-CON) had the effect of declining dynamic balance to 

approximately the same level as the group which had never exercised (CON-CON) [36, 237]. 

The dynamic balance decreased in the group who continued to exercise (HiRIT-HiRIT). 

However, the exercise cessation group (HiRIT-CON) had a greater decline than the 

maintenance group (HiRIT-HiRIT) suggesting that those who continued with HiRIT were 

able to minimise the effects of ageing and lifestyle changes [1, 79, 122, 137, 138, 140]. 

Evidently, the group that ceased exercise (HiRIT-CON) had the greatest deterioration of 

dynamic balance, suggesting the dynamic balance benefits gained from the LIFTMOR trial 

were lost when the intervention ceased [141-143].  

The exercise uptake group (CON-HiRIT) was the only group to improve muscle 

power outcomes at 3-year follow-up, in an effect that mirrors the results of the HiRIT groups 

(HiRIT-CON and HiRIT-HiRIT) in the LIFTMOR trial [1, 79, 225]. While all other groups 

demonstrated declines in muscle power, the group that never exercised (CON-CON), 

exhibited a major decline of 23%. This is concerning as the VJ test is defined as a method for 

screening for sarcopenia in older women through muscle power [183, 184, 225, 238]. This 

suggests that all participants, excluding the exercise uptake group (CON-HiRIT), experienced 

deterioration of muscle power, thereby increasing their risk of falls and fracture. 

5.3 Kyphosis 

Kyphosis is a condition of excessive convexity of the spine typically occurring in the 

thoracic region [192]. Kyphosis is multifactorial and can result from degenerative disc 

disease, developmental abnormalities, osteoporosis-related vertebral fractures, multiple 
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myeloma or trauma [193-195]. The group that never exercised (CON-CON) demonstrated an 

increase in kyphosis, while the exercise uptake group (CON-HiRIT) demonstrated a 

reduction, similar to the results of the LIFTMOR trial and multiple other exercise studies for 

kyphosis correction [199, 207, 208, 211, 213, 214, 239]. Unexpectedly, the exercise 

maintenance group (HiRIT-HiRIT) experienced an increase in kyphosis while the group that 

ceased exercise (HiRIT-CON) reduced. Our observations may have been confounded by 

variables beyond the control of the current study such as degenerative disc disease or 

vertebral fractures, which could have led to the further development of kyphosis [194, 195, 

199, 200, 204, 209].  

5.4 Behavioural outcomes 

Physical activity and nutrition also play a role in bone development and loss [31, 53-

56]. Therefore, in order to measure the effectiveness of exercise on bone, nutrition needs to 

be accounted for [31, 55, 57, 58]. Daily calcium intake was collected in order to assess the 

influence of calcium on the effect of exercise on BMD [219]. An interesting discovery of this 

study was the trend of all groups to increase daily calcium intake. This trend is counter to 

observations from the LIFTMOR trial where participants reduced daily calcium intake [1, 

79].  It is possible that ceasing the LIFTMOR trial resulted in a change in diet or the addition 

of calcium and vitamin D supplements in response to perceived withdrawal of a therapeutic 

stimulus. Participants who maintained HiRIT or commenced HiRIT had a higher calcium 

intake than those of the groups who did not exercise (CON-CON and HiRIT-CON) post-

LIFTMOR suggesting motivation to actively manage their bone health was a factor [1, 79].  

The bone-specific physical activity questionnaire (BPAQ) was expressly designed to 

account for musculoskeletal loading of bone [164]. The questionnaire was used in this study 

to collate the participant’s physical activity history over the preceding three years and 
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facilitate group allocation. Following the LIFTMOR trial, it was expected that the 

participants might have altered their lifestyle to be less sedentary, due to training education or 

awareness of the osteoporotic damage to the body, as demonstrated by the calcium intake 

increase. The challenge of motivation to continue training has been raised in other 

publications as one of the major limiting factors of exercise as a realistic therapeutic 

intervention [216, 218]. However, as the group distributions suggest, the number of 

participants who maintained or commenced HiRIT was almost equal to those who did not 

continue with HIRT. The comments made by participants as to why they did not continue 

with HiRIT training included holidaying overseas, distance to gyms, health or energy, cost 

and time.  

The Physical Activity Enjoyment Scale (PACES-8) was used to determine the 

participants’ enjoyment of physical activity [221]. There was no difference in enjoyment 

score within or between groups. It was noted that all groups trended towards decreases in 

enjoyment, except for the group that took up exercise (CON-HiRIT) group. The improvement 

in enjoyment of the group that took up HiRIT (CON-HiRIT) and reduction in improvement in 

enjoyment of the no-exercise groups (CON-CON and HiRIT-CON) mirrored the observations 

of the LIFTMOR trial. Previously, the LIFTMOR participants trained as a group which 

fostered group encouragement, involvement and camaraderie. The enjoyment during the 

LIFTMOR trial may therefore have been due to the group nature of the training program 

rather than the exercises themselves. Therefore, when the participants continued to train at 

other locations, individually or in groups, the lack of interaction with other people or different 

settings may have made the program less enjoyable. As the participants' weight training 

progression was not collected, it is unknown if improvements in weight lifted were as 

substantial as those in the LIFTMOR trial, producing discouraging results for participants, 
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therefore, contributing to a reduction in enjoyment during training through poor self-

reflection.  

 The World Health Organisation’s Quality of Life questionnaire (WHOQOL-BREF) 

contains 26 questions over four domains, including physical health, psychological health, 

social relationships, and environment [220]. Previously, in the LIFTMOR trial, no change 

was detected in either group [1, 79]. All groups experienced changes in WHOQOL-BREF 

between the completion of LIFTMOR (T1) and the 3-year follow-up (T2) data collection 

times. Only the group initiating HiRIT training (CON-HiRIT) experiencing an improvement 

in perceived quality of life.  

 

5.5 Study Limitations 

 Several study limitations warrant acknowledgement. Firstly, the DXA device on 

which Gold Coast participants were originally scanned had been relocated 45 minutes away 

to Brisbane since the completion of the LIFTMOR trial. The relocation impeded participant 

attendance to follow-up (T2) for those who were not able to travel this distance. To limit the 

effect of relocation, participants who raised concern regarding travel were offered transport to 

be arranged by the investigator team.  

Secondly, group stratification relied on a participant’s accurate recollection of 

physical activity over the previous three years and investigator assessment of compliance and 

intensity of the exercise program the participant undertook. A low 25% compliance rate to a 

HiRIT program was chosen as the benchmark criterion eligibility for allocation to HiRIT post 

LIFTMOR, which is considerably less than would have been considered acceptable in the 

LIFTMOR trial. A 25% compliance rate equals nine months of training which is similar to 

the LIFTMOR trial duration. This cut off was chosen to accommodate the participants who 
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continued to exercise consistently after the LIFTMOR trial but then ceased training for 

extended periods of time prior to follow-up testing (T2), or who only began exercise shortly 

before follow-up testing (T2). Both conditions would have influenced the bone response. 

Nevertheless, all exercise programs were required to be 80% of 1RM and <6 reps per set for 

HiRIT group allocation to ensure exposure, when it occurred, was of adequate intensity. The 

low compliance benchmark makes the current study observations all the more remarkable 

with respect to the relatively low exposure to HiRIT required to maintain beneficial 

musculoskeletal and functional effects. 

Thirdly, the results of the LIFTMOR trial have been published, which can result in 

observer-expectancy bias and participant performance bias. To limit observer-expectancy 

bias, two investigators assessed the DXA scans for accuracy. Participant bias was 

uncontrollable, in fact it is noted that many of those who were in the CON-HiRIT group 

commenced HiRIT based on the positive results of the LIFTMOR trial being disseminated. 

Lastly, the current follow-up data collection (T2) was not part of the original project 

design. This resulted in the lack of standardisation and recording of exercise programs, 

medications and dietary changes for each participant for the full follow-up period. Thus, there 

may be other confounding variables that are unaccounted for. To minimise the influence of 

confounding variables, all participant characteristics that were significantly different at 

baseline (T0) were covariates in the statistical analysis. Because this follow-up was not part 

of the initial LIFTMOR trial design, there was no adjustment to the initial recruitment 

estimates for long term dropout and this has resulted in a small sample size. The small sample 

size was further compounded by the small sub-group divisions which hampers inferences; 

however, this was limited by the similarities between participants in the subgroups. 
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5.6 Future Research 

 Future research could extend this work by continuing to follow-up with the 

LIFTMOR trial participants, however, this may be limited by participant numbers and 

ongoing drop-out. A new trial, with the initial aim of following the progression and 

development with the LIFTMOR trial training protocol over a more extended period could be 

initiated. Ideally, a larger sample size would be required to account for a long term dropout, 

as roughly 11% after one year and 14.9% after three years can be expected to not return 

[240]. Previous long-term trials involving exercise interventions of low bone mass women 

demonstrated drop-out rates of over 20% at each follow-up point due to death, moving away, 

severe disease or injury, and losing interest in involvement [136-138, 145]. Furthermore, a 

similar study with different sample population may be of benefit. Further studies will help to 

determine the efficacy of HiRIT and, help to inform evidence-based exercise prescriptions for 

musculoskeletal health more broadly. The LIFTMOR trial was the first trial to investigate the 

effects of HiRIT in postmenopausal women with low bone mass. As a result of this, the 

eligibility criteria were stringent, as the first stage was to determine the effect of HiRIT on 

healthy individuals. Given that the ageing population has an increased incidence of chronic 

health conditions, the implementation of HiRIT in different clinical groups may provide 

evidence of further beneficial effects of HiRIT not explored in the current study.  

 

5.7 Conclusion 

 In conclusion, the LIFTMOR trial was the first to show that a brief, supervised HiRIT 

exercise program was efficacious and for improving bone, stature and functional performance 

in postmenopausal women with low to very low bone mass. The current study aimed to 

investigate the long-term effects of HiRIT for the participants of the LIFTMOR trial. 

Although sample size suffered from participant drop-out, the group that began training after 
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the LIFTMOR trial (CON-HiRIT) demonstrated similar changes in BMD and functional 

performance as the initial LIFTMOR HiRIT group. The group that continued to exercise 

(HiRIT-HiRIT) also showed ongoing improvements in multiple variables, although less than 

during the original LIFTMOR trial, which suggests an effect of diminishing returns. The 

group that ceased exercise (HiRIT-CON) appeared to lose the benefits of the LIFTMOR trial 

compared to the group that continued to exercise (HiRIT-HiRIT). Finally, the group who 

didn’t exercise at all (CON-CON) exhibited inconsistent results, not unlike the CON group 

during the LIFTMOR trial. The group that initiated exercise (CON-HiRIT) consistently 

gained more benefits compared to those who didn’t exercise (CON-CON) across all outcome 

measures. This study has shown that the uptake or continuation (HiRIT-HiRIT and CON-

HiRIT) of a HiRIT program clearly benefits participants more for bone and functional 

performance outcomes when compared with no uptake and cessation (CON-CON and HiRIT-

CON). The research conducted in the follow-up study demonstrated HiRIT programs that 

proved beneficial to bone in an unmonitored, non-clinical setting. The follow-up study 

showed HiRIT programs can still be beneficial to participants who are only able to commit to 

a low compliance program. Although representing only 58% of the original LIFTMOR 

participants, to the extent that our conclusions are tempered by sample size, our follow-up 

analyses suggest that musculoskeletal and functional benefits from HiRIT may endure for 

some years. Nevertheless, ongoing participation is likely necessary for meaningful, sustained 

effect. Therefore, it is recommended that elderly women with low bone mass should take up a 

HiRIT training program or continue with exercise, as it will reduce the age-related 

deterioration in bone and function that may lead to an increased risk of falls and osteoporotic 

fracture.  
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7.1 Appendix A: Case Report Form – Follow up 

Case Report Form – Follow up 

LIFTMOR – Lifting Intervention For Training Muscle and Osteoporosis Rehabilitation 

 

Participant Ref Number: 
 

Date: 
 

Participant Details: 

Name: 
 

DOB: 
 

Medical History: 

 

Please list current medical conditions (if applicable): 

 

 

 

 

 

Please list any medications you’re currently taking (if applicable): 

 

 

 

 

 

Did you have any falls over the past 12 months? 

 Yes/No           If yes, how many_______, when was your last?________ (approximate date) 

 

Did you have any fractures over the past 12 months? 

 

Yes/No           If yes, 

details:  

Have you participated in any physical activities since finishing the LIFTMOR program? (list details): 
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Questionnaires: Participant ID:  

  BPAQ 

 AusCal 

 WHOQOL 

 PACES 

Date:  

 

Anthropometrics 

 Height:  Kyphosis  R 

 Weight:   T 

 BP:  /    

 Waist Circumference     Flexicurve  

 

Physical Performance 

 LL Strength: 1:  2:    Average:  

          

 BES Test 1:  2:    Average:  

          

 TUG: 1:  2:  3:  Average:  

 

 5x STS: 1:  2:  3:  Average:  

 

 FRT: 1:  2:  3:  Average:  

 

 Vertical Jump: 1:   2:   

 3:   4:   

 5:   6:   

 7:   8:   

Body Composition 

 DXA 

Whole Body:  Comments:  

Lumbar Spine:  Comments:  

Proximal Femur: 
Right   

 R  Comments:  

 L  Comments:  

 QUS 

 Left:  Comments:  

Right:  Comments:  
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7.2 Appendix B: Bone-specific Physical Activity Questionnaire (BPAQ) 
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7.3 Appendix C: AusCal Diet Questionnaire 
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102 
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7.4 Appendix D: World Health Organisation Quality of Life Questionnaire 
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7.5 Appendix E: Physical Activity Enjoyment Scale (PACES) 
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7.6 Appendix F: Initial LIFTMOR Information Sheet 

 



109 
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7.7 Appendix G: Consent Form 
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7.8 Appendix H: Initial Ethical Clearance Certificate 
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7.9 Appendix I: Amended Ethical Clearance Certificate 


