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ABSTRACT 

 

 

The cost of managing osteoporotic fractures places a significant financial burden on the 

health-care system. To reduce the fracture burden, early identification of fracture risk is 

essential to allow early intervention. The limitations associated with dual-energy X-ray 

absorptiometry (DXA), such as limited sensitivity and specificity, cost, ionising 

radiation and accessibility, have resulted in the emergence of other technologies for 

assessing bone fragility. An example is the portable and non-ionising quantitative 

ultrasound (QUS) technology. The discriminatory power of quantitative ultrasonometry 

in fracture risk identification, either independently or in combination with other 

established risk factors, currently remains contentious. 

 

It is recommended that fracture risk assessment should not only focus on bone status, 

but also on the risk of falls. Additionally, it has been noted that disability arising from 

osteoporotic fractures, even when these fractures are not identified clinically, can 

translate into psychosocial symptoms and a poorer perception of health-related quality 

of life (HRQoL).  

 

The primary aim of the present study was to investigate if a composite model 

comprising: calcaneal QUS, falls risk and HRQoL assessments, can identify a group of 

elderly women at high risk of osteoporotic fracture from those at lower risk. One 

hundred and four community-dwelling women (mean age 71.3 ±5.8 years) were 

recruited for this study. These women underwent a series of tests that included: DXA 

bone mineral density (BMD) evaluation of the proximal femur and lumbar spine (L1 – 

L4); calcaneal QUS measurement; spinal radiography; rasterstereographic back surface 

curvature (BSC) examination; and performance-based assessment of strength, mobility 

and balance. The women were classified into a ‘High Risk’ group or a ‘Low Risk’ 

group using three separate classification criteria: i) low BMD, based on the World 

Health Organisation (WHO) recommended T-score of ≤ -2.5, and/or a history of 

fragility fracture (Osteoporotic [OP] group versus Non-Osteoporotic [NOP] group); 

ii) presence of at least one radiographically identified prevalent vertebral fracture 

(Vertebral Fracture [VF] group versus Non-Vertebral Fracture [NVF] group); or  
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iii) a history of either forearm or wrist fracture (Forearm/Wrist Fracture [WF] group 

versus Non-Forearm/Wrist Fracture [NWF] group). 

 

Analysis of variance showed that all QUS variables: broadband ultrasound attenuation 

(BUA), speed of sound (SOS) and quantitative ultrasound index (QUI), were 

significantly lower in the OP group compared to the NOP group, after adjusting for age 

(p < 0.0001). Univariate logistic regression showed that per standard deviation (SD) 

decrease in QUS variables was significantly associated with the OP group (age-adjusted 

odds ratio [OR]: BUA = 2.35, 95% CI = 1.43 – 3.86, p = 0.001; SOS = 2.74, 95% CI = 

1.56 – 4.81, p < 0.0001; QUI = 2.63, 95% CI = 1.53 – 4.50, p < 0.0001). Multiple 

stepwise logistic regression identified SOS and poor mobility, as indicated by increased 

time in the timed “Up & Go” (TUG) task, as significant discriminators of the OP group 

(age-adjusted OR: SOS = 3.08, 95% CI = 1.69 – 5.62, p < 0.0001; TUG = 1.63, 95% CI 

= 1.02 – 2.63, p = 0.045). Composite risk odds ratio calculations demonstrated that a 

simultaneous decrease of 1 SD in SOS and a 1 SD increase in TUG placed an individual 

at a 5-fold higher risk of fracture compared to an individual who is at ‘low risk’ (SD 0 

for SOS and TUG).  

 

When the women were dichotomised into either the VF or NVF group, ANOVA 

showed that the VF group had significantly lower QUS measurements (p < 0.05) and 

greater thoracic BSC (p = 0.04) compared to the NVF group. Univariate logistic 

regression showed that per SD decrease in QUS variables was significantly associated 

with the VF group (age-adjusted OR: BUA = 1.96, 95% CI = 1.12 – 3.42, p = 0.018; 

SOS = 2.01, 95% CI = 1.09 – 3.70, p = 0.026; QUI = 2.01, 95% CI = 1.12 – 3.62, p = 

0.020). Per SD increase in BSC was also associated with the VF group (age-adjusted 

OR: BSC = 1.72, 95% CI = 1.01 – 2.92, p = 0.049). Multiple stepwise logistic 

regression, which included DXA BMD in the model, identified BUA (age-adjusted OR 

= 2.54, 95% CI: 1.39 – 4.66, p = 0.002) and BSC (age-adjusted OR = 2.38, 95% CI: 

1.33 – 4.26, p = 0.004) as significant discriminators of the VF group. Composite risk 

odds ratio calculations demonstrated that a simultaneous decrease of 1 SD in BUA and a 

1 SD increase in BSC placed an individual at a 6-fold higher risk of fracture compared 

to an individual who is at ‘lower risk’ (SD 0 for BUA and BSC).  

 

Finally, receiver operating characteristic (ROC) analysis showed that the composite 

model comprising BUA and BSC had higher area under the curve (AUC) compared to 
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total hip (TH) DXA BMD in identifying the VF group (AUC for BUA & BSC = 0.75; 

AUC for TH BMD = 0.60). This difference, however, failed to reach statistical 

significance (p = 0.059). 

 

Due to the limited numbers of forearm or wrist fracture cases, there was insufficient 

power to note any statistical differences between the WF and the NWF groups, for any 

of the test variables. 

 

It is well established that with aging, the risk of falls and osteoporotic fracture risk 

increases. The results of the present study suggest that there may be a role for a 

composite model, involving calcaneal QUS measurement and assessment of falls risk, 

to identify elderly women at risk of future osteoporotic fractures and recommending 

them for further assessment. Given the demonstrated efficacy of several 

pharmacological agents in reducing fracture, the argument for more aggressive case-

finding for at-risk individuals becomes compelling to curb the spiralling financial cost 

of managing osteoporosis. The relatively inexpensive, portable, reliable and non-

radiation based assessment systems are some of the main advantages of using this 

model in community settings to identify fracture risk. However, this model will need to 

be validated by prospective investigations in large random population samples.  
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CLINICAL RISK FACTORS OF OSTEOPOROSIS 

In this thesis, this term refers to factors such as age, gender, medical history, menopausal status, 

family history of osteoporosis, history of fragility fractures, low body mass index and lifestyle 

factors (e.g., excessive alcohol or caffeine intake, or smoking), contributing to the risk of 

osteoporotic fracture. This term is distinct from other well-established risk factors of 

osteoporosis such as low BMD and high biochemical indices of bone resorption, that are 

derived from modalities such as radiology or biochemistry. 

FALLS RISK FACTORS 

This term refers to factors that were previously identified, from cross-sectional and prospective 

studies, to be related to falls or predictors of falls in ambulant elderly people. In this thesis, ‘falls 

risk factors’ and ‘fall-related risk factors’ are used synonymously. 

FRACTURE DISCRIMINATION VERSUS FRACTURE PREDICTION 

The term ‘discrimination’ refers to the identification or separation of prevalent fracture cases 

from non-fracture cases in cross-sectional studies. The term ‘prediction’ refers to predicting 

incident fractures in longitudinal studies. 

MINIMALLY TRAUMATIC FRACTURES 

This term refers to fractures resulting from non-traumatic events, for example, a fall from 

standing height (WHO, 1999). Fractures from such minimally traumatic events in elderly 

individuals are often due to bone fragility. Therefore, in this thesis the terms ‘minimally 

traumatic fractures’, ‘osteoporotic fractures’ and ‘fragility fractures’ are used synonymously. 

MOBILITY 

In this thesis, the term ‘mobility’ refers to the functional mobility of the elderly person. 

OSTEOPOROSIS ASSESSMENT QUESTIONNAIRE (OPAQ) 

This is the original disease-targeted questionnaire developed to assess the specific health-related 

quality of life in osteoporotic patients (Silverman et al., 1993). This version consisted of 79 

items, to derive 18 health scales that are summarised into seven meaningful health domains:  
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(i) Physical Function; (ii) Symptoms; (iii) Social Support; (iv) Social Activity; (v) 

Psychological (fear of falling and loss of independence); (vi) Body Image; and (vii) Tension.  

OSTEOPOROSIS ASSESSMENT QUESTIONNAIRE VERSION 2 (OPAQ 2) 

This is the revised version of the OPAQ. This questionnaire consists of 67 items, to derive 14 

health scales that are summarised into four meaningful domains: (i) Physical Function; (ii) 

Emotional Status; (iii) Symptoms; and (iv) Social Interactions. This version of the questionnaire 

was employed in the present study to investigate the study’s hypotheses. 

THORACIC CURVATURE AND THORACIC KYPHOSIS  

Thoracic curvature refers to the sagittal curvature of the thoracic spine. In this thesis, this term is 

used synonymously with the term ‘thoracic kyphosis’. 

THORACIC HYPERKYPHOSIS   

Hyperkyphosis refers to an accentuation of the ‘normal’ kyphotic posture in the elderly. The 

author recognises that there is a wide range of ‘normal’ kyphotic angles reported in the 

literature. While some authors defined hyperkyphosis as a Cobb angle greater than 54° (Lynn et 

al., 1997), or between 50° to 65° (Sinaki et al. 2004), the present thesis uses this term without 

reference to any specific kyphotic angle unless otherwise stated. In the context of this thesis, 

this term refers to a spinal curvature that is greater than the reported mean of that population. 

VERTEBRAL FRACTURE 

The term vertebral fracture used in this thesis refers to vertebral body fractures. Vertebral 

fracture was determined using the protocol described by Genant et al. (1996) and this is 

described in Chapter 3, Section 3.8.1. The author recognises that there is a theoretical distinction 

between vertebral deformity and vertebral fracture – a vertebral body fracture results in 

deformity but vertebral deformity may not always result from a fracture and it can occur 

through a gradual process of remodelling and architecture modification (Kleerekoper & Nelson, 

1992). The author acknowledges that all the prevalent vertebral fracture cases identified in this 

study may not have been ‘true’ incident fractures. However, in order to be consistent with 

previous studies that could also not make this distinction, the present study defined vertebral 

fractures based on the criteria described by Genant et al. (1996) and Cummings et al. (1995b). 



xxxi 

ELDERLY 

In this thesis, the term ‘elderly’ refers to individuals who are older than 65 years old and 

does not necessarily refer to frail older individual unless otherwise stated. The author is 

aware of the preference of a more contemporary term the ‘older persons’.  This term is 

used synonymously with the term ‘elderly’ in this thesis. 
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INTRODUCTION 

 

 

Osteoporosis is a major public health concern. Experts in this field have declared it a 

‘silent epidemic’. Osteoporotic fracture is associated with significant disability, 

mortality and economic cost (Braithwaite et al., 2003). In a recent report by 

Osteoporosis Australia, the direct health and welfare costs of managing osteoporosis 

was estimated to be about AUD$1.9 billion per annum, with 68% of this borne by 

hospitals and nursing homes (Access Economics, 2001).  

 

In 2001, an estimated 1.9 million Australians were reported to have osteoporosis 

(Access Economics, 2001). It has been projected that the proportion of the Australian 

population aged 65 and older will increase more than twofold, from 13% in 2002 to 

between 27% and 30% in 2051 (Australian Bureau of Statistics, 2003). With the 

projected change in population demographics, increase in life span and strong evidence 

of increase in incidence of osteoporotic fracture with age, the cost of managing 

osteoporosis is expected to spiral (Jones et al., 1994; Sanders et al., 1999a). The number 

of osteoporotic fractures in Australia has been projected to increase from about 

94,000/year to 200,000/year in 2051 (Sanders et al., 1999b). If the health-care cost 

spiral is to be contained, alternative screening instruments and accurate identification of 

fracture risk is crucial to allow early detection of individuals susceptible to osteoporotic 

fracture. This will allow early intervention to reduce the risk of fracture and its 

consequent morbidity and mortality. 

1.1 THE PROBLEM 

Low bone mineral density (BMD) has been established as an important predictor of 

osteoporotic fractures (Cummings et al., 1995a; Marshall et al., 1996; National 

Institutes of Health Consensus Development Panel [NIH], 2001; Stone et al., 2003). 

Densitometry is presently the best in-vivo estimate of bone strength (Kanis & Glüer, 

2000; Sambrook et al., 2002) and dual-energy X-ray absorptiometry (DXA), given its 

reported precision and discriminatory power, is the most widely used (Mazess et al., 

1989; World Health Organisation [WHO], 1994; Kanis & Glüer, 2000; NIH, 2001). The 

conventional definition of osteoporosis provided by the World Health Organisation 
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(WHO), is based on BMD measurement derived from DXA (WHO, 1994). While DXA 

assessment of BMD is currently the clinical standard for assessing osteoporotic fracture 

risk, the proposal for unselected population screening using DXA measurement is 

considered inappropriate and the cost unjustified (NIH, 2001; Nelson et al., 2002; 

Sambrook et al., 2002). There are concerns about the over-reliance on this assessment as 

there is evidence that a large proportion of osteoporotic fractures are not explained by 

the conventional WHO threshold BMD of T-score of < -2.5 (Buist et al., 2002; Stone et 

al., 2003). In addition, fracture risk is known to vary markedly according to age and 

other risk factors, regardless of any given T-score (Kanis et al., 2002). Due to their size, 

cost, complexity and associated radiation protection issues, DXA devices are based 

largely in specialised centres such as hospitals or in large medical practices. Such 

resources may therefore not be easily accessible in community settings and in regional 

Australia.  

 

Consequently, alternative cost-effective technologies were explored. An example of this 

is the relatively inexpensive, portable and radiation-free Quantitative Ultrasound (QUS) 

technology that was approved by the USA Food and Drug Administration (FDA) for 

diagnosing osteoporosis and predicting fracture risk (FDA, 1998; Phillipov et al., 2000). 

Although the use of such a device as an alternative assessment for bone fragility and 

fracture risk has been investigated in many studies, its application in clinical practice is 

still contentious. Furthermore, the use of calcaneal QUS to screen an unselected 

population for fracture risk has not been recommended by any authority in the field of 

osteoporosis (NIH, 2001; Reid & Stewart, 2001; Sambrook et al., 2002). 

 

Many studies have been conducted to investigate the contribution of clinical risk factors 

in improving the identification of individuals susceptible to osteoporotic fractures. It has 

been suggested that for the elderly, low BMD in combination with clinical risk factors, 

is more predictive of osteoporotic fractures than BMD measurement alone (Lips, 1997; 

Leslie et al., 2003).  

 

Over the last decade, there is accumulating evidence to suggest that identification of 

factors associated with the risk of falling is essential in osteoporotic fracture prevention. 

Previously identified factors contributing to falls include: impaired vision and 

proprioception, increased body sway, reduced muscular strength, poor mobility, 

hyperkyphosis, and impaired psychological and social functioning (Luukinen et al., 
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1997). The study by Nguyen et al. (1993) was one of the first prospective 

epidemiological studies to demonstrate that the propensity to fall is an independent risk 

factor for osteoporotic fracture. 

 

With strong evidence that in addition to bone strength and quality, other bone-

independent factors also contribute to the pathogenesis of osteoporotic fractures, experts 

across the different continents (The National Institutes of Health [NIH] in the USA; the 

National Osteoporosis Society [NOS] in the UK; and the Australian Osteoporosis 

Fracture Prevention Summit), unanimously affirmed that in addition to BMD 

assessment, evaluation of other risk factors, in particular those related to risk of falls, is 

important in osteoporotic fracture risk identification (NIH, 2001; Reid & Stewart, 2001; 

Sambrook et al., 2002). 

 

Poorer perceptions of health-related quality of life (HRQoL) and psychosocial 

symptoms have been shown to be related to osteoporotic fractures, even when fractures 

are asymptomatic (Martin et al., 2002; Romagnoli et al., 2004). It is currently not 

known if self-reports of general health and HRQoL can reflect the severity of 

disabilities resulting from prevalent ‘silent’ fractures, to provide an indication of an 

individual’s risk of future fracture. 

 

A careful review of the literature reveals that there are few reports of studies that have 

assessed both risk factors for falls and HRQoL in their populations to determine the 

relationships of these characteristics with calcaneal QUS measurements. Currently, no 

studies have examined the power of a composite model, comprising a combination of 

QUS, fall-related factors and HRQoL indices, to identify women at risk of osteoporotic 

fracture. 
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1.2 THE RESEARCH HYPOTHESES 

The present study hypothesised that QUS, when used in combination with factors 

associated with the propensity to fall (increased body sway, decreased muscular 

strength, poor mobility and increased thoracic kyphosis), and HRQoL, can discriminate 

a group of elderly women who are at high risk of osteoporotic fracture from a group at 

lower risk. 

 

Subsidiary hypotheses of this study stated that: 

i) weak trunk extensor strength, but not breast size, was associated with increase 

thoracic kyphotic curvature; and 

 

ii) women who were physically more active had higher DXA BMD and calcaneal 

QUS scores, were better in their physical performance of strength, mobility and 

postural sway, and reported better HRQoL.  

 
To test these hypotheses, a total of 104 community-dwelling post-menopausal women 

were recruited. These women underwent the standard clinical assessment for 

osteoporosis, which included DXA scans of the proximal femur and lumbar spine, plus 

X-rays of the thoracic and lumbar spine. In addition, their calcaneus was assessed using 

QUS and their thoracic curvatures were assessed using a rasterstereographic video 

optical imaging system. They underwent a series of performance-based tests that 

included the timed “Up & Go”, trunk, upper and lower limbs strength measurements, 

and postural sway assessment. A series of questionnaires were also used to determine 

their dietary food intake, physical activity level, general health and HRQoL.  

 
The relationships between thoracic curvature, physical performances and HRQoL with 

QUS and BMD were first determined. The associations between thoracic kyphosis and 

trunk strength, and kyphosis and breast size, were assessed using simple linear 

regression. In addition, the women were divided into tertiles according to their trunk 

extensor strength and analysis of variance (ANOVA) was used to assess for differences 

in thoracic kyphosis between these tertiles. Similarly, the women were grouped into 

tertiles according to their physical activity levels and ANOVA was used to test for 

differences in their bone (BMD and QUS), thoracic kyphosis, physical performances 

and HRQoL variables. 
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To test the main hypothesis, the subjects were classified into two groups: a group 

considered to be at ‘High Risk’ of osteoporotic fracture and a ‘Low Risk’ group. 

Classification into group membership was based in turn on each of the following three 

definitions: 

i) a combination of DXA BMD T-score of ≤ –2.5 (using the Western 

Australian reference range [Price et al., 2003]) at either the lumbar spine or 

the total hip, and/or a history of fragility fracture (facial fractures and 

fractures of the 5th metatarsals were excluded);  

 

ii) radiological evidence of at least one vertebral fracture using the method 

described by Genant et al. (1996); or 

 

iii) a history of forearm or wrist fractures resulting from minimally traumatic 

events. These fractures must have been medically diagnosed.  

 

Data were analysed to determine: 

i) if there were any differences in QUS variables, thoracic kyphosis, physical 

performances and HRQoL characteristics between the ‘High Risk’ and the 

‘Low Risk’ groups using ANOVA;  

ii) which variables were most associated with the ‘High Risk’ group using 

logistic regression analysis; 

iii) which variables in combination with QUS were able to discriminate the 

‘High Risk’ group from the ‘Low Risk’ group using multiple stepwise 

logistic regression and discriminant function analysis; and 

iv) the sensitivity and the specificity of using a composite model consisting of 

QUS, a fall-related risk factor and/or a HRQoL index, in identifying the 

‘High Risk’ group. 
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1.3 CLINICAL SIGNIFICANCE  

In view of the growing prevalence of osteoporosis with the change in population 

demographics, and the increasing cost and financial burden of osteoporotic fractures, 

Osteoporosis Australia proposed a need for targeted campaigns for early detection of 

high-risk individuals (Access Economics, 2001). The present study was undertaken with 

the aim of investigating the utility of simple and relatively in-expensive assessment 

technologies that can be implemented in community settings, to provide an estimate of 

an individual’s fracture risk. Early identification of fracture risk will allow prevention 

programs to be implemented to potentially curtail the cost burden of osteoporotic 

fracture in Australia. 

 

The results of this study will assist in the better understanding of the relationships 

between QUS, BMD and other clinical risk factors in determining osteoporotic fracture 

risk. Assessments of thoracic curvature, physical performances and HRQoL may 

identify other factors associated with increased osteoporotic fracture risk better than 

BMD or QUS alone. In addition, it may be possible to derive a predictive model, 

comprising QUS, falls risk factors and/or an HRQoL index, in discriminating 

individuals at risk of osteoporotic fractures. The use of this composite model may be 

promoted as a pre-screening modality in the community, including regional Australia, to 

identify individuals who require more comprehensive assessment using established 

techniques. The principal merit of this composite model is that it uses assessment 

procedures and equipment that are non-invasive and non-ionising in nature, and are time 

and cost-efficient.  

 
The cross-sectional study design of this project limits the evaluation of these non-

invasive assessments as predictors of osteoporotic fracture risk. However, the work of 

the present study may provide the basis for larger epidemiological and prospective 

studies to promote adoption of QUS and other non-invasive assessments by health 

agencies as pre-screening tools for osteoporosis in community settings. 
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1.4 PRESENTATION OF THE THESIS 

This thesis is presented in accordance with the guidelines provided by the Graduate 

Research School of The University of Western Australia. As this study is conducted and 

written in Australia, the spelling is according to The Australian Concise Oxford 

Dictionary (2004).  

 

The introductory chapter of this thesis provides a brief overview of the background and 

an outline of the aims and purposes of the study. Chapter Two is comprised of two 

parts: Part I presents a review of relevant literature on factors related to osteoporotic 

fracture risks, and Part II reviews the utility, reliability and validity of the various 

measurement systems used in the study.  

 

The literature on the aetiology of osteoporotic fractures is enormous. It is not practical 

to include all available literature without sacrificing the readability of this thesis. 

Therefore, only relevant literature is reviewed, with every effort made to provide a 

concise, accurate and representative view of the current knowledge.  

 

The great concern worldwide associated with this public health problem, in addition to 

the growing interest in the use of QUS as an alternative fracture risk assessment 

modality, has resulted in an influx of publications on this subject every month. Due to 

the constraints on time, publications after December 2004 have not been included in this 

thesis.  

 

Chapter Three describes the study hypotheses, the methodologies employed to test the 

hypotheses, the data collection and, the statistical analysis procedures. The results of the 

study are presented in Chapter Four. The discussion of the results, in context with the 

available literature, is presented in Chapter Five. The conclusions of the present study 

are drawn in the final chapter of this thesis (Chapter Six), which also includes a list of 

recommendations for future studies. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 INTRODUCTION 

Osteoporosis and its associated fractures are major global health concerns as they 

account for significant disabilities, decreased quality of life and mortality. Health 

authorities recognise that this condition contributes a significant financial burden to the 

health-care system and that the cost of care will continue to spiral as the population 

ages.  

 

Extensive research has been conducted to investigate various aspects of osteoporosis in 

different populations. This has resulted in a large body of literature addressing diverse 

aspects of this condition. The primary aim of this study was to determine the utility of 

calcaneal QUS, in combination with falls risk factors and HRQoL indices, to identify 

community-dwelling women at risk of osteoporotic fractures. This review of literature is 

therefore restricted to reports related to osteoporotic fracture risk factors, focusing on 

BMD derived from DXA, calcaneal QUS, history of fragility fractures and fall-related 

factors. The relationships between HRQoL and osteoporosis, and the influence of 

physical activity on osteoporotic risk factors are also reviewed.  

 

There are many other known clinical risk factors for osteoporotic fractures, such as, 

lifestyle habits, dietary intake, familial predisposition, pharmacological agents and 

biochemical markers of bone resorption. These risk factors are outside the scope of this 

study and will not be addressed in this review. Additionally, risk factors have different 

relevance in different populations and age groups (Kanis et al., 2002). As many 

different population characteristics have been examined where results may not be 

comparable to the present investigation, only reports of studies with similar population 

characteristics, namely community-dwelling post-menopausal females, were reviewed. 

 

This chapter has two main parts. In Part I, the severity of osteoporosis in Australia and 

the financial cost of this condition to the nation are presented in Sections 2.2 and 2.3, 

respectively. The definition and current clinical assessments for osteoporosis are briefly 
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described in Section 2.4. Section 2.5 presents the existing knowledge with regard to the 

utility of calcaneal QUS (Section 2.5.1), thoracic kyphosis (Section 2.5.2) and factors 

related to falls (Section 2.5.3), in determining fracture risk. The evidence for assessing 

multiple risk factors in identifying fracture risk is presented in Section 2.5.4. A review 

of the relationships between HRQoL and osteoporosis is presented in Section 2.6. 

Section 2.7 surveys the existing literature of the influence of physical activity on factors 

related to fracture risk. A summary of Part I of the review of literature is presented in 

Section 2.8.  

 

Part II of this chapter presents the review of literature relating to the measurement 

systems that were used in this study to investigate the research questions. The 

commonly used criteria for determining vertebral fractures from plain radiographs are 

described in Section 2.9. A review of the assessments of thoracic kyphosis from spinal 

radiographs and video rasterstereography are presented in Sections 2.10.1 and 2.10.2, 

respectively. A survey of the methodologies for assessing muscular strength, mobility 

and postural sway in the elderly population are presented in Sections 2.11, 2.12 and 

2.13, respectively. This chapter also reviews the questionnaires employed in this study 

to determine HRQoL (Section 2.14), habitual physical activity levels (Section 2.15), 

dietary intake (Section 2.16), pain (Section 2.17) and depression (Section 2.18). A 

summary of Part II of the review of literature is presented in Section 2.19. The final 

sections of this chapter outline the main research problem (Section 2.20) and the clinical 

significance of this study (Section 2.21).  
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PART I: OSTEOPOROSIS AND THE DETERMINANTS OF 

OSTEOPOROTIC FRACTURE RISK  

 

2.2 PREVALENCE OF OSTEOPOROSIS IN AUSTRALIA 

In a recent publication by Access Economics (2001) for Osteoporosis Australia, an 

estimated 1.9 million Australians were reported to have osteoporosis. This is more 

common than high cholesterol, allergies or the common cold. Of these 1.9 million, 1.5 

million were women and 1.5 million were over 55 years of age. An estimated 65,000 

osteoporotic fractures were reportedly treated in the year 2000 to 2001. In 2001, the 

estimated fracture rate was one every eight minutes. The most numerous were vertebral 

fractures, but hip fractures had the worst clinical outcome, requiring hospitalisation and 

long term nursing care. Hip fractures contributed most to the morbidity, disability, 

depression, loss of quality of life and subsequent mortality (Access Economics, 2001). 

Data from the Geelong Osteoporosis study projected an increase of 13,060 to 31,716 

vertebral fractures per annum from 2001 to 2051, respectively. Hip fractures were 

projected to increase from 18,005 to 60,012 per annum over the same period (Sanders et 

al., 1999b). With the rapidly aging population and assuming nothing is done, the rate of 

fracture is projected to increase to about one every four minutes by the year 2021 

(Access Economics, 2001). 

2.3 THE FINANCIAL BURDEN OF OSTEOPOROSIS IN AUSTRALIA 

The median costs for treating fractures in hospital and in outpatient settings were 

reportedly in the region of AUD$10,511 and AUD$455 per fracture, respectively 

(Randell et al., 1995). The current total financial cost of osteoporosis in Australia is 

estimated at AUD$7.4 billion per annum. Direct health-care costs accounted for 

AUD$1.9 billion, of which AUD$1.3 billion were hospital and nursing home related 

costs (Access Economics, 2001). These figures are projected to increase due to the 

changing population demographics (Australian Bureau of Statistics, 2003) and 

increasing longevity. It has been suggested that early identification of fracture risk can 

reduce the fracture epidemic by allowing early treatment and prevention programs to be 

implemented (Sambrook et al., 2002; Ettinger, 2003). Glüer et al. (2004) recently stated, 

“effective prevention programs for osteoporosis require quick, inexpensive diagnostic 
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methods suited for widespread use” (Glüer et al., 2004, p. 782). Thus, part of the 

challenge is to find simple, easily accessible and cost-effective screening strategies to 

identify fracture risk at an early time-point in the disease evolution.  

2.4 DEFINITION AND DIAGNOSIS OF OSTEOPOROSIS 

Osteoporosis is defined as “a progressive systemic skeletal disease characterised by low 

bone mass and micro-architectural deterioration of bone tissue, with a consequent 

increase in bone fragility and susceptibility to fractures” (Genant et al., 1999, p. 261).  

 

Current clinical diagnosis of osteoporosis predominantly involves the assessment of 

BMD, which forms the integral component of the WHO (1994) definition of 

osteoporosis. Experts for the WHO recommended that post-menopausal Caucasian 

women with a BMD score of more than 1 standard deviation below the young adult 

average BMD (T-score of < -1) be classified as having ‘low bone mass’ (osteopenia). 

‘Osteoporosis’ is defined as having a score of more than 2.5 standard deviations below 

the mean of young adult BMD (T-score of < -2.5), and ‘severe osteoporosis’ uses the 

same threshold but in the presence of at least one fragility fracture (WHO, 1994). 

 

The WHO originally derived this threshold using data from cross-sectional studies. The 

cut-off value of T-score < -2.5 leads to a fracture prevalence of about 30% in post-

menopausal women and excludes the vast majority of younger asymptomatic women 

(Kanis & Glüer, 2000). Although this threshold is generally accepted as the diagnostic 

and medical reimbursement threshold, the debate remains regarding the use of this T-

score as the intervention criterion (NIH, 2001; Buist et al., 2002; Kanis et al., 2002; 

Watts, 2004). At present, the recommended applicability of the WHO T-score criterion 

is restricted to (i) DXA measurements only and cannot be extended to other modalities; 

and (ii) DXA BMD of the hip or spine and not other anatomical sites (Faulkner et al., 

1999; Kanis & Glüer, 2000; Lewiecki et al., 2004). 

 

Diagnosing osteoporosis is essentially an assessment of fracture risk. The risk of 

fracture with the decrease in bone mass and the resultant bone fragility, has major 

clinical implications. It is the management of the associated morbidity and disability 

arising from osteoporotic fractures that contributes a major burden on the health–care 

system.  
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2.4.1 Dual–Energy X-ray Absorptiometry (DXA) Assessment of Bone Mineral Density 

There exist many densitometry technologies for the assessment of BMD but the WHO 

(1994) stratification of severity of bone loss was based on DXA measurement (Kanis & 

Glüer, 2000). Dual-energy X-ray absorptiometry assessment of BMD is currently the 

recommended technology for the clinical diagnosis of osteoporosis (Kanis & Glüer, 

2000; NIH, 2001; Nelson et al., 2002; Sambrook et al., 2002). Many studies have shown 

that BMD derived from DXA provides not only a measurement of bone loss but also a 

predictor of osteoporotic fractures (Cummings et al., 1995a; Marshall et al., 1996; Stone 

et al., 2003). 

 

The common anatomical sites used for DXA BMD assessments are the postero-anterior 

lumbar spine (PA LS) and the proximal femur. These sites have reported reproducibility 

errors of 1.5% to 3% and accuracy errors of 5% to 8% (Kanis & Glüer, 2000). Dual-

energy X-ray absorptiometry scans of the proximal femur commonly derive areal BMD 

measurements in the femoral neck (FN), trochanter, inter-trochanter and the Ward’s 

triangle regions. A summary total hip (TH) BMD score is often reported and this has 

been suggested to best reflect hip fracture risk with the lowest reproducibility error of 

available sites (Kanis & Glüer, 2000; Stone et al., 2003).  

 

In a meta-analysis of the prediction of fracture risk using BMD, Marshall et al. (1996) 

reported that a standard deviation decrease in LS BMD increases the age-adjusted risk 

of vertebral fracture by a factor of 2.3 (95% CI: 1.9 – 2.8), and by 1.5 (95% CI: 1.3 – 

1.8) for any atraumatic fractures. Similarly, a standard deviation decrease in hip BMD 

increases the risk of hip fracture by a factor of 2.6 (95% CI: 2.0 – 3.5), and by 1.6 (95% 

CI: 1.4 – 1.8) for any atraumatic fractures. These figures are reportedly very similar to 

the recent findings of the US population-based Study of Osteoporotic Fractures (SOF), 

where the BMD measurements and incident fractures of multiple types were followed 

up for more than eight years (Stone et al., 2003). 

 

In the most recent position paper by the International Osteoporosis Foundation, 

concerns were expressed regarding the potential over-reliance on BMD for fracture risk 

identification (Kanis & Glüer, 2000). A large proportion of post-menopausal women 

with hip or other non-spinal fractures had BMD T-scores greater than -2.5, above the 

commonly accepted WHO threshold for osteoporosis (Buist et al., 2002; Stone et al., 
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2003). These data suggest that osteoporotic fracture risk is not only dependent on 

factors intrinsically related to bone mass. Consideration of other risk factors in 

conjunction with BMD are therefore encouraged, to enhance the predictive value of the 

diagnosis of osteoporosis and to provide complementary information on fracture 

susceptibility (Black, 1999a; Kanis & Glüer, 2000; NIH, 2001; Lyles & Colon-Emeric, 

2002; Green et al., 2004). A review of other well-documented osteoporotic risk factors 

is presented in Section 2.5. 

 

2.4.2 History of Minimally Traumatic Fractures 

Osteoporotic fractures are defined as fractures resulting from minimally traumatic 

events, for example, a fall from standing height (Genant et al., 1999). The advisory 

panel for the WHO classified those with a history of fragility fracture as being 

osteoporotic, with or without the presence of low BMD (Kanis, 1994). The vertebrae, 

the hip and the distal radius are the three most common anatomical sites susceptible to 

osteoporotic fractures (Genant et al., 1999; Johnell & Kanis, 2004).  

 

More than a decade ago, Ross et al. (1991a) demonstrated that the presence of fragility 

fracture can predict future vertebral fracture. Subsequently, there is consistent evidence 

to indicate that a history of fragility fracture at any site is a significant risk factor for 

future fractures. These studies are summarised in two recent review papers (Genant et 

al., 2000; Klotzbuecher et al., 2000). Genant et al. (2000) in their review of vertebral 

fractures in osteoporosis stated that previous vertebral fractures are associated with a 

significant increase in fracture risk, irrespective of the patient’s BMD. Klotzbuecher et 

al. (2000) utilised data from previous studies to calculate a single pooled estimate of 

fracture risk. They determined that women with prevalent vertebral fractures have a 4-

fold increase in vertebral fracture risk and a 2.3-fold increase in hip fracture risk. These 

figures were confirmed by three recent prospective population-based studies (Lindsay et 

al., 2001; van Staa et al., 2002; Johnell et al., 2004). In a multi-centre study involving 

four study centres in North America, Australia, New Zealand and Europe, Lindsay et al. 

(2001) documented that prevalent vertebral fractures increase the risk of subsequent 

vertebral fracture by 5-fold. Their study also reported that 20% of women would 

experience a subsequent fracture within one year of an incident vertebral fracture. 

Similarly, Johnell et al. (2004) noted in a sample population of Swedish women, that 

individuals with vertebral fractures had significantly higher fracture risks compared to 
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the general population (risk ratio [RR] = 9.1 at age 60 years; RR = 3.5 at age 80 years). 

Thirteen percent of subsequent vertebral fractures and 29% of hip fractures occurred 

within a year of the first vertebral fracture. Both studies documented that although the 

risks decrease over subsequent years, they were still higher than that of the general 

population (Lindsay et al., 2001; Johnell et al., 2004). van Staa et al. (2002) reported 

data from the British Cohort Study, which involved a total of 222,369 subjects. They 

observed that the presence of an initial vertebral fracture increases the risk of fracture at 

other skeletal sites by about 5-fold, and women aged 65 years or older with a vertebral 

fracture had a 5-year hip fracture risk of 13%. Similarly, data derived from an 

Australian sample population estimated that the 5-year age-specific risk for subsequent 

fractures after a prior vertebral fracture was 14.3% for women aged 65 to 69 years 

(Doherty et al., 2001).  

 

These data suggest that early intervention should be initiated after the first fracture. This 

however, is not always possible. Peripheral fractures, such as hip or wrist/forearm 

fractures are ‘all-or-nothing’ events and therefore easy to detect. The symptoms 

associated with these fractures are usually overt and their management often requires 

medical attention or hospitalisation. In contrast, only about one-third of new vertebral 

fractures come to medical attention, suggesting that a large proportion of vertebral 

fractures were asymptomatic (Cooper et al., 1992; Nevitt et al., 1998; O'Neill et al., 

2004). Prospective studies have demonstrated that prevalent vertebral fractures were not 

related to self-reports of back pain or functional limitations unless a further fracture 

occurs (Nevitt et al.; 1998; O’Neill et al., 2004). However, the time since the vertebral 

fracture is an important determinant of the perception of symptoms. Nevitt et al. (1998) 

observed that only incident vertebral fractures were related to back pain and self-

reported functional limitations. Similarly, Begerow et al. (1999) noted that women with 

vertebral fractures diagnosed within less than two years at the time of the study, had 

more complaints of pain and a lower degree of well-being compared to those who had 

had fractures for more than two years.  

 

Gehlbach et al. (2000) conducted a retrospective investigation into the recognition of 

vertebral fractures in a clinical setting. They documented that only one in 12 older 

hospitalised women who had radiographic evidence of vertebral fractures were 

diagnosed to have vertebral fractures. Several reasons may account for these 

observations: first, vertebral fractures may be asymptomatic, as previously 
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demonstrated by several large prospective studies (Cooper et al., 1992; Nevitt et al., 

1998; O'Neill et al., 2004); and second, back pain is a common complaint among elderly 

women. Other common causes of back pain such as musculo-ligamentous strain, 

degenerative disc disease and osteoarthritic facet joint dysfunction, may obscure the 

impact of vertebral fractures (Nevitt et al., 1998; O'Neill et al., 2004). 

 

Given that the presence of a prior fragility fracture increases the risk of future fracture 

significantly, and that several pharmacological agents are effective in reducing future 

osteoporotic fractures, the justification for more proactive case-finding for individuals at 

high risk of osteoporotic fracture, especially the ‘silent’ ones, becomes compelling. 
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2.5 RISK FACTORS FOR OSTEOPOROTIC FRACTURE 

Bone mineral density and history of previous fragility fractures are well-established risk 

factors for osteoporotic fracture. Several large prospective studies examined the role of 

BMD-independent factors and found that they have a significant and independent role in 

predicting fractures (Nguyen et al., 1993; Cummings et al., 1995a; Dargent-Molina et 

al., 1996; Black et al., 2001; Lyles & Colon-Emeric, 2002). Examples of established 

risk factors contributing to osteoporotic fractures are illustrated in Figure 2.1. Some of 

these factors are modifiable with intervention, while others are predisposed and may not 

be modifiable. 

 

 

 

 

Figure 2.1 A diagrammatic representation of the multi-factorial contribution to 
osteoporotic fracture risk. 
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Although many clinical risk factors, such as history of prolonged use of corticosteroids, 

age of menopause and lifestyle risk factors (e.g., excessive alcohol and smoking), were 

found to be associated with fracture risk, it was suggested that they were poor at 

predicting individuals at risk of future fractures (Stewart & Reid, 2000). 

 

Over the last decade, there is a rapidly growing interest in the use of alternative 

technology, in particular, bone ultrasonometry, for fracture risk assessment. 

Additionally, factors related to the risk of falls in the elderly are also gaining 

recognition as significant contributors to osteoporotic fractures. The following sections 

review the current evidence of calcaneal QUS, thoracic kyphosis, falls risk factors and 

HRQoL, in fracture risk assessment. 

 

 

2.5.1 Calcaneal Quantitative Ultrasound (QUS) 

Despite the widespread use of DXA in assessing skeletal status, the use of QUS as an 

alternative modality for estimating bone fragility is currently the subject of worldwide 

research. The main reasons are: (i) QUS does not use ionising radiation in its 

evaluation; (ii) it is portable and relatively inexpensive compared to DXA technologies 

(Glüer, 1997; Phillipov et al., 2000); (iii) it measures other aspects of bone strength, 

such as bone structure and mechanical properties, which are not assessed by DXA 

measurements (Njeh et al., 2001); and (iv) prospective studies have shown low QUS 

values to be predictive of hip fractures (Khaw et al., 2004; Krieg et al., 2004; Schott et 

al., 2004). The clinically significant end-point of osteoporosis is fracture and bone 

strength is an important determinant of fracture risk. It is thus argued that since QUS 

assessment of bone can evaluate other aspects of bone fragility that are broadly defined 

as ‘quality’, it may be useful as a predictor of fracture risk (Bauer et al., 1995, 1997; 

Moris et al., 1995; Hans et al., 1996). 

 

Ultrasonic assessment of bone uses acoustic waves that are above the audible range. The 

theoretical basis of this assessment is based on the change in the velocity of the 

ultrasound wave and its attenuation along its transmission path. Velocity of sound is 

dependent on the properties of the medium (bone) as it propagates through. Simply 

stated, ultrasound waves travel faster in bone with higher density and with better 

structural qualities. In addition, as ultrasound wave passes through bone, it undergoes 
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attenuation. That is, there is a reduction in the amplitude with consequent frequency-

dependent loss of acoustic energy. The mean slope of attenuation, as a function of 

frequency, has been documented to be lower in more porous compared to denser bone. 

The change of both these physical parameters has been theorised to reflect the 

mechanical properties of the tissue. (Heaney et al., 1989; Kaufmans and Einhorn, 1993; 

Glüer, 1997; Prins et al., 1998). 

 

Quantitative ultrasonometry variables include: the speed of sound (SOS), expressed in 

metres per second (m/s); bone ultrasound attenuation (BUA), expressed in decibels per 

megahertz (dB/MHz); and ‘stiffness’, which is a linear combination of SOS and BUA. 

These indices collectively and indirectly assess bone architecture, such as, trabecular 

spacing, orientation and connectivity (Nicholson et al., 1998); as well as density 

(Langton, 1994; Hans et al., 1995; Cortet et al., 2004). The calcaneus is the most 

reported site of measurement, mainly because it is 90% cancellous bone and it is easily 

accessible. Additionally, the relatively flat mediolateral surfaces of the calcaneum, 

compared to the phalanges and tibia, enhance the precision of measurement (Ferenczy 

& Meuleman, 2002). The short- and medium-term precision of various calcaneal QUS 

devices have been investigated with short-term coefficients of variation ranging from 

2.5% to 6.0% for BUA (Njeh et al., 2000; Zochling et al., 2004) and 3.1% to 5.5% for 

SOS (Njeh et al., 2000). The standardised medium-term precision ranged from 2.8% to 

6.9% for BUA, and 4.3% to 8.4% for SOS (Njeh et al., 2000). In general, QUS had 

better short-term than long-term precision (Frost et al., 2000a; Njeh et al., 2000). 

 

Associations Between Calcaneal QUS and BMD 

The associations between calcaneal QUS variables and DXA BMD measurements of 

the proximal femur and lumbar spine have been documented in several studies, using a 

variety of QUS and DXA technologies. In general, weak to moderate associations were 

observed, with correlation coefficients ranging from 0.20 to 0.64. A summary of these 

studies is presented in Table 2.1.  
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Table 2.1 Summary of studies reporting the associations between dual-energy X-ray absorptiometry (DXA) bone mineral density (BMD) 
measurements and calcaneal quantitative ultrasound (QUS) variables in post-menopausal female populations. 

Reference 
1st Author 

Population 
Characteristics 

DXA System  
[Anatomical Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Falgarone, 2004 
 

106 women (mean 
age 65±8) 

QDR 4500 (Hologic) 
[Lumbar Spine and Hipa] 

DTU-one (Osteometer) 
Sahara (Hologic) 
[BUA, SOS] 
 

Pearson’s r 
LS and BUA (0.34 – 0.40)**, [Sahara QUS (0.34)]b 

FN and BUA (0.45 – 0.35)**, [Sahara QUS (0.35)]b 
TH and BUA (0.46 – 0.41)**, [Sahara QUS (0.41)]b 
 
LS and SOS (0.33 – 0.37)*, [Sahara QUS (0.37)**]b 
FN and SOS (0.28 – 0.33)*, [Sahara QUS (0.33)**]b 
TH and SOS (0.30 – 0.42)*, [Sahara QUS (0.42)**]b 
 

cSchneider, 2004 92 women 
(mean age 61.5±9) 

QDR 1000, 4500 (Hologic) or 
DPX-L (Lunar) 
[Lumbar Spine and Hip sitesa] 

Achilles Plus (Lunar) 
[SOS] 

Pearson’s r 
LS and SOS T-score (0.52)* 
FN and SOS T-score (0.48)* 
TH and SOS T-score (0.58)* 
 

Díez-Pérez, 2003 267 women  
(mean age 72.6±5.3) 

QDR 4500 SL (Hologic) 
[Femoral Neck] 

Sahara (Hologic) 
[BUA, SOS, estimated BMD, 
T-score] 
 

Pearson’s r 
FN and QUS variables (0.45 – 0.47)** 
 

Dubois, 2001 
 

137 women  
(mean age 63±8) 
 

Expert-XL (Lunar) 
[Lumbar Spine and Hip sitesa] 

Sahara (Hologic) 
[BUA, SOS] 

Pearson’s r 
LS and BUA (0.47); SOS (0.46)** 
FN and BUA (0.53); SOS (0.45)** 
TH and BUA (0.56); SOS (0.50)** 
 

Jorgensen, 2001 209 women  
(mean age 62±10) 

QDR 4500 (Hologic) 
[Lumbar Spine and Hip sitesa] 

DTU-one (Osteometer) 
[BUA, SOS] 

Pearson’s r 
LS and BUA (0.52); SOS (0.53)*** 
FN and BUA (0.56); SOS (0.59)*** 
TH and BUA (0.59); SOS (0.60)*** 

*p < 0.05; **p < 0.001; ***p < 0.0001; aOf interest to this study, only femoral neck (FN) and total hip (TH) sites are reported; bOf interest to this study, results derived from Sahara 
QUS are presented; c Schneider, J., Bundschuh, B., Spath, C., et al. (2004); LS = Lumbar Spine; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound. 
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Reference 
1st Author 

Population 
Characteristics 

DXA System  
[Anatomical Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Ayers, 2000 
 

312 women  
(mean age 62±9) 

QDR 4500 (Hologic) 
[Lumbar Spine and Hip sitesa] 
 

Sahara (Hologic) 
[estimated BMD T-score] 
 

Pearson’s r 
LS and QUS T-score (0.44)** 
FN and QUS T-score (0.50)** 
TH and QUS T-score (0.45)** 

     
He, 2000 68 women  

(mean age 74.5±7.2)  
QDR 4500 (Hologic) 
[Hip sitesa] 

Walker-Sonix UBA 575+ 
(Hologic) 
Sahara (Hologic) 
[BUA, SOS, QUI]  

Pearson’s r 
FN and BUA (0.37 – 0.41)*[Sahara QUS (0.41)]b 

TH and BUA (0.38 – 0.41)*[Sahara QUS (0.41)]b 

 
FN and SOS (0.28 – 0.37)*[Sahara QUS (0.28)]b 

TH and SOS (0.30 – 0.36)*[Sahara QUS (0.30)]b 

 
FN and QUI (0.33)* 
TH and QUI (0.34)* 

     
Frost, 2000a  176 pre-menopausal 

women (mean age 
40.4±9.1) 
 164 post-menopausal 
women (mean age 
60±8.3) 
 83 women with 
vertebral fracture 
(mean age 68.2±7.8) 

QDR 4500 (Hologic) 
[Lumbar Spine and Hip sitesa] 

Walker-Sonix UBA 575+ 
(Hologic) 
DTU-one (Osteometer) 
[BUA, SOS] 

Significant correlations between BMD (LS, FN and TH) 
and QUS variables for both devices. Pearson’s r ranged 
from 0.53 – 0.72. Individual correlation coefficients 
were presented graphically 

     
Lippuner, 2000 110 women (mean 

age 61.5±8.4) 
QDR 1000W (Hologic) 
[Lumbar Spine and Femoral 
Neck] 

Sahara (Hologic) 
[QUI] 

LS and QUI (0.49)*** 
FN and QUI (0.69)*** 

*p < 0.05; **p < 0.001; ***p < 0.0001; aOf interest to this study, only femoral neck (FN) and total hip (TH) sites are reported; bOf interest to this study, results derived from Sahara 
QUS are presented; LS = Lumbar Spine; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = Quantitative Ultrasound Index.
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Reference 
1st Author 

Population 
Characteristics 

DXA System  
[Anatomical Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Njeh, 2000 
 

70 women aged 
between 52 and 94 
(mean age 75.2±6.8) 

QDR 4500 (Hologic) 
[Hip sitesa] 

Achilles+ (Lunar) 
UBA 575+ (Hologic) 
UBIS 3000 (DMS) 
AOS-100 (Aloka) 
CUBA (McCue) 
Sahara (Hologic) 
[BUA, SOS, SI] 
 

Pearson’s r 
FN and BUA (0.40 – 0.54)**[Sahara QUS (0.44)]b 

TH and BUA (0.39 – 0.56)**[Sahara QUS (0.43)]b 
 
FN and SOS (0.30 – 0.51)**[Sahara QUS (0.30)]b 
TH and SOS (0.31 – 0.48)**[Sahara QUS (0.31)]b 
QUI not reported 

Stewart, 2000 250 women (mean 
age 54.1±10.1) 
 

XR-26 (Norland) 
[Lumbar Spine and Femoral 
Neck] 

McCue CUBA Clinical Mark II 
scanner (McCue Ultrasonics) 
DTU-one (Osteometer) 
[BUA, VOS] 

Kappa statistics 
LS and BUA (0.19 – 0.23); VOS (0.05) 
FN and BUA (0.21 – 0.31); VOS (0.13) 

     
Johansen, 1999 73 women age 29 to 

86 (mean age 65) 
QDR 1000W (Hologic) 
[Lumbar Spine and Hip sitesa] 

CUBA, (McCue Ultrasonics) 
[BUA, VOS] 

Pearson’s 
LS and BUA (0.55)**; VOS (0.24)* 
FN and BUA (0.64)**; VOS (0.25)* 
TH and BUA (0.60)**; VOS (0.20)* 

    
Kung, 1999 
 

 53 pre-menopausal 
women 
 198 normal post-
menopausal controls 
 53 women with 
vertebral fractures 

QDR 2000 Plus (Hologic) 
[Lumbar Spine and Hip sitesa] 
 

Sahara (Hologic) 
[BUS, SOS, QUI] 
 

Pearson’s r 
LS and BUA (0.42); SOS (0.49); QUI (0.51)*** 
FN and BUA (0.43); SOS (0.50); QUI (0.52)*** 
TH and BUA (0.42); SOS (0.48); QUI (0.51)*** 

Mikhail, 1999 136 females  
(age range 55 – 79) 

DPX-L (Lunar) 
[Lumbar Spine and Hip sitesa] 

Achilles (Lunar) 
[BUS, SOS, SI] 

Pearson’s r 
LS and BUA (0.62); SOS (0.57); SI (0.64)** 
FN and BUA (0.58); SOS (0.60); SI (0.64)** 

*p < 0.05; **p < 0.001; ***p < 0.0001; aOf interest to this study, only femoral neck (FN) and total hip (TH) sites are reported; bOf interest to this study, results derived from Sahara 
QUS are presented; LS = Lumbar Spine; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI= Quantitative Ultrasound Index; VOS = Velocity of Sound; SI = 
Stiffness Index. 
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Reference 
1st Author 

Population 
Characteristics 

DXA System  
[Anatomical Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Peretz, 1999 
 

320 women  
(median age 60) 
 

QDR 1000 (Hologic) 
[Lumbar Spine and Hip] 

Achilles (Lunar) 
[BUS, SOS, SI] 

Pearson’s r 
LS and BUA (0.42); SOS (0.45); SI (0.49)** 
Hip and BUA (0.42); SOS (0.49); SI (0.49)** 
 

Yeap, 1998 
 

209 women with and 
without osteoporosis 
(age range 51 – 65) 

QDR 2000 (Hologic) 
[Lumbar Spine and Femoral 
Neck] 

Achilles (Lunar)  
[BUA, SOS, SI] 

Pearson’s r  
LS and BUA (0.55); SOS (0.55); SI (0.58)** 
FN and BUA (0.56); SOS (0.53); SI (0.56)** 

     
Cepollaro, 1997 397 women (mean 

age 59.1±6.0) 
QDR 1000 (Hologic) 
[Lumbar Spine] 

Achilles (Lunar) 
[BUA, SOS, SI] 

Pearson’s r 
LS and BUA (0.45); SOS (0.55); SI (0.57)** 

     
Grampp, 1997  47 pre-menopausal 

women (mean age 
33±7) 
 41 post-menopausal 
women (mean age 
64±9) 
 36 osteoporotic 
women (mean age 
70±6) 
 

QDR 2000 (Hologic)  
[Lumbar Spine and Femoral 
Neck] 

Walker-Sonix (Hologic) 
Achilles (Lunar) 
[BUA, SOS] 

Pearson’s r  
LS and BUA (0.34 – 0.54); SOS (0.31 – 0.58)** 
FN and BUA (0.34 – 0.54); SOS (0.37 – 0.67)** 

Pfeifer, 1997 1252 females  
(mean age 56±11) 

QDR 2000 (Hologic) 
[Lumbar Spine and Femoral 
Neck] 

Achilles (Lunar) 
[BUA, SOS] 

Pearson’s r 
Age group < 50  
LS and BUA (0.47); SOS (0.53)** 
FN and BUA (0.43); SOS 0.28)** 
Age group > 70 
LS and BUA (0.37); SOS (0.35)** 
FN and BUA (0.60); SOS (0.51)** 

*p < 0.05; **p < 0.001; ***p < 0.0001; LS = Lumbar Spine; Femoral Neck (FN); Total Hip (TH); BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = 
Stiffness Index.
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Reference 
1st Author 

Population 
Characteristics 

DXA System [Anatomical 
Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Cunningham, 
1996 

5 males and 95 
females  
(mean age 55.8) 

DPX-L (Lunar) 
[Lumbar Spine and Femoral 
Neck] 
 

Achilles (Lunar) 
[BUA, SOS, SI] 

Pearson’s r (males and females combined) 
LS and BUA (0.41); SOS (0.47); SI (0.47)*** 
FN and BUA (0.54); SOS (0.50); SI (0.55)*** 

Funke, 1995 
 

 135 osteoporotic 
males and females 
(mean age 57±13) 
 265 healthy controls 
(214 females; 51 
males; mean age 
52±15) 

QDR 1000 (Hologic) 
[Lumbar Spine and Femoral 
Neck] 

UBA 575 (Walker-Sonix) 
[BUA] 

Pearson’s r (males and females combined) 
LS and BUA (0.49)** 
FN and BUA (0.52)** 
 

     
Graafmans, 1996a 7 men and 35 women 

(mean age 55±10) 
 n = 25 no fractures 
 n = 11 vertebral 
fractures 
 n = 12 non-spinal 
fractures 

XR26 (Norland) 
[Lumbar Spine and Femoral 
Neck] 

CUBA (McCue) 
[BUA, SOS] 

Pearson’s r (males and females combined) 
LS and BUA (0.57); SOS (0.48)* 
FN and BUA (0.56); SOS (0.38)* 
Results were similar when men were excluded 

     
Gonnelli, 1995 304 women (mean 

age 58.8±5.5) 
 

QDR 1000 (Hologic) 
[Lumbar Spine] 

Achilles (Lunar) 
[BUA, SOS, SI] 

Pearson’s r 
LS and BUA (0.45); SOS (0.54); SI (0.56)** 

Kroger, 1995  79 healthy normal 
women (mean age 
49±16) 
 56 women with 
Colles’ fracture 
(mean age 65±5.8) 

DPX (Lunar) 
[Lumbar Spine and Femoral 
Neck] 

UBA 575 (Walker-Sonix) 
[BUA] 

Spearman’s Rho  
LS and BUA (0.26)** 
FN and BUA (0.34)** 

*p < 0.05; **p < 0.001; ***p < 0.0001; LS = Lumbar Spine; FN = Femoral Neck; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index. 
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Reference 
1st Author 

Population 
Characteristics 

DXA System [Anatomical 
Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Moris, 1995  118 women (aged   
20 – 86) 
 42 men (aged          
22 – 76) 

All healthy volunteers 

QDR 1000 (Hologic) 
[Lumbar Spine] 

Achilles (Lunar) 
[BUA, SOS, SI] 

Pearson’s r (males and females combined) 
LS and BUA (0.50); SOS (0.49); SI (0.53)* 

     
Ross, 1995 
 

650 women of 
Japanese ancestry 
(mean age 74±5.2) 

QDR 1000 (Hologic) 
[Lumbar Spine] 
 

UBA 575 (Walker-Sonix)  
[BUA] 
 

Pearson’s r  
LS and BUA (0.43) 
Level of significance not reported 

     
Turner, 1995  336 women (mean 

age 73.7) 
 n = 22 hip fractures 
 n = 22 vertebral 
fractures 

 

DPX-L (Lunar) 
[Lumbar Spine and Femoral 
Neck] 

Achilles (Lunar) 
[BUA] 

Pearson’s r 
LS and BUA (0.43)** 
FN and BUA (0.54)** 

Faulkner, 1994 
 

170 women  
(mean age 53.1±3.6) 

QDR 2000 (Hologic) 
[Lumbar Spine and Hip sitesa] 
 

Achilles (Lunar) 
[BUA, SOS, SI] 
 

Pearson’s r 
LS and BUA (0.46); SOS (0.49); SI (0.55) 
FN and BUA (0.42); SOS (0.50); SI (0.55) 
TH and BUA (0.45); SOS (0.53); SI (0.57) 
Significance levels not reported 

     
van Daele, 1994 
 

786 women and 632 
men (mean age not 
defined) 

DPX-L (Lunar) 
[Lumbar Spine and Femoral 
Neck] 

Achilles (Lunar) 
[BUA, SOS] 

Pearson’s r (females only) 
LS and BUA (0.37); SOS (0.42)** 
FN and BUA (0.43); SOS (0.49)** 

*p < 0.05; **p < 0.001; ***p < 0.0001; a Of interest to this study, only femoral neck (FN) and total hip (TH) sites are reported; LS = Lumbar Spine; BUA = Broadband Ultrasound 
Attenuation; SOS = Speed of Sound; SI = Stiffness Index. 
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Reference 
1st Author 

Population 
Characteristics 

DXA System [Anatomical 
Sites Measured] 

Calcaneal QUS System 
[QUS Variables] 

Correlation Coefficients/Agreement 

Agren, 1991  17 healthy women 
(mean age 57±2.2) 
 21 osteoporotic 

(BMD T-score of <  
 -1 with no fracture) 
 20 with vertebral/hip 

fractures 

DPX (Lunar) 
[Lumbar Spine and Femoral 
Neck] 

UBA 575X (Walker-Sonix) 
[BUA] 
 

LS and BUA (0.61)*** 
FN and BUA (0.68)*** 
 

     
Baran, 1991 
 

22 healthy women 
(mean age 57±10) 

DPX (Lunar) 
[Lumbar Spine and Femoral 
Neck] 

UBA 575 (Walker-Sonix) 
[BUA] 

Pearson’s r 
LS and BUA (0.83); adjusted for age (0.79) 
FN and BUA (0.87); adjusted for age (0.87) 
Significance levels not reported 

*p < 0.05; **p < 0.001; ***p < 0.0001; BUA = Broadband Ultrasound Attenuation; LS = Lumbar Spine; FN = Femoral Neck. 
 
 
 
 
Water-coupled QUS: Achilles+ (Lunar), Walker-Sonix UBA 575 series (Hologic), UBIS 3000 (DMS) 

Gel-coupled QUS: AOS-100 (Aloka), CUBA (McCue), Sahara (Hologic) 

Imaging water-coupled QUS: DTU-one (Osteometer) 
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These studies indicate that significant variance in hip and spine BMD measurements 

cannot be accounted for by calcaneal ultrasound values, suggesting that calcaneal 

quantitative ultrasonometry may have little value in specifically estimating skeletal 

BMD derived from DXA. This, in part, may be due to the effect of skeletal 

heterogeneity on bone mass. Additionally, ex-vivo studies have noted that QUS 

estimates other attributes of bone strength not assessed using DXA BMD evaluations 

(Glüer et al., 1994; Njeh et al., 2001). 

 

There is consensus that the current diagnostic threshold defined by the WHO (1994), 

based on the T-score cannot be extended to QUS evaluations due to: (i) the restricted 

validity of the T-score concept to DXA of the spine or the hip (Faulkner et al., 1999; 

Kanis & Glüer, 2000); (ii) the discord in age-related decline in T-score between 

different modalities and different anatomical sites (Faulkner et al., 1999; Frost et al., 

2000b; Kanis & Glüer, 2000); (iii) the wide variety of QUS technologies available; and 

(iv) ambiguities in the accuracy of QUS (Glüer, 1997; Frost et al., 1999, 2000a; Stewart 

& Reid, 2000; Reid & Stewart, 2001). 

 

Relationships Between Calcaneal QUS and Other Clinical Risk Factors For 

Osteoporosis 

There is an increasing body of literature reporting the relationships between QUS and 

previously identified clinical risk factors for osteoporosis. Age and weight have been 

shown to be significantly correlated with QUS (van Daele et al., 1994; Hans et al., 

1995; Moris et al., 1995; Karlsson et al., 2001; Adami et al., 2003). Associations 

between QUS and factors such as body composition, menopausal status, familial 

predisposition, history of previous fracture, prolonged bed rest, dietary intake, alcohol 

consumption, and smoking habits have also been observed (Gregg et al., 1999; Pluijm et 

al., 1999; Landin-Wilhelmsen et al., 2000; Frost et al., 2001a; Adami et al., 2003). The 

magnitude of these associations was reportedly parallel to that of BMD (Gregg et al., 

1999; Frost et al., 2001a).  
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Prediction of Fracture Risk  

One of the earliest prospective studies investigating the ability of calcaneal QUS in 

fracture risk prediction was by Porter et al. (1990). Subsequently, over the last decade, 

there are increasing numbers of cross-sectional and prospective studies demonstrating 

that QUS can identify and predict individuals at risk of vertebral fractures (Bauer et al., 

1995; Gonnelli et al., 1995; Naka et al., 1995; Ross et al., 1995; Graafmans et al., 

1996a; Cepollaro et al., 1997; Yeap et al., 1998; Frost et al., 1999; Mikhail et al., 1999; 

Hartl et al., 2002; Glüer et al., 2004; J. Schneider et al., 2004), hip fractures (Porter et 

al., 1990; Schott et al., 1995; Turner et al., 1995; Hans et al., 1996, 2003; Bauer et al., 

1997; Pluijm et al., 1999; He et al., 2000; Njeh et al., 2000; Karlsson et al., 2001; Khaw 

et al., 2004; Krieg et al., 2004; Schott et al., 2004) and other peripheral fractures 

(Thompson et al., 1998a,b). 

 

Many studies have compared the abilities of QUS with DXA BMD in discriminating 

fractures, and conflicting results have been reported. Some studies have found calcaneal 

QUS indices to be better, or at least equal to DXA BMD assessment for discriminating 

osteoporotic fractures (Bauer et al., 1995; Naka et al., 1995; Ross et al., 1995; Turner et 

al., 1995; Grampp et al., 1997; Pfeifer et al., 1997; Mikhail et al., 1999; Kung et al., 

1999; Frost et al., 1999, 2001b; Hartl et al., 2002; Lopez-Rodriguez et al., 2003; 

Pinheiro et al., 2003; Huopio et al., 2004). Others have found QUS variables to be 

poorer discriminators of fractures compared to DXA BMD (Stewart et al., 1995; 

Gonnelli et al., 1995; Cepollaro et al., 1997; Schott et al., 2004). Two review papers 

(Cheng et al., 1997; Gregg et al., 1997) comprehensively summarised previous cross-

sectional and prospective studies, from 1984 to 1996, that investigated the utility of 

QUS in fracture risk identification. A summary of the main findings from more recent 

studies, 1997 onwards, is presented in Table 2.2. The discriminatory strengths of 

individual QUS variables, namely, BUA, SOS or the stiffness index, remain an issue of 

controversy, evident from the summary of literature presented in Table 2.2. 
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Table 2.2 Summary of studies reporting the discriminatory power of calcaneal quantitative ultrasound (QUS) in identifying or predicting risk of 
osteoporotic fracture in post-menopausal Caucasian women. 
Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Falgarone, 2004 
Cross-sectional  

 106 women (mean 
age 65.4±8.5) 

All fracture types DTU-one (Osteometer) 
Sahara (Hologic) 
[BUA, SOS] 
 

 Both QUS devices significantly discriminated fractures except for Sahara 
BUA, after adjusting for age and hip BMD (°ORs: BUA = 1.43 – 2.49; 
SOS = 2.02 – 2.09).  
 AUC ranged from 77.4% (DTU-one BUA) to 65.5% (Sahara BUA). 

 
Glüer, 2004 
Cross-sectional  
OPUS study 

 2374 women (age 
range 55 – 79) 

Vertebral fractures, 
assessed using a 
combination of SQ and 
morphometry (> 20% 
height reduction) 
 

Achilles Plus (Lunar) 
UBIS 5000 (DMS) 
DTU-one (Osteometer) 
QUS-2 (Quidel/Metra) 
[BUA, SOS, SI] 

 All QUS measurements from all devices and DXA BMD discriminated 
vertebral fracture significantly.  
 SOS (ORs = 1.45 – 1.52) and DXA (ORs = 1.38 – 1.46) have higher age-

adjusted OR than BUA (ORs = 1.23 – 1.31). 
 Combining SOS and DXA BMD showed only limited improvement in 

fracture discrimination. 
     
Hernandez, 2004 
Cross-sectional 
 

 4153 women without 
fractures (mean age 
72.1±5.3) 

 

All fracture types (n = 
1042, mean age 
72.8±5.5) 

Sahara (Hologic) 
[BUA, SOS, QUI] 

 All QUS measurements were significantly lower in the fracture group (% 
difference: BUA = 9.4%; SOS = 1% and QUI = 8.5%).  
 QUS measurements significantly associated with fracture group (age-

adjusted ORs = 1.48 – 1.55); AUCs ranged 0.61 – 0.62. 
 

Huopio, 2004 
OSTPRE cohort 
Prospective study 
(2.6 years follow-up) 
 

 422 women (mean 
age 59.6±3) 

 

All fracture types Achilles (Lunar) 
[BUA, SOS, SI] 

 All QUS measurements were lower in the fracture group but not axial 
BMD (spine and femoral neck). 
 QUS significantly predicted fractures independently of BMD. 
 SOS and SI had significantly greater AUCs compared to spinal BMD 

(AUC: SOS = 0.68; BUA = 0.62; SI = 0.67; FN BMD = 0.59; LS BMD = 
0.56). 

  
Kreig, 2004 
SEMOF cohort 
Prospective (3 years 
follow-up) 

 7062 Swiss women 
aged > 70 

Hip (n = 80) Achilles (GE-Lunar) 
Sahara (Hologic) 
[BUA, SOS, SI, QUI] 
 

 A decrease in 1 SD in QUS variables increased the risk of hip fractures by 
2.5 times. 

SQ = Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; QUI = Quantitative Ultrasound Index; FN = Femoral 
Neck; LS = Lumbar Spine; OR = Odds Ratio (per standard deviation decrease); °OR = odds ratio not defined; AUC = Area Under the Curve derived from ROC curves. 



29 

 
Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Schott, 2004 
EPIDOS cohort 
Prospective (3.5 years 
follow-up) 
 

 7598 women aged 
> 75 
 5978 had QUS 

measurements 
 

Hip: n = 293 Achilles (Lunar) 
[BUA, SOS] 

 DXA BMD at the FN had superior ability to predict hip fracture (AUC = 
0.75) in women younger than 80 years old, compared to QUS (AUC = 
0.67). 
 In older women, the predictive powers of BMD and QUS were similar. 

Khaw, 2004 
EPIC-Norfolk cohort 
Prospective (1.9 years 
follow-up) 
 

 8328 women aged 
42 – 82 
 6471 mena  

 

Hip: n = 31 (men & 
women) 
Non-hip fractures: n = 93 
(men & women) 
 

CUBA (McCue Ultrasonics) 
[BUA, VOS] 
 

Analysis included both males and females: 
 RR of hip fractures and non-hip fractures for per 20 dB/MHz decrease in 

BUA was 2.22 and 1.96, respectively. 
 RR of hip fractures and non-hip fractures for per 40m/s decrease in VOS 

was 1.99 and 1.59, respectively, independent of age, gender, height, weight, 
past history of fracture and smoking status. 
 Women in lowest 10th %tile of BUA have RR of 2.58 for any fractures. 

    
bSchneider, 2004 
Cross-sectional 

 92 women (mean 
age 61.5±9.3) 
 82 mena (mean age 

52±11.2) 

Vertebral fracture (n = 36 
women and n = 36 men). 
Fractures assessed by SQ 
(20% reduction in height) 
 

Achilles Plus (Lunar) 
[SOS] 

Results of the female population only: 
 Number of vertebral fractures increased with lower QUS and DXA T-scores. 
 QUS and DXA T-score both discriminated the fracture group significantly 

(AUCs: QUS = 0.79; DXA = 0.80). 
 Combining SOS and TH BMD yielded the highest AUC (0.83). 

    
Welch, 2004  
EPIC-Norfolk cohort 
Cross-sectional 

 8798 women aged 
42 – 82  
 6846 mena 

Hip, wrist and spine CUBA (McCue Ultrasonics) 
[BUA] 

Results for the female population only: 
 BUA was 14%, 9% and 6% lower in the hip, wrist and spinal fracture group, 

respectively, compared to the non-fracture group. 
    
Dargent-Molina, 
2003 
EPIDOS cohort 
Prospective (3.7 years 
follow-up) 

 5910 women     
(mean age 80.6±3.8) 

Hip: n = 231 Achilles (Lunar) 
[BUA] 

 BUA had low sensitivity (15%) compared to BMD alone or a combination of 
BUA, BMD and clinical risk factors. 
 A composite model of BMD, BUA and clinical risk factors assessment had 

the best sensitivity compared to BMD alone. 

aOnly results of the female population reported where possible, unless the study grouped results of both men and women; bSchneider, J., Bundschuh, B., Spath, C., et al. (2004);  
SQ = Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; VOS = Velocity of Sound; FN = Femoral Neck; RR = Relative Risks; AUC 
= Area Under the Curve derived from ROC curves.  
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Hans, 2003 
Cross-sectional 

 45 fracture cases 
  (mean age 79.1±7.1) 
 40 healthy controls 

  (age range 65 – 87) 

Hip Sahara (Hologic) 
Achilles Plus (GE Lunar) 
[BUA] 
 

 QUS significantly associated with hip fractures (ORs: Sahara BUA = 2.42; 
Achilles BUA = 3.29). 
 Sahara and Achilles QUS correctly classified 70% and 67.5% of the 
subjects, respectively. 

     
Krieg, 2003 
SEMOF cohort  
Cross-sectional and 
retrospective multi-
centre study 
 

 7562 women (mean 
age 75.3±3.1) 

All fracture types: 
Hip: n = 86 
Forearm: n = 1594  
Non-spinal: n = 2016  
 

Achilles (GE-Lunar) 
Sahara (Hologic) 
[BUA, SOS SI, QUI] 
 

 Hip fractures: Sahara BUA, SOS and QUI were 19.4%, 1.45% and 17.8% 
lower, respectively, compared to the non-fracture group. 
 Forearm fractures: Sahara BUA, SOS and QUI were 12.2%. 0.9% and 

11.1% lower, respectively. 
 All fracture types: Sahara BUA, SOS and QUI were 3.8%, 0.3%, and 

3.5% lower, respectively. 
 Hip fractures had the highest ORs (2.1 – 2.7) and largest AUCs (0.71 – 

0.77) compared to forearm and other non-spinal fractures. 
 

Lopez-Rodriguez, 
2003 
Cross-sectional 

 300 patients (281 
females & 10 males 
(mean age 58±11) 

All fractures types: 
Vertebral: n = 22 
Hip: n = 1 
Colles’: n = 25 
Colles’ & vertebral:  
n = 3 

Sahara (Hologic) 
[BUA, SOS, QUI] 

Analysis included both males and females: 
 LS BMD, FN BMD, BUA and SOS were 11.3%, 8.7%, 14.9%, 1.46% 

lower, respectively, in the fracture group compared to the non-fracture 
group. 
 AUCs for BUA, SOS and QUI were 0.69, 0.71 and 0.72, respectively 

(DXA BMD not assessed). 
 Multivariate analysis showed both DXA BMD T-score (°OR = 2.57, 95% 

CI: 1.16 – 5.69) and QUI T-score (°OR = 3.59, 95% CI: 1.66 – 7.73) to be 
discriminatory of fractures. 

 
Pinheiro, 2003 
Cross-sectional  

 122 women with 
fractures (mean age 
75±8) 
 153 women without 

fractures (mean age 
69.7±6.3) 

All fracture types. 
Vertebral fracture 
assessed 
morphometrically 

Achilles Plus (Lunar) 
[BUA, SOS, SI] 

 SI and BUA were 22% and 12% lower, respectively, in fracture cases than 
controls. 
 SI had slightly better discriminatory power (OR = 2.8, 95% CI: 2.3 – 8.7) 

than FN BMD (OR = 2.3, 95% CI: 1.9 – 4.2). 
 Combined BMD and DXA did not improve fracture discrimination. 

BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; QUI = Quantitative Ultrasound Index; FN = Femoral Neck; LS = Lumbar Spine; OR = 
Odds Ratio (per standard deviation decrease); °OR = Odds Ratio not defined;  AUC = Area Under the Curve derived from ROC curves; 95% CI = 95% Confidence Interval. 
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Drozdzowska, 2002 
Cross-sectional 
 

 473 women without 
fractures (mean age 
58.8±7.2) 
 656 women with 
fractures (mean age 
63±9.1) 

 

Hip: n = 20 
Spine: n = 128 
Wrist: n = 367 
All other fractures: n = 
141  
Spinal fractures assessed 
radiographically only in 
women who had 
complaints of back pain 
 

Achilles (Lunar) 
[BUA, SOS, SI] 

 All QUS measurements were significantly lower in the fracture group 
compared to the non-fracture group, independently of age. 
 Hip fracture group had the lowest QUS measurements and largest AUCs, 
followed by vertebral fracture group and wrist fracture group. 
 QUS did not differ between subjects with one fracture and subjects with 
more than one fracture site. 
 Except for hip fracture cases, AUCs showed that SOS was a significantly 
better discriminator of fracture compared to BUA or SI. 

Frost, 2002 
Cross-sectional 
 

 240 healthy women 
with no fracture 
(mean age 59.4±8.2) 

 
 

Wrist: n = 50 
Other fractures: n = 52  
 

Sahara (Hologic) 
DTU-one (Osteometer) 
[BUA, SOS, estimated 
BMD] 

 DXA BMD (LS, FN and TH) and QUS of the fracture groups were all 
significantly lower than the non-fracture groups.  
 Wrist fracture group had lower BMD and QUS measurements, higher ORs 
and AUCs compared to the ‘other fractures’ group. 
 BMD and QUS had similar fracture discriminatory abilities, as did BUA 
and SOS measurements. 

 
Hartl, 2002 
Cross-sectional 
 

 71 women with 
single-level vertebral 
fracture (mean age 
70.4±2.7) 
 19 had multiple 
fractures (mean age 
71.1±3.3) 
 396 had no fractures 
(mean age 69.8±3) 

Vertebral fracture 
assessed by SQ (reduction 
of 20% in Ha, Hm or Hp) 
Compared single-level 
and multiple-level 
fractures 
 

Achilles (Lunar) 
Sahara (Hologic) 
[BUA, SOS, SI, QUI] 

 Subjects with single-level fractures had lower QUS (% difference: Sahara 
BUA = 7.9%; SOS = 0.6%; QUI = 7.3%) compared to the non-fracture 
cases.  
 Multiple-level fractures had lower QUS (% difference: Sahara BUA = 
23.4%; SOS = 1.5%; QUI = 19.2%) compared to the non-fracture cases. 
 Differences in DXA measurements observed only in multiple-level 
fractures and non-fracture cases (% difference: LS = 11.7%; FN = 8.4% 
and TH = 12.4%). 
 QUS variables were significantly associated with single-level fracture 

 (ORs = 1.3 – 1.4) and multiple-level fractures (ORs = 2.7 – 3.8). DXA 
measurements only associated with multiple fractures (ORs = 1.9 – 2.7). 
 QUS had larger AUCs (0.75 – 0.79) than DXA BMD (0.66 – 0.76). These 
were not significantly different. 

BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; FN = Femoral Neck; TH = Total Hip; LS = Lumbar Spine; OR = Odds Ratio (per standard 
deviation decrease); AUC = Area Under the Curve derived from ROC curves.  
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Miller, 2002 
NORA cohort 
Prospective (12 
months follow-up) 
 
 

 149,524 white 
women (age range 
50 – 80)  
 7562 had QUS 

measurements 

Hip, spine, forearm/wrist 
and rib fractures. 
All reports of fractures 
were based on self-reports 
and not medically verified 

Sahara (Hologic)  
[estimated BMD T-score]  

 RR for fracture (adjusted for age and history of fracture) for a QUS 
estimated BMD T-score of ≤ -2.5: 

 all fractures: RR = 3.94 (95% CI: 2.74 – 5.67) 
 hip fractures: RR = 2.44 (95% CI: 0.89 – 6.70) 
 wrist/forearm: RR = 4.89 (95% CI: 2.85 – 8.42) 
 rib fractures: RR = 4.26 (95% CI: 2.30 – 7.86) 
 spine fracture: RR = 3.38 (95% CI: 1.23 – 9.31) 

 RR ratio for per SD decrease in QUS estimated BMD for all fractures was 
1.49 (95% CI: 1.26 – 1.77) and for hip fracture was 1.28 (95% CI: 0.86 – 
1.90). 

 
Karlsson, 2001 
Cross-sectional  

 41 women with 
fractures (mean age 
76±12). 
 48 controls matched 

for FN BMD 
 

Hip, spine & pubic rami Achilles (Lunar) 
[BUA, SOS, SI] 

 Fracture cases had lower BUA (8%) and lower SI (13%) than controls 
(adjusted for age, weight, height and BMD). 

 

Prince, 2001 
CAIFOS cohort 
Prospective (2 years 
follow up) 
 

 1499 women (> 72 
years) 

All fractures types Achilles (Lunar) 
[BUA, SOS, SI] 

 All QUS variables were associated with fractures. 
 SOS (RR = 1.4) was the most significant factor after a adjusting for 
covariates (age, weight, years since menopause, social economic status). 

Siris, 2001 
NORA study 
Prospective (12 month 
follow-up) 

 163,979 (mean age 
64.5±9.3) 
 9686 had QUS 

measurements 

All fracture types 
(determined from 
questionnaire) 

Sahara (Hologic) 
[not defined] 

 QUS had lower OR (OR = 0.79) for fracture compared to DXA forearm 
(OR = 2.86) or DXA finger (OR = 4.86). 

SQ = Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; QUI = Quantitative Ultrasound Index; FN = Femoral 
Neck; TH = Total Hip; LS = Lumbar Spine; OR = Odds Ratio (per standard deviation decrease); RR = Relative Risks; 95% CI = 95% Confidence Interval.  
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Faulkner, 2000 
NORA cohort 
Prospective  

 8890 women 
Fracture data 
obtained 7 months 
post baseline 
measures (age not 
reported) 

 

Sites of fractures not 
defined 

Sahara (Hologic) 
[not defined] 

 The OR for risk of fracture was 1.67 (95% CI: 1.39 – 2.07). 

Frost, 2000a 
Cross-sectional 

 164 women (mean 
age 60±8.3) 

Vertebral: n = 83 
Assessment method not 
defined 

UBA 575+ (Hologic) 
DTU-one (Osteometer) 
[BUA, SOS] 

 The age-adjusted ORs for QUS (3.2 – 5.1) were slightly higher than BMD 
(2.7 – 3.3) but not statistically significant.  
 The AUC from DTU BUA was significantly higher than the other QUS 

measurements and BMD (AUCs for QUS = 0.81 – 0.83; BMD = 0.74 – 
0.80).  

     
Hadji, 2000 
Cross-sectional 

 1314 women (mean 
age 60±7.5) 

 

Hip: n = 80 
Vertebral: n = 40 
Vertebral fractures 
assessed using SQ by 
radiologist  
 
 

Achilles (Lunar)  
[BUA, SOS, SI] 

 QUS for fracture cases were lower than controls (controls were age-, 
weight-, height-, BMI- and year since menopause-matched). 
 BUA and SOS were 4.4% and 1.3% lower, respectively, in spinal fracture 

cases than the non-fracture controls. 
 BUA and SOS were 5.6% and 1.5% lower, respectively, in hip fracture 

cases than the non-fracture controls. 
 

He, 2000 
Cross-sectional  

 33 women with hip 
fracture (mean age 
74.5±8.1) 
 35 age-matched 
non-fracture 
controls (mean age 
75.7±5.6) 

Hip fractures within  
the last 3 years 

UBA 575+ (Hologic) 
Sahara (Hologic) 
[BUA, SOS, SI] 

 All QUS and DXA BMD measurements were significantly lower in the 
fracture group compared to the non-fracture group (% difference: Sahara 
BUA = 21%; SOS = 1.7%; QUI = 18.3%; FN BMD = 12%; TH BMD = 
12.7%). 
 QUS significantly discriminated hip fractures (ORs = 2.7 – 2.8 for Sahara), 

but not significantly better than DXA BMD (ORs = 2.2 – 2.5).  
 AUCs for Sahara QUS (0.75 – 0.77) were not significantly different from 

DXA BMD (0.73 – 0.75). 
SQ = Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; FN = Femoral Neck; TH = Total Hip; OR = Odds 
Ratio (per standard deviation decrease); AUC = Area Under the Curve derived from ROC curves; 95% CI = 95% Confidence Interval. 
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Reference (1st Author)
Type of study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Landin-Wilhelmsen, 
2000 
Cross-sectional 

 163 women with 
osteoporotic 
fractures 
 996 without 
fractures (age range 
45 – 82)  

 

Any fractures types Achilles (Lunar) 
[BUA, SOS, SI] 

 QUS values were significantly lower in fracture cases. (Raw data were not 
presented. Data were presented graphically). 

     
Njeh, 2000 
Cross-sectional 

 35 women with hip 
fractures (mean age 
74.5±7) 
 35 age-matched 
controls (mean age 
75.8±5.6) 

Hip fracture within the 
last 3 years 

Achilles+ (Lunar) 
UBA 575+ (Hologic) 
UBIS 3000 (DMS) 
AOS-100 (Aloka) 
CUBA (McCue) 
Sahara (Hologic) 
[BUA, SOS, SI, QUI] 
 

 All QUS variables and hip BMD significantly discriminated hip fractures 
(ORs: QUS = 2.1 – 3.4; BMD = 2.6 – 3.5). 
 AUCs were similar for QUS (0.62 – 0.71) and for DXA hip BMD (0.65 – 
0.75). 

 

cFrost, 1999 
Cross-sectional 

 422 women (195 
post-menopausal) 
 93 with > 1 
vertebral fracture 
(mean age 
68.4±7.7) 

 

Vertebral fractures (one 
or more levels). 
Determination of 
vertebral fractures was 
not defined 

Sahara (Hologic) 
[BUA, SOS] 

 All QUS and DXA BMD values were significantly lower in the fracture 
group compared to the 195 healthy post-menopausal women (% 
difference: BUA = 28.9%; SOS = 2.5%; LS BMD = 16.7%; FN = 17.5%; 
TH = 19%). 
 Both QUS and DXA BMD significantly discriminated vertebral fractures 
(ORs: BUA = 3.6; SOS = 5.3; LS = 2.4; FN = 2.5; TH = 3.0). 
 AUCs for QUS (BUA = 0.87; SOS = 0.89) and for DXA BMD (LS = 0.83; 
FN = 0.82; TH = 0.85) were similar. 

cFrost, M. L., Blake, G. M., & Fogelman, I. (1999). BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; QUI = Quantitative Ultrasound Index; 
FN = Femoral Neck; TH = Total Hip; LS = Lumbar Spine; OR = Odds Ratio (per standard deviation decrease); AUC = Area Under the Curve derived from ROC curves.  
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Hadji, 1999 
Cross-sectional 

 583 healthy women 
(mean age 58±7.5) 
 101 women with 
BMD T-score < -2.5 
but no fractures 
(mean age 62.9±7.2) 
 57 women with 
osteoporotic fractures 
(mean age 64.8±7) 

Osteoporotic fractures 
were not defined, 
information on 
anatomical sites not 
provided 

Achilles (Lunar) 
[BUA, SOS, SI] 

 All QUS values were lower in the ‘Low BMD’ group compared to the 
healthy post-menopausal women. (% difference: BUA = 10.4%; SOS = 
2.4%; SI = 21.2%). 
 The fracture group had lower QUS compared to the healthy post-

menopausal group (% difference: BUA = 13.7%; SOS = 2.7%; SI = 
25.7%).  
 Stiffness Index had significantly greater AUC than BUA and SOS in 

discriminating the ‘Normal’ from the ‘Low BMD’ group, and the ‘Low 
BMD’ group from the ‘Fracture’ group. 

     
Hamanaka, 1999 
Cross-sectional 

 162 women with no 
fractures (mean age 
65.6±4.9) 
 65 with one vertebral 
fracture (mean age 
68.4±6.1) 
 33 with two or more 
fractures (mean age 
71.1±8.2) 

Vertebral fracture 
assessed by SQ by 
radiologists (20% 
reduction in vertebral 
heights) 

Achilles (Lunar) 
[BUA, SOS, SI] 

 Except for DXA spine and hip, there were no significant differences in 
QUS variables between one fracture and no fractures. 
 DXA BMD was able to discriminate those with one fracture from the non- 

fracture cases (ORs: LS BMD = 2.0; FN BMD = 1.6). 
 QUS and DXA BMD were significantly lower in the subjects with > 2 

vertebral fractures compared to the non-fractures controls (% difference: 
BUA = 6.2%; SOS = 0.9%; SI = 12.5%; LS BMD = 20%; FN BMD = 
15.7%). 
 QUS can discriminate between those with > 2 fractures from non-fracture 

cases even after adjusting for age (ORs: BUA = 1.68; SOS = 1.78; SI = 
1.89). No associations were noted after adjusting for BMD.  
 Combination of SI and LS BMD has the strongest discriminatory power to 

identify non-fracture cases from the fracture cases. 
SQ = Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; FN = Femoral Neck; LS = Lumbar Spine; OR = Odds 
Ratio (per standard deviation decrease); AUC = Area Under the Curve derived from ROC curve. 
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Reference (1st Author)
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Mikhail, 1999 
Cross-sectional using 
age-matched controls 

 49 women with 
vertebral fracture 
(mean age 67±6) 
 87 age-matched 
controls (mean age 
65±7) 

Vertebral fracture 
assessed by SQ 

Achilles (Lunar) 
[BUA, SOS, SI] 

 All QUS and DXA measurements were lower in fracture group compared 
to controls (% difference: BUA = 8.6%; SOS = 1.5%; QUI = 16%; LS 
BMD = 17.6%; FN BMD = 11.3%). 
 SI had higher OR (0.93) compared to LS BMD (0.61) [OR defined as per 
1% increase). 
 SI was superior to BUA and SOS (ORs not reported) in fracture 
discrimination. 
 AUCs for QUS and BMD were similar (QUS: 0.76 – 0.78; BMD: 0.78). 
 Stepwise logistic regression found BUA to be the strongest predictor of 
vertebral fracture and BMD an additional predictor. 

 
Peretz, 1999 
Cross-sectional  

 147 women with 
fractures (mean age 
62±1) 
 173 without fractures 
(mean age 58±1) 

All fracture types Achilles (Lunar) 
[BUA, SOS, SI] 

 BMD and QUS were significantly lower in the fracture group (% 
difference: BUA = 6.3%; SOS = 1.2%; SI = 12.8%; LS BMD = 8.6%; Hip 
BMD = 11%). 
 SI followed by BMD was most associated with fracture. Combining QUS 
and DXA did not improve fracture discrimination. 

     
Pluijm, 1999 
Prospective (follow-
up 2.8 years) 
 

 132 men and 578 
women (mean age 
82.8±5.9) 

 

Hip: n = 30 
Non-spinal: n = 54 
 

CUBA (McCue) 
[BUA, SOS] 

Analysis included both males and females: 
 Adjusted RR for hip fracture: BUA (2.3); SOS (1.6). 
 Adjusted RR for any fracture: BUA (1.6); SOS (1.3). 

Pluskiewicz, 1999 
Cross-sectional  

 139 osteoporotic 
women (mean age 
56.5±4.8) 
 601 normal women 

(mean age 56.3±4.8)  
 148 normal men and 

76 osteoporotic mena 

All fracture types Achilles (Lunar) 
[BUA, SOS] 

Results from the female population only:  
 QUS significantly lower in the osteoporotic group (% difference: BUA = 
5.1%; SOS = 1.4%).  
 Adjusted °OR for osteoporotic group: BUA = 1.7; SOS = 2.1. 

aOnly results of the female population reported where possible, unless the study grouped results of both men and women; BUA = Broadband Ultrasound Attenuation; SOS = Speed 
of Sound; SI = Stiffness Index; FN = Femoral Neck; LS = Lumbar Spine; OR = Odds Ratio (per standard deviation decrease); °OR = Odds Ratio  not defined); RR = Relative Risks; 
AUC = Area Under the Curve derived from ROC curves. 
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Reference (1st Author) 
Type of Study 

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Graafmans, 1998 
Cross-sectional  

 578 women and 132 
men (mean age 83±6) 

 

All fracture types  
 

CUBA (McCue) 
[BUA, SOS]  

 BUA and SOS significantly discriminated fracture cases from non-fracture 
cases, after adjusting for age, gender and residence. 

 
Thompson, 1998a 
Cross-sectional 
 

 79% of 4018 (mean 
age 61±9) 
 481 reported fracture 

after age 45 
 

Any fractures (not 
defined) 

Achilles (Lunar) 
[BUA, SOS, SI] 

 QUS associated with previous fractures (ORs: BUA = 1.4; SOS = 1.56; SI = 
1.52). 
 Fractures were not clinically defined. DXA BMD measurement not made. 

Thompson, 1998b 
Prospective (3 year 
follow-up) 

 3180 (mean age 61)  
 150 fracture cases 

 
 

Wrist: n = 63  
Others: n = 26 
 

Achilles (Lunar) 
[BUA, SOS, SI] 

 QUS measurements were lower in fracture cases and were significantly 
associated with wrist fracture (ORs = 1.5 – 1.8) and fragility fracture (ORs = 
1.6 – 2.2), but not other non-osteoporosis related fractures. 

Yeap, 1998 
Cross-sectional 
 
 

 104 early and 75 late 
post-menopausal 
women (mean age 
51.1±3.2 & 54.5±3.5, 
respectively) 

Vertebral: n = 20 
Osteoporotic: n = 30 
(mean age 65.9±10.6) 

Achilles (Lunar)  
[BUA, SOS, SI]  

 For an equivalent LS or FN BMD, osteoporotic group had significantly lower 
QUS values than healthy women. 

     
Bauer, 1997  
Prospective (2 years 
follow-up) 

 54 women with hip 
fractures (mean age 
78.6+5.3) 
 350 non-spine 

fractures (mean age 
76.9±5.1) 
 5715 no fracture 

(mean age 75.8±4.7) 

Hip and other non-spinal 
fractures (wrists, 
humerus, ankles) 

UBA 575 (Hologic) 
[BUA] 

 QUS and BMD were lower in fracture cases compared to the normal controls 
(% difference: BUA = 6.9 – 16.9%; FN BMD = 4.8 – 14.3%). 
 BUA (RR = 2.0), Calcaneal BMD (RR = 2.2) and FN BMD (RR = 2.6) were 

significantly associated with hip fractures after adjusting for age.  
 When FN BMD is considered, BUA was still able to predict hip fractures 

(RR = 1.5). 
 Associations with other non-spine fractures were similar (BUA and FN BMD 

RR = 1.3; Calcaneal BMD RR = 1.4). 
BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; FN = Femoral Neck; LS = Lumbar Spine; OR = Odds Ratio (per standard deviation 
decrease); RR = Relative Risks. 



38 

 
Reference (1st Author)
Type of Study  

Subjects Fracture Type Calcaneal QUS 
[QUS Variables] 

Results 

Cepollaro, 1997  
Cross-sectional 

 219 women no 
vertebral fracture 
(mean age 57.5±5.4) 
 178 women with 
vertebral fractures 
(mean age 61.1±6.3) 

Vertebral fracture 
defined as reduction of 
> 3 SD in vertebral 
heights compared to 
normal means 

Achilles (Lunar) 
[BUA, SOS, SI] 

 LS BMD and all QUS measurements were lower in fracture cases 
compared to the non-fracture cases (% difference: BMD = 19.8%; BUA = 
10.7%; SOS = 2.2%)  
 Both BMD and QUS were significantly associated with vertebral fractures 

(RR: LS BMD = 7.5; BUA = 2.8; SOS = 4.5; SI = 5.8). 
 After adjusting for BMD, QUS remained significant discriminators of 

fractures. 
 Combined RR for vertebral fracture for each SD decrease in BUA, SOS 

and SI together with 1 SD decrease in LS BMD, were 18.3; 17.3 and 22.1, 
respectively. 
 AUCs: BUA = 0.79; SOS = 0.80; Stiffness = 0.81; BMD = 0.82. 

 
Grampp, 1997  
Cross-sectional 
 

 41 women (mean 
age 64±9) 

 

Vertebral: n = 36  
(SQ > 20% reduction 
in heights) 

Walker Sonix [WS] 
(Hologic) 
Achilles [AL](Lunar) 
[BUA, SOS] 

 DXA BMD were lower in the fracture group (% difference: LS BMD = 
12%; FN BMD = 7.7%; TH BMD = 7.8%). There were no significant 
differences in QUS. 
 LS BMD (OR = 2.4); BUA [WS] (OR = 1.7) and SOS [AL] (OR = 2.1) 

significantly discriminated the fracture group from the non-fracture group. 
 Poor diagnostic agreement between DXA BMD and QUS in classifying 

women as osteopenic (T-score <-2) or in classifying fracture cases as 
osteoporotic (T-score < -2.5) [Kappa ranged from -0.04 to 0.30]. 

    
Pfeifer, 1997  
Cross-sectional  

 1252 women (mean 
age 56±11) 

 

Vertebral: n = 127  
(SQ > 20% reduction 
in heights) 

Achilles (Lunar) 
[BUA, SOS] 

 BUA and SOS were able to predict relative risk of vertebral fracture as well 
as DXA BMD at the spine and hip. 
 The RR for fracture was 3.6 for BUA < 90 dB/MHz; 2.8 for SOS < 1475 

m/s; 3.5 for BMD spine of < 0.6 g/cm2 and 3.0 for BMD hip < 0.5g/cm2. 
SQ =Semi-Quantitative Assessment; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; SI = Stiffness Index; FN = Femoral Neck; TH = Total Hip; LS = Lumbar 
Spine; OR = Odds Ratio (per standard deviation decrease); RR = Relative Risks; AUC = Area Under the Curve derived from ROC curves. 
 
EPIC-Norfolk – European Prospective Investigation into Cancer – Norfolk cohort; EPIDOS – Epidémiologie de l’Ostéoporose ; NORA – The National 
Osteoporosis Risk Assessment – a US-based study; OPUS – Osteoporosis and Ultrasound Study – a multi-centre study involving five European centres; OSTPRE – 
Kuopio Osteoporosis Risk Factor and Prevention Study – a Finland-based study; SEMOF - Swiss Evaluation of the Methods of Measurement of Osteoporotic 
Fracture Risk. 
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It is evident from the summary of studies presented in Table 2.2 that earlier studies 

predominantly used water-coupled QUS systems. Only in later studies were the gel-

coupled or contact QUS systems utilised. These systems are arguably easier to apply, 

less time consuming and have better reproducibility (He et al., 2000).  

 
While the majority of the literature investigated the identification of hip or vertebral 

fracture cases using QUS in elderly populations, the applicability of QUS in younger 

post-menopausal women, in particular for the assessment of wrist fracture risk, has also 

been demonstrated (Thompson et al., 1998b; Frost et al., 2002). This is of clinical 

importance as wrist fracture incidence has been reported to be most common in younger 

post-menopausal women (Sanders et al., 1999a; Kanis & Glüer, 2000). 

 

From the extensive review of the current literature (summarised in Table 2.2), there is 

evidence to suggest that QUS has the ability to discriminate those at higher risk of 

osteoporotic fractures. However, in comparison with the discriminatory powers of DXA 

BMD, these studies have produced equivocal conclusions. Recently, several 

epidemiological prospective studies, the SEMOF, EPIC and EPIDOS, observed that 

calcaneal QUS can predict hip fractures in elderly post-menopausal women as 

effectively as BMD (Bauer et al., 1997; Khaw et al., 2004; Krieg et al., 2004; Schott et 

al., 2004). There is however, a paucity of studies reporting the predictive ability of 

calcaneal QUS for incident vertebral fractures in post-menopausal Caucasian women. 

Huang et al. (1998) studied prospectively a group of 560 post-menopausal women of 

Japanese ancestry for an average of 2.7 years (not presented in Table 2.2). They 

observed that BUA was significantly associated with vertebral fracture (OR = 1.5). 

They also documented that the fracture risk for a 70 year-old with a BUA of 2 SD 

below a mean of 34.2 dB/MHz was 20% over 2.5 to 3 years.  

 

Despite available evidence, research findings to date are unable to conclusively promote 

the use of QUS as an alternative for DXA (Prince, 1999; Pocock et al., 2000a; Reid & 

Stewart, 2001). Some current contentious issues with regards to the use of QUS exist. 

First, there is a multiplicity of technologically different QUS devices available on the 

market, and it has been recognised that different QUS systems may derive different 

outputs for the same individual (Glüer, 1997; Njeh et al., 2000; Falgarone et al., 2004; 

Zochling et al., 2004). This suggests that the results from one study may not be 

extrapolated to other QUS systems. Second, an ex-vivo study by Nicholson and 
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Bouxsien (2000) demonstrated that QUS was unable to detect bone fragility on the basis 

of changes in elastic modulus, without concomitant changes in architecture or density. 

Third, direct experimental evidence that QUS measures microstructure properties of the 

bone is limited. However, it has been suggested that QUS estimates some material 

properties of the bone (Nicholson et al., 1998). Additionally, the applicability of the 

WHO T-score stratification for diagnosing osteoporosis using calcaneal QUS remains 

contentious (Frost et al., 1999, 2000b) due to the unique link between the T-score 

diagnostic threshold and DXA and, the poor diagnostic agreement between BMD and 

QUS (Naganathan et al., 1999; Ayers et al., 2000; Frost et al., 2001a; Hartl et al., 2002; 

Ikeda et al., 2002; Díez-Pérez et al., 2003). 

 

In recognition of these issues, the recent position statement from the National 

Osteoporosis Society on the use of quantitative ultrasonometry in the management of 

osteoporosis recommended that QUS can be used for identifying individuals who are at 

higher risk of osteoporotic fractures for follow-up axial BMD measurements (Reid & 

Stewart, 2001). In Australia, QUS was recommended as an acceptable component in a 

composite pre-screening for osteoporotic fracture risk (Hamanaka et al., 1999; 

Naganathan et al., 1999; Prince, 1999; Pocock et al., 2000a). This recommendation 

echoes support for the proposal by Glüer and Hans (1999). They suggested that a 

composite approach, using combined assessments of QUS and other independent risk 

factors, may improve the prediction of fracture risk. 

 

Improved discriminatory power of using a combination QUS and BMD to identify 

fractures has been reported (Glüer et al., 1996; Cepollaro et al., 1997; Hamanaka et al., 

1999; Dargent-Molina et al., 2003; Glüer et al., 2004; J. Schneider et al., 2004). 

However, this has not been consistently observed (Peretz et al., 1999; Frost et al., 

2001a; Pinheiro et al., 2003). From an economic standpoint, the clinical utility of this 

combined assessment has yet to be proven to be cost-effective (Glüer & Hans, 1999; 

Dargent-Molina et al., 2003; Glüer et al., 2004). This concern was also echoed more 

recently by Frost et al. (2001b) who argued that the increased cost associated with using 

a combination of QUS and BMD assessment would outweigh the benefits associated 

with the modest improvement in predictive power for fractures. 

 

In the present literature, few studies have investigated the combined assessment of 

calcaneal QUS and clinical risk factors for osteoporosis to identify or predict fracture 
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risk (Ayers et al., 2000; Stewart & Reid, 2000; Dargent-Molina et al., 2003; Pinheiro et 

al., 2003) and results have been equivocal. Stewart and Reid (2000) observed that QUS 

indices were better discriminators of osteoporosis than clinical risk factors (e.g., 

anthropometric characteristics, menopausal status, fracture history, HRT use, exercise 

and family history of fracture). Their results were not surprising since they defined 

osteoporosis based on DXA BMD T-scores. The moderate to good correlation noted 

between BMD and QUS guaranteed the link between QUS and successful diagnosis. 

They also reported that combining QUS and clinical risk factors did not improve the 

discriminatory power compared with the use of QUS alone. Similarly, Ayers et al. 

(2000) found that assessment of calcaneal QUS followed by clinical risk assessments of 

age, weight, height, history of fracture, history of rheumatoid arthritis and oestrogen 

use, provided sensitivity for discriminating osteoporosis (based on WHO BMD criteria) 

comparable to that of FN BMD assessment. Conversely, Pinheiro et al. (2003) 

documented that combining the assessment of QUS with clinical risk factors, in 

particular, age, weight and familial history of hip fracture enhanced discrimination of 

fracture cases by about 11%. More recently, Dargent-Molina et al. (2003) demonstrated 

that assessment of fracture risk using QUS alone had relatively low sensitivity (15%). In 

contrast, QUS, in combination with BMD and clinical risks assessments, improved the 

sensitivity to about 53% while retaining good specificity of about 80%. However, the 

authors queried the cost-effectiveness of the number of examinations necessary to 

improve the sensitivity. 

 

Recently, Prince et al. (2001) documented that low SOS and weaker grip strength, but 

not impaired mobility, were significant predictors of incident fractures in elderly 

women. However, there is currently no report on the relationships between QUS and 

falls risk factors, thoracic curvature or HRQoL; nor the power of the combination of 

these factors to identify fracture risk in community-dwelling elderly females. In 

contrast, there have been a number of reported associations between falls risk factors 

(e.g., body sway, strength and kyphosis) and BMD (Bevier et al., 1989; Snow-Harter et 

al., 1990; Lord et al., 1994a; Nguyen et al., 1994; Cortet et al., 1999).  
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Cost-Effectiveness of Calcaneal QUS as a Pre-Screening Modality 

The use of QUS as a possible screening modality for osteoporosis, has been investigated 

in a few studies (Dhaliwal, 2000; Lippuner et al., 2000; Marin et al., 2002; Díez-Pérez 

et al., 2003). These studies derived QUS cut-off values that would result in the highest 

sensitivity and specificity to identify those with osteoporosis based on DXA 

measurements. Dhaliwal (2000) demonstrated that calcaneal QUS can accurately 

identify individuals with osteoporosis (p < 0.05). He argued that QUS may be more 

cost-effective than DXA assessment provided that the cost of QUS is less than about 

47% of DXA. Similarly, Lippuner et al. (2000) documented that at a sensitivity of 90%, 

using QUS as a pre-screening modality to identify those individuals with low DXA 

BMD (WHO threshold) may be cost-effective if the price of this first line of screening 

do not exceed 51% of the price of DXA examination. Díez-Pérez et al. (2003) reported 

that using QUS can reduce the need for DXA measurements by 21%. However, more 

recently, Marin et al. (2002) demonstrated that the cost of QUS as a pre-screen was only 

marginally less expensive than DXA screening. Marin et al. speculated that if DXA 

scanners were readily available, the cost of DXA to screen for individuals at risk of 

osteoporosis may be more cost-effective than treating those false-positives identified by 

QUS. These studies were cross-sectional in nature, using DXA BMD as the ‘gold-

standard’ assessment of osteoporotic fracture risk. Clearly, DXA BMD is not a ‘true’ 

gold standard. The evidence of fragility fracture should be used as the ‘gold-standard’ in 

future studies. 

 

In general, available evidence suggests that using calcaneal QUS as a pre-screening 

strategy may be cost effective only if the cost of QUS is substantially lower than DXA 

or when DXA scanners were not easily accessible.  

 

2.5.2 Thoracic Kyphosis 

Increased thoracic kyphosis has been documented to be related to aging (Milne & 

Lauder, 1974; Singer et al., 1990; Puche et al., 1995; Ensrud et al., 1997; Cortet et al., 

2002), vertebral fractures, in particular, anterior wedge fractures/deformities (De Smet 

et al., 1988; Puche et al., 1995; Ensrud et al., 1997; Cortet et al., 2002; Prince et al., 

2002), and degenerative disc diseases (Goh et al., 1999a; D.L. Schneider et al., 2004). 
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Several cross-sectional studies have demonstrated that the evaluations of thoracic 

curvature were able to identify those with prevalent vertebral fractures (Siminoski et al., 

2001; Prince et al., 2002). The clinical significance of prevalent vertebral 

deformities/fractures is that they predict future fractures (Leidig-Bruckner et al., 1997; 

Nevitt et al., 1998; Ross et al., 1991a). A large prospective study in the US 

demonstrated that thoracic hyperkyphosis is an independent risk factor for incident 

spinal fractures, independent of age and BMD, confirming a direct relationship between 

thoracic hyperkyphosis and fracture risk (Shipp et al., 2002). It was suggested therefore 

that assessment of kyphosis may be useful in identifying fracture risk (Shipp et al., 

2002). 

 

Increased thoracic kyphosis in the elderly has also been suggested to result in impaired 

function, in particular postural instability and poorer functional mobility, resulting in 

increasing the risk of falling. This potential risk factor for falls is addressed in Section 

2.5.3. 

 

Thoracic Kyphosis and Trunk Strength  

Increase in thoracic kyphotic curvature in the elderly is often accompanied by decrease 

in muscular strength (Puche et al., 1995; Sinaki et al., 1996a,b; Lindsey & Rizzo, 1998; 

Balzini et al., 2003; Sinaki et al., 2004). De Smet et al. (1988) demonstrated that there 

was an average increase of about 8° in thoracic kyphosis, assessed using the Cobb’s 

method, in upright standing compared to supine lying. They postulated that decreased 

muscular tone may have contributed to this worsening of thoracic curvature, made more 

evident in standing. Similarly, Kauffman (1987) and Balzini et al. (2003) speculated 

that increase in thoracic curvature may cause stretching of the ligaments and muscles 

resulting in stretch weakness of the back musculature. However, research to investigate 

this relationship has produced equivocal results. The variability of methodologies used 

for the assessment of muscle strength, especially of the back musculature (see Section 

2.10), is likely to be one of the reasons for the inconsistent results reported. 

 

In two studies, Sinaki et al. (1996a,b) noted significant associations between thoracic 

kyphosis, defined by the radiographic Cobb angle, and back extensor muscle strength in 

healthy post-menopausal women (Spearman’s ρ = -0.30; p = 0.019) (Sinaki et al., 

1996a), and in osteoporotic women (Spearman’s ρ= -0.35, p = 0.0037) (Sinaki et al., 
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1996b). Recently, Sinaki et al. (2004) reported that osteoporotic women with 

hyperkyphosis (Cobb angle 50° – 65°, n = 12) had significantly weaker trunk extensor 

strength compared to healthy controls (Cobb angle < 40°, n = 13). These associations 

may be confounded by age, as the effects of age on muscular strength performances 

were not taken into consideration. 

 

Conversely, a more recent study by Eagan and Sedlock (2001) failed to note any 

association between thoracic kyphosis, assessed using the Debruener Kyphometer, and 

back extensor strength, after considering age as a potential confounder. In these studies, 

back extensor strength was assessed isometrically, in the prone lying position (Sinaki et 

al., 1996a,b; Eagan & Sedlock, 2001). Many elderly persons may not be able to lie 

prone for a prolonged period. The discomfort associated with lying in this position, as a 

potential confounder on strength performance, was not discussed in these studies. The 

effects of gravity and body size on muscular strength performance were also not 

addressed.  

 

The contribution of back extensor muscular strength on the magnitude of thoracic 

kyphosis remains contentious. This may be due to the lack of well-controlled studies 

and the varied methodologies used for the assessments of trunk strength and kyphosis. 

Better controlled studies, in particular, considering potential confounders such as age 

and the individual’s comfort/pain on muscular strength performance are necessary, to 

provide a better understanding of the relationship between strength and thoracic 

kyphosis. 

 

Thoracic Kyphosis and Breast Size 

Anecdotally, it has been suggested that increase in breast size contributes to the increase 

in thoracic curvature (Gonzalez et al., 1993). Significant improvement in posture and 

elimination of back pain symptoms after breast reductions was documented in 

retrospective (Glatt et al., 1999) and in prospective studies (Gonzalez et al., 1993; 

Blomqvist et al., 2000). There is however a paucity of studies investigating the 

relationship of breast size and thoracic kyphosis in elderly women. It is of interest and 

novel to investigate the relationships between thoracic kyphosis, trunk strength, and 

breast size in a sample of generally healthy community-dwelling women. 
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2.5.3 The Propensity to Fall 

The propensity to fall in the elderly is of concern as it has been identified as a predictor 

of osteoporotic fractures (Nguyen et al., 1993; Jones et al., 1995a; Dargent-Molina et 

al., 1996). This bone-independent risk factor for fractures is rapidly gaining recognition 

due to the high incidence of falls in the elderly and the role of falls in precipitating 

fractures (Kanis & Glüer, 2000; NIH, 2001; Sambrook et al., 2002; Stone et al., 2003). 

 

An estimated one in three older Australians fall each year and fractures were the most 

common injury related to falls (Western Australia Department of Health, 2004). 

Statistics from the Australian Institute of Health and Welfare showed that in one 

financial year (1997 – 98), there were 45,069 hospitalisations for fall-related injuries in 

people aged 65 years and above (Cripps & Carman, 2001). The most common injuries 

reported were fractures of the lower limbs. Additionally, women were 2.8 times more at 

risk than males (Cripps & Carman, 2001). There is increasing evidence over the last 

decade to suggest that fracture prevention programs should not only be targeted at 

improving bone mass but also at falls prevention (Cummings et al., 1995a; Dargent-

Molina et al., 1996; Kanis & Glüer, 2000; Sambrook et al., 2002).  

 

Risk Factors for Falls 

A fall has been defined as “…an event which results in a person coming to rest 

unintentionally on the ground or other lower level, not as a result of a major intrinsic 

event (such as a stroke or syncope) or overwhelming hazard.” (Tinetti et al., 1988, p. 

1702). Falls are commonly caused by a combination of risk factors (Nevitt et al., 1989) 

and there are an estimated 400 potential risk factors for falls (Masud & Morris, 2001). 

These factors are broadly classified as ‘intrinsic’ or ‘extrinsic’ (Masud & Morris, 2001). 

Examples of intrinsic factors include, the taking of psychoactive agents, 

cognitive/mental impairments and impaired neuromuscular function. Extrinsic 

contributions to falls include environmental hazards, such as poor lighting, clutter, 

terrain, and poor footwear. 

 

Many cross-sectional and prospective studies have identified falls risk factors in older 

institutionalised populations where individuals tended to be frailer, rate of falls higher, 

and for whom the environment differed from community settings. Thus, the results from 

these studies may not be able to be extrapolated to community settings. Many factors 
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associated with falls in community-dwelling adults have been identified and these are 

summarised in Table 2.3. 

 

From the summary table (Table 2.3), it is evident that impaired neuromuscular function, 

poor balance mechanisms and mobility limitations are major risk factors for falls. 

Although previous studies have failed to definitively identify thoracic hyperkyphosis as 

a risk factor for falls (Cunha et al., 1987; Woodhull-McNeal, 1992), women with 

increased kyphosis were documented to have poorer balance performance (Lynn et al., 

1997; O'Brien et al., 1997; Sinaki et al., 2004). These findings suggest that increased 

thoracic curvature may contribute to an increased risk of falls and consequently, risk of 

osteoporotic fractures. Therefore increased thoracic kyphosis may contribute to fracture 

risk in two ways: (i) as a risk factor for falling, and (ii) as an independent risk factor for 

future vertebral fractures (Shipp et al., 2002) (Section 2.5.2). It is therefore important to 

consider this potential fall-related factor in fracture risk identification in elderly 

populations.  

 

The relationship between trunk musculature strength and falls has not been established. 

However, an indirect relationship has been speculated. Kauffman (1987, 1990) 

postulated that impaired postural stability in hyperkyphotic individuals may be related 

to ‘stretch weakness’ of the back extensor musculature. With an increase in the sagittal 

curvature of the spine, the dorsal musculature is maintained in a lengthened position. 

The resultant loss of strength and speed of contraction may compromise the individual’s 

ability to recover from a postural disturbance or from a loss of balance (Kauffman, 

1987, 1990). Although weak trunk strength (flexor and extensor) has not been shown to 

be directly related to increased risk of falling, its association with frailty and impaired 

mobility has been documented (Rantanen et al., 1994). Thus, it may be postulated that 

weaker trunk strength may be related indirectly to increased risk of falls and it is 

important to consider this factor and its relationship with osteoporotic fracture risk. 
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Table 2.3 Summary of intrinsic risk factors associated with falls, identified in 
community-dwelling older adults from prospective and cross-sectional studies. 
Falls Risk Factors Investigator – 1st Author  (Year) 
Age  Vellas (1998)†; Cesari (2002)‡; Murphy (2003)†; Morris (2004) ‡ 

 
Female Gender  Dolinis (1997) ‡; Morris (2004) ‡ 

History of Falls  Nevitt (1991)†; Graafmans (1996b)†; Stalenhoef (2002)†; Morris 
(2001)† 

 
Mental Status (Cognitive Impairment; 
Depression; Dementia) 

 Tinetti (1988)†; Robbins (1989)†; Nevitt (1991)†; Graafmans 
(1996b)†; Vellas (1998)†; Cesari (2002)‡; Stalenhoef (2002)†  

 
Pharmacological Agents  Tinetti (1988)†; Campbell (1989) †; O’Loughlin (1993) †; Leipzig 

(1999)a 
 

Impaired Vision  Campbell (1989)†; Nevitt (1991)†; Lord (1994a)†; Lord (1994b)‡; 
Tinetti† (1995); Luukinen (1997)†; Dolinis (1997)‡ ; Morris 
(2004) ‡ 

 
Urinary Incontinence 

 

 Tinetti (1995)†; Graafmans (1996b)†; de Rekeneire (2003)‡ 

Back Pain  Morris (2004) ‡ 

Impaired Neuromuscular Function  

 Sensation/Proprioception  Lord (1994a)†; Lord (1994b)‡; Luukinen (1997)†; Hill (1999) † 
 

 Reaction Time  Nevitt (1991)†; Lord (1994a)† 
 

 Weak Muscular Strength  
  Quadriceps Femoris  Lord (1994a)†; Lord (1994b)‡; Graafmans (1996b)†; Luukinen 

(1997)†; de Rekeneire (2003)‡ 
 

  Other Lower Limb Muscles  Robbins (1989)†; Studenski (1991)‡; Tinetti (1995) †; Hill (1999) † 
 

  Grip Strength 
 

 Campbell (1989)†; Wickham (1989)‡; Nevitt (1991)†; Tinetti† 
(1995); Luukinen (1997)†; Stalenhoef (2002)† 

 
Impaired Balance  Robbins (1989) †; Studenski (1991)‡; Graafmans (1996b)†; Vellas 

(1998,1997) †; de Rekeneire (2003)‡ 
 

 Increased Postural Sway  Ring (1988)‡; Tinetti (1988)†; Campbell (1989)†; Lord (1994a)†; 
Lord (1994b)‡; Morris (2001)†; Stalenhoef (2002)† 

 
Poor Mobility/Functional Impairment  Tinetti (1988)†; Campbell (1989)†; Wickham (1989)‡; Nevitt 

(1991)†; O’Loughlin (1993) †; Graafmans (1996b)†; Luukinen 
(1997)†; Vellas (1998)†; Cesari (2002)‡; de Rekeneire (2003)‡; 
Morris (2004) ‡ 

 
 Lower TUG Scores  Okumiya (1998)† ‡; Shumway-Cook (2000)‡; Gunter (2000)‡; 

Morris (2001)† 
 

 Impaired Gait  Tinetti (1988)†; Graafmans (1996b)†; Hill (1999) †; Cesari (2002)‡ 
 

Low Habitual Physical Activity 

 

 Luukinen (1997)† 

Poor HRQoL  

 Fear of Falling  Luukinen (1997)†; Hill (1999) †; Murphy (2003)†; Friedman 
(2002)†; Morris (2004)‡ 

 
 Social Integration  Faulkner (2003)† 
†Prospective study; ‡Cross-sectional study; a Review paper. Medical conditions are not included in this list 
of factors. 
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Fall-Related Factors and Fracture Risk 

A few cross-sectional studies have shown that falls risk factors are associated with 

osteoporosis (Lynn et al., 1997; Liu-Ambrose et al., 2003; Sinaki et al., 2004) and 

osteoporotic fractures (Crilly et al., 1987; Eriksson & Lindgren, 1989; Lord et al., 

1994b). In a small study by Lynn et al. (1997), hyperkyphotic osteoporotic women (n = 

6; Cobb angle > 54°) were noted to have greater postural sway compared to the less 

kyphotic osteoporotic women (n = 10) and to non-osteoporotic age-matched controls (n 

= 5). Similarly, Sinaki et al. (2004) observed that osteoporotic women with 

hyperkyphosis (n = 12, Cobb angle 50° – 65°) had poorer balance and reported a greater 

propensity to fall (assessed subjectively using a falls-efficacy scale) compared to 

healthy controls (n = 13, Cobb angle < 40°). These findings suggest that thoracic 

hyperkyphosis may pose a potential falls risk factor. However, in Sinaki’s study, age 

was not considered as a potential confounder. Future studies controlling for potential 

confounders are needed to provide a better understanding of these associations.  

 

Liu-Ambrose et al. (2003) observed that women with osteoporosis (diagnosed using the 

WHO [1994] BMD threshold) had weaker quadriceps femoris strength and greater 

postural sway compared to the non-osteoporotic counterparts, and suggested that ‘falls 

risk’ screening in osteoporotic women may be beneficial in fracture prevention.  

 

An early study by Eriksson and Lindgren (1989) documented that women aged between 

45 and 70 years who sustained fractures from falls had lower grip strength in addition to 

low FN BMD. Crilly et al. (1987) demonstrated that post-menopausal women with a 

history of Colles’ fracture had decreased bone mass and increased postural sway. Lord 

et al. (1994b) in a large population-based study showed that individuals who suffered 

from fall-related fractures had reduced lower limb sensation, weaker quadriceps femoris 

strength and increased postural sway.  

 

Fall-related factors have also been shown in several prospective studies to be predictive 

of fractures in the elderly community-dwelling populations (Nguyen et al., 1993; 

Cummings et al., 1995a; Dargent-Molina et al., 1996; Albrand et al., 2003). All these 

studies identified low BMD and falls risk factors to be predictors of future osteoporotic 

fractures. These studies are described in the next section. 
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2.5.4 Combined Assessment of Bone-Related and Fall-Related Risk Factors for 

Osteoporotic Fracture Risk Identification 

There is mounting evidence supporting the assessment of multiple risk factors in 

enhancing osteoporotic fracture risk identification in community-dwelling older adults 

(Nguyen et al., 1993; Cummings et al., 1995a; Dargent-Molina et al., 1996; Albrand et 

al., 2003). The Dubbo Osteoporosis Epidemiology Study (DOES) in Australia identified 

increased body sway and weak quadriceps femoris muscle strength, in addition to low 

FN BMD, as major risk factors for osteoporotic fracture (Nguyen et al., 1993). The SOF 

in the US involving 9,516 white women 65 years of age or older, identified low physical 

activity levels, impaired vision, poor functional mobility and low calcaneal bone 

density, as some of the independent risk factors for hip fractures (Cummings et al., 

1995a). The combination of BMD and falls risk was also assessed in 7,575 post-

menopausal French women aged 75 years and older by Dargent-Molina et al. (1996). 

Their study identified four fall-related factors: gait speed; small calf circumference; 

decreased ability to tandem walk; and poor visual acuity, as predictors of hip fractures 

independent of BMD. Prince et al. (2001) followed a group of 1,499 women in the 

Calcium Intervention Fracture Outcome Study (CAIFOS) for two years and noted that 

grip strength and calcaneal SOS were significant predictors of incident fractures. More 

recently, Albrand et al. (2003) observed 672 healthy post-menopausal French women 

for five years and documented that age, history of previous falls and fractures, maternal 

history of fractures, low TH BMD, low physical activity levels and weak grip strength, 

were all independent predictors of fragility fractures. These large prospective studies 

provide strong evidence that multiple risk assessments are important in fracture risk 

identification. 

 

While most of these studies assessed multiple risk factors and showed that multiple 

variables were associated with fracture risk, few have assessed the utility of a composite 

model, in particular, comprising calcaneal QUS and falls risk assessments, to determine 

the risk of osteoporotic fractures. 

 

Accurate assessments of factors associated with the risk of falls can be difficult. For 

example, it may be difficult to quantify urinary incontinence, as this condition is often 

under-reported (Roberts et al., 1998). In addition, cognitive or mental health 

impairments or the use of pharmacological agents may be difficult to evaluate using 
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self-reports, unless verified by medical professionals. As opposed to these ‘disease-

oriented’ factors, ‘functional’ components of falls risk factors such as strength 

performance, functional mobility and postural sway, are easily measurable and 

quantifiable. The objective tests of these measures have been shown to have good 

validity, reliability and repeatability, as discussed in Part II of this chapter.  

 

In summary, many studies have shown that calcaneal QUS can predict fracture risk, and 

the propensity to fall is a significant osteoporotic fracture risk factor. Decreased 

muscular strength, impaired mobility, postural instability and hyperkyphosis have all 

been identified as important contributory factors to falls. It will be novel to investigate 

the relationships between calcaneal QUS and falls risk factors, and to examine the 

discriminatory power of using these assessments, either singly or in combination, to 

identify individuals at higher risk of osteoporotic fractures. To date, there is a paucity of 

literature investigating the discriminatory power of the combined use of these two 

important osteoporotic risk factors in fracture risk identification. 
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2.6 HEALTH-RELATED QUALITY OF LIFE (HRQoL) AND OSTEOPOROSIS 

Fragility fractures, the ultimate consequence of osteoporosis, often result in pain and 

loss of function with the consequent loss of independence. Similarly, thoracic kyphotic 

deformities resulting from vertebral fractures have also been documented to cause pain 

and decreased physical functioning (Lyles et al., 1993; Leidig-Bruckner et al., 1997; 

Martin et al., 2002). The resulting pain and disabilities arising from fractures have been 

shown to translate to a poorer perception of quality of life and more psychosocial 

symptoms (Ettinger et al., 1992; Cook et al., 1993; Gold, 1996; Ross, 1997; Hall et al., 

1999; Hallberg et al., 2004), even when fractures are ‘silent’ (Martin et al., 2002; 

Romagnoli et al., 2004). 

 

The impact of fragility fractures on HRQoL has been found to be dependent on the site 

and severity of these fractures. In general, hip fractures have more adverse impact on 

the HRQoL compared to spinal fractures (Randell et al., 2000; Adachi et al., 2001). The 

number, severity and location of the vertebral fractures have different impacts on 

HRQoL (Ross et al., 1991b; Oleksik et al., 2000; Silverman et al., 2001). Individuals 

with recent vertebral fractures tended to report worse HRQoL compared to those with 

long standing fractures (Ross, 1997; Begerow et al., 1999; Cortet et al., 1999; Cockerill 

et al., 2004). Increasing numbers of fractures often resulted in worse outcomes, such as 

greater pain and greater disability (Ross et al., 1991b) and in poorer perception of 

HRQoL (Oleksik et al., 2000). Several investigators have also documented that lumbar 

spinal fractures were more symptomatic than thoracic fractures, and consequently had 

more impact on the HRQoL (Cooper et al., 1992; Oleksik et al., 2000; Silverman et al., 

2001). These observations were independent of the aetiology of the fractures and the 

time of assessment of HRQoL following fracture (Cooper et al., 1992; Oleksik et al., 

2000; Silverman et al., 2001). 

 

At present, most studies have assessed the impact of fractures on the HRQoL. The 

ability of self-reports of HRQoL to identify those with increased risk of future fractures 

(low BMD and/or presence of fragility fractures) is less known. Although one recent 

study demonstrated that HRQoL assessment was not able to discriminate patients with 

or without vertebral fractures (Romagnoli et al., 2004), more studies are required to 

confirm this observation. There are however, no studies to investigate if an individual’s 
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self-perception of HRQoL in combination with assessment of bone quality using QUS, 

can discriminate them to be at high or low risk of future osteoporotic fractures. 

 

2.7 THE INFLUENCE OF PHYSICAL ACTIVITY LEVEL ON BONE, 

THORACIC KYPHOSIS, PHYSICAL PERFORMANCE AND HRQOL 

2.7.1 Physical Activity and Bone 

Physical inactivity has been implicated as one of the causative factors for bone loss in 

the elderly (Frost, 1997). Several comprehensive reviews have indicated that structured 

exercise programs, especially weight bearing and resistance type exercises, have modest 

but positive effects on bone mass (Forwood & Burr, 1993; Layne & Nelson, 1999; 

Rutherford, 1999; Gregg et al., 2000; Wallace & Cumming, 2000). Although physical 

activity is still widely recommended to increase bone mass (Wallace & Cumming, 

2000), there is evidence that the magnitude of increase in bone mass is not directly 

proportional to the level of physical activity (Hagberg et al., 2001). A cross-sectional 

study by Hagberg et al. (2001) observed that low-to-moderate intensity exercise had a 

more positive effect on BMD than higher-intensity training. Currently, there is 

conflicting evidence as to the most effective exercise intensity to cause a significant 

change in bone mass, especially in the elderly (Rutherford, 1999).  

 

The relationship between self-reported current physical activity levels and BMD have 

been reported in several cross-sectional and prospective studies. While some studies 

noted a positive relationship (Sinaki & Offord, 1988; Greendale et al., 1995; Sinaki et 

al., 1996b; Nguyen et al., 1998, 2000; Proctor et al., 2000; Hagberg et al., 2001), others 

failed to observe any positive associations (Hannan et al., 2000; Iki et al., 2002; 

Gerdhem et al., 2003a,b).  

 

Similarly, both positive (Graafmans et al., 1998; Gregg et al., 1999; Landin-Wilhelmsen 

et al., 2000; Jakes et al., 2001; Adami et al., 2003) and negative associations (Jakes et 

al., 2001) between physical activity and QUS have been documented. Jakes et al. (2001) 

found that only high impact activities (e.g., competitive running, high impact aerobics 

and tennis or squash), but not moderate impact activities, were related to calcaneal 

QUS. 
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Physical activity was noted to account for only about 1% to 10% of the variance in 

BMD, suggesting that other factors may have affected bone mass (Proctor et al., 2000; 

Gerdhem et al., 2003b). Factors known to affect bone mass and quality include: age; 

body size (Landin-Wilhelmsen et al., 2000); muscle mass and strength (Nguyen et al., 

2000; Proctor et al., 2000); sex hormones (Hannan et al., 2000; Hagberg et al., 2001; 

Welch et al., 2004); and calcium (Gregg et al., 1999; Ilich et al., 2000; Nguyen et al., 

2000), alcohol (Hannan et al., 2000) and protein intake (Gregg et al., 1999; Ilich et al., 

2000). However, not all studies that have investigated the relationship between physical 

activity and bone had consistently considered these potential confounders. This is a 

possible explanation for the conflicting results observed. 

 

The inconsistencies noted in these studies may also arise from variations in the 

assessments of physical activity levels. Some assessments took into consideration 

typical sporting, leisure and household activities (Sinaki & Offord, 1988; Graafmans et 

al., 1998; Nguyen et al., 1998; Hannan et al., 2000; Nguyen et al., 2000; Proctor et al., 

2000) while others sought only participation in sporting and/or exercise-related leisure 

activities (Greendale et al., 1995; Landin-Wilhelmsen et al., 2000; Hagberg et al., 2001; 

Jakes et al., 2001; Adami et al., 2003). Habitual physical activity patterns, which 

include both leisure as well as household activities, are likely to be more representative 

of the types of activities in which an elderly individual would participate. Assessment of 

physical activity levels, especially in the elderly, should therefore take into account both 

leisure and household activities. It will be of interest to assess the interactions between 

dietary intake (calcium, protein, alcohol and total energy consumption) or HRT history 

and habitual physical activity, in the context of their effects on BMD, QUS and fracture 

status in a group of community-dwelling elderly post-menopausal women. 

 

2.7.2 Physical Activity and Thoracic Kyphosis 

Thoracic kyphosis in the elderly is one of the clinical outcomes (and predictors) of 

osteoporotic vertebral fractures. A few studies have investigated the relationship 

between habitual physical activity and thoracic kyphosis and failed to provide 

conclusive evidence that individuals who lead a physically more active lifestyle were 

less kyphotic (Sinaki et al., 1996a; Eagan & Sedlock, 2001). Sinaki et al. (1996a) 

examined 65 healthy ‘normal’ post-menopausal women (median age 54 years) and 

failed to show a significant association between thoracic kyphosis (derived from 
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radiographic Cobb angle) and physical activity levels. In their study, physical activity 

levels were derived from the sum of three customary activity components: 

housekeeping, occupational and sports, for the last 24 months before assessment. In 

another study, Eagan and Sedlock (2001) examined the association of lifetime and 

current physical activity levels and kyphosis in 61 healthy, non-osteoporotic post-

menopausal women (age 60 – 78 years). In their study, kyphosis was determined using 

the Debruener Kyphometer that assesses the back surface curvature of the individuals. 

Information regarding historical and current physical activity levels was collected. 

Subjects were grouped into ‘exercisers’ or ‘non-exercisers’ (labelled as ‘sedentary’). 

Analysis of variance showed no significant differences in kyphosis between the 

physically active and sedentary groups, although there were trends to suggest that the 

‘exercisers’ were less kyphotic compared to the ‘non-exercisers’. The relationship 

between the magnitude of thoracic kyphosis and physical activity participation in leisure 

and household activities needs to be verified using a larger sample size, as well as 

investigating whether this relationship varies with the methodologies for assessing 

thoracic kyphosis. 

 

2.7.3 Physical Activity and Falls Risk Factors (Muscular Strength, Mobility and Balance) 

Physical activity has been shown to have beneficial effects in maintaining functional 

independence and reducing the risk of injurious falls in the elderly (Graafmans, et al., 

1996b; Schwartz et al., 1998; Gregg et al., 2000; Skelton, 2001). Elderly subjects who 

were physically more active were reported to have better functional mobility (Visser et 

al., 2002; Brach et al., 2003), muscular strength (Sinaki & Offord, 1988; Lord et al., 

1993; Lord & Castell, 1994; Nguyen et al., 2000; Gerdhem et al., 2003b) and balance 

(Lord et al., 1993; Lord & Castell, 1994; Seeman et al., 1995). Positive relationships 

between physical activity and performance-based measures were documented 

independently of potential confounders such as age, BMI and medical conditions 

(Visser et al., 2002; Brach et al., 2003). However, these potential confounders were not 

consistently considered in all assessments (Sinaki & Offord, 1988; Nguyen et al., 2000; 

Gerdhem et al., 2003b). In addition to age and BMI, dietary intake of calcium (Nguyen 

et al., 2000; Pfeifer et al., 2000), protein and carbohydrate were also documented to be 

associated with physical performance and functional status in the elderly (Starling et al., 

1999; Bonnefoy et al., 2000). The confounding effects of these factors in the 

relationship between physical activity and physical performance have yet to be 
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documented in an elderly population. In addition, few studies have comprehensively 

investigated the relationships between habitual physical activity levels and commonly 

identified falls risk factors, such as muscular strength, functional mobility and balance 

in a single sample of elderly women. 

 

2.7.4 Physical Activity and HRQoL 

It is well documented that participation in physical activity can have a positive influence 

on the quality of life of elderly individuals (Brown, 1992; Rejeski et al., 1996; 

American College of Sports Medicine Position Stand, 1998; McAuley & Katula, 1998; 

Rejeski & Mihalko, 2001). 

 

It is of interest to this study that HRQoL constructs such as the fear of falling and poor 

social integration were reportedly related to the increased risk of falling (Luukinen et 

al., 1997; Friedman et al., 2002; Faulkner et al., 2003; Murphy et al., 2003). Bruce et al. 

(2002) documented that reduced participation in recreational activities was 

independently associated with increased risk of falling. In their study, they ascertained 

fear of falling from three questions that sought a ‘yes’ or a ‘no’ answer. A positive 

answer in one of the three questions would classify the individual as having fear of 

falling. However, the limited choice in their questionnaire may not be sensitive in 

assessing individuals with fear of falling. In contrast, the Osteoporosis Assessment 

Questionnaire (OPAQ) (Silverman et al., 1993) has a section consisting of five 

questions that specifically aim to assess the individual’s fear of falling. The 

questionnaire has a wide response range, based on a Likert scale. In addition, this 

questionnaire assessed the social integration of the individual. It will be of interest to 

assess the relationship between habitual physical activity and these two HRQoL 

constructs (fear of falling and social interaction), using the validated OPAQ. 

 

In summary, current evidence suggests that physical activity, especially organised 

exercise programs, can help maintain bone mass and physical functioning, and in doing 

so reduce the risk of falls and osteoporotic fractures. The relationship between habitual 

physical activity level on bone and fall-related factors is less clear. A few factors may 

have accounted for this. First, different questionnaires were used to assess physical 

activity levels. Some investigated participation in sporting activities or organised 

exercise programs only whereas others assessed habitual physical activity that included 
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household and leisure activities (Proctor et al., 2000). The assessment of habitual 

physical activities levels may be more appropriate in the elderly population as older 

individuals are less inclined to participate in sporting activities. Exclusion of household 

activities may lead to an under-estimation of the physical activity level of the elderly. 

Second, factors that may affect bone, physical performance or physical participation 

were not consistently adjusted for, contributing to the inconsistent results observed. 

 

To date, no studies have comprehensively investigated the relationships between 

habitual physical activities on osteoporosis- and fall-related factors, taking into account 

relevant potential confounders. It will be novel to investigate the interrelationships of 

habitual physical activity and bone strength (DXA BMD and calcaneal QUS); physical 

performances indices (muscular strength, mobility and balance); thoracic kyphosis; and 

HRQoL, in a sample of elderly community-dwelling women, controlling for potential 

confounders such as age, body size, dietary intake (alcohol, calcium, protein and 

carbohydrate) and the use of HRT. In addition, the effect of physical activity on HRQoL 

constructs such as fear of falling and social integration needs further investigation as 

these constructs have been shown to be related to falls, and consequently, osteoporotic 

fracture risk. 
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2.8 SUMMARY OF PART I 

Osteoporosis is a public health problem and has significant financial consequences. The 

current clinical diagnostic assessments for fracture risk include BMD assessment using 

DXA technologies, and radiology to diagnose fragility fractures. There are however 

concerns about the over-reliance on the WHO BMD-based criteria to determine fracture 

risk, as a large proportion of fracture cases were reported to have BMD above the WHO 

recommended threshold. 

 

The review of literature has demonstrated that calcaneal QUS is able to identify and 

predict fracture risk independently of BMD. There is also accumulating evidence that 

the propensity to fall is a significant and important risk factor for fractures in the 

elderly. Some of the important independent predictors of falls in community-dwelling 

adults, identified in large prospective studies, include weak muscular strength, poor 

mobility and postural instability.  

 

Thoracic hyperkyphosis is a common clinical manifestation of vertebral fractures in the 

thoracic spine, which is a risk factor for future osteoporotic fractures. In addition, 

individuals with this physical characteristic were reported to have increased postural 

sway, which is a recognised falls risk factor. Thus, thoracic hyperkyphosis is likely to 

be a potential risk factor for falling and future osteoporotic fractures. Some studies have 

suggested a positive relationship between muscular strength, in particular the trunk 

musculature, and kyphosis. However, current evidence is ambiguous. There is anecdotal 

evidence to suggest that thoracic hyperkyphosis may be related to increased breast size. 

There is however, a paucity of evidence to support this. 

 

The International Osteoporosis Foundation recommended the assessment of multiple 

risk factors, in order to improve risk assessment and suggested that there was a need to 

examine the interrelationship of these risk factors (Kanis & Glüer, 2000). Many studies 

have been conducted to investigate the predictive power of combining QUS and BMD; 

QUS and clinical risk factors (age, menopause status, BMI, HRT use); or BMD and 

falls risk factors, in fracture risk assessment. Apart from the study by Prince et al. 

(2001) who identified grip strength and SOS as predictors of incident fractures, there are 

no reports of the discriminatory power of combining calcaneal QUS and assessments 
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such as balance, muscular strength, mobility and spinal curvatures, in the assessment for 

fracture risk. 

 

Pain and disabilities arising from osteoporotic fractures often result in the loss of 

independence. Thoracic kyphotic deformities, associated with vertebral fractures (which 

may be asymptomatic), have also been implicated in limiting functional activities of 

daily living, thereby resulting in the loss of mobility and function. The consequent loss 

of functional abilities and independence arising from the signs and symptoms of 

osteoporosis often translate to poorer perceptions of HRQoL. It is not known if self-

perceived HRQoL will be able to discriminate those with a history of fragility fractures 

or those with low BMD, from normals.  

 

In general, increasing physical activity through structured exercise programs has been 

shown to have a positive influence on bone, neuromuscular function and HRQoL in the 

elderly. However, the relationships between habitual physical activity and the above 

variables are less clear. Previous studies did not correct consistently for potential 

confounding factors such as age, body size, sex hormones and dietary intake. These 

factors have been shown to be associated with bone, physical performance and physical 

activity participation. In addition, the assessment of physical activity varied 

considerably. Some studies took into account only sports and leisure activity 

participation. In the elderly population, assessment of household activities is important 

as elderly individuals spend significant time on household activities such as gardening 

and household chores. It will be novel to assess the relationships between habitual 

physical levels, and i) bone mass and quality; ii) fall-related factors such as physical 

performance and thoracic kyphosis; and iii) HRQoL, in a single sample of elderly 

women, controlling for potential confounding factors.
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PART II: REVIEW OF MEASUREMENT SYSTEMS  

 

 

The present study utilised a combination of assessment techniques to determine 

osteoporotic fracture risks. Measurements included conventional densitometry such as 

DXA to measure areal BMD of the proximal femur and lumbar spine, and quantitative 

ultrasonometry to determine calcaneal bone density and ‘quality’. The utility, reliability 

and validity of these measurement systems were briefly described in Part I, Section 2.4 

of this chapter. As the techniques of DXA and QUS are well described and there are 

numerous publications on the validity of these techniques, it is beyond the scope of this 

chapter to review these two well-established systems. The details of the application of 

these techniques are provided in the Methods Chapter (Chapter 3, Sections 3.6 and 3.7). 

 

Part II of this chapter begins with a review of literature on the assessment of vertebral 

fractures from plain radiographs (Section 2.9). The evaluation of thoracic kyphosis from 

spinal radiographs and video rasterstereography are presented in Sections 2.10.1 and 

2.10.2, respectively. Reviews of the methodologies for the assessments of muscular 

strength, mobility and postural sway in the elderly population are presented in Sections 

2.11, 2.12 and 2.13, respectively. The questionnaires employed in this study to 

determine HRQoL (Section 2.14), habitual physical activity levels (Section 2.15), 

dietary intake (Section 2.16), pain (Section 2.17), and depression (Section 2.18), are 

also reviewed. A summary of Part II of this chapter, a description of the main research 

problem and the clinical significance of this study are presented in Sections 2.19, 2.20, 

and 2.21, respectively.  

2.9 RADIOGRAPHIC ASSESSMENT OF VERTEBRAL FRACTURE 

The presence of minimally traumatic vertebral fracture has significant clinical 

implications. Apart from being a clinical sign for osteoporosis, the presence of vertebral 

fracture is a risk factor for future fracture (Ross et al., 1991a; Genant et al., 2000; 

Klotzbuecher et al., 2000). Hence, accurate identification of vertebral fracture is 

important from both diagnostic and intervention viewpoints. Currently, there is no 

consensus regarding the definition of spinal fracture from spinal radiographs. Vertebral 

fracture prevalence in a group of subjects has been reported to range from 14% to 33%, 
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depending on the method and the criteria used (Genant et al., 1996). The wide range 

reflects the absence of a ‘gold standard’ to define spinal fracture. Additionally, the 

spectrum of abnormalities of the vertebrae resulting either from congenital, 

developmental or degenerative changes, may further compound the difficulty in 

determining presence of vertebral fracture (Genant et al., 2000). 

 

Several approaches, ranging from qualitative to quantitative, have been used to define 

vertebral body fracture from spinal radiographs. Qualitative assessments have been 

criticised for their poor inter-rater agreement, primarily due to the lack of consistency in 

definitions (Hedlund & Gallagher, 1988). Morphometric assessment was developed to 

provide a more objective assessment for vertebral fracture. It has been argued that this 

approach can be performed by non-radiologists (Davies et al., 1989; Black et al., 1995), 

and is able to detect abnormal vertebrae overlooked by qualitative reading (Eastell et al., 

1991; Smith-Bindman et al., 1991; Genant et al., 1996). However, spinal fracture 

identification by morphometry may be affected by various factors, even though strict 

guidelines are available (Genant et al., 1996). Normal variability in the anatomy and 

degenerative remodelling of the vertebrae; and imaging variability, such as projectional 

and parallax influences, may result in subjective placements of points (Genant et al., 

1996). Despite these potential sources of error, the intra- and inter-observer variability 

are fairly low. The reported coefficients of variation for intra- and inter-observer 

measurement of anterior and posterior vertebral heights and vertebral height ratios 

ranged from 1.6% to 6.3% (Eastell et al., 1991; Genant et al., 1996; Edmondston et al., 

1999) and 2.1% to 8.5% (Smith-Bindman et al., 1991; McCloskey et al., 1993; Genant 

et al., 1996), respectively. 

 

Several studies have comprehensively compared the different methods for radiological 

assessment of vertebral fractures (Smith-Bindman et al., 1991; Black et al., 1995; 

Genant et al., 1996) but consensus as to the best approach has yet to be reached. Smith-

Bindman et al. (1991) compared several morphometric approaches to define prevalent 

fractures using a sample of 100 post-menopausal women. Their study suggested that a 

morphometric definition of fracture, using vertebral height ratios, needs to take into 

account normal differences in vertebral size and shape at different levels of the spine. 

Failure to do so resulted in a high number of false positives. Additionally, definitions 

based on a combination of vertebral height ratios tended to classify women more 

accurately into fracture and non-fracture groups (defined qualitatively) than definitions 
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based on a single measurement or ratio (Smith-Bindman et al., 1991). The comparison 

studies of these methods were however limited by the lack a ‘gold-standard’ reference 

to define vertebral fracture. 

 

In a later study with a larger sample size, Black et al. (1995) investigated a system of 

‘triage’ using 503 subjects whereby only spinal radiographs with evidence of deformity 

were subjected to morphometric assessment to determine fracture. In addition, they 

compared semi-quantitative (SQ) assessment for vertebral fracture with four different 

morphometric approaches. Their study showed that the use of triage by non-radiologists 

to screen for vertebral fractures resulted in very few missed deformities as defined semi-

quantitatively or morphometrically. Additionally they found good relationships between 

SQ assessments with three out of the four morphometric assessments for defining 

vertebral fractures. They summarised that the combination of triage, followed either by 

SQ grading by radiologist or morphometric assessments, can be an efficient and 

satisfactory approach to define prevalent vertebral fractures.  

 

These findings were later confirmed and refined by Genant et al. (1996) who 

investigated a system of visual triage (to categorise films into normal or fracture cases), 

visual flagging (to identify abnormal vertebrae), SQ assessment by radiologist, and 

morphometric measurements to define vertebral fractures. They recommended that 

definition of vertebral fracture should not be based on morphometric measurement 

alone as this method has limited ability to identify mild fractures. The use of more 

stringent criteria however, tended to result in a higher false positive rate (Genant et al., 

1996). It was argued that mild deformity should not be disregarded as this reduces 

fracture prevalence and additionally, may substantially relegate the significant clinical 

consequences of the increased risk of recurrent fracture (Genant et al., 1996; Ross et al., 

1993). In conclusion, Genant et al. (1996) recommended the use of a composite 

approach, using visual triage by non-radiologists to exclude normals, and subjecting the 

rest of the radiographs to SQ evaluation and morphometric assessment in order to 

identify all likely fractures. 
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2.10 DETERMINATION OF THORACIC KYPHOSIS 

In clinical studies of osteoporosis or geriatric-related research, thoracic curvatures have 

been assessed using a wide variety of methodologies. Radiographic assessment of spinal 

curvature included the modified Cobb’s method (Figure 2.2A) (see Section 2.10.1 for 

description); a variation of the Cobb’s method (Sinaki et al., 1996a,b) (Figure 2.2B); or 

computer-assisted vertebral contour measurement (Singer et al., 1990, 1994) (Figure 

2.2C). Thoracic kyphosis has also been defined by assessing the magnitude of back 

surface curvature, using instruments such as: the architect’s flexicurve ruler to derive a 

kyphotic index (Milne & Lauder, 1976; Ettinger et al., 1994; Prince et al., 2002) (Figure 

2.3A); the Debruener Kyphometer (Ensrud et al., 1997; Lyles et al., 1993) (Figure 

2.3B); the Curviscope (Cortet et al., 1999, 2002) (Figure 2.3C); and video 

rasterstereography (Goh et al., 1999b) (Figure 2.5). Additionally, the severity of 

thoracic kyphosis has been defined as the magnitude of the forward flexion of the head 

position, measured objectively as the ‘occiput-to-wall’ distance (Siminoski et al., 2001; 

Balzini et al., 2003) (Figure 2.4). 

 

Several studies have compared different measurements of thoracic kyphosis with the 

modified Cobb’s method and have generally noted high correlations between techniques 

(Cortet et al., 1999; Goh et al., 2000). Cortet et al. (1999) reported a correlation 

coefficient of r = 0.65 (p < 0.01) between thoracic kyphosis, measured using a 

Curviscope, and the Cobb angle. Using cadaveric spines, Goh et al. (2000) showed that 

the Cobb angle was significantly associated with the computer-assisted measurement of 

spinal curvature described by Singer et al. (1990) (Figure 2.2C). The reproducibility and 

reliability of these assessments varied. These are summarised in Table 2.4. 
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Figure 2.2 Radiographic assessments of thoracic kyphosis: [A] The modified Cobb’s 
method. θ is the Cobb angle formed by the intersection of perpendiculars extended from 
the superior vertebral borders of an upper thoracic vertebral body and the inferior border 
of a lower thoracic vertebral body (Singer et al., 1994, p. 1382). [B] A variation of the 
Cobb’s method (Sinaki et al., 1996a, p. 371). [C] Computer-assisted assessment of 
spinal curvature. An average curvature is derived from the anterior and posterior border 
of the vertebral column; the mean radius of the curvature (r) represents the spinal 
curvature (Singer et al., 1994, p. 1382). 
 

 
 

Figure 2.3 Non-invasive techniques for the assessment of back surface curvature, as an 
index of thoracic kyphosis. [A] The architect’s flexicurve ruler. Inset: The magnitude of 
thoracic kyphosis is denoted by the Kyphotic Index (KI), which is 100 times the 
horizontal distance (H) divided by the vertical length (L) of the back (adapted from 
Ettinger et al., 1994, p. 56). [B] The Debruener Kyphometer (retrieved on October 2004. 
http://www.ki.se/odont/cariologi_endodonti/exarb/Image44.gif). 
[C] A schematic illustration of the Curviscope (Cortet et al., 2002, p. 203). 

[A] [B] [C][A] [B] [C]

L H

Potentiometers

Central Optic 
Potentiometer

Links to ensure 
contact with 
patient’s back

Connection to 
PC

L HL HL H

Potentiometers

Central Optic 
Potentiometer

Links to ensure 
contact with 
patient’s back

Connection to 
PC

[A] [C][B]



64 

Figure 2.4 A schematic diagram illustrating the assessment of the magnitude of thoracic 
kyphosis using the ‘occiput-to-wall’ distance [d]. 
 
 
Table 2.4 Summary of the coefficients of variation and reliability coefficients for the 
various methodologies for assessing thoracic kyphosis. 
Method  Coefficients of Variation/aMean 

Difference (References) 
Reliability Coefficient 
(References) 

Cobb’s Method 3.4%  
(Singer et al., 1990; Goh et al., 
2000) 
 
a 1.5° to 4.3°  
(Carman et al., 1990; Goh et al., 
2000; Harrison et al., 2001; Stotts et 
al., 2002)  
 

ICC = 0.81 to 0.99  
(Lundon et al., 1998; Goh et 
al., 2000; Harrison et al., 2001) 

Computer-Assisted 
Radiographic Skeletal Curvature 

1.4% to 4.5%  
(Singer et al., 1990; Goh et al., 
2000) 
 

ICC = 0.95  
(Goh et al., 2000) 

Architect’s Flexicurve Ruler  4.4% to 12.5%  
(Chow & Harrison, 1987; Ettinger 
et al., 1994) 

Pearson’s r: 
0.78 to 0.98  
(Milne & Lauder 1974; Chow 
& Harrison, 1987; Lundon et 
al., 1998) 
 

Debruener Kyphometer 8.4%  
(Ohlen et al., 1989) 

Pearson’s r: 
0.89 to 0.99  
(Ohlen et al., 1989; Lundon et 
al., 1998) 
 

Curviscope 2.8% in normal subjects and 2.4% 
in osteoporotic patients  
(Cortet et al., 1999). 
 

 

Video Rasterstereography 2.4% to 3.0% in subjects 
0.4% to 1.3% using a phantom back 
(Goh et al., 2000) 

ICC = 0.98 to 0.99  
(Goh et al., 1999b) 

aMean intra-observer variability for repeated measurements; ICC = Intra-Class Correlation Coefficient. 

dd
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2.10.1 Radiographic Cobb Angle Assessment 

Radiographic assessment of the spinal curves using the Cobb’s method was originally 

developed to measure scoliosis (McAlister & Shackelford, 1975). A modification of the 

Cobb’s method had been used to measure thoracic kyphosis using lateral spinal 

radiographs. The kyphotic angle is determined from perpendiculars extended from the 

superior vertebral borders of an upper thoracic vertebral body (e.g., T4) and the inferior 

border of a lower thoracic vertebral body (e.g., T11 or T12) (Figure 2.2A). In this thesis, 

the radiographic assessment of kyphosis using this method will simply be denoted as the 

Cobb’s method.  

 

This method has questionable validity as the derived kyphotic deformity depends on 

factors such as vertebral end-plate tilt of the selected vertebrae (Jeffries et al., 1980; 

Voutsinas & MacEwen, 1986; Goh et al., 2000; Harrison et al., 2001) and visibility of 

the vertebral outlines, which may be affected by radiographic magnification and 

distortion (Singer et al., 1994). Thus, the degree of kyphosis, as defined by the Cobb 

angle, may not be a true reflection of the actual curve characteristics (Singer et al., 

1990; Goh et al., 2000). Furthermore, there is concern over the lack of precision, 

reflected by the wide variability of intra- and inter-observer differences (Stotts et al., 

2002). Consequently, several other approaches to define thoracic kyphosis, independent 

of end-plate tilt and radiographic artefacts, have been reported. Examples of these 

include the computer-assisted assessment of spinal curve (Figure 2.2C), the architect’s 

flexicurve ruler (Figure 2.3A), the Debruener Kyphometer (Figure 2.3B), the 

Curviscope (Figure 2.3C) and the automated video rasterstereography (Figure 2.5). 

 

Despite the limitations of the Cobb’s method, the present study included this assessment 

to determine its utility in identifying fracture risk and to compare the assessment of 

thoracic curvature with newer technologies such as video rasterstereography. 
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2.10.2 Video Rasterstereographic Assessment of Back Surface Curvature 

Rasterstereography is an optical imaging system developed in Germany by researchers 

interested in quantifying adolescent scoliotic deformity without the use of X-rays 

(Frobin & Hierholzer, 1988). This system consists of a projector, video camera and 

image processing software from which back surface curvature is derived (Figure 2.5).  

 

The use of video rasterstereography for the assessment of back surface curvature has 

been demonstrated by Goh et al. (1999b) to have good reliability and accuracy and was 

documented to have excellent precision (Table 2.4). In comparison with the architect’s 

flexicurve ruler and the Debruener Kyphometer, the rasterstereographic assessment of 

thoracic curvature has less variability (Table 2.4). 

 

 

 

 
Figure 2.5 The video rasterstereographic optical imaging system. Components of the 
system include a projector and a video camera (not shown) and computer software from 
which the back surface curvature is derived from the raster lines (refer to Figure 3.8 for 
description). 
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The validation of spinal curvature derived from rasterstereography with radiography 

was investigated in a pilot study using 14 subjects (8 females and 6 males) of mean age 

67.6 years (range 61 – 76) (Tan et al., 2000). Lateral erect spinal radiographs were 

performed simultaneously with rasterstereography. It was shown that the back surface 

thoracic curvature derived from rasterstereography is moderately correlated with the 

skeletal spinal curve (r = 0.71, p < 0.05). The rasterstereographic back surface curvature 

(BSC) tended to consistently underestimate the radiographic skeletal curvature. It is 

postulated that the adipose tissue overlying the back, and the orientation and the shape 

of the spinous processes may contribute to this difference. The strength of this 

preliminary investigation lies in the methodology: the curvature from the same thoracic 

region (T4 – T11) was studied for both techniques; both rasterstereographic and 

radiologic images were taken simultaneously, thereby eliminating errors associated with 

the variation in posture; and the two curves were analysed using a common method 

(Tan et al., 2000).  

 

In a study by Goh et al. (1999c), rasterstereographic BSC was shown to be associated 

with BMD. They reported that BSC, in a sample of 42 females across a wide age range 

(mean 54.5; range 26 – 79), was correlated with mean LS BMD (r = 0.63 – 0.71, p < 

0.0001) and age-independent BMD Z-score (r = 0.57 – 0.68, p < 0.0001). From these 

findings, they suggested that rasterstereographic BSC has the potential to assist in the 

screening of individuals at risk of osteoporosis. The association of BSC with vertebral 

fracture is therefore of significant interest. To date, no such study has been reported. 

 

The principal merit of optical back shape assessment of spinal curvature in 

osteoporosis-related research is its established reliability, accuracy, speed of analysis, 

and the non-ionising technology (Drerup & Hierholzer, 1994; Goh et al., 1999b).  
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2.11 ISOMETRIC ASSESSMENT OF MUSCULAR STRENGTH IN THE 

ELDERLY 

2.11.1 Trunk Extension and Flexion 

Assessment of trunk strength has been reported extensively in back-pain related 

research using a variety of methods and equipment. As the present study was concerned 

with investigating trunk strength in elderly females, only studies reporting trunk 

strength in similar populations were reviewed.  

 

Isometric strength assessment using a variety of test equipment and positions in post-

menopausal women has been reported by several investigators. Sinaki et al. (1986) 

reported the use of a strain-gauge dynamometer to measure isometric back extensor 

strength to assess the relationship between spinal BMD and back extensor strength in 68 

healthy post-menopausal women. The subjects were tested in prone lying, with the hips 

and knees in the neutral position and hands by the sides (Figure 2.6). A transducer head 

was placed between the scapulae at the level of the first thoracic spinous process to 

provide a force measurement and also aided in immobilising the upper back. The 

subjects were asked to lift their trunk away from the supporting surface in order to 

direct force against the transducer head using their trunk muscles. 

TransducerTransducer

 

Figure 2.6 The position adopted by the subjects for isometric trunk extensor muscle 
testing, as described by Sinaki et al. (1986) (adapted from Sinaki et al., 1986, p. 118). 
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The test protocol described by Sinaki et al. (1986) included a warm up trial followed by 

three 5-second maximal-effort trials, separated by 1-minute rest periods between trials. 

The maximum score of three trials was recorded as the ‘maximal isometric strength’, if 

the last score was within 5% of the previous scores. If not, the process was repeated 

until the contiguous scores were within 5% of each other. The reproducibility of this 

technique was investigated in 25 volunteers tested on three separate occasions within 

one week. The mean coefficient of variation was 8.7% (median 8.1%). 

 

Limburg et al. (1991) described a technique specifically designed to measure back 

extensor strength of osteoporotic and elderly women – the BID-2000. The assessment 

technique of BID-2000 was similar to that described previously by Sinaki et al. (1986). 

However, modifications were made by adding cushioning and manoeuvrability to the 

transducer head to minimise pain during testing. The reproducibility of this technique 

was conducted using 13 healthy subjects tested on three occasions within a one-month 

period. The coefficient of variation for the BID-2000 was 2.3%. They argued that BID-

2000 provided safe and pain free testing of back extensor strength of patients with 

fragile vertebrae, as it incorporated the following features: isometric strength 

assessment in prone; simplicity, minimising the need for repetitive performance of 

maximal contraction; and manoeuvrability to allow comfortable positioning of the 

subjects. In addition, they reported that the design of BID-2000 reduced the risk of 

iatrogenic vertebral fractures during testing (Limburg et al., 1991). However, these 

claims were not substantiated.  

 

The BID-2000 was used in subsequent investigations by Sinaki and colleagues to 

compare isometric trunk strength of osteoporotic versus normal healthy women (Sinaki 

et al., 1993) and to assess the associations between back extensor strength and variables 

such as physical activity levels, vertebral fractures (Sinaki et al., 1996b) and thoracic 

kyphosis (Sinaki et al., 1996a). Sinaki and colleagues did not discuss the ease or 

difficulty in getting elderly women into the prone testing position. 

 

Eagan and Sedlock (2001) described a similar back extensor strength assessment 

technique. They used a cable tensiometer attached to a belt secured around the torso of 

the subject. The subject was positioned prone, with hip and knees in neutral position. 

The subject was instructed to clasp their hands behind the head, then raise their head 

and upper back to the limit of their ability against the tensiometer. The testing protocol 
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was similar to that described by Sinaki et al. (1986). The reliability of this technique 

was however not described. Again, patient comfort and ease of assuming the test 

position was not discussed.  

 

Halle et al. (1990) used the Kin-Com Testing system to measure the isometric trunk 

extensor and flexor torque of a group of 56 post-menopausal women to investigate the 

relationship between trunk strength and BMD of the lumbar spine and hip. Isometric 

trunk strength was measured in sitting with pelvis and lower limbs stabilised. A force 

application pad was placed at the level of the manubrium for trunk flexors and at the 

fourth thoracic spinal level (T4) for trunk extensors. The subjects were given a learning 

session one week prior to the actual testing. Each subject performed three maximal 

contractions with a 1- to 2-second rest in between. The Kin-Com testing system has 

reportedly high reliability coefficients (Pearson’s r > 0.9) in measuring peak torque 

(Smidt et al., 1989).  

 

In a more recent study, the Kin-Com trunk-testing unit was used to investigate the 

relationship between trunk flexor and extensor torques and Vitamin D receptor 

genotypes with lumbar spine BMD (Iki et al., 2002). The elderly subjects were seated 

and stabilised with their pelvis and lower extremities fastened to the apparatus. The 

precision of the Kin-Com testing unit was examined using 11 younger volunteers tested 

in three separate occasions, one week apart. The coefficients of variation, for isometric 

trunk extensor and flexor torque were 5.9% and 8.9%, respectively (Iki et al., 2002). 

The study did not report if any systematic error was observed with repeated sessions. 

 

Specially designed dynamometers to assess back extensors strength were also reported. 

Bevier et al. (1989) described an isometric dynamometer whereby the subjects stood on 

a platform with lower limbs straight, hip flexed 156°, and with both hands holding onto 

a grip bar. This bar was attached to the dynamometer with an adjustable chain. During 

strength assessment, the subjects pulled on the chain by straightening their hips. This 

test required the action of several upper-limb muscle groups but the authors argued that 

the hip and the back extensors group were assessed primarily. The reported re-test 

coefficient of variation was 11.9%, derived from repeated testing about one month 

apart. 

 



71 

Trunk strength assessed in standing was reported by Rantanen et al. (1994) in a study 

that investigated the relationship between strength and mobility in elderly men and 

women (the test protocol and equipment was referenced to Viitasolo et al., 1977, cited 

in Rantanen et al., 1994, p. 133). The study demonstrated that trunk strength (adjusted 

by body weight) was significantly associated with mobility in this elderly group. The 

reliability of the trunk strength assessment was not reported.  

 

In summary, isometric trunk strength assessments in elderly females have been 

conducted using a variety of equipment and positions, and all have reportedly moderate 

to good reliability. However, most studies utilised relatively expensive equipment that 

are laboratory-based and require specialised operator training. Furthermore, the prone 

testing position adopted by Sinaki et al. (1996a,b) and Eagan and Sedlock (2001), may 

not be tolerated by all elderly persons. Those with poorer mobility and flexibility, 

greater body mass around the abdominal region and spinal problems, may have 

difficulty in assuming and maintaining this position during the testing session. Hence, 

the main considerations in designing a trunk strength-testing system for the present 

study were: (i) the ease with which the test could be set up; (ii) the comfort of the 

subject; and (iii) the portability of the equipment. In addition, it has been suggested that 

elderly subjects, in particular those who were unaccustomed to physical activity, may 

require more familiarisation sessions, in order to get a maximal voluntary contraction. 
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2.11.2 Quadriceps Femoris 

Weak quadriceps femoris strength has been shown to be an independent predictor of 

falls (Lord et al., 1994a; Graafmans et al., 1996b; Luukinen et al., 1997) as well as 

osteoporotic fractures (Nguyen et al., 1993). 

 

Isometric quadriceps femoris strength has been assessed using a variety of strength 

assessment equipment ranging from laboratory-based equipment such as the Cybex II 

dynamometer (Aniansson et al., 1980; Johnson, 1982; Murray et al., 1985; Madsen et 

al., 1993) and MedX (Ploutz-Snyder et al., 2002), to more simple setups utilising a cord 

and strain-gauge system (Shaunak et al., 1987; Rantanen et al., 1996; Samson et al., 

2000) or hand-held dynamometers (Deones et al., 1994).  

 

Results of re-test reliability studies varied according to the type of equipment used. 

Aniansson et al. (1980) reported measurement error ranging from 9% to 14% of the 

peak isometric quadriceps femoris strength measured in women when re-tested at  

3-monthly intervals. Murray et al. (1985) observed that isometric quadriceps strength 

values tended to be greater on the repeat test occasion (one week later), and this was 

statistically significant at knee flexion of 45°. Madsen et al. (1993) reported a relatively 

low precision error (mean coefficient of variation [CV] of two highest torque values) 

ranging from 2.3% to 2.6%. These data were derived from repeated measurements at the 

same testing session. In summary, investigators who have used Cybex II dynamometers 

to assess quadriceps femoris strength have reported varied reproducibility coefficients. 

 

The hand-held dynamometer in assessing quadriceps femoris strength was reported by 

Deones et al. (1994) to have good intra-tester reliability (intra-class correlation 

coefficient [ICC] = 0.93 – 0.95; standard error of measurement [SEM] = 15.6 – 17.8N). 

However, concerns about its validity and confounding factors, such as strength of the 

tester and adequate subject stabilisation have been highlighted (Deones et al., 1994). 

 

Simple lab-designed cord and strain-gauge systems to assess quadriceps femoris 

strength were described in several studies. Shaunak et al. (1987) utilised a portable chair 

incorporating a strain-gauge connected to a load cell. The subject sat on the chair, knee 

flexed at 90° with an ankle pad positioned just above the malleolus. The maximal 

isometric force exerted on the ankle pad was registered as the maximal voluntary 
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contraction of the quadriceps femoris muscle. The reproducibility of this equipment, 

expressed as the coefficient of variation, was 4.7% in female subjects. Rantanen et al. 

(1996) described a specially designed adjustable chair where the subject’s knee was 

positioned at 60° and the ankle was attached to the strain-gauge system using belts. The 

reliability of this system was not reported. More recently, Samson et al. (2000) 

described the use of an adjustable straight-backed chair with pelvis strap to provide 

stabilisation, and a strain-gauge system attached to the ankle by a strap. The subject’s 

knee was positioned at 90°. The stability of this quadriceps femoris strength 

measurement device was assessed using a re-test design, (one week apart, on 10 

subjects) yielding a correlation coefficient of 0.99 (Samson et al., 2000). 

 

These simple quadriceps femoris strength assessments using strain-gauge systems have 

the advantages of being relatively inexpensive, easy to set up in a community setting, 

and do not require specialised operator training. 

 

2.11.3 Grip 

Grip strength has been demonstrated to be able to discriminate between fallers and non-

fallers (Lord et al., 1991a) and related to the architectural parameters of bone 

(Hasegawa et al., 2001). 

 

Varied methods of grip strength assessment have been reported, utilising dynamometers 

such as the Jamar (Bevier et al., 1989; Bellace et al., 2000); Grip-D (Hasegawa et al., 

2001); Smedly (Reddon et al., 1985); or Grippit (Lagerström & Nordgren, 1998). 

Positions adopted during strength assessment included standing with arms by the side 

(Bevier et al., 1989); sitting with elbow flexed at 90° (Mathiowetz et al., 1985; Fess, 

1992) (Figure 2.7A); or starting with the arm fully flexed and squeezing the 

dynamometer fully, while extending to neutral (Prince et al., 2001) (Figure 2.7B). 
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Figure 2.7 [A] The arm position for grip strength testing recommended by the 
American Society of Hand Therapists (Fess, 1992, p. 43). The subject’s shoulder is in 
neutral, elbow in 90° flexion and forearm in neutral pronation and supination. [B] 
Starting position for the assessment of grip strength described by Prince et al. (2001). 
The subject was instructed to squeeze the dynamometer while extending her arm to 
neutral (reprinted with permission from Prince et al., 2001). 
 

Mathiowetz et al. (1985) discussed the importance of standardised testing and described 

the optimal standardised positioning of the subject’s arm during grip strength 

assessment. The recommended position involved the subject’s arm being in adduction, 

elbow in 90° flexion and wrist and forearm in neutral (Figure 2.7A). This is the 

recommended standardised position for assessing grip strength by the American Society 

of Hand Therapists (Fess, 1992). This position has been adopted in several 

investigations (Hamilton et al., 1994; Lagerström & Nordgren, 1998; Bellace et al., 

2000; Hasegawa et al., 2001) with all studies reporting either low coefficients of 

variation and/or high reliability coefficients. Lagerström and Nordgren, (1998) 

demonstrated that this position for grip strength assessment yielded higher re-test 

reliability than other positions. 

 

Hamilton et al. (1994) investigated the reliability of various methods to derive grip 

strength score: (i) the score of one trial; (ii) the mean score of two trials; (iii) the mean 

score of three trials; and (iv) the highest score of three trials. They observed that the grip 

strength score derived from all these methods had high re-test reliability (ICC scores 

[A]

[B]

[A]

[B]
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above 0.90). However, their study concluded that taking the mean scores of three trials 

had the highest ICC compared either to taking the first score, the mean of two trials or 

the highest score of the three trials, although the differences were not statistically 

significant. Lagerström and Nordgren (1998) reported a CV of 5.6% to 6.1% when grip 

strength was tested, using a Grippit dynamometer, on two occasions four weeks apart. 

The test scores were significantly correlated, with Pearson’s r between 0.91 and 0.96. 

They reported that the highest score of the three trials yielded the lowest CV% 

compared to the mean of three scores. Additionally, they reported the highest score of 

the three trials was significantly larger than the average score of the three trials. 

 

Bellace et al. (2000) found a high re-test reliability (ICC = 0.98) using the Jamar 

dynamometer. Hasegawa et al. (2001) reported an intra-individual reproducibility of 

5.5% (CV) using the Grip-D dynamometer.  

 

In summary, these studies suggest that assessment of grip strength in a sitting position 

with the elbow flexed to about 90° has consistently yielded high reliability coefficients, 

regardless of the dynamometers used.  
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2.12 ASSESSMENT OF FUNCTIONAL MOBILITY 

Podsiadlo and Richardson (1991) reported the use of the timed “Up & Go” (TUG) test, 

which is the modified, timed version of the “Up & Go” test first described by Mathias et 

al. in 1986. The TUG test requires the individual to rise from a standard armchair, walk 

three meters, turn, return to the chair and sit back down on the chair. The time taken to 

complete the task is noted.  

 

The TUG test has been shown to be a valid test for quantifying the functional mobility 

of elderly persons (Podsiadlo & Richardson, 1991; Jette et al., 1999). The study by 

Podsiadlo and Richardson (1991) demonstrated that the TUG test correlated well with 

the Berg Balance test (Pearson’s r = -0.81); Barthel’s Index of ADL (Pearson’s r =         

-0.78) and gait speed (Pearson’s r = -0.61), using a sample of 60 subjects with varying 

medical conditions that included Parkinson’s disease, cerebral vascular accidents, 

arthritis, post hip fractures, cerebellar degeneration and general deconditioning.  

 

The reliability of the TUG has been investigated by several groups. The intra- and inter-

tester reliability has been demonstrated in two different studies with ICCs ranging from 

0.74 to 0.99 (Podsiadlo & Richardson, 1991; Jette et al., 1999). Reliability testing using 

different clinical professionals (physiotherapists, physician and patient attendants) 

showed good inter-rater agreement (ICC = 0.99) (Podsiadlo & Richardson, 1991). This 

demonstrated that the TUG test is simple to administer and reliability of the test does 

not require specialised training. Shumway-Cook et al. (2000) reported consistently high 

inter-rater agreement (ICC range 0.98 – 0.99) for TUG tests, when conducted under 

varying test conditions such as TUG with a cognitive task (counting backwards) or an 

upper-limb motor task (carrying a cup of water). 

 

Timed “Up & Go” scores have been reported to be positively skewed (Shumway-Cook 

et al., 2000), and ranges for various samples have been reported. Podsiadlo and 

Richardson (1991) assessed 10 normal healthy elderly men and women aged between 

70 and 84 years (mean age 75 years) and this group performed the TUG task in less than 

10 seconds (range 7 – 10s; mean 8.5s). Hughes et al. (1998) reported a mean TUG score 

of 13.1±2.6 (mean±SD) seconds (range 8.7 – 17.3s) derived from a group of 20 

independent community-dwelling elderly persons aged between 65 and 86 (mean age  
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81±4.7 years). In a bigger sample involving 251 elderly men and women (mean age 

74.3±7.7 years; range 60 – 95), a mean score of 15±6.5 seconds (range 5.4 – 40.8s) was 

reported (Newton, 1997). The mean score for this group was higher than normal. Likely 

explanations are (i) the sample in Newton’s study included a group of 31 elderly 

persons who required walking aids; (ii) the distance walked was slightly longer, 3.05m 

(10ft) instead of the standard 3m; and (iii) the chair used was lower (41 cm in height 

versus the standard 46 cm in height).  

 

The TUG test is widely used in the area of gerontology research, especially in studies 

investigating falls and osteoporosis. Of clinical significance, poor performance of the 

TUG task has been shown be an important risk factor for falls (Okumiya et al., 1998; 

Gunter et al., 2000; Shumway-Cook et al., 2000; Morris et al., 2001). 

 

In summary, the TUG is a simple, practical and objective test to assess functional 

mobility in the elderly population. It has been demonstrated to have good content 

validity, as it assesses basic mobility manoeuvres required for daily activities such as 

sit-to-stand and vice versa, walking short distances and turning round. It has also good 

concurrent validity as it correlates well with other comprehensive measures of gait, 

balance and functional abilities (Podsiadlo & Richardson, 1991).  
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2.13 ASSESSMENT OF POSTURAL SWAY IN FALLS AND OSTEOPOROSIS-

RELATED STUDIES 

Postural sway is a commonly derived variable used to study balance characteristics in 

the elderly. Methodologies used to assess postural sway range from laboratory-based 

systems such as force platforms and specialised balance assessment equipment (e.g., 

Balance Master; Chattex Balance Systems), to simple mechanical devices such as the 

Sway-Meter (SM) (Lord et al., 1991b). There are currently no universally accepted 

assessments of sway characteristics in the elderly population to indicate their falls risk. 

However, there is an emerging recognition and use of the validated Physiological 

Profile Assessment described by Lord et al. (2003a). An important component of this 

assessment is the evaluation of postural sway using a SM. 

 

The SM was first described by Lord et al. (1991b), who demonstrated the predisposition 

to falling was reflected in an increased sway path. Postural sway derived from the SM 

was able to discriminate between multiple fallers and non-fallers in retrospective and 

prospective studies (Lord et al., 1991a; Lord & Clark, 1996). Additionally, sway path 

length was also shown to be an independent predictor of osteoporotic fracture incidence 

in a large epidemiological study (Nguyen et al., 1993). Sherrington and Lord (1998) 

reported that patients with hip fractures had greater body sway, compared with normal 

controls. Additionally, body sway has been utilised as an outcome measure to assess the 

effects of exercise and calcium, and Vitamin D supplement (Lord et al., 1995; Brooke-

Wavell et al., 1998; Pfeifer et al., 2000).  

 

The SM consists of a belt with a rigid 40 cm rod extending from behind with a pen 

attached at the end of the rod (Figure 2.8). During assessment, the belt is worn around 

the waist and the rod is parallel to an adjustable surface on which a paper is placed. The 

sway path of the subject is marked onto the graph paper during a balance task. A 

variable derived from the SM is the ‘total-sway’, which is defined as the number of one-

mm squares traversed by the pen in a 30s period (Lord et al., 1991b). The re-test 

reliability of postural sway assessment using the SM has been established by Lord et al. 

(1991b, 1994a), who reported moderate to high reliability scores (Pearson’s r range  

0.57 – 0.85). 
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Apart from being a sensitive instrument to discriminate between fallers and non-fallers, 

the SM has the advantages of being portable, simple to set up in community settings and 

easy to utilise. However, it only monitors displacement about the lumbar region. It has 

limited capacity to monitor multi-segmental displacement during a balance task, in 

order to provide information about balance strategies.  

 

 

 

 

 

Figure 2.8 The Lord’s Sway-Meter. This simple mechanical system consists of a 40 cm 
rod worn around the waist. The displacement of the body (postural sway) in static 
stance is traced onto a paper by a pen attached to the end of the rod (adapted from Lord 
et al., 2003, p. 244). 
 

 

Sway PathSway Path
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2.14 HEALTH-RELATED QUALITY OF LIFE (HRQoL) ASSESSMENT 

Many health-related quality of life (HRQoL) questionnaires have been used in 

epidemiological and clinical research. The literature reporting the use of these 

questionnaires is extensive and it is not within the scope of this review of literature to 

review all questionnaires. This section reviews the two quality of life questionnaires 

employed in this study: (i) the Short-Form 36 Health Survey (SF-36), a generic quality 

of life questionnaire widely used in clinical research and epidemiological studies. This 

is a well- validated questionnaire and Australian norms are available for comparison 

and; ii) the Osteoporosis Assessment Questionnaire (OPAQ), an osteoporosis-targeted 

health-related questionnaire. Many osteoporosis-specific quality of life questionnaires 

are available. However, as the aim of this thesis was to investigate if HRQoL has a role 

in discriminating individuals with high risk of osteoporotic fractures (see page 96), the 

OPAQ questionnaire was chosen as it focused on the impact of fractures on the 

individual’s function and psychosocial well-being (Randell et al., 1998). This is in 

contrast to others, which were developed to assess the impact of osteoporotic fracture on 

the community (Martin et al., 2002). 

 

2.14.1 SF–36 Health Survey 

The SF-36 Health Survey is a generic measure of health status, that was derived from a 

larger set of questions used in the Medical Outcomes Study in the United States (Ware 

& Gandek, 1998a). The SF-36 has been proven useful in comparing general and specific 

populations and in estimating the relative burdens of different diseases (Randell et al., 

2000; Sanson-Fisher & Perkins, 1998; Ware & Gandek, 1998a, 1998b). The reliability 

and the validity of the SF-36 has been extensively investigated and summarised 

comprehensively in a report by Ware and Gandek (1998b). 

 

The SF-36 is widely used in different countries and different languages for 

epidemiological and clinical studies. It has been adapted for use in Australia and has 

reportedly good reliability and validity (Sanson-Fisher & Perkins, 1998). Its practicality, 

due to reduced respondent (36 items questionnaire) and administration burden (can be 

self administered) has gained widespread use in clinical research. Importantly for this 

study, its use in osteoporosis- and falls-related studies in the Australian population has 

also been reported (Hall et al., 1999, 2000; Randell et al., 2000). The SF-36 population 
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norms have been established in Australia and these data published by the Australian 

Bureau of Statistics (1995). 

 

The SF-36 Health Survey consists of 36 questions. With the exception of the health 

transition question, the response to each item contributes to the derivation of eight 

frequently measured health concepts: Physical Functioning; Role Physical; Bodily Pain; 

General Health; Vitality; Social Functioning; Role Emotional; and Mental Health. In 

addition, these eight health domains can be summarised to derive two health  

components, the Physical Component Summary (PCS) and Mental Component 

Summary (MCS). Scores for each component, the PCS and the MCS, are expressed on a 

scale of 0 to 100. A higher score indicates a better state of health and well-being. It has 

been reported that 80% to 85% of the variance in the eight health scales was accounted 

for by the two summary scores (Ware et al., 1995).  

2.14.2 Osteoporosis Assessment Questionnaire Version 2 (OPAQ 2) 

The Osteoporosis Assessment Questionnaire (OPAQ) is a disease-targeted HRQoL self-

assessment questionnaire. It was based on the Arthritis Impact Measurement Scales 

Health Status Questionnaire 2, specifically developed to assess the HRQoL in 

osteoporotic individuals.  

 

The OPAQ was developed by Silverman et al. (1993) who initially used patient 

interviews to identify disease-targeted health concerns in people with osteoporosis. The 

questionnaire comprises 79 questions that include questions specific to osteoporosis 

such as body image, fear of falls and independence (Silverman et al., 1993; Randell et 

al., 1998). Preliminary reliability and the validity studies reported by Silverman et al. 

(1993) showed that the questionnaire was reliable, had generally good internal 

consistency and there were significant relationships between health state scales and 

patient clinical state (as determined by the number of vertebral fractures).  

 

In a later study, Randell et al. (1998) investigated the reliability, internal consistency 

and validity of the questionnaire, using 40 patients from an Australian osteoporosis 

clinic. All the participants had either hip, vertebral or peripheral fractures. Re-test 

reliability measurements conducted two weeks apart were investigated for each of the 

79 questions, 18 health scales and four domains. The re-test reliability of the four 

domains, as assessed by intraclass correlation, had the highest repeatability coefficients 
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(mean ICC±SD: 0.90 ± 0.03) followed by the 18 health scales (mean ICC±SD: 0.82 

±0.07). There was moderate agreement, as assessed using the kappa test, between the 

first and second interview for the 79 questions (mean kappa 0.46±0.16). Randell et al. 

showed good internal consistency for the 18 scales (Cronbach’s alpha range 0.72 – 

0.92) and moderate to good consistency for the four domains (Cronbach’s alpha range 

0.64 – 0.89). In general, the OPAQ had good to moderate construct validity between the 

18 health scales, and: i) general well-being; ii) age related well-being; and iii) the 

subject’s perception of the relative importance (expressed as subject’s satisfaction) of 

each health scale. In addition, the patients were grouped according to the fracture sites 

and their reported health domains were significantly different, inferring that OPAQ can 

distinguish hierarchy of disease related to functional loss based on the site of fracture 

(Randell et al., 1998).  

 

From the results of Randell’s study, the revised version of the OPAQ was developed to 

include 67 items, grouped into 14 health state scales. From the 14 health state scales, 

seven meaningful health domains were derived, namely, Physical Function, Symptoms, 

Social Support, Social Activity, Psychological (fear of falling and loss of 

independence), Body Image and Tension. This version has the added advantage of 

having fewer questions and thus reducing respondent burden. In a later report, Social 

Support and Social Activity domains were grouped to form the dimension ‘Social 

Interaction’. Similarly, the Psychological, Body Image and Tension domains were 

grouped to form the dimension ‘Emotional Status’. This resulted in the derivation of 

four composite meaningful dimensions, namely: Physical Function; Symptoms; 

Emotional Status; and Social Interaction (Silverman et al., 2001). 

 

The revised version of the questionnaire, OPAQ 2, was used to investigate the HRQoL 

changes post-hip fracture (Randell et al., 2000). Their study demonstrated that there was 

a rapid deterioration of HRQoL 12 to 15 weeks post fracture, reflected by both the 

OPAQ 2 and SF-36 Health Survey. They also reported that the OPAQ 2 was more 

sensitive than the SF-36 when assessing social functioning in patients with osteoporotic 

hip fracture.  

 

In summary, the OPAQ has been tested to be a reliable and valid health-related QoL 

measure in distinguishing hierarchy of functional loss associated with osteoporosis. 
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2.15 ASSESSMENT OF HABITUAL PHYSICAL ACTIVITY LEVELS 

In the literature, many methods for assessing physical activity levels have been 

described. In epidemiological studies, activity questionnaires are most practical and are 

widely utilised to assess physical activity levels. However, few questionnaires are 

available to assess the habitual physical activity levels in the elderly. In a review by 

Pereira et al. (1997a) four physical activity questionnaires for older adults were 

identified: the Modified Baecke Questionnaire for Older Adults (MBQOA); the 

Physical Activity Scale for the Elderly; the YALE Physical Activity Survey; and the 

Zutphen Physical Activity Questionnaire. As the level of physical activity is one of the 

variables being investigated in the present study, MBQOA was chosen because it is a 

validated questionnaire and has the advantage of being a short and easily administered 

questionnaire. This section reviews the development, validation and utility of the 

MBQOA. 

 

The MBQOA is a modification from a validated questionnaire for young adults, the 

Baecke Questionnaire of Habitual Physical Activity (Voorrips et al., 1991). The 

MBQOA was developed to enable discrimination between the physically active and 

inactive healthy elderly, for a study on dietary intake and nutritional status (Voorrips et 

al., 1991). Modifications included additional questions on household activities, as this 

becomes more relevant than occupational activities in the elderly. A recall time period 

of 1-year was specified in this questionnaire due to the weakness of short-term memory 

(Shephard, 1989). Additionally, the mode of administration changed from self 

administered, in the original questionnaire, to interviewer-administered (Voorrips et al., 

1991).  

 

The MBQOA has essentially two sections. The first section consists of 10 questions 

about involvement in household activities. Each question seeks a response with four to 

five ratings, ranging from inactive to very active. The second section asks for: i) the 

types of sporting or physically active leisure activities participated in the last 12 months; 

ii) the number of hours spent per week on the activities; and iii) the number of months 

in the last year that the subject was involved in the activities. This questionnaire gives a 

‘Total Physical Activity’ score, which is a combination of the ‘Household’ and the 
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‘Sport and Leisure’ activities scores. These scores are unit-less and were designed for 

classification into quartiles of various levels of physical activity. 

 

The MBQOA was reported to be a reliable and valid questionnaire to classify healthy 

elderly adults into different levels of physical activity (Voorrips et al., 1991). Voorrips 

et al. examined the repeatability of this questionnaire using 29 subjects, aged between 

63 and 80 years, using a test-retest design. The questionnaire was administered twice 

over a 20-day interval by the same interviewer. Student’s t test showed no significant 

difference between the test and the re-test scores. Spearman’s Rank correlation showed 

a high correlation coefficient of 0.89. Using tertile classification, 72% of subjects were 

classified to the same tertile on both occasions (Kendall’s tau-b correlation coefficient = 

0.74) and there was no gross misclassification, that is, two scores in opposite tertiles did 

not occur.  

 

In the same study, the relative validity of the MBQOA was investigated by comparing 

the questionnaire scores of 31 subjects, with the results of 24-hour activity recalls and 

pedometer scores. The 24-hour activity recall scores were derived by multiplying the 

number of minutes spent on each activity with the net energy cost per minute for each 

activity (Voorrips et al., 1991). The pedometer, that registered the number of 

movements (in the vertical direction) of the body, was used as the objective measure of 

physical activity of the test subjects. The counts registered by the pedometer were 

monitored for three consecutive days. The mean pedometer count was used as the score 

to compare with the MBQOA questionnaire score. Spearman’s Rank correlation ranged 

from 0.72 to 0.78 when the questionnaire scores were compared with these other two 

measures of physical activity. When the various scores were grouped into tertiles, 

Kendall’s tau-b was 0.66 (71% of subjects grouped according to the 24-hour recall were 

classified correctly according to the MBQOA questionnaire tertile with one case of 

misclassification); and 0.68 (67% of subjects were classified into the same tertile based 

on pedometer scores and MBQOA questionnaire results). Voorrips et al. (1991) 

acknowledged that the two ‘reference’ methods used for their validity study were not 

‘gold standards’ and each of these methods had their limitations. Similarly, Visser et al. 

(2002) reported that the Modified Baecke Questionnaire for Older Adults was validated 

with a 7-day physical activity diary and pedometer counts in large sample sizes (n = 356 

and n = 296, respectively) with correlation coefficients of 0.7 and 0.52 (unpublished 

results from Stel cited in Visser et al., 2002, p. 1775). 
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The results of these studies suggest that the MBQOA questionnaire have reasonable 

relative validity. These investigators concluded that the MBQOA is a reliable and valid 

method to classify healthy elderly adults into extremes of physical activity. The 

coefficients of repeatability and relative validity reported in their study were within the 

range of values reported by other authors who have investigated the repeatability and 

relative validity of other physical activity questionnaires (Jacobs et al., 1993; Miller et 

al., 1994). 

 

In a later study, Voorrips et al. (1993) investigated the association between self-reported 

habitual physical activity scores, derived from the MBQOA, and a battery of physical 

performance scores in 50 females aged between 60 and 80 years old. Their study found 

that women in the higher physical activity tertile had better endurance for walking, 

measured using a walk test (the number of 25 metre rectangular courses completed at 

increasing velocity of 4, 5, 6 and 7 km/h for 3 minutes each). In addition, these women 

had better flexibility at the hip and spine measured using a sit and reach test. Voorrips et 

al. (1993) demonstrated that self-reports of habitual physical activity are in agreement 

with measures of physical performance, in particular, walking endurance and hip and 

spine flexibility.  

 

In summary, the MBQOA is a short and simple questionnaire with acceptable reliability 

and relative validity for classifying elderly adults into quartiles of varying physical 

activity levels.  
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2.16 DIETARY INTAKE ASSESSMENT 

One of the most widely used and accurate methods of calculating dietary intake is the 

weighed food record (WFR), commonly monitored over a defined period of time (e.g., 

4-day, 7-day). However, this method is time consuming and can be costly. The 

researchers need to provide training and equipment, for example, a standardised 

weighing scale to the participants. In addition, the participants may need to be 

monitored for compliance and accuracy. Food frequency questionnaires (FFQ) are 

increasingly being used in epidemiological studies and clinical studies, as they are 

simpler to administer and, require less time and cost than WFR. Validated FFQ, namely 

those developed by the Commonwealth Scientific and Industrial Research Organisation 

(CSIRO) and Anti-Cancer Council of Victoria (ACCV), have been developed in 

Australia to reflect the typical Australian nutritional intake. The CSIRO (Human 

Nutrition) developed a comprehensive diet and health booklet, which is relatively 

lengthy. Additionally, the cost of the booklet and data analysis is relatively more 

expensive compared with the other available FFQs.  

 

The ACCV developed an optically scannable FFQ to reflect different ethnic eating 

patterns in the Australian population. It was originally developed in Melbourne to study 

the possible roles of different food and nutrient intake in the pathogenesis of some 

common diseases (stroke, cancer, heart diseases, diabetes and premature death) (Ireland 

et al., 1994). The development of the FFQ was modelled after the food questionnaire 

used for the (US) Nurses’ Health Study. 

 

The ACCV FFQ estimates the average pattern of food intake over the past year. It 

comprises four main sections. The first section consists of 10 questions on the number 

of pieces and types of fruits and vegetables typically consumed per day; the type of 

milk, bread, cheese and spread usually consumed; and the number of eggs and amount 

of sugar used per day. The second section comprises four questions, with pictures 

depicting different serving sizes, to determine the amount of food usually consumed at 

main meals. The third section comprises 74 food items with a choice of 10 frequency 

options (ranging from ‘never’ to ‘3 or more times a day’). Finally, the last section 

consists of eight questions to determine typical alcohol consumption over the last 12 

months. 
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The validity of the questionnaire was investigated by Hodge et al. (2000). They 

compared the nutrient intakes derived from the FFQ with results from a 7-day WFR in a 

group of 63 young to middle-aged women (mean age 33.3 years; range 16 – 48). 

Correlation coefficients ranged from 0.28 for Vitamin A to 0.78 for carbohydrate. The 

mean intake of calcium per day determined by the ACCV FFQ and the more demanding 

‘four-day weighed record’ have been shown to differ by only 30 mg or 11% of the 

standard deviation for calcium (Hodge et al., 2000). They concluded that the results of 

their validation study were comparable to the other FFQs used in other countries.  

 

The assessment of dietary intake using food questionnaires has several advantages over 

a daily WFR. It is simple to complete and increases participation compliance. The 

ACCV FFQ has the added advantage in that the completed FFQ is optically scanned and 

nutrients intake are computed using software based on the Nutrient Data Table 

(NUTTAB95) which is an Australian-based nutrient database for about 1800 foods 

expressed per 100g edible portion. 

(http://www.foodstandards.gov.au/recallsurveillance/foodcompositionprogram/nutrientd

atatablefor163.cfm.) 

 

In summary, the ACCV FFQ is a comprehensive questionnaire able to provide an 

estimate of the typical dietary intake of an individual. As it is designed in Australia, it 

covers a wide range of food types, typical of the multicultural diet of Australians. Its 

validity was found to be comparable to other FFQs. 
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2.17 PAIN SCALE 

Various methods for determining subjective pain intensity have been reported in the 

literature, but it remains unclear which pain scales provide the best repeatability, 

validity and precision. Jensen et al. (1986) reviewed and compared six commonly 

utilised clinical pain intensity measurement instruments using the following criteria: (i) 

ease of administration and scoring; (ii) relative rates of correct responses; (iii) the 

relative sensitivity of each scale as defined by the number of response categories 

available and the statistical power; (iv) the magnitude of the relationship between each 

of the pain scales; and (v) a ‘best possible’ composite measure of pain intensity. 

 

Jensen et al. (1986) recruited 75 subjects with chronic pain and the subjects had to rate 

four kinds of pain: current pain; least pain experienced in the last week; most pain 

experienced in the last week; and average pain experienced in the last week, using six 

pain scales. These include: i) Visual Analogue Scale (VAS); ii) a 101 Numerical Rating 

Scale (NRS-101); iii) an 11-point Box Scale (BS-11); iv) a 6-point Behavioural Rating 

Scale (BRS-6); v) a 4-point Verbal Rating Scale (VRS-4); and vi) a 5-point Verbal 

Rating Scale (VRS-5). Results of the study suggested that all six pain-intensity scales 

had similar degrees of utility as measures of subjective pain intensity. The rates of 

incorrect responding were similar for all scales. However, Jensen et al. (1986) proposed 

some advantages of the NRS-101 over the other scales. In terms of ease of 

administration and scoring, NRS-101 was rated most favourably: it can be administered 

either in written or verbal form; the number chosen to represent the pain intensity is the 

basic datum for the scale; and difficulty responding to the scale was not associated with 

age. Additionally, this pain scale has 101 response categories and is therefore more 

likely to be acceptable compared with the other five scales with less response 

categories. In conclusion, Jensen et al. recommended the NRS-101 as a superior 

measure of perceived pain intensity. 
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2.18 DEPRESSION 

The Beck Depression Inventory (BDI) (Beck et al., 1961) is a widely used questionnaire 

to assess depressive symptoms and attitudes, not only in clinical settings but also for 

research purposes. This inventory has reportedly good validity and reliability (Beck et 

al., 1961; Richter et al., 1998). 

 

The BDI consists of 21 items, each of which corresponds to a specific category of 

symptom and/or attitude consistent with the descriptions of depression (Beck et al., 

1961). The statements are rank ordered to reflect the severity of the symptoms. A 

numerical value of zero to three is assigned to each statement, reflecting neutral (0) to 

most severe symptoms (3). A higher cumulative score would indicate presence of more 

depressive symptoms compared to a lower score. It was recommended that scores 

between 0 and 9 indicate ‘non-depressed’; 10 and 15 ‘dysphoric’ and 16 and above 

‘depressed’ (Kendall et al., 1987).  
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2.19 SUMMARY FOR PART II 

The review of literature of the measurement systems indicated that the assessment 

equipment, techniques and questionnaires used in the present study to test the research 

hypotheses are widely accepted and have good validity and reliability.  

 

The assessment of vertebral fracture currently lacks a ‘gold-standard’. The composite 

approach described by Genant et al. (1996) has reportedly good validity in identifying 

vertebral fractures.  

 

The conventional assessment of radiographic thoracic kyphosis uses a modification of 

the Cobb’s method. Despite the limitations identified, it is still widely used in clinical 

research. The rasterstereographic assessment of back surface curvature is fairly novel in 

the area of osteoporosis research. It has been shown to have high reproducibility and 

reliability. This study makes a novel comparison of radiographic Cobb angle with back 

surface curvature for fracture risk discrimination. 

 

A variety of equipment and assessment techniques have been used to assess the 

isometric trunk strength in elderly women. Most reported moderate to good reliability. 

Many of the systems used were laboratory-based. In addition, some of the testing 

positions, in particular prone lying for trunk extensor strength testing, may not be 

comfortable for elderly individuals. Main considerations in designing portable 

equipment for the measurement of trunk extension and flexion strength in this study 

were the ease with which the subjects could be set up and the subject’s comfort. 

 

The assessment of quadriceps femoris strength using simple and portable strain-gauge 

systems have reportedly similar CV% and reliability coefficients compared to 

laboratory-based equipment such as the Cybex. These simple systems have the added 

advantage of being portable, easy to set up in a community setting and are relatively 

inexpensive.  

 

Grip strength assessment in sitting with arms in adduction and elbows bent at 90°, and 

with wrist and forearm in neutral position, have reportedly the highest reliability 

coefficient and the lowest CV%. This is regardless of the type of dynamometer used.  
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The TUG test has been shown to be a valid test for quantifying functional mobility in 

the elderly. This test is simple, easy to administer and has good reliability. 

 

Many devices exist to assess postural sway. Postural sway derived from the Sway-Meter 

has been identified as an independent predictor of falls and osteoporotic fractures. The 

reliability has been established to range from ‘moderate’ to ‘high’. Additionally, this 

mechanical device has the advantage of being portable and the test is simple to 

administer. 

 

This study utilised a comprehensive portfolio of questionnaires to assess aspects of 

health, HRQoL, physical activity levels and dietary intake. General health and HRQoL 

were assessed using a generic health survey (SF-36 Health Survey), a disease-targeted 

health survey (OPAQ 2), a depression index (Beck Depression Inventory) and a pain 

scale (101 Numerical Rating Scale). Habitual physical activity levels were assessed 

subjectively using the Modified Baecke Questionnaire for Older Adults, and dietary 

intake was assessed using a FFQ developed by the Anti-Cancer Council of Victoria. 

These questionnaires are widely used and have all been shown to have good validity. 
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2.20 THE MAIN RESEARCH PROBLEM 

There is strong evidence that in addition to bone strength and quality, other (bone-

independent) factors also contribute to the pathogenesis of osteoporotic fractures. 

Experts in the field of osteoporosis unanimously affirm that in addition to BMD 

assessment, evaluation of clinical risk factors, in particular those related to risk of 

falling, are important in osteoporotic fracture risk identification (NIH, 2001; Reid & 

Stewart, 2001; Sambrook et al., 2002).  

 

Research has shown that the combined assessment of DXA BMD and fall-related risk 

factors were able to predict fracture risk better than either alone. Joint assessment of 

calcaneal QUS and DXA BMD of the proximal femur and lumbar spine has been shown 

to moderately enhance the predictive power of fracture risk. However, the cost, 

complexity and accessibility of DXA makes this model economically less attractive. 

The assessment of calcaneal QUS with clinical risk factors such as age, menopausal 

status, fracture history and HRT use, showed that QUS indices were stronger 

discriminators of fracture risk than clinical risk factors. Combining these assessments 

did not significantly improve the predictive power compared to quantitative 

ultrasonometry alone.  

 

Few studies have reported the interrelationships of QUS and fall-related factors in 

fracture risk discrimination. Apart from the study by Prince et al. (2001) who identified 

grip strength and SOS as predictors of incident fractures, there are no other reports of 

the discriminatory or predictive power of combining calcaneal QUS and falls risk 

assessments such as balance, muscular strength, mobility and spinal curvatures, in the 

assessment for fracture risk. 

 

Osteoporotic fractures and physical deformities associated with fractures, in particular 

kyphotic deformity, have been documented to have a negative impact on HRQoL. 

Currently, no studies have investigated if assessments of HRQoL constructs are able to 

reflect the pain and disabilities associated with fractures or spinal deformities, thereby 

identifying individuals at risk of future osteoporotic fracture. 
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The interrelationships between calcaneal QUS, fall-related factors (in particular, 

muscular weakness, impaired mobility, increased postural sway and increased thoracic 

kyphosis), and HRQoL indices are poorly understood. This study is novel in that it 

examines whether a composite model, comprising assessments of calcaneal bone (using 

QUS), factors related to falls and/or HRQoL, is able to discriminate a group of 

community-dwelling women at risk of osteoporotic fractures from those at low risk.  
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2.21 CLINICAL SIGNIFICANCE OF STUDY 

Many developed societies are currently challenged with a rapidly aging population and 

a rising incidence of osteoporotic fractures. The high incidence of falls in the elderly 

further compound this problem as the propensity to fall is widely recognised as an 

important risk for fragility fractures. Statistics from the Australian Institute of Health 

and Welfare reported that in a financial year, there were 45,068 hospitalisations for 

injuries resulting from falls, of these, 44% were due to fractures (Cripps & Carman, 

2001). 

 

The health-care cost of managing osteoporosis is projected to rise due to the change in 

population demographics and the increase in longevity. Therefore to reduce the fracture 

epidemic, strategies are needed to identify those at risk at the early time-point of the 

disease, especially those who have had their first fracture and are asymptomatic 

(Sambrook et al., 2002; Ettinger, 2003). Current clinical methods for diagnosis of 

osteoporotic fracture risks, such as bone densitometry and radiology, are largely 

institutionally-based and can be costly, impractical and are considered inappropriate for 

unselected population screening (Genant et al., 1999; Sambrook et al., 2002). The 

challenge is to find simple, relatively inexpensive, valid and cost-effective pre-screening 

strategies that can be used in the community settings, including rural Australia where 

current institution-based diagnostic technologies may not be easily available. 

 

This study sought to investigate some of these issues with the primary focus on 

identifying risk factors that can be assessed simply, non-invasively and at a relatively 

low cost, using portable and non-radiological equipment that can be made available in 

community settings. This study also sought to develop a composite model that may be 

used as a pre-screening strategy to triage individuals who may need to be referred for 

further assessment of fracture risk. Early identification of risk of osteoporotic fractures 

is the key to preventing fractures since preventive strategies including lifestyle 

modification can then be implemented. The reduction in fracture incidence will help 

decelerate the increasing financial burden placed in the health-care system in managing 

this ‘silent’ epidemic. 
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CHAPTER 3 

METHODS 

 

3.1 INTRODUCTION 

The main aim of this study was to investigate the utility of non-invasive assessment 

techniques to discriminate a subgroup of the female population identified as at risk of 

osteoporotic fracture, determined by the BMD derived from DXA and/or the presence 

of minimally traumatic fractures, from those at low risk. To test the study hypotheses, 

several methodologies were used. These included: conventional ‘gold standard’ 

assessments by bone densitometry and spinal radiology; video rasterstereography for the 

assessment of back surface curvature; objective measurements of strength, mobility and 

postural sway performances; and self-reports of general health, HRQoL, physical 

activity levels, and dietary intake. 

 

The first two sections (3.2 and 3.3) of this chapter describe the research design, the 

study hypotheses and the specific aims of this project. Section 3.4 outlines the inclusion 

and exclusion criteria used for subject recruitment and the ethical considerations for this 

study. The sequence of implementation of the various tests is described in Section 3.5. 

The assessment procedures, derivation of outcome variables, the quality control (QC) 

and precision of the machines for DXA bone mineral densitometry and calcaneal 

quantitative ultrasonometry evaluations are reported in Sections 3.6 and 3.7, 

respectively. Section 3.8 describes the protocol used for spinal radiography, the criteria 

used to define prevalent vertebral fractures and the determination of the Cobb angle 

from lateral erect radiographs. The assessment of back surface curvature using the video 

rasterstereographic system is described in Section 3.9. The methods of assessment for 

physical performances of strength, mobility and postural sway are reported in Sections 

3.10, 3.11 and 3.12, respectively. Included in these sections are the results of the 

reliability studies conducted prior to the commencement of this study. Section 3.13 

outlines the measurement of the subjects’ anthropometric characteristics. The 

questionnaires used in this study to assess the subjects’ general health, HRQoL, 

physical activity levels and dietary intake are described in Section 3.14. A description of 

the statistical approaches adopted to test the study hypotheses is presented in Section 
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3.15. The final section of this chapter (Section 3.16) summarises the methods, and the 

derived variables to test the study hypotheses. 

3.2 RESEARCH DESIGN 

A cross-sectional study was employed. 

3.3 HYPOTHESES 

3.3.1 Main Hypothesis 

That a composite model comprising non-ionising quantitative ultrasonometry, factors 

related to risk of falls (decreased muscular strength, decreased mobility, increased 

postural sway and increased thoracic kyphosis) and HRQoL, is able to discriminate a 

subgroup of the general post-menopausal population at high risk of osteoporotic fracture 

from those at low risk, independently of radiographically derived bone mineral mass. 

 

3.3.2 Subsidiary Hypotheses 

It was further hypothesised that: 

i) women with increased kyphotic curvature had weaker trunk strength and, 

thoracic kyphosis was not associated with breast size; 

 

ii) women who were physically more active had higher DXA BMD and calcaneal 

QUS scores; were better in their physical performances of strength, mobility and 

postural sway; and reported better HRQoL. 

 

3.3.3 Specific Aims of Study 

The specific aims of this study were to: 

i) investigate the associations of age-adjusted BMD and calcaneal QUS, with 

muscular strength, mobility, postural sway, thoracic kyphosis and HRQoL; 

 

ii) assess the relationships between thoracic kyphosis with trunk strength and 

breast size; 
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iii) determine the relationships between physical activity levels with BMD, QUS, 

physical performance measures, and HRQoL, controlling for potential 

confounding factors such as dietary intake and body size; 

 

iv) assess the differences in calcaneal QUS, physical performance measures, 

thoracic kyphosis, physical activity levels and HRQoL, between the 

osteoporotic group and the non-osteoporotic group and, to identify which test 

variables can best discriminate between these two groups. ‘Osteoporosis’ was 

defined using a combination of BMD T-scores of ≤ -2.5 (WHO, 1994) and/or 

a history of fragility fracture (Kanis, 1994); 

 

v) assess the differences in DXA BMD, calcaneal QUS, physical performance 

measures, thoracic kyphosis, physical activity levels and HRQoL between 

women who had a history of minimally traumatic vertebral fracture and those 

without fractures and, to identify which variables can best discriminate them; 

and 

 

vi) assess the differences in the above test variables between women who had a 

history of Colles’ or wrist fracture resulting from minimally traumatic events, 

from those without wrist fractures and, to identify which variables can best 

discriminate them.  

 

3.4 SUBJECT RECRUITMENT 

Participants for this study were a convenience sample, recruited from various sources 

using several strategies. Visits were made to community exercise classes, senior citizens 

clubs, senior social clubs and volunteer groups in the Perth metropolitan area to give a 

brief presentation about the study. Recruitment pamphlets (Appendix 1) outlining the 

aims of the study, inclusion and exclusion criteria and the involvement required from 

participants, were handed out during these visits. Posters seeking volunteers were also 

displayed on notice boards at several retirement villages. In addition, a short write up 

about the study was published in a community newspaper. Volunteers for the study 

were also sought via word of mouth. Participation was purely voluntary and no 

remuneration was offered.  
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Interested participants were initially interviewed via telephone, or in person, using a 

screening questionnaire to ensure that they met all the inclusion and exclusion criteria. 

The screening questionnaire included questions related to their medical conditions, 

current medications, history of falls and previous fractures (Appendix 2). Only previous 

medically diagnosed fractures (confirmed by previous X-rays) were taken into account. 

The date, cause and skeletal location of the fracture incident were noted in order to 

judge whether each fracture was the result of a traumatic or non-traumatic event.  

 

3.4.1 Inclusion Criteria 

For subjects to be included in this study, they had to be female, who were post-

menopausal and lived in the community. Participants who were on calcium or Vitamin 

D supplements and/or on a regular exercise program were also included. 

 

3.4.2 Exclusion Criteria 

Participants with conditions that confounded the accurate and reliable assessment of 

function, strength or self-reports were excluded from this study. In addition, various 

diseases and pharmacological agents that are associated with bone metabolism were 

identified via self-reports. Subjects with any of the following conditions were excluded 

from the study. 

 Significant cognitive impairment. This was ascertained during telephone or 

in-person interview. Volunteers who had difficulty answering simple 

questions or who were unable to provide coherent or intelligible response(s) 

to the questions on the screening questionnaires were excluded.  

 Any disabilities that could affect the physical performance testing such as: 

o severe osteoarthritis limiting activities of daily living; 

o joint replacement or spinal operation within the last two years; 

o neurological conditions such as Parkinson’s disease, cerebral 

vascular accidents or multiple sclerosis; or 

o the use of walking aids. 

 Malignancy in the last five years (excludes basal cell carcinoma). 

 Conditions affecting the axial skeleton such as severe structural scoliosis, 

rheumatoid arthritis or ankylosing spondylitis. 

 Hospitalisation or immobilisation for greater than six months in the last five 

years. 
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 Medical conditions such as primary hyperthyroidism, myeloma, Paget’s 

disease, Cushing syndrome or hypopituitarism. 

 Genetic diseases such as osteogenesis imperfecta. 

 Kidney disorders requiring dialysis. 

 Diabetes or lymphatic diseases that could compromise circulation to the 

lower limbs. 

 Currently on the following medications: 

o hormone replacement therapy, selective oestrogen receptor 

modulators, calcitriol or anabolic steroids for more than one month 

in the last three months; 

o bisphosphonates (Alendronate/Fosamax) for more than one month 

in the last six months; 

o oral corticosteroids (greater than 10mg daily for more than three 

months in the last two years); 

o inhaled corticosteroids (greater than 1000mcg daily for more than 

two months in the last two years);  

o thyroxin for more than five years or; 

o anti-epileptic drugs and anti-depressants. 

 A body mass index (BMI) of less than 17 or greater than 35. 

 

3.4.3 Ethical Considerations 

This study was approved by the Royal Perth Hospital Ethics Committee [EC2000/015] 

and the Sir Charles Gairdner Hospital Human Research Ethics Committee [2001-103]. 

Prior to the tests, all subjects were given a subject information sheet and informed, 

signed consent was sought. These documents can be found in Appendix 3. 

 

3.5 SEQUENCE OF TESTS 

Clinical investigations were conducted over two visits. Bone densitometry was  

performed in one visit at the Department of Medical Technology and Physics, in 

association with Department of Endocrinology, at Sir Charles Gairdner Hospital, Perth. 

At another visit, spinal radiography and rasterstereographic back surface curvature 

assessments were performed in the Department of Radiology, Royal Perth Hospital. The 

administration of questionnaires, calcaneal ultrasonometry assessment, and physical 
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performance testing of strength, mobility, and postural sway were conducted at the same 

visit at the Centre for Musculoskeletal Studies (Medical Research Foundation Building)  

adjacent to the Royal Perth Hospital. The tests were implemented in the same order for 

all subjects. The physical performance tests were interspersed with questionnaires to 

minimise fatigue. This sequence is depicted by the flowchart in Figure 3.1. These tests 

were all conducted in a laboratory free from external distractions, in which only the 

subject and the investigator were present. The author recruited all the subjects and 

conducted all assessments, except spinal radiography. The full assessment, including the 

bone densitometry took between 4 and 4.5 hours to complete. 

 

 

 

 
Figure 3.1 A flow chart depicting the sequence of questionnaires and physical 
performance tests, undertaken by the subjects during their visits to the laboratory. These 
tests were sequenced with the aim of minimising any effects of fatigue on the physical 
performance testing.  
OPAQ 2 = Osteoporosis Assessment Questionnaire Version 2; Modified Baecke = Modified Baecke 
Questionnaire for the Older Adults; QUS = Quantitative Ultrasound. 
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3.6 DUAL-ENERGY X-RAY ABSORPTIOMETRY (DXA) 

The Hologic QDR1000W pencil beam DXA scanner (Hologic Waltham, USA) was 

used to measure BMD at the lumbar spine and the left proximal femur. Bone mineral 

density at these sites was assessed using the standard scanning protocols and analyses 

specified by the manufacturer (Hologic) User Guide. To minimise any artefacts that 

may affect the results of the scans, all subjects wore hospital gowns and had their bra 

removed during the scans. They were advised to lie as still as possible and to breathe 

normally during the scanning process. Lumbar scans were performed with the subjects 

lying supine on the scanning table with hips and knees flexed to about 90° using a 

cushioned polystyrene block. Hip scans were done with the subjects in supine, left hip 

in slight abduction (so that the femur is parallel to the edge of the scanning table) and 

internal rotation so that the femoral neck axis is approximately co-planar with the 

scanning table. The left leg was held in position using a restraining device provided by 

the manufacturer. In the event when the left hip was unsuitable to be scanned, for 

example due to the presence of implants, the right hip was used. All scans were 

performed and analysed by the author.  

 

The author underwent training sessions with an experienced bone densitometry 

technologist (S. Henzell) and a certified ISCD (International Society for Clinical 

Densitometry) examiner (R. Price) prior to the study.  

 

Derived Variables – Bone Mineral Density (BMD) 

The following variables derived from the postero-anterior (PA) lumbar and the proximal 

hip scans were used for data analyses in this study: 

i) Lumbar spine (LS: L1 – L4) absolute BMD (g/cm2);  

ii) Femoral neck (FN) and total hip (TH) absolute BMD (g/cm2);  

iii) T-score and Z-score of LS, FN and TH based on the Western Australian 

(WA) reference range (Price et al., 2003). 
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The T-scores and Z-scores of each subject were calculated using the WA age-dependent 

reference range for females reported by Price et al. (2003), from the following formulae: 

 

 
deviationstandardYAPWA 

mean YAPWA -BMD sSubject'
=− scoreT  (Equation 1) 

where WA YAP = Western Australian Young Adult Population (ages 20 – 29).  

YAP mean (SD) for lumbar spine  = 1.062 (0.115) 

YAP mean (SD) for femoral neck  = 0.916 (0.116) 

YAP mean (SD) for total hip   = 0.993 (0.120) 

(Price et al., 2003).  

 

 
deviation standard matched-ageWA 

mean matched-age WA - BMD sSubject'
=− scoreZ  (Equation 2) 

where the age-matched means for the lumbar spine (ys), femoral neck (yf) and total hip 

(yt), sites were derived from the regression equations based on the split linear model 

described by Price et al. (2003): 

Lumbar Spine:  ys = 1.261 – 0.00529 x age (years) 

Femoral Neck:  yf = 1.026 – 0.00498 x age (years) 

Total Hip:   yt = 1.097 – 0.00424 x age (years) 

The WA age-matched standard deviations were derived from the decade standard 

deviation for the various sites reported by Price et al. (2003). 

 

Quality Control (QC) 

Daily QC was conducted using the lumbar spine phantom (specimen 177) before the 

first measurement of the day. The QC exercise spanned the entire period of the study. A 

total of 102 QC scans were performed. The percentage coefficient of variation (CV%) 

during the test period was 0.44%. The plots of the daily QC derived from the Hologic 

QDR 1000W can be found in Appendix 4.  
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3.7 CALCANEAL QUANTITATIVE ULTRASOUND (QUS) 

Mechanical and structural characteristics of the calcaneum were assessed using the 

Sahara Clinical Bone Sonometer, a contact QUS device (Sahara Hologic, MA, USA). 

Ultrasonic waves were transmitted via transducer pads through the calcaneum using 

coupling gel between the heel and the transducer pads. As temperature has been 

reported to affect ultrasonic properties (Pocock et al., 2000b; Nicholson & Bouxsein, 

2002), the subjects removed their footwear for about 20 minutes before the test, to allow 

the foot temperature to normalise to the room temperature, which was maintained 

constant throughout the duration of the data collection period. Measurements of left and 

right feet have been shown to be highly correlated (Herd et al., 1992; Moris et al., 1995; 

Cetin et al., 2001), therefore, only the subjects’ right heels were examined, according to 

the manufacturer’s protocol. 

 

Derived Variables - QUS 

The following QUS variables were recorded: Speed of Sound (SOS), Broadband 

Ultrasound Attenuation (BUA) and, the Quantitative Ultrasound Index (QUI, defined as 

0.41 x SOS + 0.41 x BUA – 571). The BUA measurements of the subjects were 

corrected using the algorithm described in the section below as serial QC data showed 

that there was a downward drift. The QUI scores were also corrected accordingly. 

 

Quality Control (QC) 

Performance of the Sahara Clinical Bone Sonometer was monitored using the QC 

phantom supplied by the manufacturer. Quality control was done daily before the first 

patient measurement for the day, according to the manufacturer’s procedure described 

in the Sahara Clinical Bone Sonometer User Guide (Hologic Inc, 1999). The QC 

exercise was conducted over one year, during the data collection period of the study. 

 

The QC results were reported in terms of QAB (BUA for the phantom on the day 

divided by the stated phantom BUA) and QAS (SOS for the phantom on the day divided 

by stated phantom SOS), which are dimensionless indices.  
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Results of the QC exercise showed that the mean and SD (Table 3.1) were within the 

manufacturer’s recommended range, which stated that it is acceptable for the mean 

QAB and QAS to range between 0.93 and 1.07 and 0.993 and 1.007, respectively. The 

typical SD values obtained with the Sahara QUS are 0.05 for QAB and 0.005 for QAS 

(Hologic Inc, 1999).  

 
 
Table 3.1 Summary of the quality control (QC) data collected over a period of one year 
for the duration of the study using the QC phantom supplied by the manufacturer. 
 QAB QAS 

Mean (SD) 0.943 (0.029) 0.997 (0.002) 

Range 0.87 – 1.01 0.99 – 1.001 
QAB = BUA divided by the stated phantom BUA; QAS = SOS divided by the stated phantom SOS. 
 

 

The variation of the QAB and QAS over the entire study period is presented graphically 

in Figures 3.2 [A, B]. According to the manufacturer, it is acceptable for the QAB and 

QAS to fall outside the acceptable range for a day or a few days, when monitored over a 

period. However, it was noted that there was a downward trend in QAB over time, 

which was not observed in the QAS variable. Thus, the BUA values obtained from the 

subjects were corrected according to the algorithm: 

  

   
(di)y 

B x (di) Y  (di)  Ycorr =  (Equation 3) 

 

where Ycorr (di) refers to the corrected patient BUA measurement on the day (d); Y (di) 

is the patient’s BUA measurement at the day (d); y (di) = -0.0002 d + 0.9764 is the 

regression equation of the QC BUA values for the phantom, as a function of the elapsed 

number of days (d) since the first measurement (d = 0); and B = 0.9764. 
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Figure 3.2 Graphical presentations of the daily variation of [A] QAB and [B] QAS. The 
recommended range for QAB is between 0.93 and 1.07, and for QAS, 0.993 and 1.007. 
These quality control data were collected daily using the phantom supplied by the 
manufacturer, before the first patient measurement of the day. Linear regression analysis 
showed a downward trend in QAB over time, but not in QAS. The regression equation 
for QAS was used to correct the BUA values obtained from the subjects. 
The dashed lines represent the upper and lower recommended acceptable limits for QAB and QAS. The 
bold line represents the regression trendline.  
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Precision 

The short-term precision of the QUS was evaluated by measuring the right foot of two 

volunteers, 10 times on the occasion of a single visit. Before each measurement, the feet 

were prepared according to the protocol described above. As suggested by Glüer et al. 

(1995), the short-term precision of the technique was calculated using the root-mean-

square average as shown in the equation (Glüer et al., 1995) below: 
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∑

=

=
=  (Equation 4) 

Where m is the number of subjects and x j is the mean of the repeated measurements for 

each subject ‘j’ and SDj is the standard deviation of the paired differences in their 

measurements. The mean, SD and the CV% and CVRMS% are summarised in Table 3.2. 

 
 
Table 3.2 Mean, standard deviation (SD), percentage coefficient variation (CV%) of 
QUS variables repeated 10 times, from two subjects; and the root-mean-square average 
percentage coefficient of variation (CVRMS%) representing the short-term precision of 
the Sahara QUS device. 

 BUA (dB/MHz) SOS (m/s) QUI (Stiffness) 

Subject 1 
Mean (SD) 
CV% 
 

 
 59.13  (1.85) 
 3.12 
 

 
1533.15 (2.68) 
 0.18 
 

 
 81.84  (1.51) 
 1.85 
 

Subject 2 
Mean (SD) 
CV% 

 
 67.59  (0.69) 
 1.02 

 
1518.18 (1.40) 
 0.09 

 
 79.17  (0.55) 
 0.70 

    
CVRMS%  2.20%  0.14%  1.41% 
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3.8 RADIOLOGY 

Erect lateral thoracolumbar radiographs were taken according to the protocol for 

quantitative vertebral morphometry (Cummings et al., 1995b). The subjects were 

instructed to stand in their normal standing posture with their hands holding onto a 

vertical stand, shoulders and elbows flexed to about 45° to 90° (Figure 3.3). Two 

exposures were obtained, the thoracic spine and the lumbar spine, with the X-ray beam 

focused at T8 and L3, respectively. The tube-to-film distance was at 180cm. Each 

subject's set of thoracic and lumbar radiographs were screened by an experienced 

radiologist (S. Song) for spinal anomalies, degenerative changes and vertebral fractures. 

 

 

 

 
Figure 3.3 Erect thoracolumbar X-rays were taken in a standing posture with the 
elbows and shoulders flexed about 45° to 90°, and the hands holding onto a vertical 
stand. 
 



108 

3.8.1 Determination of Vertebral Fractures 

Vertebral fractures were determined using the composite approach described by Genant 

et al. (1996) that involved a combination of visual triage (VT), quantitative 

morphometric (QM) analyses and semi-quantitative (SQ) evaluation by an experienced 

radiologist to adjudicate discrepant results. A combination of these methods has been 

suggested to enhance the sensitivity and specificity for the identification of vertebral 

fractures (Genant et al., 1996) (refer to Chapter 2.9 for details). 

 

Lateral thoracic and lumbar radiographs were subjected to VT by the author. Spinal 

vertebrae from levels T4 to L5 were visually assessed and radiographs were grouped 

into either of the three categories: i) apparent normal; ii) probably fractured (using the 

criteria of SQ Grade ≥ 1); or iii) uncertain. Those radiographs that were categorised as 

‘uncertain’ were reviewed by an experienced radiologist (S. Song) to classify them 

either into the fracture or normal group using the cut off criteria of SQ grade ≥ 1. Semi-

quantitative Grade 1 was defined as mild but definite fracture with an approximate 

reduction of 20% to 25% in anterior, middle or posterior height (Genant et al., 1996). 

 

During the visual inspection (VT and SQ review of those questionable radiographs by 

the radiologist), deformed vertebrae were identified and QM was then applied to those 

selected vertebrae. In addition, substantially abnormal vertebrae (those that were 

thought to present with moderate to severe deformity) were flagged and QM applied. 

 

Morphometric assessment involved tracing the radiographs using back illumination onto 

tracing paper. Six points were placed on the abnormal vertebrae to correspond to the 

four corners of the vertebral bodies and the mid points of the end-plates (Figure 3.4). 

The ‘uncinate-like’ process at the supero-posterior border of the vertebral body was 

excluded and a point below this chosen as the supero-posterior corner of the vertebra. In 

the presence of abnormal osteophytic lipping, the intersection of the vertical and 

horizontal surface planes was used to identify the corners (Figure 3.4). If the view was 

not truly lateral, points were chosen that approximately defined the mid-plane of the 

vertebra. The points were chosen according to the definitions described by Smith-

Bindman et al. (1991) and Genant et al. (1996). 
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The anterior height (Ha), the middle height (Hm) and the posterior height (Hp) of the 

vertebra were measured using a digital calliper (Max-Cal, NSK Japan) with an accuracy 

of 0.01mm. The Ha/Hp, Hm/Hp and the ratio of the posterior heights to the adjacent 

vertebrae Hpi/Hp(i+1) or Hpi/Hp(i-1) were calculated. Using the recommendation by the 

National Osteoporosis Foundation, a vertebral body was considered fractured when at 

least one of the ratios fell three standard deviations (3 SD) below the normal mean ratio 

for that level (Cummings et al., 1995b). The normal mean ratios reported by Black et al. 

(1991) were used for comparison in this study.  

 

 

 
Figure 3.4 Schematic illustration of the point placements for the quantitative 
morphometry (Genant et al., 1996, p, 987). 
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Finally, flagged vertebrae that were classified as non-fracture using the morphometric  

3 SD criteria were reviewed again by the radiologist for final confirmation of fracture 

classification. A loss ≥ 20% in anterior height, middle height or posterior height 

assessed by SQ or a ≥ 3 SD below the normal mean Ha/Hp ratio, Hm/Hp ratio, 

Hpi/Hp(i+1) or Hpi/Hp(i-1) ratio, were considered as anterior wedge fracture, concave 

fracture or a crush fracture, respectively. 

 

Each participant in this study who had at least one vertebral body fracture between T4 

and L5, defined using this composite approach, was identified as presenting with 

prevalent vertebral fracture(s). The sequence of this composite approach is summarised 

in a flow chart (Figure 3.5). 

 

 

Figure 3.5 A flow chart depicting the composite approach described by Genant et al. 
(1996) using a combination of visual triage, quantitative morphometry and semi-
quantitative assessment by radiologist to identify prevalent vertebral fractures.  
SQ = Semi-Quantitative; QM = Quantitative Morphometry; SD =Standard Deviation. 
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Reliability – Vertebral Morphometry 

The intra-tester reliability of morphometric measurements from spinal radiographs was 

investigated by measuring the Ha, Hm and Hp of 10 subjects from T4 to T11 on two 

occasions, two weeks apart. On each test occasion, the radiographs were traced using 

back illumination as described above and the vertebral heights determined according to 

the protocol described above. To assess the inter-tester reliability, another tester (S. 

Goh) who was familiar with the measurement of vertebral heights from spinal 

radiographs, measured the vertebral heights from T4 to T11 of five spinal radiographs 

independently.  

 

Paired t-tests were used to assess if there were any differences between test occasions 

and between testers. Intraclass correlation coefficients (ICC), model 3,1 and model 2,1 

were used to derive the reliability coefficient for intra- and inter-tester reliability, 

respectively. The within-subject standard deviation (Sw) was calculated using the 

formula below to represent the measurement error (Bland & Altman, 1996a,b). 

 

 
n
d

S i
w 2

2∑=  (Equation 5) 

 
where di is the difference between two observations for subject i, and n is the number of 

subjects. The results for intra- and inter-tester reliability studies are summarised in 

Tables 3.3 and 3.4, respectively. 
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Table 3.3 Summary of results of the intra-tester reliability study for measuring anterior 
(Ha), middle (Hm) and posterior (Hp) vertebral heights of T4 to T11 from 10 erect 
spinal radiographs on two occasions, two weeks apart. 

 Paired t-test 
p value 

ICC(3,1) Measurement Error (mm) 
(95% CI)  

Ha 0.59 0.99 0.44 (0.30 – 0.80) 
Hm 0.19 0.98 0.55 (0.38 – 1.00) 
Hp <0.001 0.97 0.85 (0.58 – 1.55) 

The within-subject standard deviation (Sw) was calculated to represent the measurement error (Equation 
5, p.111); 95% CI = 95% confidence interval (lower – upper limits) of Sw. 
 
 
Table 3.4 Summary of results of the inter-tester reliability study for measuring anterior 
(Ha), middle (Hm) and posterior (Hp) vertebral heights of T4 to T11 from five erect 
spinal radiographs, by two independent testers. 

 Paired t-test 
p value 

ICC(2,1) Measurement Error (mm) 
(95% CI) 

Ha 0.91 0.98 0.52 (0.31 – 1.49) 
Hm 0.30 0.94 0.79 (0.47 – 2.27) 
Hp 0.06 0.94 0.58 (0.35 – 1.67) 

The within-subject standard deviation (Sw) was calculated to represent the measurement error (Equation 
5, p.111); 95% CI = 95% confidence interval (lower – upper limits) of Sw.  
 

 

Conclusion: For the intra-tester reliability study, a total of 80 vertebral bodies were 

measured on two occasions, two weeks apart. Although there was a significant 

difference in Hp between sessions indicating a systematic error, the ICC was 0.97 with 

the measurement error of less than one mm. This was considered acceptable in this 

cross-sectional study. In addition, the definition of prevalent vertebral fractures was not 

solely dependent on morphometric measurements but also relied on semi-quantitative 

assessment by an experienced radiologist. The inter-tester reliability examination 

showed that there were no systematic errors, with high ICC scores for all vertebral 

height measurements. 
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3.8.2 Determination of Radiographic Thoracic Kyphosis – The Cobb Angle 

Spinal kyphosis between T4 and T11 was determined using a modification of the 

traditional Cobb’s method described previously by Singer et al. (1990). Skeletal 

landmarks described by Singer et al. (1990), were used to assist in the identification of 

vertebral segments from T4 to T12, from plain erect lateral radiographs of the thoracic 

spine. These segments were traced onto translucent paper and the Cobb angle was 

determined by the intersection of the perpendiculars of the lines extended from the 

superior vertebral border of T4 and the inferior vertebral border of T11 (Figure 3.6). 

 

 
Figure 3.6 Schematic illustration of the measurement of radiographic Cobb angle. The 
Cobb angle [θ] is defined by the intersection of the perpendiculars of the lines extended 
from the superior vertebral border of T4 and the inferior vertebral border of T11 
(adapted from Goh et al., 2000, p. 311). 

 

Derived Variable – Cobb Angle 

The Cobb angle, in degrees, represents the radiographic spinal kyphosis for all 

subsequent analyses. 

 

θ

T4

T11

T4

T11



114 

Reliability – Cobb Angle Measurement 

Intra-tester reliability was evaluated using 10 radiographs chosen at random and the 

Cobb angle was measured on two occasions two weeks apart. To test the inter-tester 

reliability, two investigators (S. Goh and author) measured the Cobb angles of 10 erect 

lateral thoracic radiographs independently using the methods described above. Paired t-

tests were used to assess if there were any differences between test occasions and 

testers. Intraclass correlation coefficients models 3,1 and 2,1 were used to derive the 

reliability coefficients for intra- and inter-tester reliability, respectively. The within-

subject standard deviation was calculated using Equation 5 (p. 111), to represent the 

measurement error. Results showed that measurement of Cobb angle has good intra- 

and inter-tester reliability. These results are summarised in Table 3.5. 

 

 
Table 3.5 Summary of results of the intra- and inter-tester reliability studies for 
measuring the Cobb angle from T4 to T11. 

 Paired t-test 
p value 

ICC Measurement Error (degrees) 
(95% CI)  

Intra-tester 0.054 0.97 2.6 (1.8 – 4.9) 
Inter-tester 0.40 0.97 1.9 (1.3 – 3.4) 

The within-subject standard deviation (Sw) was calculated to represent the measurement error (Equation 
5, p.111); 95% CI = 95% confidence interval (lower – upper limits) of Sw . 
 

3.9 RASTERSTEREOGRAPHY 

Back shape imaging was performed using the Jenoptik Formetric rasterstereography 

system (Aesculap Meditec GmbH, Germany). Rasterstereographic and radiographic 

evaluations were performed simultaneously. This was possible given the orthogonal 

relationship of the two systems to the back (Figure 3.7). Back shape image acquisition 

and analysis were performed according to the protocol described by Goh et al. (1999b). 

During image acquisition, each subject had her back fully exposed and was instructed to 

tilt her chin slightly towards her chest. This was done to enable detection of the C7 

vertebral prominence by the rasterstereographic imaging system. The image was 

acquired in 20 milliseconds and image analysis took approximately one minute.  

 

Two images were taken: one simultaneously with lateral thoracic spinal X-rays, with 

arms flexed at the shoulder and elbows (Arms Up); another rasterstereographic image 

was taken with the subject’s arms by their sides (Arms Down). During the latter image 
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acquisition, each subject was instructed to stand comfortably, hands by the sides of her 

body and to “stand tall”. Key features of the rasterstereographic analyses are illustrated 

in Figure 3.8. 

 

Derived Variable – Rasterstereography 

Back surface curvature (BSC, in degrees), defined from the vertebral prominence (VP) 

to the twelfth thoracic vertebra (T12) in the ‘Arms Up’ and the ‘Arms Down’ positions, 

were noted. The BSCs of these two postures with different arm positions were highly 

correlated (r = 0.86, p < 0.0001). The mean difference between ‘Arms Up’ and ‘Arms 

Down’ was -1.3° (95% CI for difference:-2.1° to -0.3°; p = 0.013). The BSC in the 

‘normal’ standing posture, with the subject’s hands placed comfortably by the sides of 

the body (Arms Down), was used to represent thoracic kyphosis to test the main study 

hypotheses. The rasterstereographic images that were taken simultaneously with the 

thoracic X-rays (Arms Up) were used to assess relationship between the skeletal spinal 

curve and the back surface curvature (refer to Chapter 2.10.2 for details). Results of this 

preliminary study showed that the correlation was 0.71 (Tan et al., 2000). 

 

Reliability – Rasterstereographic Assessment of Back Surface Curvature 

The accuracy and reliability of the rasterstereographic system used in this study had 

been established previously by Goh et al. (1999b) using the same unit. In Goh’s study, 

five repeated measures of thoracic kyphosis, from VP to T12, of 10 volunteers were 

taken. These subjects were grouped into a ‘younger cohort’ (n = 5, 19 – 37 years) and 

an ‘older cohort’ (n = 5, 50 – 64 years). The CVs for these two groups ranged from 

2.6% to 3.0% (SD range 1.2° to 2°). In addition, twenty repeated images of a 

thermoplastic back phantom were taken. The inter-trial coefficient of variation for 

repeated measures of the phantom back was 1.3%. Goh et al. (1999b) documented ICCs 

of between 0.98 and 0.99 for all repeated measurements, reflecting excellent 

reproducibility and high reliability. 
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Figure 3.7 An illustration of the orthogonal relationship of [A] the rasterstereographic 
system and [B] the X-ray tube, which allowed the two images to be taken 
simultaneously. The subject’s back was fully exposed (not shown here) and had her chin 
slightly tilted to allow detection of the C7 vertebral prominence. 
 

 

Figure 3.8 [A] Transverse profile of a back image from the rasterstereographic 
evaluation. [B] The kyphotic angle defined between the tangents to the vertebral 
prominence (VP) and the twelfth thoracic vertebra (T12) (see arrows). 

[A] [B]

VP

T12

[A] [B]

VP

T12

[A][B] 
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3.10 STRENGTH TESTING 

The aim of the strength assessments was to provide a measure of strength performance 

of the trunk (trunk extension and flexion), the lower limb (quadriceps femoris) and the 

upper limb (handgrip) muscles. The strength assessments were conducted following 

standardised protocols described in the following sections.  

 

Prior to the main study, the test-retest reliabilities of these assessments were examined. 

The reliability studies and their results are presented this chapter, following the 

description of each of the strength testing protocols.  

 

3.10.1 Trunk Extension and Flexion Strength Assessment 

Trunk extension and flexion strength were tested isometrically in a standing posture. 

The subjects stood in a frame where the pelvis was restrained using a pelvic harness to 

minimise any unwanted muscle action. A second harness, around the chest at the level 

of the xiphi-sternum, attached the trunk to a strain-gauge using a turnbuckle. Figures 3.9 

[A, B] illustrate the positions for isometric trunk extension and flexion strength 

assessments, respectively. The lever arm, estimated as the distance between the L5/S1 

and the xiphi-sternum (in cm), was recorded from a measuring tape attached to the 

frame.  

 

Extension strength was examined first in subjects whose code number was an odd 

number. Those with even numbers started with trunk flexion strength assessment 

followed by trunk extension. This was done to minimise any possible order-of-testing 

effects. 
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Figure 3.9 Test positions adopted during isometric [A] trunk extension and [B] trunk 
flexion strength tests. The highest score of three trials, if the last trial was within 5% of 
the previous score, was taken to represent the maximum voluntary performance of the 
trunk muscles. 
 

A standard set of printed instructions was read out to each subject before the start of the 

test (Figure 3.10). The subjects were asked to slowly build up their strength to the 

maximum and hold the contraction for 2 to 3 seconds before slowly easing off. They 

were asked to listen and follow the pre-recorded instructions (see Figure 3.10). To avoid 

any distractions, only the tester and the subject were in the room during the testing 

sessions.  

 

The subjects were given at least three familiarisation trials. The initial two trials were 

sub-maximal efforts, building up to a maximal effort in the last familiarisation trial. 

Each familiarisation trial was performed with the subjects listening to the pre-recorded 

instructions. 

 

Following the familiarisation trials, the subjects performed at least three maximal 

voluntary contractions (MVCs). A rest period of at least 30 seconds was given between 

trials. In the event that the last score was greater than 5% of the previous score, the 

subject repeated the trials until the score of the last trial was within 5% of the previous 

score. The data acquisition software provided information if the last score was within 

5% of the previous score. This information was only accessible to the investigator and 

not the subject.  

[A] [B]
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INSTRUCTIONS 

Stand as comfortably as you can. 

 

The investigator will tighten a couple of straps around you that will be fairly firm but 

comfortable. 

 

THE AIM IS TO SLOWLY PULL ON THE HARNESS AS HARD AS YOU CAN 

WITHOUT STRAINING YOURSELF. 

 

You will hear the pre-recorded instruction:  

Ready Go    Build… Build… Hold … Hold … Hold…Ease…Ease 

 

 

 

 

 

 

 

Figure 3.10 Standardised instructions shown and read out to each subject before the 
start of the trunk strength testing. 

 

 

Derived Variables – Trunk Strength 

The force data were acquired at 100 Hz using PC-based LabView™ version 5.0 

(National Instruments) control and acquisition software. The resultant force curve was 

smoothed using a 50-point moving average and the peak force in Newton (N) was then 

identified (Figure 3.11).  

 

The maximum score of the three trials, if the last score was within 5% of the previous 

score, was taken to be a representative estimate of the maximum effort of the subject. 

This scoring variable was chosen primarily on the premise that this would represent that 

the subjects had achieved a stable state. This was necessary to improve the reliability of 

repeated strength testing (Stratford, 1992). The peak force output was multiplied by the 

trunk length, to derive torque (N.m). 
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Figure 3.11 A typical force curve of a maximum voluntary contraction. 
 

 

Calibration of Trunk Strength Equipment 

Prior to the study, the strain-gauge used in the trunk strength assessment device was 

calibrated with known weights, in small increments of 0.5 kg and in large increments of 

1.0 kg up to a maximum of 55 kg. This was to ensure that the strain-gauge was 

calibrated to span a full range of values likely to be exerted by the test subjects. A PC 

recorded the voltage output from the strain-gauge. There was excellent linearity 

between the voltage output and the applied weights (y = 0.072x + 0.27; r2 = 1.0).  

 

At the end of the study, calibration was repeated to check for consistency of linear 

response to known weights. The agreement was excellent (y = 0.071x + 0.0063; r2 = 

1.0) and consistent with the pre-test calibration (e.g., 40 kg = 2.90V pre-test; 40 kg = 

2.85V post-test). The calibration spanned the full range of values experienced during the 

strength testing. Graphical results of the pre- and post-test calibrations of the trunk 

strength-testing device can be found in Appendix 5. 
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Reliability – Trunk Strength Assessment 

This section reports the two studies that were conducted to investigate the test-retest 

reliability of trunk muscle strength assessment before the commencement of the study. 

In the first study, trunk extension and flexion strength assessments were repeated four 

times over seven weeks. Results showed that there was a systematic increase in trunk 

extension strength with repeated testing. A second study was then conducted to 

determine if an additional training session prior to the actual test was necessary, to 

allow for stabilisation of any learning effects. 

 

Study One: Methods  

Thirteen healthy female subjects (mean age 55.2 years; range 41 – 63) were recruited. 

All reported having ‘good’ to ‘excellent’ health, assessed using the SF-12 Health 

Survey. None of the participants reported experiencing recent backache (last 7 days) 

requiring treatment before the commencement of the strength testing. The subjects were 

tested over four sessions: Sessions 1 to 3 were conducted a week apart; and the final test 

(Session 4) was completed four weeks after Session 3. In this reliability study, trunk 

extension strength was examined first, followed by trunk flexion. The subjects returned 

for repeat testing at the same time of the day as the performance of strength testing in 

Session 1. Strength assessments were conducted using the protocols described in 

Section 3.10.1. The author carried out all tests and the instructions for the tests were 

standardised.  

 

In this reliability study, the subjects were given three sub-maximal familiarisation trials. 

After these initial warm-up trials, the subjects performed six MVCs. A minimum of 30 

seconds rest was given between each trial. Six trials were performed during this 

reliability study, as there was no in-built program in the data acquisition software that 

provided knowledge of the previous score. Thus, the representative strength score 

(maximum of three trials if the last score was within 5% of the previous trial) was 

calculated post data acquisition. If the third test score was greater than 5% of the 

previous score, the fourth test score was considered. This process was repeated until the 

score of the last trial was within 5% of the previous score. The strength performance of 

most subjects tended to stabilise after the third trial. None of the subjects had the sixth 

test score greater than the previous score. 
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Study One: Results 

The measure of the test-retest reliability was assessed using the ICC(3,1), which was 

derived from the estimates of variance obtained from the repeated measures analyses of 

variance (ANOVA). Scheffe’s post-hoc test was used to analyse further the differences 

between individual sessions in order to disclose any systematic differences between test 

occasions. The within-subject standard deviation (Equation 5, p. 111) was calculated to 

represent the measurement error. 

 

The mean, SD, ICC and measurement error for trunk extension and flexion are 

summarised in Table 3.6. For trunk extension, the difference in strength measures 

between the Session 1 and Session 2 (one week apart) was 6.5%. Scheffe’s post-hoc 

tests showed that there were no significant differences between these sessions. 

However, the difference in strength between Session 1 and Session 4 was larger 

(33.7%). Post-hoc tests showed that the difference was statistically significant 

(p < 0.05), suggesting that there was a systematic increase with repeated measures.  

 

Table 3.6 The mean, standard deviation (SD), ANOVA p values, differences in strength 
measures between 1st and 2nd, and 1st and 4th sessions, the intraclass correlation 
coefficients (ICC) and the measurement error for isometric trunk extension and flexion 
assessments. 

 Trunk Extension Torque 
(N.m) 

 
Mean (SD) 

Trunk Flexion Torque 
(N.m) 

 
Mean (SD) 

Session 1 (Week 0)  53.1 (26.5)   51.3  (24.0) 
Session 2 (Week 1)  56.5  (23.1)   60.5  (24.2) 
Session 3 (Week 2)  67.0  (36.1)   61.6  (22.6) 
Session 4 (Week 7) 
 

 70.9  (32.2)   60.1  (21.8) 

ANOVA (p value)  0.0009*   0.02* 
Difference 1 & 2 (% difference)  -3.5  (6.5%)   -9.2  (17.9%) 
Difference 1 & 4 (% difference)  -17.9 (33.7%)*   -8.9  (17.4%) 
ICC(3,1)  0.94   0.95 
 
Measurement Error (95% CI) 

 
 14.02  (11.40 – 18.21)

 
  9.78 (7.95 – 12.70)

*Significance at p < 0.05. The maximum score of three trials was taken to represent the best strength 
performance of the subjects, if the last trial was within 5% of the previous score; Difference 1 & 2 
represents the difference in strength between the first and the second testing sessions; Difference 1 & 4 
represents the difference in strength between the first and the last testing sessions; The within-subject 
standard deviation (Sw) was calculated to represent the measurement error (Equation 5, p. 111); 95% CI 
= 95% confidence interval (lower – upper limits) of Sw. 
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For trunk flexion strength assessment, the differences in strength between Session 1 and 

Session 2, and Session 1 and Session 4, were not statistically significant. The ICCs(3,1) 

for trunk extension and flexion strength assessments were 0.94 and 0.95, respectively, 

showing good agreement in the repeated strength measurements. 

 
Study One: Discussion 

A systematic increase in strength with repeated measurement was observed in trunk 

extension assessment. In trunk flexion, the test scores stabilised at the second session. 

Hunter et al. (1998) suggested that the first session of testing may not always provide a 

true MVC measurement. This may be due to a sub-optimal firing or incomplete 

recruitment of motor units (Hunter et al., 1998). The improvement of voluntary strength 

with repeated measurement observed in this study is consistent with previous findings 

(Schenck & Forward., 1965; Stokes et al., 1987, 1989; Delitto et al., 1991). Hunter et al. 

(1998) considered that this increase was unlikely due to muscle hypertrophy but may be 

due to the initial neural insufficiency and an increased familiarity with the task. This 

emphasised the need for familiarisation trials before the actual strength measurement. 

 

In this study, the increase in extension strength performance was statistically significant 

between the first and the last session. The last test session was conducted four weeks 

after the third session. The increase was likely to be due to learning effects, that is, the 

subject became more familiar with the task. Lee et al. (1991) suggested that consistency 

in a familiar task is likely to be better than an unfamiliar task, as motor performance in a 

familiar task tends to have well-established cognitive processes. Thus, learning effects 

are not so obvious. On the other hand, a novel task requires the development of new 

cognitive processes. With repeated performance, cognitive processes develop to allow 

the individual to perform the task in the most efficient manner (Lee et al., 1991).  

 

In contrast, data from this study showed that trunk flexion strength performance had an 

initial increase but performance stabilised with repeated testing. There was no statistical 

difference between the first and the last score. Trunk flexion may be a more familiar 

movement pattern compared to trunk extension. Many activities of daily living involve 

flexion of the trunk such as bending over a low surface in the performance of daily 

chores. Thus, the data of this reliability study suggest that there may be a need for more 

familiarisation sessions for isometric trunk extension strength assessment before 

implementing the actual test.  
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Additionally, an order effect may have been observed in this study. Trunk extension 

was performed before trunk flexion, and the subjects may have warmed up after the 

trunk extension trials and learnt how to perform the tests more effectively for trunk 

flexion. 

 

No statistical differences in strength performance were noted between the first and the 

second trial for either trunk flexion and trunk extension strength testing. These results 

indicate that for a cross-sectional examination of trunk strength, these assessments are 

considered to have acceptable reliability.  

 

Study One: Conclusion 

Results from this reliability study suggest that assessment of isometric trunk extension 

and flexion strength have good re-test reliabilities, as indicated by the consistently high 

ICCs. However, the systematic increase in trunk extension strength with repeated 

testing suggested that additional familiarisation trials may be required for the effects of 

learning to be stabilised.  

 

Study Two: Methods 

The second study was conducted to determine if an additional familiarisation or training 

session for isometric trunk extension, before the actual strength assessment, was 

required to stabilise any effects of learning. This reliability study was conducted on 

another group of females, representing an older age group. As reliability of a test is 

dependent on the characteristics of the sample and the conditions under which the tests 

are performed, it has been suggested that there is a need to document re-test reliability 

for performance-based measures using samples similar to the study population and 

under specific study conditions (Jette et al., 1999). 

 

Thirteen healthy elderly females (mean age 72.6 years; range 66 – 78) with no reports of 

any back or joint pain were recruited for this study. The subjects were tested on two 

occasions, one week apart. Trunk extension and flexion strength were assessed using the 

same testing positions and instructions as described in the first reliability test. However, 

some changes were made and these were:  

i) trunk extension strength testing was assessed twice in the same session about 

20 minutes apart. This was done to assess if a training session prior to the 
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actual testing was required for any learning effects to stabilise, or for neural 

adaptation to take place; 

 

ii) before the actual strength test, each subject was given three familiarisation 

trials, of which the initial two were sub-maximal efforts, building up to a 

maximal effort in the last trial;  

 

iii) the subjects were asked to perform at least three trials (instead of six). 

Additional test trials were performed only if the last test score was more than 

5% of the previous score. This was possible in this follow-up study as the 

data acquisition software was modified to allow the investigator to compare 

the performance of the last test with the previous one. This change in the 

testing protocol actually reduced the number of test trials needed and also 

minimised the overall time required for strength testing; and  

 

iv) trunk extension strength was assessed first in the subjects with odd numbers, 

followed by trunk flexion, whereas the subjects with even numbers started 

with trunk flexion. This was done to eliminate any order-of-testing effect. 

  

Study Two: Results  

The mean and SD for the ‘Within-Session’ test trials and the ‘Between-Session’ test 

trials (one week apart) for trunk extension torque are summarised in Table 3.7. The 

results from the ANOVA, the ICC(3,1) and the measurement error for the ‘Within-

Session’ and ‘Between-Sessions’ test trials are summarised in Table 3.8 and Table 3.9, 

respectively. There were no significant differences noted in the repeated strength scores 

of this elderly sample group. The ICC was consistently high for ‘Within-Session’ and 

‘Between-Session’ test trials (0.88 – 0.95).  
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Table 3.7 The mean and standard deviation (SD) for isometric trunk extension strength 
testing. 

 

 

 

Table 3.8 Isometric trunk extension strength testing: a summary of the analysis of 
variance (ANOVA), the intraclass correlation (ICC) and the measurement error for the 
‘Within-Session’ test trials for Week 0 and Week 1. 
Isometric Trunk Extension 
Torque (N.m) 

 Within-Session 
Week 0 

Within-Session 
Week 1 

ANOVA (p value)  0.63  0.25 
ICC(3,1)  0.88  0.95 
 
Measurement Error (95% CI) 

 
 6.90 (4.95 – 11.39)

 
 6.00 (4.30 – 9.90) 

Differences were considered statistically significant if p < 0.05. The within-subject standard deviation 
(Sw) was calculated to represent the measurement error (Equation 5, p. 111); 95% CI = 95% confidence 
interval (lower – upper limits) of Sw. 
 
 
 
Table 3.9 Isometric trunk extension strength testing: a summary of the analysis of 
variance (ANOVA), the intraclass correlation (ICC) and the ‘Between-Session’ 
measurement error for the first and second test trials (one week apart). 
Isometric Trunk Extension 
Torque (N.m) 

Between-Session 
First Trial 

Between-Session 
Second Trial 

ANOVA (p value)  0.91  0.48 
ICC(3,1)  0.91  0.95 
 
Measurement Error (95% CI) 

 
 6.52 (4.68 – 10.76)

 
 5.88 (4.22 – 9.71) 

Differences were considered statistically significant if p < 0.05; The within-subject standard deviation 
(Sw) was calculated to represent the measurement error (Equation 5, p.111); 95% CI = 95% confidence 
interval (lower – upper limits) of Sw. 
 

 

Isometric Trunk Extension Torque (N.m) Between-Session Trials 
 Week 0      Week 1 
Within-Session 
Trial 1 
Mean (SD) 
 

 
 
 33.5  (14.4) 

 
 
 33.8 (17.6) 

Trial 2 
Mean (SD) 

 
 34.9  (16.3) 

 
 36.6 (21.0) 
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For trunk flexion strength assessment, the subjects did not undergo an additional 

training session prior to the actual test. The subjects had three familiarisation trials 

before the actual strength testing, similar to the trunk extension strength test. The 

mean±SD of the thirteen subjects for Session 1 (Week 0) was 39.9±15.2 N.m and 

39.5±18.5 N.m for Session 2 (Week 1). There were no differences in the repeat test 

session scores (p > 0.05). The ICC was 0.86 and the measurement error was 8.18 N.m 

(95% CI: 5.87 – 13.50 N.m). 

 

 

Study Two: Discussion and Conclusion 

The results of this follow-up study showed that isometric trunk strength assessment in 

an older female population is repeatable, with consistently high ICC. There were no 

significant differences between trunk strength (flexion or extension) between first and 

repeat test sessions. Results showed that there were no significant differences in trunk 

extension strength ‘within a session’ (20 minutes apart) or ‘between sessions’ (one week 

apart). These results suggested that an additional familiarisation training session prior to 

actual isometric trunk extension strength testing was not necessary. This result is 

consistent with a recent study by Phillips et al. (2004) who demonstrated that three 

familiarisation trials, followed by two to three test trials, produced highly reliable 

maximal strength testing in older adults. Their study also showed that additional 

familiarisation sessions did not improve reliability (Phillips et al., 2004). 

 

The random order of testing in this present reliability study may also have minimised or 

negated any order-of-testing effect. It can be concluded that these assessments of trunk 

extension and trunk flexion strength, using the protocol that includes three 

familiarisation trials followed by three MVCs, give a reliable and representative cross-

sectional strength measure of an elderly female population. 
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3.10.2 Quadriceps Femoris Strength Assessment 

The quadriceps femoris strength of the dominant leg was tested isometrically using a 

strain-gauge system. The dominant leg was identified as the preferred leg to kick a ball 

or the leading leg when climbing stairs.  

 

The subject was seated in a specially modified orthopaedic chair with the knee 

positioned in approximately 90° of flexion (Figure 3.12). A webbing around the ankle, 

at the level of the malleoli, was attached to a digital force gauge device (Mecmesin, 

AFG 500N, England) via a cord. Each subject was given at least two sub-maximal 

familiarisation trials and three MVCs. A minimum of 30 seconds rest was given in 

between each trial. The instructions given to the subjects were identical to the trunk 

strength testing protocol (see points 3 and 4 of Figure 3.10). The subjects were asked to 

rest their hands gently on the armrests during the test and not to push their back against 

the chair. The force data were acquired at 100Hz via the Mecmesin to a PC with 

LabView™ software. Similarly, the data were smoothed using a 50-point moving 

average and the peak force in N was identified.  

 

Figure 3.12 Testing of isometric quadriceps strength with the subject seated on an 
orthopaedic chair, with back fully supported and arms resting gently on the armrest. 
Webbing [A] around the ankle at the level of the malleoli of the dominant leg was 
attached to the [B] Mecmesin digital force gauge device via a cord. 

[A] 
[B]
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Derived Variable – Quadriceps Femoris Strength 

The maximum score of three trials was taken to represent the maximum quadriceps 

femoris strength. The line of pull of the strain-gauge was approximately four 

centimetres above the lateral malleolus. Thus, the distance between the knee joint line 

and four centimetres above the lateral malleolus was measured to represent the lever 

arm. The peak force generated by the dominant quadriceps femoris was multiplied by 

the lever arm, to determine the quadriceps torque in N.m. 

 

Calibration of Equipment 

The Mecmesin digital force gauge device was calibrated with known weights (from 0.5 

kg to 7.0 kg) using the same protocol as the trunk strength device. Excellent agreement 

was noted between the known weights (in kg) and the voltage output, using simple 

linear regression (y = -0.00011x; r2 = 1.0).  

 

At the end of the study, calibration was repeated to assess for consistency of the linear 

response to the known weights. The agreement was excellent (y = 0.00011x; r2 = 1.0) 

and consistent with pre-test calibration (e.g., 7 kg = -0.77V pre-test; 7 kg = -0.77V post-

test). Graphical results of the pre- and post-test calibration studies can be found in 

Appendix 6. 

 

Reliability – Quadriceps Femoris Strength Assessment 

Methods 

Thirteen healthy female subjects (mean age 55.2 years; range 41 – 63) who were 

recruited for the first trunk strength reliability study also underwent quadriceps strength 

and grip strength testing. Similarly, the subjects were tested over four sessions. The 

same investigator carried out all tests and the instructions for the tests were 

standardised. Following trunk flexion strength testing, the subjects had at least a five 

minutes rest period before quadriceps strength testing was performed. Dominant 

quadriceps femoris strength was tested in the position described above. Each subject 

was given at least two sub-maximal familiarisation trials and three MVCs. A minimum 

of 30 seconds rest was given in between each trial. The maximum score of three trials, if 

the last score was within 5% of the previous score, was taken to represent the maximum 

isometric quadriceps strength. 
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Results  

The mean, SD, ICC(3,1) and measurement error for quadriceps femoris strength tests 

conducted over four sessions are summarised in Table 3.10. Analysis of variance 

showed that there was a systematic increase in quadriceps strength with repeated 

testing. However, Scheffe’s post-hoc analysis showed that there was no significant 

increase in strength between the first and second session (one week apart) and between 

the first and last session (last session was tested four weeks after the third testing 

session). The ICC was 0.97 and the measurement error was 9.04 N.m. 

 

 
Table 3.10 The mean, standard deviation (SD), ANOVA p values, differences in 
strength measures between 1st and 2nd, and 1st and 4th sessions, the intraclass correlation 
coefficients (ICC) and the measurement error for isometric quadriceps femoris strength 
assessment.  
Quadriceps Torque (N.m) Maximum Score of Three Trials 

Mean (SD) 

Session 1 (Week 0)  47.8  (27.9) 
Session 2 (Week 1)  55.8  (24.2) 
Session 3 (Week 2)  58.1  (29.6) 
Session 4 (Week 7) 
 

 51.2 (22.9) 
 

ANOVA (p value)  0.011* 
Difference 1 & 2 (% difference)  -8.05 (16.9%) 
Difference 1 & 4 (% difference)  -3.42  (7.2%) 
ICC(3,1)  0.97 
 
Measurement Error (95% CI) 

  
 9.04  (7.35 – 11.74) 

*Differences were considered statistically significant if p < 0.05; Difference 1 & 2 represents the 
difference in strength between the first and the second testing sessions; Difference 1 & 4 represents the 
difference in strength between the first and the last testing sessions; The within-subject standard 
deviation (Sw) was calculated to represent the measurement error (Equation 5, p.111); 95% CI = 95% 
confidence interval (lower – upper limits) of Sw. 
 

 

Discussion 

Although there were systematic increases in the strength measures for quadriceps 

strength testing with repeated measures, the difference in the strength score between 

Sessions 1 and 2 or the difference between Sessions 1 and 4 were not statistically 

significant. The gradual initial increase may be due to a learning effect as a result of 

repeated testing one week apart. However, a longer rest period between trial sessions 

(four weeks apart between the third and the last test session) showed that this learning 

effect was no longer evident. 
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The intraclass correlation coefficient was 0.97, indicating very good test-retest 

reliability. Other studies using similar quadriceps femoris strength assessments have 

reported good test-retest reliability, with a Pearson’s r correlation coefficient ranging 

from 0.75 to 0.92 (Lord et al., 1991b; Liu-Ambrose et al., 2003).  

 

Conclusion 

The results of this study showed that the assessment of quadriceps femoris strength has 

good reliability with an ICC of 0.97. Systematic strength increase was noted with 

repeated measurements a week apart but the increase in strength between the first and 

second testing sessions was statistically non-significant. Additionally, with a longer rest 

period between test sessions, the increase in strength was statistically not significant. 

 

3.10.3 Grip Strength Assessment 

Dominant handgrip strength was assessed using a handgrip dynamometer (Smedlay’s 

Dynamometer 100kg, Tokyo). The subjects were seated with their back fully supported 

and feet flat on the ground. According to the recommendation of the American Society 

of Hand Therapists (Fess, 1992), the elbow was positioned between 90° and 100° 

flexion with the shoulder in adduction and neutral rotation. The forearm was in neutral 

pronation/supination, resting on a surface with the wrist slightly radially deviated 

(Figure 3.13) (refer to Chapter 2.11.3 for details). The subjects were given at least one 

sub-maximal familiarisation trial to determine a comfortable handgrip size. This was 

followed by three trials where the subjects were instructed to squeeze as hard as they 

could without straining themselves. The face of the dial was turned away from the 

subject, to face the tester, in order to avoid the subject having knowledge of her 

performance. At least 30 seconds rest was given in between each trial. The grip strength 

was measured in kg and data was read off directly from the dial of the dynamometer, to 

the closest 0.5 kg. 

 

Derived Variable – Grip Strength  

The highest score of the three trials was taken to represent the maximum grip strength, 

expressed in kg. 
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Figure 3.13 The position adopted by the subject during the assessment of grip strength 
of the dominant hand. The subject sat with her back fully supported by the chair, with 
her feet flat on the ground. The elbow was positioned at approximately 90° of flexion. 
Three trials were given and the highest score was taken to represent grip strength. 
 

Calibration of the Grip Strength Dynamometer 

The grip strength dynamometer was calibrated using the Instron Universal testing 

machine (Instron 5566, High Wycombe UK.) The grip strength dynamometer was 

sequentially loaded in compression in 1 kg (9.8N) force increments from 5 kg-f to 40 

kg-f. The dynamometer did not register any applied force until 5 kg-f of load. This was 

possibly due to the slack in the dynamometer mechanism. Dial readings were compared 

to the Instron load cell readings using simple linear regression. Results showed that 

there was excellent agreement from 5kg-f to 40 kg-f (y = 1.06x - 2.56; r2 = 1.0).  

 

The dynamometer was calibrated again at the end of the study period using the protocol 

described. Excellent agreement was observed, consistent with the pre-test calibration (y 

= 1.05x - 1.69; r2 = 1.0). Raw data and results can be found in Appendix 7. The results 

from this calibration study demonstrated that the grip strength dynamometer unit used in 

this study was not suitable for measuring grip strength of less than or equal to 5 kg. 

There were no subjects in this study who had a grip strength of less than 5 kg. 
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Reliability – Grip Strength  

Methods 

The same subjects who were recruited for the trunk and quadriceps femoris strength 

reliability studies also had their grip strength assessed over four sessions. Grip strength 

assessment was performed according to the protocol described in the previous section. 

The maximum score of the three trials was taken to represent the maximum grip 

strength. 

 

Results 

The mean, standard deviation, measurement error and the results from the repeated 

measures ANOVA for the repeated grip strength assessment are presented in Table 

3.11.  

 

Conclusion 

Results from this test-retest study showed that assessment of grip strength is reliable 

with ICC of 0.96 and there were no significant differences between test sessions. 

 

Table 3.11 Summary of the mean and standard deviation (SD) for the four test sessions 
and results of the ANOVA and Scheffe’s post hoc analyses, for the 1st and 2nd, and 1st 
and 4th test sessions, the intraclass correlation (ICC) and the measurement error for the 
grip strength of the dominant hand. 

Differences were considered statistically significant if p < 0.05; Difference 1 & 2 represents the 
difference in strength between the first and the second testing sessions; Difference 1& 4 represents the 
difference in strength between the first and the last testing sessions; the within-subject standard deviation 
(Sw) was calculated to represent the measurement error (Equation 5, p.111); 95% CI = 95% confidence 
interval (lower – upper limits) of Sw. 

Grip Strength (kg) Maximum of Three Trials 
Mean (SD) 

Session 1 (Week 0)  24.1  (4.8) 
Session 2 (Week 1)  25.5  (6.3) 
Session 3 (Week 2)  25.3  (4.9) 
Session 4 (Week 7) 
 

 25.1  (5.6) 

ANOVA (p value)  0.30 
Difference 1 & 2 (% difference)  1.42  (5.9%) 
Difference 1 & 4 (% difference)  0.96  (4.0%) 
ICC(3,1)  0.96 
Measurement Error (95% CI)  1.99  (1.62 – 2.58) 
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3.11 TIMED “UP & GO” (TUG) 

Functional mobility was assessed using the timed “Up & Go” (TUG) test (Podsiadlo & 

Richardson, 1991). The test involved standing up from a sitting position, walking three 

metres, turning around, walking back to the chair and sitting down. This test has been 

demonstrated to be a reproducible and valid assessment tool for assessing functional 

mobility in the elderly (Podsiadlo & Richardson, 1991; Jette et al., 1999) (refer to 

Chapter 2.12 for details). The test-retest reliability of this test has been investigated in 

this study and the results reported in the following sections.  

 

The subjects wore their normal footwear and any necessary visual aids during the test. 

They sat on a standard orthopaedic chair (seat height 46 cm; arm height 65 cm), with 

their back against the back of the chair and arms on the armrests at the start of the test. 

At the command “go”, they were to stand up, using their arms if needed, walk to the 

‘square’ marked on the floor three metres away, turn, walk back to the chair and sit 

down again (Figure 3.14). A 70 x 70 centimetre square (Figure 3.14 [B]) marked on the 

floor was used instead of a line as this was found to improve performance consistency 

as the subjects were required to turn within the square rather than at the line or past the 

line (Wall et al., 2000). The subjects were asked to walk at normal walking pace. A 

pressure sensitive switch connected to a data acquisition PC was placed at the back of 

the chair. When the subject’s back left the chair, it triggered the timer in the PC-based 

LabView™ program. The timer stopped when the subject’s back was fully rested against 

the chair and the switch depressed. All subjects were given one (un-timed) 

familiarisation walk, followed by one timed test trial.  

 

Derived Variable - TUG 

The time for the timed trial was recorded to a tenth of a second. 
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Figure 3.14 The test set-up for the timed “Up & Go” task. [A] The subject sat on a 
standard orthopaedic chair (seat height 46 cm; arm height 65 cm), with her back against 
the back of the chair. A pressure sensitive switch (S) was placed at the back of the chair, 
which triggered the timer to start when the subject left the chair and it stopped when the 
subject returned to sitting back on the chair. [B] A 70 x 70 centimetre square was drawn 
on the floor to improve performance consistency as the subject was required to turn 
within the square rather than turn at the line or past the line.  

 

 

Reliability - TUG 

Methods  

The same group of thirteen elderly females (mean age 72.6 years; range 66 – 78) who 

were recruited for the second trunk strength reliability study performed the TUG on two 

occasions, one week apart. The test was conducted according to the protocol described 

above. 

 

Results 

Analysis using the paired t-test showed that inter-session scores were not statistically 

different, with an ICC(3,1) of 0.87 and a measurement error of 0.51s. The results of the 

reliability test are summarised in Table 3.12. 
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Table 3.12 Summary results of the test-retest reliability for timed “Up & Go”. 
 Session 1 

Mean (SD) 
Session 2 

Mean (SD) 
Paired 
t-test 

ICC(3,1) ME 
(95% CI) 

 
Timed “Up & Go”(s) 

 
8.85 (1.25) 

 
8.74 (0.97) 

 
p = 0.60 

 
0.87 

 
0.51 

(0.35 – 0.84)
ME = Measurement Error; the within-subject standard deviation (Sw) was calculated to represent the 
measurement error (Equation 5, p. 111); 95% CI = 95% confidence interval (lower – upper limits) of the 
Sw. 
 

 

Conclusion 

The results of the study showed that the TUG has good re-test reliability. 
 
 

3.12 POSTURAL SWAY ASSESSMENT  

Postural sway in static stance was assessed using the Sway-Meter (SM) system devised 

by Lord et al. (1991b). The SM consisted of a belt with a rigid 40 cm rod extending 

from behind (Lord et al., 1991b). During assessment, the belt was worn around the waist 

and the rod was positioned parallel to an adjustable surface, on which a plotting paper 

was placed (refer to Chapter 2.13). A roller-ball pen with a tip diameter of 0.5 mm was 

held at the end of the rod, which allowed vertical movement but at the same time 

ensuring that the pen remained in contact with the paper during all movements (refer to 

arrow in Figure 3.15). 

 

The subjects were tested in six different conditions: 

(A) standing on a firm surface with eyes open (EO) followed by eyes closed (EC); 

(B) standing on a compliant foam surface with eyes open (FEO) followed by eyes 

closed (FEC); and 

(C) standing in a semi-tandem stance on a firm surface with eyes open (STEO) and 

eyes closed (STEC). 
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Figure 3.15 The set-up using the Sway-Meter. During assessment, the belt was worn 
around the waist and the rod was parallel to an adjustable surface on which a paper was 
placed. A pen was held at the end of the rod (arrow). The firm surface consisted of a 
short pile carpet and the compliant surface consisted of a piece of medium density foam 
measuring 50 cm x 50 cm x 10 cm.  
 

 

The subjects stood barefoot for all test conditions. When testing in conditions (A) and 

(B), the subjects placed their feet on the tape marked on the carpet or on the foam. The 

feet were positioned symmetrically with the medial border of the foot touching the edge 

of the tape as depicted in Figures 3.16 [A, B]. Figure 3.16 [C] illustrates the feet 

positioning assumed by the subjects during the semi-tandem stance test. 
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Figure 3.16 Illustrations depicting subject’s feet positioning during the tests. Markings 
on [A] the short pile carpet and [B] compliant foam surface ensured consistent feet 
positioning. [C] Feet positioning during the semi-tandem stance test.  
 

 

The author tested all subjects and the given instructions were standardised. The subjects 

were asked to stand quietly, in their normal relaxed posture, for 30 seconds. They were 

asked to hold on to the support bars beside them at the start of the test, and to release 

their hands from the support when ready. The timing started when the subjects had both 

their hands fully beside their body and the pen was dropped in the penholder of the SM 

to start tracing the sway paths.  

 

When testing with their eyes open, the subjects were asked to focus on a visual target 

placed on the wall five metres away. When testing with eyes closed, they were asked to 

close their eyes first before removing their hands from the support bars. Body sway was 

assessed for 30 seconds in each of the test conditions, first with eyes open and then 

closed. 

[A][A] [B][B]

[C][C]
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All subjects were tested standing on the firm surface first. For the first 50 subjects, 

testing was done with the subject standing on the firm surface, followed by standing in 

the semi-tandem stance and finally standing on a compliant surface. From subject 

number 51 on, the order was reversed in the latter two tests. This was done to negate 

any order-of-testing effects. One minute rest was given between each test session. 

 

Derived Variable – Postural Sway Assessment 

Each sway plot from each test condition was scanned into NIH Image software (US 

National Institutes of Health, http://rsb.info.nih.gov/nih.gov/nih-image). A macro was 

written in the NIH image software (Appendix 8) to count the number of one-mm 

squares traversed by the pen. A validation study of this automated count with the 

manual count was conducted which showed high agreement between these two 

methods. Details of this validation study are described in a later part of this section. The 

following variables for each of the six test conditions were generated from the macro 

and stored in an Excel spreadsheet: (i) total-sway, defined as the number of one-mm 

squares traversed by the pen; (ii) the maximum excursion in the antero-posterior (AP) 

direction; and (iii) the maximum excursion in the medio-lateral (ML) direction. 

 

Total-sway derived from the SM was taken to represent the sway variable to test the 

study’s hypotheses. This variable was chosen because of its reported reliability (see 

subsequent sections for the description of the reliability studies) and the high 

correlations with the AP and ML excursions. 

 

Reliability of the Sway-Meter 

This section describes the reliability studies conducted to investigate:  

(I) the test-retest reliability of the SM; 

(II) the intra- and inter-tester reliability of manually counting the one-mm squares 

(manual counts) to determine the total-sway; and  

(III) to compare an automated method of counting squares (automated counts) 

using a macro written in the NIH software with the manual method of 

counting the number of one-mm squares, to determine the total-sway. 
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Methods 

The same thirteen healthy females (mean age 72.6 years; range 66 – 78) who were 

recruited for the second trunk strength and TUG reliability studies participated in this 

study. Postural sway assessment was included as part of the series of tests during their 

visits.  

 

(I) Test-Retest Reliability of the Sway-Meter 

The subjects were tested on two occasions, one week apart. They returned on the same 

day of the week and the same time of the day for the second test session. Postural sway 

was assessed using the SM, using the protocol described above. The subjects were 

tested in four different conditions: standing on firm surface with eyes open (EO) and 

then closed (EC); standing on a foam complaint surface with eyes open (FEO) and then 

closed (FEC). Each subject’s feet were positioned according to the markers on the firm 

and compliant surfaces (Figure 3.16). This was to ensure consistency in feet positioning 

in the different test conditions as well as in the repeat session one week later. 

 

The total-sway and the maximum excursion in the AP and ML directions were derived 

by manually counting the number of one-mm squares on the graph paper. 

 

(II) Intra- and Inter-tester Reliability of Manual Counts  

The intra-tester reliability of manually counting the sway path was determined from 

counts of a random selection of 24 sway paths, by the author, on two separate occasions 

one week apart. To evaluate the inter-tester reliability, three examiners independently 

counted 22 sway paths selected randomly. All examiners used the criterion that when 

the line or part of it entered a square, it constituted one count (Figure 3.17). 
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Figure 3.17 A picture to depict the criterion used to determine the total-sway, defined 
as the number of one-mm squares traversed by the pen attached at the end of the Sway-
Meter. When the line or part of it entered a square, that square constituted one count.  

 

(III) Comparison of Manual Counts with Automated Counts 

A macro was written in NIH image software to automate the counting of the sway path 

(Appendix 8). This was done with the primary aim of maintaining consistency and to 

improve efficiency. A total of 103 sway paths that had been manually counted were 

scanned and analysed using the NIH image software. 

 

Test-retest reliability for each of the derived variables and the intra- and inter-tester 

reliability of manually counting the total-sway were analysed using repeated measures 

ANOVA. The ICC and the within-subject standard deviation, an index of measurement 

error (Equation 5, p. 111), were also calculated. Spearman’s Rank correlation analysis 

was used to assess the associations between: i) each of the derived variables, namely the 

total-sway, AP and ML excursions; and ii) the total-sway calculated by the NIH image 

software (automated counts) versus the manual counts. The level of significance of p < 

0.05 was used. 
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Results 

(I) Test-Retest Reliability of the Sway-Meter  

For the re-test reliability study, a total of 52 data sets from thirteen subjects tested under 

four different conditions were collected. However, only 51 data sets were examined for 

reliability as one subject was unable to complete the test when standing on foam with 

eyes closed (FEC). These data were logarithmically transformed before analysis as they 

were found to be positively skewed.  

 

Results showed that there were no significant differences in test scores with repeated 

measures for all three derived variables across all different test conditions. Intra-class 

correlation coefficients (model 3,1) were consistently moderate to high for total-sway 

(range 0.61 – 0.83) and less consistent for AP excursion (range < 0.40 – 0.86) and ML 

excursion (range < 0.40 – 0.84). These results are summarised in Table 3.13. 

 

Spearman’s Rank correlation analysis showed that the total-sway for all test conditions 

was significantly correlated with the AP and the ML excursion (Table 3.14). 
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Table 3.13 Summary of results from the test-retest of the Sway-Meter derived variables 
for 13 elderly females, tested on two occasions one week apart.  

 Test 1 
Median (IQR) 

Test 2 
Median (IQR) 

ANOVA 
p value 

ICC(3,1) 

EO 
Total-Sway 

 
 72  (153 - 96) 

 
 60 (55 - 81) 

 
0.42 

 
0.61 

AP   16     (9 - 22)  17 (13 - 27) 0.64 0.86 
ML  
 

 11     (9 - 16)  12  (8 - 13) 0.54 < 0.40 

EC 
Total-Sway 

 
 54    (48 - 87) 

 
 74 (60 - 108) 

 
0.51 

 
0.83 

AP   13    (12 - 15)  12 (12 - 19) 0.43 0.80 
ML  
 

 10     (8 - 12)  14 (10 - 18) 0.30 0.64 

FEO 
Total-Sway 

 
270  (220 - 323) 

 
 255 (197 - 277) 

 
0.46 

 
0.81 

AP    29  (26 - 42)    35 (28 - 39) 0.68 0.60 
ML  
 

  30  (26 - 33)    32 (26 - 42) 0.35 0.42 

FEC 
Total-Sway 

 
351 (262 - 397) 

 
 319 (258 - 360) 

 
0.91 

 
0.77 

AP    35 (32 - 39)    36 (29 - 42) 0.87 < 0.40 
ML    36  (32 - 47)    41 (29 - 47) 0.95 0.84 
IQR = Inter-quartile range; Total-Sway = number of one-mm squares traversed by the pen in 30s, 
determined by manually counting the one-mm squares; EO = standing on firm surface with eyes open; EC 
= standing on firm surface with eyes closed; FEO = standing on  foam with eyes open; FEC = standing 
on foam with eyes closed; AP = maximum antero-posterior excursion in mm; ML = maximum medio-
lateral excursion in mm.  
 

 
 

 
Table 3.14 Spearman’s Rank correlation between the three derived variables of postural 
sway, measured using the Sway-Meter. 

Conditions Total-Sway vs. AP 

 ρ 

Total-Sway vs. ML 

 ρ 

AP vs. ML 

 ρ 

EO  0.76* 0.53* 0.23 

EC  0.65* 0.87* 0.46* 

FEO  0.70* 0.54* 0.24 

FEC  0.68* 0.54* 0.32 

*Significant at p < 0.05. ρ = Spearman’s Rho. All variables were derived from manual counts. 
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(II) Intra- and Inter-tester Reliability of Manual Counts 

The intra-tester reliability of manually counting the sway path had an ICC(3,1) of 0.99 

and a measurement error (within–subject standard deviation) of 6 one-mm squares (95% 

CI: 5 – 10 one-mm squares). The inter-tester reliability had an ICC(2,1) of 0.99 and a 

measurement error of 8 one-mm squares (95% CI: 6 – 13 one-mm squares). The 

ANOVA for repeated measures showed no significant difference (intra-tester: F-value = 

3.6, p = 0.07; inter-tester: F-value = 0.8, p = 0.46) between counts. 

 

(III) Comparison of Manual Counts with Automated Counts 

The derivation of total-sway from the automated counting of squares was shown to be 

highly correlated with the manual method of counting squares (ρ = 0.99; p < 0.0001). 

 
 

Conclusions  

The results of the reliability studies showed that total-sway, derived from the SM, had 

better re-test reliability compared to the AP and the ML excursions. Total-sway was 

also found to be significantly correlated with the AP and ML excursions, for all test 

conditions. 

 

The manual counting of total-sway from the one-mm squares graphing paper was shown 

to have good intra- and inter-testing reliability. Additionally, the automated counting of 

the total-sway using the macro written in NIH imaging software was highly correlated 

with the manual counts, suggesting that the automated counting of sway paths is valid.  

 

In conclusion, for the main study, the total-sway variable was chosen to represent the 

subjects’ performance of postural sway as it had consistently better reliability compared 

to the ML and AP excursion for different test conditions. The total-sway was assessed 

using the macro in NIH image software (automated counting) as it had been shown to 

be highly correlated with the manual counts. This automated counting improved the 

time efficiency of data collection for postural sway assessment. 
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3.13 HEIGHT AND WEIGHT 

Height and weight were measured in the same session as the performance of the 

functional tests. Height was measured without shoes using a wall-mounted stadiometer 

(in cm) and weight measured in kg using an analogue scale.  

3.14 QUESTIONNAIRES 

This study utilised a comprehensive portfolio of questionnaires to assess aspects of 

health, physical functioning and dietary intake. Health-related QoL was assessed using a 

generic health survey (SF-36 Health Survey), a disease-targeted health survey (OPAQ 

2), a depression index (Beck Depression Inventory) and a pain scale (101 Numerical 

Rating Scale). Habitual physical activity levels were assessed subjectively using the 

Modified Baecke Questionnaire for Older Adults (MBQOA) and dietary intake was 

assessed using a food frequency questionnaire developed by the Anti-Cancer Council of 

Victoria. The administration of these questionnaires was interspersed with the 

functional tests (see Figure 3.1). This was done to ensure adequate rest in between 

functional tests, to eliminate any fatigue that may affect physical performance. In 

addition, interspersing the questionnaires with the functional tests provided a mental 

break between questionnaires. 

 

All questionnaires were self-administered, with the exception of the MBQOA, which 

was interviewer-administered as suggested by Voorrips et al. (1991). Each questionnaire 

was visually scanned upon completion while the subject was in attendance, so that gross 

errors, such as omission or duplication of responses, were rectified immediately. If the 

investigator suspected that the subject may have misinterpreted the questions, 

clarifications were sought immediately. 
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3.14.1 SF-36 Health Survey (SF-36) 

The Australian version of the short-form of the Medical Outcomes Survey Instrument 

(MOS SF-36) was used in this study to assess the global health status in this group of 

participants. Permission to use the SF-36 was granted by Dr John Ware (personal 

communication, 04 May, 2001). 

 

The SF-36 comprises 36 questions that yield an 8-scale profile score (Physical 

Functioning, Role Physical, Bodily Pain, General Health, Vitality, Social Functioning, 

Role Emotional and Mental Health) as well as two summary scores, the Physical 

Component Summary (PCS) and Mental Component Summary (MCS) (refer to Chapter 

2.14.1 for details). A sample of the questionnaire can be found in Appendix 9. 

 

The SF-36 questionnaire was self-administered in this study and it was the first in the 

battery of questionnaires to be administered, as recommended by Ware and Gandek 

(1998a,b). It took about 10 to 15 minutes to complete. The responses to the questions 

were entered into an Excel format and exported into the Statistical Analysis System 

(SAS™) software program. The scores were derived using a program written in SAS™ 

based on the scoring instruction provided by Ware et al. (1993) and the Australian 

Bureau of Statistics SF-36 population norms (Australian Bureau of Statistics, 1995). 

The responses of all but one of the 36 questions were summed to provide a score 

between 0 and 100, for each of the eight health profiles, and for the two summary 

scores, the PCS and the MCS. A higher score reflects the relative absence of disability 

and a more positive state of health. 

 

As it has been reported that 80% to 85% of the variance in the eight health profiles are 

explained by the summary scores (Ware et al., 1995), the PCS and the MCS were of 

primary importance in the final data analyses. This reduced the number of statistical 

comparisons in analysing the SF-36 data, without the loss of the potential to distinguish 

physical and mental health status in this cross-sectional study. 
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3.14.2 Osteoporosis Assessment Questionnaire Version 2 (OPAQ 2) 

Apart from the generic quality of life assessment using the SF-36, this study utilised a 

more specific disease-targeted HRQoL questionnaire, the revised version of the 

Osteoporosis Assessment Questionnaire (OPAQ). The OPAQ is a comprehensive 

osteoporosis-targeted questionnaire, which includes domains specific to osteoporosis 

such as body image, fear of falls, and independence (Silverman et al., 1993; Randell et 

al., 1998). Both the SF-36 and the OPAQ 2 were selected for use in this study to 

provide a comprehensive range of data on which all domains encompassing HRQoL 

were assessed.  

 

The reliability, internal consistency, and validity of the OPAQ have been investigated 

and reported to collectively constitute a reliable and internally consistent questionnaire 

(Silverman et al., 1993; Randell et al., 1998). The results of these studies were discussed 

in greater detail in Chapter 2.14.2. The revised version of OPAQ (OPAQ 2) was 

employed in this study. It utilises 67 questions to derive four composite dimensions, 

namely: Physical Function; Emotional Status; Symptoms; and Social Interaction 

(Silverman et al., 2001). 

 

The OPAQ 2 was self-administered. Each question has five response options using 

Likert scales. It took about 15 to 20 minutes to complete the questionnaire. The answers 

to the questionnaire were entered in an Excel spreadsheet and exported to SAS™. A 

program written in SAS™ using the scoring algorithm provided by A. Randell and T. 

Nguyen (personal communications, 10 August, 2002) computed the final scores (0 – 

100) of the four composite dimensions (see Appendix 11). A high score represents a 

better HRQoL. A sample of the questionnaire and scoring instruction can be found in 

Appendices 10 and 11.  
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3.14.3 Beck Depression Inventory (BDI) 

The Beck Depression Inventory (BDI) comprises 21 items measuring symptoms and 

characteristic attitudes of depression. Each item consists of four self-evaluative 

statements that are rank-ordered to reflect the range of severity of symptoms from 

‘neutral’ to ‘most severe’ (refer to Chapter 2.18). This questionnaire was self-

administered. The subjects were asked to pick a sentence most reflective of their attitude 

and the way they had been feeling in the past week. Values of 0 to 3 are assigned to 

each statement to reflect severity - the higher the number, the more severe the symptom. 

Each item purports to describe a specific behavioural manifestation of depression.  

 

For analysis, a score between 0 and 9 reflects a non-depressed or normal psychological 

state. In the presence of a score between 10 and 15, the subject is defined as dysphoric 

or mildly depressed. A score of greater than 16 suggests severe depression (Kendall et 

al., 1987). A sample of the BDI can be found in Appendix 12. 

 

3.14.4 Pain Body Chart 

A simple body chart (Appendix 13) was used to assist the subjects in identifying any 

location(s) of pain. Subjects were asked to mark (by either circling or shading the area) 

on the body chart where they had experienced pain over the last seven days. Pain arising 

from the cervical, thoracic or lumbar regions was classified as ‘spinal pain’ and pain 

arising from upper or lower limbs was classified as ‘peripheral pain’. The body chart 

was used in combination with the pain intensity rating scale described below to derive 

two pain scores.  

 

3.14.5 Spinal Pain Assessment – The 101 Numerical Rating Scale (NRS-101) 

The NRS-101 for assessment of pain intensity was utilised in this study, based on the 

results and recommendation of Jensen et al. (1986) who compared several forms of self-

rated pain assessment. This scale was judged to have several advantages over six other 

pain scales: for example, it is simple to administer and score; it can be administered 

either in written or verbal form; and it provides a broad range of response options with 

101 response categories. Details of the comparison study by Jensen et al. (1986) can be 

found in Chapter 2.17. 
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Each participant in this study was first asked to mark on the body chart the regions 

where she had experienced pain over the last seven days. On the reverse of the body 

chart, she was given an instruction sheet (Appendix 13) asking her to rate: i) the 

intensity of her ‘Current Pain’, and ii), the intensity of the ‘Average Pain’ experienced 

over the last seven days, by choosing a number between 0 and 100. A score of 0 

represents no pain and a score of 100 represents the worst pain possible. If the subject 

identified more than one area of pain, she was asked to rate the pain intensity of the 

region that had bothered her the most in the last seven days. For example, if she 

identified pain in the cervical spine and lumbar spine and reported that the cervical pain 

was most disturbing, she would be asked to rate the perceived intensity of pain at the 

cervical spine.  

 

The rating for the ‘Current Pain’ intensity was used to monitor if pain had worsened 

during strength testing and to decide when strength testing should be aborted. The 

ratings representing the ‘Average Pain’ in the spinal region (Spinal Pain Score) were 

taken to represent the pain variable in this study. 

 

3.14.6 Modified Baecke Questionnaire for Older Adults (MBQOA) 

The MBQOA was used in this study to assess the habitual physical activity levels of the 

subjects and to classify them into categories of ‘High’, ‘Medium’ or ‘Low’ physical 

activity levels. The subjects were asked to answer the questions to best reflect their 

typical household, sporting and physically active leisure activities involvement over the 

last 12 months (refer to Chapter 2.15 for details). A sample of the questionnaire can be 

found in Appendix 14. The questionnaire was interviewer-administered and it took 

about five to 10 minutes to complete. 

 

The questionnaire classified sports and leisure activities according to movement and 

posture using an intensity code based on net energy costs of activities (Voorrips et al., 

1991). The scoring of the questionnaire (Appendix 15) was calculated using the 

intensity codes and algorithms provided by Voorrips et al. (1991) and Pereira et al. 

(1997b). The data were entered into Microsoft Access and using the algorithms given, 

the ‘Household’, ‘Sporting and Leisure’ and ‘Total Physical Activity’ (household + 

leisure) scores were derived. The data set was then trichotomised, based on the ‘Total 
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Physical Activity’ score, to classify the subjects into ‘High’, ‘Medium’ or ‘Low’ 

physical activity groups. 

 

3.14.7 Breast Size 

The breast size of the subject was estimated from the subject’s recall of the largest bra 

size worn, excluding the time when she was pregnant or nursing. Bra size was 

determined by the girth size (10 – 22) and cup size (A to D, DD and E). For analyses, 

the alphabetical cup sizes were converted to a numerical value: Cup size A = 1; B = 2; 

C = 3; D = 4; DD = 5 and E = 6. 

 

3.14.8 Anti-Cancer Council of Victoria Food Frequency Questionnaire (ACCV FFQ) 

Dietary intake was assessed using the Anti-Cancer Council of Victoria Food Frequency 

Questionnaire (ACCV FFQ). The reliability and validity of this questionnaire have been 

assessed using different populations (refer to Chapter 2.16 for details).  

 

The ACCV FFQ estimates the average pattern of food intake over the past year. The 

questionnaires assess the types and number of food typically consumed in a day; the 

‘amount’ of food (indicated by serving size) usually consumed at main meals; the 

frequency of food types; and the amount of alcohol consumption consumed in the last 

12 months (refer to Chapter 2.16). A sample of the ACCV FFQ can be found in 

Appendix 16. 

 

The questionnaire was self-administered and it took about 20 minutes to complete. At 

the completion of data collection, the ACCV FFQs were sent to the Victorian Anti-

Cancer Council for analysis. Three reports in Excel format were returned, summarising 

the following results: i) nutrients without alcoholic beverages; ii) nutrients computed 

from alcoholic beverages; and iii) error messages detailing exclusion of any FFQs 

analysed. The estimated daily intake of a comprehensive list of nutrients was analysed 

and reported. Calcium, alcohol, protein, carbohydrate and total energy intake were 

variables of interest and they were included in the analyses to test the study’s 

hypotheses, to assess if they were potential confounders. 
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3.15 STATISTICAL ANALYSIS  

Data were analysed using SAS™ for Windows (release 8.0), Statview (SAS Institute 

Inc., Version 5.0.1) and Statistical Package for the Social Sciences (SPSS) for Windows 

(Version 11.0).  

 

3.15.1 General Descriptive Statistics and Correlation Analyses 

Descriptive statistics were calculated for all variables to assess the median, mean, 

standard deviation and range of each variable. This procedure was also used to identify 

outliers in these data. 

 

It is widely reported that BMD, thoracic curvature and physical performances are 

related to the age and anthropometric characteristics of an individual. Therefore, the 

associations of age and anthropometric characteristics with test variables (BMD, QUS, 

thoracic kyphosis, strength, mobility and postural sway) were first assessed using the 

Spearman’s Rho. Spearman’s Rank correlation was used to assess these relationships as 

it minimises the effects of outliers in the assessment of the correlation.  

 

The relationships of BMD and QUS with thoracic kyphosis and physical performances 

were assessed using partial correlations, controlling for the significant covariance. 

Variables that were skewed were log-transformed before analyses.  

 

As domains scores from self-reported HRQoL measures were ordinal, the associations 

of BMD and QUS with the SF-36 PCS and MCS scores, and OPAQ 2 Physical 

Function, Emotional Status, Symptoms and Social Interaction dimensions, were 

evaluated using the Spearman’s Rank correlation. 

 

3.15.2 Relationships between Thoracic Kyphosis, Trunk Strength and Breast Size 

The relationship between thoracic kyphosis and trunk strength was assessed using 

partial correlation, controlling for the significant covariance. To assess if trunk 

extension strength is related to thoracic kyphosis, the subjects were grouped into tertiles 

according to their strength. Analysis of variance was used to assess for any differences 

in thoracic kyphosis among the strength tertiles. The relationship between breast size 



152 

and thoracic kyphosis was assessed using Spearman’s Rank correlation, as breast size 

was ordinal in measure. 

 

3.15.3 Relationships between Physical Activity Levels, BMD, QUS, Physical Performance 

Measures and HRQoL 

To assess the relationships between physical activity levels with BMD, QUS, physical 

performances and HRQoL, the subjects were divided into tertiles: ‘Low’, ‘Medium’ or 

‘High’, according to their physical activity levels. Analysis of variance and post-hoc 

tests were used to determine if there were any differences among the three groups. 

 

3.15.4 Determinants of Osteoporotic Fracture Risks 

To test the main study hypotheses, the subjects were classified into a ‘High Risk’ of 

osteoporotic fracture group or a ‘Low Risk’ group according to each of the following 

definitions: 

1) Osteoporotic (OP) versus Non-Osteoporotic (NOP) 

‘Osteoporosis’ was defined using a combination of BMD T-score of ≤ -2.5 

(WHO 1994) and/or a history of fragility fracture (Kanis, 1994). The criteria for 

inclusion in the OP group were: i) a BMD T-score (derived from the WA 

reference range) ≤ -2.5 in either the TH or LS sites; and/or ii) a history of 

minimally traumatic vertebral fractures or non-spinal fractures (facial fractures 

or fractures of the 5th metatarsal were excluded). 

 

2) Vertebral Fracture (VF) versus Non-Vertebral Fracture (NVF) 

The subjects were grouped according to the presence of at least one prevalent 

vertebral fracture (VF) or no vertebral fracture (NVF). The VF group consisted 

of women with radiological evidence of vertebral body fracture as determined 

by the criteria stated in Section 3.8.1 of this chapter. 

 

3) Forearm/Wrist Fracture (WF) versus Non-Forearm/Wrist Fracture (NWF) 

The subjects were grouped into those with a history of either Colles’ or wrist 

fracture sustained from minimally traumatic events (WF) or those without any 

upper limb fractures (NWF).  
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Analysis of Variance (ANOVA) and Chi Square Test 

One-way analysis of variance (ANOVA) was used to test for any differences in the 

mean scores of QUS, thoracic kyphosis, physical performances, physical activity levels, 

HRQoL and dietary intake variables, between the ‘High Risk’ and the ‘Low Risk’ 

groups for each of the above definitions. For the groups defined by fractures alone, TH 

and LS BMD were included in the analyses as potential predictors. The residuals of 

ANOVA were checked to ensure that they were normally distributed and random. When 

the residuals were not normally distributed, the variables were log-transformed and the 

log of variables analysed using ANOVA. All differences were tested at a 2-tailed 

significance level of p < 0.05.  

 

To assess for differences in spinal pain, subjects were categorised into three groups: ‘No 

Pain’ (pain scores of 0); ‘Mild Pain’ (pain scores between 1 and 20); and ‘Moderate to 

Severe Pain’ (pain scores of > 20). Chi Square was used to assess for differences.  

 

Logistic Regression Analysis 

Logistic regression analysis was used to identify the univariate factors associated with 

the group at high risk of osteoporotic fracture for the three above classifications of 

osteoporotic fracture risk. Individual variables were entered independently into the 

model with age included as a potential predictor. The analyses were performed using 

osteoporosis (yes versus no); vertebral fracture (yes versus no) and forearm/wrist 

fracture (yes versus no) as outcome variables in separate models. The coefficients from 

the logistic regression analysis, expressed as adjusted odds ratio (OR) and 95% 

confidence intervals (CI), were also calculated. The OR provides a relative risk of being 

in the ‘High Risk’ group for osteoporotic fractures. The width of the CI indicates the 

precision of the estimates. The wider the CI, the less precise the estimated OR. 
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Multiple Logistic Regression Analysis 

To determine which independent variables in addition to the QUS variables were most 

associated with the group at increased risk of osteoporotic fracture, the following groups 

of independent variables were assessed using forward stepwise multiple logistic 

regression analysis, after adjustment for age:  

 

i) QUS and falls risk factors (strength, mobility, postural sway and thoracic 

kyphosis) 

ii) QUS and HRQoL variables (SF-36 and OPAQ 2) 

iii) QUS and a combination of falls risk factors and HRQoL variables. 

 

The final model in the stepwise multiple logistic regression analysis indicated the most 

significant variables (and their adjusted ORs) associated with the group at increased risk 

of fractures, after adjusting for potential confounders. 

 

Composite Odds Ratios 

Composite risk odds ratios were derived to assess the simultaneous effect of significant 

independent predictors on the increased risk of osteoporotic fracture, using the formula: 

 

Composite Risk Odds Ratio = 
)exp(

...)exp(
...)]0[]0[exp(

...)exp(
a

cybxa
cba
cybxa +++

=
+++

+++  

 (Equation 6) 

 

The intercept a, and the beta coefficients b, c,… were derived from the final model of 

the stepwise multiple logistic regression analysis. The variables x and y represent two of 

the significant independent variables in this model, in units of Z-score (standard 

deviation units), except for HRQoL variables. A variable value of 0 in this case 

indicated that the subject is at the mean for the study population for that variable. In the 

composite risk odds ratio, the simultaneous effect of the variables x and y were assessed 

in relation to the reference situation when both variables were at their mean value (i.e., 

Z-score = 0). In the case of HRQoL, the effect of each 5-point change in the variable 

was assessed in reference to the highest 5-point interval. 
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Discriminant Function Analysis 

In addition to logistic regression, stepwise discriminant function analysis (DFA) was 

used to identify the variables that were most important in the discrimination between the 

two groups. This analysis was performed to provide a predictive equation, to determine 

the misclassification rate and to confirm the results of the logistic regression analysis.  

 

To minimise the effects of multicollinearity and to reduce the number of redundant 

variables, but at the same time ensuring the entry of important variables, univariate 

factors (derived from logistic regression) that attained a level of p ≤ 0.2 were retained 

for the DFA analysis. The stepwise statistical method was used as there were no 

assumed priorities over any variables. As DFA analysis assumed the data to be normally 

distributed, variables that were not normally distributed were log-transformed and log 

variables were used for the analyses. The statistical criterion for this model is Wilks’ 

Lambda which indicates the proportion of the total variance (of the model containing 

the predictor variables) not explained by the difference between groups (grouping 

variable). Wilks’ Lambda varies from 0 to 1. A low score indicates that the group means 

appear to be different, that is, a large proportion of variance is accounted for by the 

predictor variable. A high score indicates that the group means (of the predictor 

variables) are equal, suggesting that a large proportion of variance is not accounted for 

by the grouping variable (Poulsen & French, 2002). The associated significance value of 

p ≤ 0.05 was used to indicate if the difference was significant. In addition, standardised 

canonical correlation coefficients were reported that provide measures of the relative 

importance of a particular explanatory variable in the overall discrimination. 

Classification rates that estimate the percentage of cases correctly classified by 

comparing actual group membership to the predicted group membership, were also 

assessed. These classification rates were also cross-validated. In SPSS, ‘cross-

validation’ was performed on individual cases in the analysis, where each case was 

classified by the discriminant function derived from all cases except that case, that is, 

using the ‘leave-one-out’ classification method. 
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Receiver Operating Characteristic Analysis 

Finally, receiver operating characteristic (ROC) curves were generated to compare the 

sensitivity and the specificity between: 

i) DXA BMD and a significant QUS variable; 

ii) DXA BMD and a significant falls risk factor and/or HRQoL variable; 

iii) DXA BMD and a combination of QUS, a significant falls risk factor and/or 

HRQoL variable (identified from the stepwise multiple logistic regression),  

to discriminate those with fractures from those without.  

 

The composite variable, Y (applied in the ROC analysis), which best represents the 

combined QUS and a falls risk factor and/or HRQoL variable, is derived from the 

regression equation: 

 zyx dzczbzY ++=  (Equation 7) 

where zx represents the Z-score of the most significant QUS variable; zy represents the 

Z-score of the most significant falls risk variable; zz represents the 5 point change in the 

most significant HRQoL variable; and, b, c and d are beta coefficients from the stepwise 

multiple logistic regression equation of the respective variables. 

 

The estimate of the areas under the ROC curve (AUC) and its standard error (SE) were 

computed non-parametrically with the confidence interval set at 95%. Wilcoxon’s non-

parametric test was used to compare the AUCs of two ROC curves by calculating the 

critical ratio z using the formula below (Hanley & McNeil, 1983): 
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where A1 and SE1 refer to the AUC and the standard error, respectively, from the ROC 

associated with DXA BMD; A2 and SE2 refer to the AUC and the standard error from 

the ROC associated with a ‘non-BMD’ variable (or composite variable); and, r is the 

estimated correlation between A1 and A2 (Hanley & McNeil, 1983). The correlation 

coefficient (r) between two AUCs was estimated from the table supplied by Hanley and 

McNeil using the average of the AUC ([A1 + A2]/2) and the average of the correlations 

(of DXA BMD and the ‘non-BMD’ variable) between the group with fractures and the 

group without fractures. A critical z-value of > 1.96 was taken as evidence that the two 

AUCs were different. Statistical significance was set at p < 0.05 for all analyses. 



157 

3.16 SUMMARY  

This study was a prospective cross-sectional investigation to determine if a composite 

model comprising calcaneal QUS, factors related to risk of falls (decreased muscular 

strength, decreased mobility, increased postural sway and increased thoracic kyphosis) 

and HRQoL, was able to discriminate a group of post-menopausal women who were 

identified as at risk of osteoporotic fractures from those at low risk. In addition, this 

study sought to investigate the relationships between thoracic kyphosis with trunk 

strength and breast size; and the relationships between physical activity with bone 

variables, thoracic kyphosis, physical performance measures and HRQoL. 

 

The target sample population for this study was a group of healthy elderly community-

dwelling women who had no history of metabolic bone diseases and who were not on 

any medications (including HRT) that affected bone metabolism. The sample 

population was classified into a ‘High Risk’ (of osteoporotic fracture) group or a ‘Low 

Risk’ group using the following definitions: 

 
1) clinically diagnosed osteoporosis based on the criteria of a BMD T-score of  

≤ -2.5 (WHO 1994) and/or a history of atraumatic fracture (Kanis, 1994); 

2) the presence of at least one vertebral body fracture identified radiographically; 

and 

3) a history of medically diagnosed forearm or wrist fracture resulting from 

minimally traumatic events. 

 

The women underwent a series of tests that included conventional assessments of BMD 

using DXA (Section 3.6), and spinal radiography to identify vertebral fractures (Section 

3.8.1). These outcome variables were used primarily to classify the women into either 

‘High’ or ‘Low’ risk groups. The test variables of interest in this study were non-

invasive assessments including calcaneal quantitative ultrasonometry (Section 3.7), 

physical performance indices of strength (Section 3.10), mobility (Section 3.11) and 

postural sway (Section 3.12). Thoracic kyphosis was also assessed, using conventional 

radiographic assessment of the Cobb angle (Section 3.8.2) and optical video 

rasterstereography to assess back surface curvature (Section 3.9). In addition to physical 
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measures, the subjects also undertook a series of validated questionnaires to determine 

their general health, HRQoL, physical activity levels and dietary intake. 

 

Quality control exercises were conducted on the instruments used for the measurement 

of bone variables (DXA and calcaneal QUS), and results showed good consistency 

given their low coefficients of variation over time and their high precision. 

Determinations of vertebral morphometry and radiographic Cobb angle from plain 

spinal radiographs were shown to have good intra- and inter-tester reliability. The 

assessment of physical performances of strength, mobility and postural sway were 

reliable; and the equipment used for strength measures was carefully calibrated and 

results showed high consistencies.  

 

The various methodologies and the derivation of their respective variables to examine 

the study hypotheses are summarised in Table 3.15. 

 

Data were analysed using a combination of statistical methods. Analysis of variance 

was used to test for differences in the test variables between groups. Logistic regression 

was used to identify significant univariate factors associated with fracture risk. Stepwise 

multiple logistic regression and discriminant function analysis were used to determine 

the composite model (QUS, falls risk factors and/or HRQoL indices). To assess the 

relative discriminatory powers of BMD and non-BMD variables in identifying women 

with prevalent fractures, ROC curves were generated and the AUCs were compared. 

 

The results of this study are presented in the following chapter. 



159 

Table 3.15 Summary of the derived variables from the various methods employed in 
this study. 
Demographic Data Derived Variables (Unit) 
Age Year 
Weight (Analogue weighing scale) (Section 3.13) Kilograms 
Height (Wall mounted stadiometer) (Section 3.13) Metres 
Body Mass Index (BMI) Weight (kg)/ Height 2 (m) 
Tests  
Bone Densitometry (Hologic QDR 1000W 
DXA)(Section 3.6) 
Lumbar Spine (L1 – L4); and Total Hip 
 

 
BMD (g/cm2); T-score and Z-score based on 
Western Australian reference range 
 

Quantitative Ultrasound (Hologic Sahara) 
(Section 3.7) 
Right Calcaneum 

 
 
SOS (m/s); BUA (dB/MHz) and QUI 
 

Lateral Thoracolumbar X-ray (Section 3.8) 
Determination of Vertebral Fracture (T4 – L5) 
(Section 3.8.1) 
Radiographic Thoracic Kyphosis (T4 – T11)  
(Section 3.8.2) 
 

 
‘Prevalent vertebral fracture’ or ‘No vertebral 
fracture’ 
Cobb angle in degrees 
 

Video Rasterstereography (Section 3.9) 
Back Surface Curvature (VP – T12)  
 

 
Back surface curvature in degrees 
 

Isometric Strength Testing (Section 3.10) 
Trunk Strength (Section 3.10.1);  
Quadriceps Femoris Strength (Section 3.10.2)  
Grip Strength (Section 3.10.3) 
 

 
Trunk extension and flexion (N.m) 
Dominant quadriceps femoris (N.m) 
Dominant grip (kg) 
 

Timed “Up & Go” (Section 3.11) Time in seconds 
 

Postural Sway in Static Stance (Section 3.12) 
Sway-Meter 
 

 
Total-sway – number of one-mm squares 
 

Questionnaires (Section 3.14) 
SF-36 (Physical and Mental Component 
Summary) 
 
OPAQ 2 (4 Health Dimensions) 
 
Beck Depression Inventory 
 
 
Pain Body Chart 
 
101 Numerical Pain Rating Scale 
 
Modified Baecke Questionnaire for Older Adults 
 
 
Food Frequency Questionnaire 

 
Score 0 – 100. Higher score, better QoL 
 
 
Scores 1 – 100  
 
0 – 9: Non-depressed; 10 – 15: Dysphoric;  
> 16: Depressed 
 
Location of pain 
 
Scale of 0 – 100. ‘0’ representing no pain 
 
Scores trichotomised to Low, Medium and High 
activity levels 
 
Calcium (mg/day); Alcohol (g/day); Protein 
(g/day); Carbohydrate (g/day); and Total Energy 
(kJ/day) 
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CHAPTER 4 

RESULTS 

 

4.1 INTRODUCTION 

This study examined the lumbar spine and proximal femur bone mineral density, 

thoracic spinal curvature, physical performances (strength, mobility and postural sway) 

and HRQoL in 104 healthy community-living women. These women did not have any 

known diseases affecting the bone and they were not on any medications that affected 

bone metabolism. Several methodologies were used to assess the above variables. These 

included the current clinical standards for osteoporosis assessment, namely DXA bone 

densitometry and spinal radiology (to determine spinal kyphosis and vertebral 

fractures); non-invasive assessment of bone quality using gel-coupled calcaneal bone 

ultrasonometry; video rasterstereography to determine thoracic kyphosis; isometric 

strength tests of the trunk, upper and lower limbs muscles; timed “Up & Go” to assess 

mobility; and measurement of postural sway in static stance. Additionally, validated 

questionnaires were used to assess the HRQoL, physical activity levels, depressive 

symptoms, back pain and dietary intake. 

 

The main aim of the study was to investigate the utility of a composite assessment, 

including calcaneal heel ultrasound (QUS), risk factors for falls (increased thoracic 

kyphosis, decreased strength and mobility, and increased postural sway) and HRQoL, to 

discriminate women with high risk of osteoporotic fracture from those at low risk 

(Chapter 3.3.1). The women in this study were classified into two groups: a group 

considered to be at ‘High Risk’ of osteoporotic fracture; and a ‘Low Risk’ group, using 

three separate definitions: i) BMD T-score of ≤ -2.5 (WHO, 1994) at the TH or LS sites 

and/or a history of fragility fracture (Kanis, 1994); ii) radiological evidence of vertebral 

fracture; and iii) a history of wrist or forearm fracture resulting from minimally 

traumatic events. 

 

Additionally, this study aimed to assess if:  

i) women with increased thoracic kyphosis had weaker trunk strength and/or 

larger breast size; and 
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ii) women who were physically more active had higher BMD and QUS scores; 

were better in their physical performances of strength, mobility and postural 

sway; and reported better HRQoL. 

 

Descriptive statistics of the subjects’ anthropometric characteristics and all the test 

variables are presented in Section 4.3. The interrelationships of the test variables with 

age and anthropometric characteristics are reported in Section 4.4. Section 4.5 describes 

the relationships of BMD and QUS with thoracic kyphosis, physical performance, and 

HRQoL variables. The associations between thoracic kyphosis, trunk strength and 

breast size are reported in Section 4.6. The relationships between physical activity levels 

with BMD, QUS, thoracic kyphosis, physical performances and HRQoL were 

investigated and results are presented in Section 4.7. Discriminatory factors associated 

with the ‘High Risk’ group classified according to: i) the diagnosis of osteoporosis 

(Kanis, 1994; WHO, 1994); ii) prevalent vertebral fractures; and iii) wrist or forearm 

fractures resulting from previous minimally traumatic events, are presented in Sections 

4.8, 4.9 and 4.10, respectively. A summary of the main outcome findings is presented in 

the final section of this chapter (Section 4.11). The raw data for this study is presented 

in Appendix 17. 

4.2 SUBJECTS 

A total of 211 women responded to the recruitment exercise. Of these, 115 met the 

initial screening criteria as assessed from telephone or in-person interview, and were 

invited to participate in the study.  

 

Of the 115 who participated in the study, 11 subjects were rejected during the testing 

period for the following reasons: two were not able to continue with the second visit due 

to illnesses; one was away during the testing period due to unforeseen circumstances; 

one had Parkinsonian-like symptoms and one presented with symptoms of benign 

tremor (both these conditions were not declared during the telephone screening 

interviews); three subjects had BMI greater than 35 and one had a BMI less than 17; one 

was found to have severe scoliosis after radiological examination and one requested to 

discontinue after the bone densitometry. A final total of 104 subjects completed the 

study. All subjects fulfilled all test requirements, with the exception of one subject, who 

was not able to return for rasterstereographic assessment of the back surface curvature.  
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4.3 SUBJECTS’ CHARACTERISTICS 

The 104 women in this study were all post-menopausal and were aged between 59 and 

89 years. The subjects’ anthropometric characteristics are summarised in Table 4.1. 

 

Table 4.1 Median, mean, standard deviation (SD) and the range of the subjects’ age, 
weight, height and body mass index (BMI). 

 Median Mean SD Range 

Age (years) 71     71.3   5.8  59  – 89 

Weight (kg) 63.8   65.2  10.7  44  – 95 

Height (cm) 159.5 160.0   6.1  143  – 176 

BMI (kg/m2) 25.2   25.5   3.5  18.1 – 33.5 
 

 

4.3.1 Bone Mineral Density and Quantitative Ultrasound  

The results of the DXA BMD scans for the three anatomical sites, namely FN, TH and 

LS (L1 – L4), and the calcaneal ultrasound assessments are summarised in Tables 4.2 

and 4.3, respectively. All but one subject had their left hip scanned. This subject had a 

left hip replacement after a fragility fracture 13 years ago and her right hip was assessed 

instead. The raw BMD scores were converted into T- and Z-scores using the Western 

Australian reference ranges (Price et al., 2003) (Table 4.4).  

 

Table 4.2 Median, mean, standard deviation (SD) and range of bone mineral density 
(BMD) of the femoral neck (FN), total hip (TH) and PA lumbar spine (LS: L1 – L4), 
derived from a Hologic QDR 1000W DXA scanner. 
Anatomical Sites Median Mean  SD    Range 

FN BMD (g/cm2) 0.69 0.69 0.11 0.46 – 1.07 
TH BMD (g/cm2) 0.80 0.81 0.11 0.53 – 1.08 
LS BMD (g/cm2) 0.88 0.90 0.17 0.52 – 1.31 

 

 



163 

Table 4.3 Median, mean, standard deviation (SD) and range of the three quantitative 
ultrasound (QUS) variables: broadband ultrasound attenuation (BUA), speed of sound 
(SOS) and quantitative ultrasound index (QUI) of the right calcaneum, measured using 
a Hologic Sahara Bone Sonometer. 
QUS Variables Median Mean SD Range 

BUA (dB/MHz) 64.7     65.6 16.4  33.1  –  122.8 
SOS (m/s) 1529.6 1531.9 27.2  1488.3  – 1634.0 
QUI 84.2     84.0 17.4  52.8  –  135.8 

 

 

Table 4.4 Median, mean, standard deviation (SD) and range of the T- and Z-scores 
derived from the Western Australian reference range1 for the femoral neck (FN), total 
hip (TH) and lumbar spine (LS) sites. 
 Median Mean   SD Range 

Femoral Neck 
T-score 
Z-score 

 
-1.98 
0.19 

 
-1.92 
0.25 

 
0.93 
1.07 

 
 -3.97  –  1.32 
 -1.95  –  3.97 

Total Hip 
T-score 
Z-score 

 
-1.58 
0.09 

 
-1.55 
0.12 

 
0.94 
0.95 

 
 -3.88  –  0.73 
 -2.27  –  2.50 

Lumbar Spine 
T-score 
Z-score 

 
-1.59 
-0.09 

 
-1.38 
0.12 

 
1.50 
1.11 

 
 -4.75  –  2.13 
 -2.06  –  2.89 

1Price et al. (2003). 
 

 

4.3.2 Prevalent Vertebral Fractures and Minimally Traumatic Non-Spinal Fractures 

Twenty-four subjects (23.1%) were identified with at least one prevalent vertebral body 

fracture (refer to Chapter 3.8.1 for definition of vertebral fracture). Of these, 16 had one 

vertebral fracture, four had at least two vertebral fractures and four had multiple level 

fractures. With the exception of one subject who had multiple levels of biconcave 

fractures from levels T6 to T10, all others had anterior wedge fractures. The frequency 

of fracture at the various spinal levels is presented in Figure 4.1.  
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Figure 4.1 The number of vertebral fractures identified at different spinal levels from 
the fourth thoracic vertebra (T4) to the fifth lumbar vertebra (L5). Of the 24 women 
with vertebral fractures, 16 had single level fractures and eight had multiple level 
fractures. 
 

 

Twelve women reported having a history of medically diagnosed non-spinal fracture 

resulting from minimally traumatic events. Fractures of the fifth metatarsals and facial 

fractures were excluded. Two women had a history of fractures at two anatomical sites  

(patella and finger; pelvis and tibia). The sites of fracture and the frequency are 

summarised in Table 4.5.  

 

Table 4.5 Summary of the frequency of non-spinal fractures resulting from minimally 
traumatic events. In parentheses, presence of radiographically identified concomitant 
vertebral fracture. 
(n) Anatomical Sites 

7 Wrists/forearm (n = 2 had single level wedge fracture at T5 and L1, respectively). 
1 Hip  
1 Finger and patella 
1 Pelvis and tibia (T10 wedge fracture) 
1 Rib (T5 wedge fracture) 
1 Fibula (T7 – T8 wedge fractures) 
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4.3.3 Thoracic Kyphosis 

Thoracic spinal curvature of the subjects, determined by radiographic assessment of 

kyphosis using the Cobb’s method (Chapter 3.8.2), and rasterstereographic back surface 

curvature (Chapter 3.9), are summarised in Table 4.6. The Cobb angle measurement of 

one subject was not possible due to poor film image quality. Another subject had a 

Cobb angle of zero as the lines extending from the superior vertebral border of T4 and 

the inferior vertebral border of T11 were almost horizontal, and the perpendiculars of 

these lines did not intersect. This particular subject had the smallest rasterstereographic 

kyphotic angle of 29.3°. Rasterstereographic assessment of one subject was not 

performed, as she was unable to return for the assessment. 

 

Table 4.6 Median, mean, standard deviation (SD) and range of the thoracic Cobb angle 
measured radiographically, and back surface curvature assessed rasterstereographically  
(in degrees). 
 Median Mean SD Range 

Cobb Angle (T4 – T11)  44.5 43.4  14.2  0  –  79 
Back Surface Curvature (VP – T12)  52.5 52.5 10.3  29.3 – 82.7 

VP= Vertebral Prominence; T4, T11 and T12 = Fourth, eleventh and twelfth thoracic vertebra, 
respectively. 
 

 

4.3.4 Breast Size 

Each participant’s breast size was determined by her recall of the largest bra size worn 

excluding periods when she was pregnant or nursing (Chapter 3.14.7). Bra size was 

described according to girth size (10 – 24) and cup size (A – E). Sixty-four percent (n = 

67) of the women wore a bra of girth size between 14 and 16. The most commonly worn 

bra cup size was Cup B (41%) and Cup C (30%). The distributions of the bra cup size 

and girth reported by women in this sample are illustrated in Figure 4.2. For analysis, 

the alphabetical cup sizes were converted to a numerical value: Cup size A = 1; B = 2; 

C = 3; D = 4; DD = 5 and E = 6. Table 4.7 summarises the median, the inter-quartile 

range and range of the bra girth and cup size reported.  
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Figure 4.2 Graphical illustration of the distributions of bra girth and bra cup size 
reported by 104 women in this study. These bra sizes were the subjects’ recall of the 
largest bra worn, excluding the periods when they were pregnant or nursing.  
 

 

 

 

Table 4.7 Median, inter-quartile range (IQR) and the range of the subjects’ recall of the 
largest bra girth and cup size worn. 
 Median IQR Range 

Bra Girth 14.0 14 – 16 10  – 24 
Bra Cup    2  2 – 3   1  –  6 

 

A
B

C
D

DD

E

10 & 12 14 & 16 18 & 20 22 & 24
0

5

10

15

20

25

30

35

Number of subjects

Bra Cup

Bra Girth

A
B

C
D

DD

E

10 & 12 14 & 16 18 & 20 22 & 24
0

5

10

15

20

25

30

35

Number of subjects

Bra Cup

Bra Girth



167 

4.3.5 Physical Performances of Strength, Mobility and Postural Sway  

Results of the subjects’ physical performances of strength, mobility and postural sway 

are presented Table 4.8 (refer to Chapter 3, Sections 3.10, 3.11 and 3.12, respectively, 

for descriptions of these assessments).  

 

Postural sway in static stance was assessed under six different test conditions. All 

subjects were able to complete the 30-second tasks of standing on a firm surface with 

the eyes open (EO) and eyes closed (EC). When standing on a compliant foam surface 

with eyes open (FEO), two subjects were not able to complete the task. Four were not 

able to complete the task with eyes closed (FEC). These subjects were given a score of 

three standard deviations from the group’s mean for the task they were not able to 

complete (S. Lord, personal communication, 10 June, 2002). In the more challenging 

tasks of standing in semi-tandem stance with eyes open (STEO) and eyes closed 

(STEC), a total of 30 subjects (28.9%) were not able to complete these tasks. Given the 

large number of subjects who were not able to complete these tests, the results of the 

semi-tandem balance tests were excluded from data analysis.  

 

Table 4.8 Median, mean, standard deviation (SD) and range of the physical 
performance scores of strength, mobility and postural sway.  
 Median Mean SD Range 

Trunk Extensor Torque (N.m) 48.0 50.8 20.3  15.9 –  112.1 
Trunk Flexor Torque (N.m) 50.9 60.7 28.0  19.9 –  151.6 
Quadriceps Femoris Torque (N.m) 47.3 51.3 19.0  16.4 –  115.1 
Grip Strength (kg) 22.0 21.9 5.9  9.0 –  38.0 
Timed “Up & Go” (s) 7.8 8.1 1.3  5.9  –  12.6 
     
Postural Sway      

EO (Total number of one-mm squares) 48.0 56.6 37.3  34.1 –  64.2†

EC (Total number of one-mm squares) 60.0 71.2 44.7  40.9 –  92.6†

FEO (Total number of one-mm squares) 177.2 195.3 86.3  137.0 –  225.8†

FEC (Total number of one-mm squares) 253.7 270.6 101.2  192.9  –  317.9†

† Interquartile range stated as sway data is skwed. Total postural sway was measured using the Lord’s 
Sway-Meter (Lord et al., 1991b) and is defined as the number of one-mm squares traversed by the pen 
over a 30s period. Test conditions were: EO = standing on a firm surface with eyes open; EC = standing 
on a firm surface with eyes closed; FEO = standing on a compliant foam with eyes open; and FEC = 
standing on a compliant foam with eyes closed. 
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4.3.6 General Health and Health-Related Quality of Life Scores 

The subjects undertook a series of questionnaires to assess their general health and 

HRQoL. Using the NRS-101, the subjects were asked to give a score between 0 and 100 

to indicate their ‘Average Pain’ in the spinal region over the last seven days before the 

day of assessment (see Chapter 3.14.5). Eight subjects reported having spinal pain of 

more than 50. Of these eight, one gave a score of 75. No subject reported an increase in 

the ‘Current Pain’ score during the trunk strength testing (see Chapter 3.14.5). General 

health and HRQoL status were assessed using the BDI, SF-36 and OPAQ 2 (refer to 

Chapter 3.14 for details). One out of the 104 subjects had a BDI score of 16, suggestive 

of depression, and 14 women had a BDI score between 10 and 15, indicating dysphoria, 

according to the BDI interpretation (Kendall et al., 1987). The range, median and mean 

scores of ‘Average Spinal Pain’, BDI, SF-36 (eight health scales and two summary 

component scores) and OPAQ 2 (four dimensions) are summarised in Table 4.9.  

 

Ware et al. (1995) reported that 80% to 85% of the variances in the SF-36 eight health 

profiles were explained by the summary component scores. Therefore, in subsequent 

analyses, the PCS and the MCS scores were taken to represent the physical and mental 

health status of the subjects, respectively. The exception to this is the examination of the 

relationship between physical activity levels and HRQoL, where individual health 

domains were considered, to provide more insight into the relationship between test 

variables. 
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Table 4.9 Median, mean, standard deviation (SD) and range of scores derived from the 
101 Numeral Rating Scale (for spinal pain), Beck Depression Inventory (BDI), SF-36 
questionnaire and the OPAQ 2. 
 Median Mean SD       Range 

Average Spinal Pain 7.5 13.4 16.7  0 - 75 

BDI 5.0 5.6 3.7  0 - 16 

     
SF-36     
Physical Function 85.0 81.3 13.3  35 -  100 
Role Physical 100.0 82.5 32.7  0 - 100 
Bodily Pain 74.0 73.5 18.6  31 -  100 
General Health 77.0 77.1 14.2  30 -  100 
Vitality 70.0 69.2 14.8  30 -  100 
Social Functioning 100.0 92.8 13.5  50 -  100 
Role Emotional 100.0 91.0 24.2  0 -  100 
Mental Health 84.0 81.0 13.6  31 -  100 
Physical Component Summary 50.2 48.5 6.7  27 - 59 
Mental Component Summary 
 

55.7 54.3 6.7  28 - 65 

OPAQ 2      
Physical Function 95.6 93.2 7.4  63 -  100 
Emotional Status 78.8 76.8 12.0  43 - 100 
Symptoms 75.0 73.1 14.7  25 -  100 
Social Interaction 73.0 70.0 15.0  13 - 92 

SF-36 (Short- Form 36) Health Survey; OPAQ 2 = Osteoporosis Assessment Questionnaire Version 2.  
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4.3.7 Dietary Intake 

The subjects’ average patterns of dietary intake over the past year were assessed using 

the ACCV FFQ (see Chapter 3.14.8). The average and range of calcium and alcohol 

intake are summarised in Table 4.10. The total calcium consumption comprised the sum 

of the calcium intake derived from the FFQ and any calcium supplement taken for more 

than three months in the last 12 months, as reported by the subjects. Ambiguous reports 

such as, taking supplements “on and off” or “whenever I remember” were not taken into 

account. A total of 103 FFQ were processed. One FFQ was rejected during data analysis 

at the Australian Cancer Council of Victoria due to an error in that questionnaire. 

 

 

Table 4.10 Median, mean, standard deviation (SD) and range of total calcium, alcohol, 
protein, carbohydrate and total energy consumption per day, over the last 12 months, 
assessed using the Anti-Cancer Council of Victoria Food Frequency Questionnaire. 
 Median Mean SD         Range 
aTotal Calcium (mg/day) 1147.9 1227.2 522.7  211.1  –  2905.2 
bTotal Alcohol (g/day) 
Protein (g/day) 
Carbohydrate (g/day) 
Total Energy (kJ/day) 

2.4 
77.4 

177.1 
6929.0 

7.8
78.8

183.1
6912.7

11.6 
23.3 
58.2 

1970.7 

 0.0  –  62.1 
 32.8  –  157.8 
 54.1  –  328.6 
 2659.0  –  14660.5 

aTotal calcium intake is the sum of calcium intake derived from the ACCV FFQ and calcium supplement 
taken for more than three months in the last 12 months. The mean calcium intake from the FFQ was 982 
mg/day. Thirty-four (33%) of the subjects were on calcium supplement. The median and the mean of the 
calcium supplement intake were 600 mg/day and 652 mg/day, respectively. Range: 50mg/day to 
1800mg/day bInter-quartile range for total alcohol: 0.36 – 13.1 g/day. 
 

 



171 

4.4 INTERRELATIONSHIPS OF AGE AND ANTHROPOMETRIC 

CHARACTERISTICS WITH TEST VARIABLES 

For accurate assessments of the interrelationships between test variables with BMD and 

QUS, the confounding effects of age and anthropometric characteristics on these 

variables were examined. The associations of age and anthropometric characteristics 

with BMD, QUS, kyphosis and functional performances of strength, mobility and 

postural sway were investigated initially using Spearman’s Rank correlation. 

 

4.4.1 Relationships of Age and Anthropometric Characteristics with BMD and QUS 

Bone mineral density from the hip sites, but not the lumbar spine, was negatively 

correlated with age. All three QUS variables were not correlated with age. Both BMD 

and QUS variables were significantly associated with weight and BMI. However, only 

TH and LS BMD and BUA were correlated with height. The results of these 

correlations are summarised in Table 4.11.  

 

Table 4.11 Correlations of age, weight, height and body mass index (BMI) with bone 
mineral density (BMD), and the quantitative ultrasound variables: BUA, SOS and QUI. 
 Age 

ρ 
(p value) 

Weight 
ρ 

(p value) 

Height 
ρ  

(p value) 

BMI  
ρ 

(p value) 
FN BMD -0.26 

(0.007)* 
 

0.41 
(<0.0001)* 

0.14 
(0.14) 

0.37 
(<0.0001)* 

TH BMD  -0.26  
 (0.008)* 
 

0.53 
(<0.0001)* 

0.28 
(0.004)* 

0.51 
(<0.0001)* 

LS BMD  -0.07  
 (0.46) 
 

0.41 
(<0.0001)* 

0.27 
(0.006)* 

0.34 
(<0.0001)* 

BUA  -0.14  
 (0.17) 
 

0.44 
(<0.0001)* 

0.26 
(0.009)* 

0.38 
(<0.0001)* 

SOS  -0.18  
 (0.062) 
 

0.26 
(0.007)* 

0.12 
(0.22) 

0.25  
(0.012)* 

QUI  -0.18  
 (0.072) 

0.34 
(<0.0001)* 

0.17 
(0.078) 

0.31 
(0.002)* 

*Two-tailed significance of correlation. ρ = Spearman’s Rho; BMI = Body Mass Index; FN = Femoral 
Neck; TH = Total Hip; LS = Lumbar Spine; BUA = Broadband Ultrasound Attenuation; SOS = Speed of 
Sound; QUI = Quantitative Ultrasound Index. 
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4.4.2 Relationships of Age and Anthropometric Characteristics with Thoracic Kyphosis 

Age was found to be significantly correlated with thoracic kyphosis derived from 

radiographic Cobb angle (ρ = 0.30, p = 0.002) and rasterstereographic back surface 

curvature (BSC) (ρ = 0.26, p = 0.009). Thoracic kyphosis was not correlated with 

weight (Cobb angle: ρ = 0.017, p = 0.87; BSC: ρ = 0.068, p = 0.50), nor height (Cobb 

angle: ρ = 0.086, p = 0.39; BSC: ρ = 0.062, p = 0.54). Thoracic kyphosis derived from 

radiographic Cobb angle was significantly correlated with rasterstereographic BSC 

(Pearson’s r = 0.72, p < 0.0001; Spearman’s ρ = 0.69; p < 0.0001). This relationship is 

depicted graphically in Figure 4.3. 

 

 

Figure 4.3 Scatterplot depicting the association between rasterstereographic back 
surface curvature and radiographic Cobb angle. Dashed line represents the line of 
identity.  
VP = Vertebral Prominence; T4, T11 and T12 = Fourth, eleventh and twelfth thoracic vertebra, 
respectively. 
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4.4.3 Relationships of Age and Anthropometric Characteristics with Physical 

Performances (Strength, Mobility and Postural Sway) 

Age was found to be negatively correlated with trunk extensor and grip strength 

performance, and positively correlated with TUG. Only grip strength and trunk flexion 

strength were positively correlated with body weight. Older women were found to have 

larger total-sway in the more challenging balance tasks (ρ = 0.24 – 0.26; p < 0.02), that 

is, when standing on a compliant surface with eyes open or eyes closed (FEO and FEC). 

The correlations of all the strength measures, TUG and postural sway with the subjects’ 

age and anthropometric characteristics are summarised in Table 4.12. 

 
Table 4.12 Correlations of age, weight, height and body mass index (BMI) with 
strength (trunk, quadriceps femoris and grip), timed “Up & Go” (TUG) and postural 
sway under different test conditions. 
 Age 

ρ  
(p value) 

Weight 
ρ 

(p value) 

Height 
ρ 

(p value) 

BMI  
ρ  

(p value) 
Trunk Extensor Torque -0.26 

(0.009)* 
 

0.063 
(0.52) 

0.042 
(0.68) 

0.040  
(0.68) 

Trunk Flexor Torque -0.17  
(0.24) 

 

0.24 
(0.013)* 

0.098 
(0.32) 

0.24   
(0.014)* 

Quadriceps Femoris 
Torque 

-0.022 
(0.82) 

 

0.11 
(0.29) 

0.053 
(0.60) 

0.084 
(0.40) 

Grip Strength -0.30 
(0.001)* 

 

0.28 
(0.005)* 

0.23 
(0.017)* 

0.20 
(0.042)* 

TUG 0.40 
(<0.0001)*

 

0.10 
(0.32) 

0.013 
(0.90) 

0.13 
(0.20) 

Postural Sway     

EO -0.12  
(0.25) 

0.078 
(0.43) 

 

0.049 
(0.62) 

 

0.074  
(0.46) 

 
EC 0.077 

(0.44) 
0.31 

(0.001)* 
0.055 

(0.58) 
 

0.35 
(<0.0001)* 

 
FEO 0.24 

(0.015)* 
0.033 

(0.74) 
0.22 

(0.028)* 
-0.074 
(0.46) 

 
FEC 0.26 

(0.008)* 
0.082 

(0.41) 
0.20 

(0.044)* 
0.002  

(0.98) 
*Two-tailed significance of correlation. ρ = Spearman’s Rho; EO = standing on a firm surface with eyes 
open; EC = standing on a firm surface with eyes closed; FEO = standing on a compliant foam with eyes 
open; and FEC = standing on a compliant foam with eyes closed. 
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4.4.4 Interrelationships of Age, General Health and HRQoL  

The interrelationships of age, spinal pain, BDI and scores from SF-36 and OPAQ 2 are 

summarised in a correlation matrix (Table 4.13). There were no relationships between 

age and spinal pain, BDI, SF-36 health scores or OPAQ 2 health domains. Spinal pain 

was most strongly correlated with OPAQ 2 ‘Symptoms’, which integrated the 

dimensions of bodily pain and fatigue (ρ = -0.62, p < 0.0001) followed by OPAQ 2 

‘Physical Function’ (ρ = -0.46, p < 0.0001). 

 

The Beck Depression Inventory was negatively correlated with health domains from the 

SF-36 questionnaire and OPAQ 2, with the exception of OPAQ 2 ‘Social Functioning’. 

The BDI was most strongly associated with OPAQ 2 ‘Emotional Status’ (ρ = -0.45, p < 

0.0001). There was no correlation between BDI and Spinal Pain (Rho = 0.12, p 0.24). 

 

In general, most of the OPAQ 2 dimensions were significantly associated with the  

SF-36 health domains with the exception of ‘Social Interaction’ (OPAQ 2). The 

correlations between the SF-36 domains and OPAQ 2 dimensions are summarised in a 

matrix and can be found in Appendix 18. 

 

Table 4.13 Correlation matrix of age, spinal pain and Beck Depression Inventory (BDI) 
with the SF-36 Health Survey and Osteoporosis Assessment Questionnaire version 2 
(OPAQ 2). 
 Age 

ρ (p value) 

Spinal pain 

ρ (p value) 

BDI 

ρ (p value) 

SF-36 Domains    

Physical Component Summary 

Mental Component Summary 

 -0.19 (0.054) 

 0.19  (0.050)

 -0.36 (<0.0001)* 

 -0.070 (0.48) 

-0.27  (0.005)* 

-0.36 (<0.0001)* 

OPAQ 2 Dimensions 

Health-Related QoL 

Physical Function 

Emotional Status 

Symptoms 

Social Interaction 

 

 0.041  (0.68) 

 -0.16  (0.10) 

 -0.10  (0.30) 

 -0.011  (0.91) 

  0.017  (0.86) 

 

 -0.29  (0.003)* 

 -0.46  (<0.0001)* 

 -0.26  (0.008)* 

 -0.62  (<0.0001)* 

 -0.17  (0.091) 

 

-0.25  (0.011)* 

-0.29  (0.003)* 

-0.45 (<0.0001)* 

-0.38 (<0.0001)* 

-0.064  (0.52) 

*Two-tailed significance of correlation. ρ = Spearman’s Rho. 
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4.5 RELATIONSHIPS OF BMD AND CALCANEAL QUS WITH TEST 

VARIABLES 

4.5.1 Associations between BMD and Calcaneal QUS  

Bone mineral density from the FN, TH and LS sites were significantly correlated with 

each other and with the three QUS variables, after controlling for age and weight. Total 

hip BMD was more strongly correlated with all QUS variables, compared with FN and 

LS BMD. These associations are summarised in Table 4.14. 

 

Table 4.14 Partial correlation matrix of bone mineral density (BMD) and calcaneal 
quantitative ultrasound (QUS) variables, controlling for age and weight. 
 FN BMD 

r 
(p value)† 

TH BMD 
r 

(p value) 

LS BMD
r 

(p value) 

BUA 
r 

(p value) 

SOS 
r 

(p value) 

QUI 
r 

(p value) 
FN BMD - 

 
     

TH BMD 0.80 
(< 0.0001) 

 

- 
 

    

LS BMD 0.53 
(< 0.0001) 

 

0.58 
(< 0.0001)

-    

BUA  0.36 
(< 0.0001) 

 

0.46 
(< 0.0001)

0.26 
(0.008) 

-   

SOS 0.32 
(0.001) 

 

0.49 
(< 0.0001)

0.29 
(0.003) 

0.88 
(< 0.0001)

-  

QUI 0.34 
(< 0.0001) 

0.49 
(< 0.0001)

0.29 
(0.003) 

0.95 
(< 0.0001)

0.99 
(< 0.0001) 

- 

† Two-tailed significance of correlation. r = Pearson’s correlation coefficient. 
 

 

4.5.2 Associations of BMD and QUS with Thoracic Kyphosis  

As age was correlated with thoracic kyphosis, the associations of kyphosis with BMD 

and QUS were assessed using partial correlations controlling for age. Results showed 

that kyphosis, defined by the radiographic Cobb angle (T4 – T11) or rasterstereographic 

BSC, were not associated with DXA BMD, after correcting for age. However, BSC was 

correlated with BUA, SOS and QUI (r = 0.20 – 0.25, p < 0.05) (Table 4.15).  
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Table 4.15 Partial correlations of bone mineral density (BMD) and quantitative ultrasound (QUS) variables: BUA, SOS and QUI, with thoracic 
kyphosis derived from radiographic Cobb angle or rasterstereographic back surface curvature, controlling for age. 
 FN BMD 

r 

(p value) 

TH BMD 

r 

(p value) 

LS BMD 

r 

(p value) 

BUA 

r 

(p value) 

SOS 

r 

(p value) 

QUI 

 r 

(p value) 

Cobb Angle -0.11 
(0.275) 

 

0.004 
(0.97) 

-0.15 
(0.13) 

0.12  
(0.25) 

0.078 
(0.44) 

0.095 
(0.34) 

Back Surface Curvature 0.058 
(0.559) 

0.15 
(0.15) 

-0.025 
(0.80) 

0.25 
(0.011)* 

0.20 
(0.042)* 

0.23 
(0.022)* 

*Two-tailed significance of correlation. FN = Femoral Neck; TH = Total Hip; LS = Lumbar Spine; BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = 
Quantitative Ultrasound Index. 
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4.5.3 Associations of BMD and QUS with Physical Performances  

The associations between BMD, QUS and physical performances (strength, mobility 

and postural sway) were assessed using partial correlation, controlling for age. Results 

showed that all physical performances of strength and mobility were not associated with 

either BMD or QUS; only grip strength was (weakly) correlated with SOS (r = -0.20;  

p = 0.048). The results of these partial correlations are summarised in Table 4.16.  

 

Total-sway derived from the Sway-Meter was right-skewed. Therefore, data were log- 

transformed and partial correlation analysis was used to assess the relationship of 

postural sway with BMD and QUS. Results showed that log-transformed total-sway for 

all four test-conditions was not correlated with BMD or QUS, after adjusting for age 

(Table 4.16). 

 

4.5.4 Associations of BMD and QUS with General Health and HRQoL 

The associations of general health and HRQoL were assessed using Spearman’s Rank 

correlation, as domain scores were ordinal. Average spinal pain assessed using the 

NRS-101 (refer to Chapter 3.14.5) was significantly correlated with FN, TH and LS 

BMD (FN BMD: ρ = 0.21, p = 0.03; TH BMD: ρ = 0.23, p = 0.02; LS BMD: ρ = 0.30, 

p = 0.002). Broadband ultrasound attenuation and QUI were also positively correlated 

with reported spinal pain (BUA: ρ = 0.21, p = 0.035; QUI: ρ = 0.20, p = 0.037). Health 

domains from SF-36 and the BDI were not associated with BMD or QUS. The OPAQ 2 

‘Symptoms’, which encompassed reports of back pain and fatigue, was significantly 

correlated with FN BMD (ρ = -0.25, p = 0.012) and BUA (ρ = -0.21, p = 0.033). 
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Table 4.16 Partial correlations of bone mineral density (BMD) and quantitative ultrasound (QUS) variables: BUA, SOS and QUI, with physical 
performances of strength, mobility and postural sway, controlling for age. 
     FN BMD 

r (p value) 

TH BMD 

r (p value) 

LS BMD 

r (p value) 

BUA 

r (p value) 

SOS 

r (p value) 

QUI 

 r (p value) 

Trunk Extensor Torque  0.052 (0.60)  -0.035 (0.73)  -0.15 (0.12)  -0.083 (0.41)  -0.19 (0.056)  -0.15 (0.12) 

Trunk Flexor Torque  0.072 (0.47)  0.07 (0.46)  0.085 (0.39)  0.048 (0.63)  -0.058 (0.56)  -0.019 (0.85) 

Quadriceps Femoris Torque  -0.0007 (0.99)  -0.013 (0.89)  -0.075 (0.45)  -0.13 (0.20)  -0.19 (0.058)  -0.17 (0.087) 

Grip Strength  0.047 (0.64)  -0.058 (0.56)  0.021 (0.84)  -0.13 (0.21)  -0.20 (0.048)*  -0.17 (0.079) 

TUG  -0.019 (0.85)  0.021 (0.83)  -0.0082(0.94)  0.11 (0.28)  0.034 (0.74)  0.063 (0.53) 
†Postural Sway       

EO  0.087 (0.38)  0.031 (0.76)  0.033 (0.74)  -0.066 (0.51)  -0.13 (0.20)  -0.11 (0.28) 
EC  0.19 (0.062)  0.19 (0.053)  0.10 (0.30)  0.023 (0.82)  -0.026 (0.80)  -0.0077 (0.94) 
FEO  -0.040 (0.69)  -0.068 (0.50)  0.081 (0.94)  -0.064 (0.52)  -0.16 (0.10)  -0.13 (0.20) 
FEC  0.080 (0.42)  0.027 (0.79)  -0.013 (0.90)  -0.090 (0.37)  -0.17 (0.082)  -0.15 (0.14) 

*Two-tailed significance of correlation. † Log-transformed sway data. TUG = Timed “Up & Go”; FN = Femoral Neck; TH = Total Hip; LS = Lumbar Spine; BUA = 
Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = Quantitative Ultrasound Index; EO = standing on a firm surface with eyes open; EC = standing on a 
firm surface with eyes closed; FEO = standing on a compliant foam with eyes open; and FEC = standing on a compliant foam with eyes closed. 
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4.6 INTERRELATIONSHIPS OF THORACIC KYPHOSIS, TRUNK 

STRENGTH AND BREAST SIZE  

4.6.1 Relationships between Thoracic Kyphosis and Trunk Strength 

Partial correlations, controlling for age showed that neither thoracic Cobb angle nor 

BSC were associated with trunk extension or flexion strength performance (Table 4.17). 

 

Table 4.17 Partial correlation of thoracic Cobb angle, back surface curvature and trunk 
strength, controlling for age. 

 Cobb Angle 
r  (p value) 

Back Surface Curvature
r   (p value) 

Trunk Extensor Torque (N.m)  -0.043 (0.67)  0.001 (0.99) 
Trunk Flexor Torque (N.m)  -0.035 (0.73)  0.036 (0.73) 

 

 

The subjects were grouped into three groups according to their trunk extensor strength 

performance (Figure 4.4A). Analysis of variance showed that there were no differences 

in Cobb angle (p = 0.44) or BSC (p = 0.69) (Figures 4.4 B and C, respectively) between 

the strength tertiles.  

 

 

4.6.2 Relationships between Thoracic Kyphosis and Breast Size 

Spearman’s Rank correlation showed that there were no associations between bra cup 

and bra girth with thoracic kyphosis, defined either by the Cobb angle or 

rasterstereographic BSC. These relationships are represented graphically in Figures 4.5 

A – D. 
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Figure 4.4 [A] Subjects grouped into tertiles (Weak, Medium, Strong) according to 
their trunk extensor strength. [B] Box plots depict the median and the inter-quartile 
range of the radiographic Cobb angle according to their strength tertile. [C] Box plots 
depict the median and the inter-quartile range of the rasterstereographic back surface 
curvature according to their strength tertile. There were no significant differences in 
thoracic kyphosis between the three groups of women. 
Error bars represent the range of scores. 
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Figure 4.5 Scatterplots [A] and [B] depict the random relationships between 
radiographic Cobb angle and bra cup; and Cobb angle and bra girth, respectively. 
Scatterplots [C] and [D] show the lack of associations between rasterstereographic back 
surface curvature and bra cup; and back surface curvature and bra girth, respectively. 
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4.7 RELATIONSHIPS OF HABITUAL PHYSICAL ACTIVITY LEVELS WITH 

BMD, QUS, PHYSICAL PERFORMANCES AND HRQoL 

The subjects were grouped into tertiles according to their total habitual physical activity 

levels derived from the Modified Baecke Questionnaire for Older Adults (Chapter 

3.14.6). The ‘Total Physical Activity’ score was a combination of leisure/sporting and 

household activity involvement over the last 12 months. In this sample of women, the 

‘Total Physical Activity’ scores ranged from 1.7 to 31.1 (median 11.0; mean 12.0). 

Analysis of variance showed that age was statistically different between physical 

activity tertiles (p = 0.046), but not weight, height or BMI. There were no differences in 

total calcium, alcohol, protein, carbohydrate and energy intake among these three 

groups of women with different levels of physical activity. Using age as a covariate, 

ANOVA showed that there were no differences in BMD, calcaneal QUS or thoracic 

kyphosis among the three groups of women. These results are summarised in Table 

4.18.  

 

Results showed that women who were more active performed significantly better at the 

TUG than women who had lower physical activity scores after correcting for age 

(ANOVA p = 0.007; Least Significance Difference (LSD) post hoc test: Low x High,  

p = 0.003; Low x Medium, p = 0.019; Medium x High, p = 0.45) (Figure 4.6). Strength 

performances were not significantly different in the three groups of women with 

different activity levels, except for grip strength (ANOVA p = 0.043; LSD post hoc test: 

Low x High, p = 0.021; Low x Medium, p = 0.047, Medium x High, p = 0.69) (Figure 

4.6). In these analyses, age was used as a covariate.  

 

Postural sway data were right skewed. Data were log-transformed before analysis. 

Analysis of variance (with age as a covariate) and post-hoc tests (LSD and Bonferroni) 

showed that there were no statistical differences in postural sway (all four test 

conditions) among the three groups with different activity levels (ANOVA p values:  

EO = 0.47; EC = 0.85; FEO = 0.84; FEC = 0.23). These results are illustrated in Figure 

4.7. 



183 

Table 4.18 The means, standard deviations (SD) of age, anthropometric variables, 
dietary intake, DXA BMD, QUS variables and thoracic kyphosis indices of the three 
groups of women stratified according to their physical activity levels, determined by the 
Modified Baecke Questionnaire for Older Adults, and results of the ANOVA between 
groups.  
Variables Low  

(n = 35) 

Mean (SD) 

Medium  

(n = 35) 

Mean (SD) 

High  

(n = 34) 

Mean (SD) 

ANOVA

p value

 

Age (years)  72.4 (6.9)  72.2 (5.3) 69.3  (4.4) 0.046 

Weight (kg)  67.2  (11.4)  64.9 (11.6) 63.3  (9.0) 0.30 

Height (cm)  159.9 (5.4)  161.0 (6.4) 158.3 (6.1) 0.18 

BMI (kg/m2)  26.2 (3.4)  25.0 (3.7) 25.3 (3.3) 0.31 

    

Dietary Intake    

Total Calcium (mg/day) 1088.3 (430.1)  1304.8 (513.7) 1292.3 (601.6) 0.15 

Alcohol (g/day)  6.8 (8.9)  8.0 (12.7) 8.8 (13.1) 0.77 

Protein (g/day)  75.1 (21.5)  81.6 (22.8) 79.9 (25.8) 0.50 

Carbohydrate (g/day)  179.2 (53.5)  187.2 (53.5) 182.9 (68.4) 0.85 

Total Energy (kJ/day) 6764.5 (1632.3)  7019.4(1807.1) 6956.7 (2457.6) 0.86 

    

Adjusted by Age    

    

BMD (g/cm2)    

Femoral Neck  0.71 (0.10)  0.68 (0.12) 0.69  (0.10) 0.36 

Total Hip  0.83 (0.11)  0.79 (0.12) 0.80  (0.11) 0.26 

Lumbar Spine 

 

 0.93 (0.18)  0.88 (0.18) 0.90 (0.15) 0.51 

QUS Variables    

BUA (dB/MHz)  70.0 (17.7)  61.7 (17.0) 65.1 (13.5) 0.10 

SOS (m/s) 1534.9 (24.6)  1524.4 (25.7) 1536.5 (30.2) 0.17 

QUI 

 

 87.0 (16.9)  79.3 (17.1) 85.6 (17.5) 0.16 

Thoracic Kyphosis (degrees)     

Cobb Angle  44.7 (16.5)  45.4 (12.7) 39.9 (12.8) 0.63 

Back Surface Curvature  54.8 (11.8)  50.7 (10.4) 52.0 (8.2) 0.22 
Apart from age, Least Significance Difference (LSD) and Bonferroni post-hoc tests showed no significant 
differences between individual groups for the above test variables.  
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Figure 4.6 The women were grouped according to their physical activity levels: Low, 
Medium or High. Box plots depict the median and the inter-quartile range and illustrate 
the differences in physical performances of strength and mobility between these three 
groups of women. Analysis of variance, using age as a covariate, showed that women in 
the ‘High’ physical activity group were faster in their timed “Up & Go” compared to 
women in the ‘Low’ physical activity group, and women who were more active had 
stronger grip strength. Individual groups were considered using the Least Significant 
Difference post-hoc test. 
Error bars represent the range of scores. 
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Figure 4.7 Box plots depicting the median and the inter-quartile range of postural sway 
of the women grouped according to their physical activity levels, determined by the 
Modified Baecke Questionnaire for Older Adults (see Figure 4.6). Analysis of variance 
(using log-transformed sway data) showed that there were no differences in total-sway 
(in all four test conditions) between women with different levels of physical activity, 
after adjusting for age (ANOVA p values: EO = 0.47; EC = 0.85; FEO = 0.84; FEC = 
0.23). 
EO = standing on a firm surface with eyes open; EC = standing on a firm surface with eyes closed; FEO 
= standing on a compliant foam with eyes open; and FEC = standing on a compliant foam with eyes 
closed. Error bars represent the range of scores. 
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Although previous analyses (Section 4.4.4) showed that HRQoL was not associated 

with age, the women in the ‘High’ activity level group were younger than the ‘Low’ 

activity level group (p = 0.046, Table 4.18). Thus, age used as a covariate when 

assessing for differences in the self-reported HRQoL among the three groups of women 

stratified by physical activity. Analysis of variance showed that there were no 

differences in the PCS or MCS scores from the SF-36 questionnaire. However, when 

individual domains were analysed, results showed that women in the highest tertile of 

physical activity level had significantly higher scores on the Physical Function (LSD 

post hoc test: Low x High, p = 0.036); the General Health (LSD post hoc test: Low x 

High, p = 0.028) and; the Vitality domains (LSD post hoc test: Low x High, p = 0.002) 

when compared to women in the lowest tertile. Results also showed that women who 

were most active had a higher score for the OPAQ 2 ‘Emotional Status’, which 

encompassed domains such as the Fear of Falls, Level of Tension, Body Image and 

Independence, compared to those who were least active (LSD post hoc test: Low x 

High, p = 0.045). The means and standard deviations for all the SF-36 domains and 

OPAQ 2 dimensions are presented in Table 4.19.  
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Table 4.19 Summary HRQoL data of the three groups of women stratified according to 
their physical activity levels, determined by the Modified Baecke Questionnaire for 
Older Adults. 

 

 

Age adjusted 

Low  

(n = 35) 

Mean (SD) 

Medium  

(n = 35) 

Mean (SD) 

High  

(n = 34) 

Mean (SD) 

ANOVA 

p value 

 

SF-36 domains 

Physical Function 

Role Physical 

Bodily Pain 

General Health 

Vitality 

Social Functioning 

Role Emotional 

Mental Health 

Physical Component Summary 

Mental Component Summary 

 

 

 76.7  (14.6) 

 80.0  (34.7) 

 72.5  (18.5) 

 74.8  (14.0) 

 64.1  (16.4) 

 92.9  (13.7) 

 89.5  (26.5) 

 80.7  (14.2) 

 47.1  (6.1) 

 54.0  (6.6) 

 

 82.6  (10.2) 

 84.3  (31.6) 

 73.0  (17.2) 

 75.4 (15.5) 

 69.0  (14.6)

 92.1  (14.9) 

 93.3 (21.1) 

 78.5  (12.1) 

 49.1  (7.2) 

 53.6  (6.6)

 

 84.6  (13.8) 

 83.1  (32.4) 

 74.9  (20.6) 

 81.1  (12.2) 

 74.6  (11.4) 

 93.4  (12.0) 

 90.2  (25.3) 

 83.9  (14.2) 

 49.4 (6.6) 

 55.5  (6.8) 

 

0.071 

0.86 

0.69 

0.056 

0.006 

0.84 

0.80 

0.10 

0.41 

0.16 

 

OPAQ 2 

Physical Function 

Emotional Status 

Symptoms 

Social Interaction 

 

 92.6  (6.8) 

 73.2  (13.6) 

 72.1  (13.6) 

 69.0  (15.3) 

 

 92.8  (7.7) 

 77.6  (10.6) 

 71.2  (17.0) 

 67.8  (17.3)

 

 94.1  (7.6) 

 79.6  (11.2) 

 76.0  (13.1) 

 73.3  (11.2) 

 

0.75 

0.11 

0.28 

0.18 
 
LSD and Bonferroni post-hoc tests showed significant differences between the individual groups for the 
following test variables: SF-36 Physical Function domain (LSD: Low x High, p= 0.036); SF-36 General 
Health domain (LSD: Low x High, p= 0.028; Medium x High, p= 0.047); SF-36 Vitality domain (LSD: 
Low x High, p = 0.002); SF-36 Mental Health domain (LSD: Medium x High, p= 0.036) and; OPAQ 2 
Emotional dimension (LSD: Low x High, p= 0.045).
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4.8 DISCRIMINATORS OF OSTEOPOROSIS 

4.8.1 Characteristics of Osteoporotic (OP) versus Non-Osteoporotic (NOP) Women 

The subjects were grouped in two groups, an Osteoporotic group (OP, n = 49) and a 

Non-Osteoporotic group (NOP, n = 55). Women who had a BMD T-score ≤ -2.5 

(WHO, 1994) at either the TH or LS sites and/or a history of minimally traumatic 

fracture (Kanis, 1994) were classified as osteoporotic. The BMD T-score ≤ -2.5 at the 

TH and the LS had the equivalent BMD of ≤ 0.69 g/cm2 and ≤ 0.78 g/cm2, respectively, 

using the WA female reference range (Price et al., 2003). The composition of the OP 

group based on the WHO definition is illustrated in the diagram below. 

 

 

 

 

Figure 4.8 A total of 49 women were classified as osteoporotic, based on low BMD 
score and/or a history of fragility fracture. Of these, 34 women had BMD T-scores ≤ -
2.5 and 31 had history of fragility fractures. Sixteen women had a combination of 
fragility fractures and low BMD. 
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Age and Anthropometric Characteristics  

One-way ANOVA comparison of group means showed that the OP group was older 

than the NOP group (p = 0.017). There were no differences in the anthropometric 

characteristics between the two groups. Age was used as a covariate in the assessment 

of any differences in the other test variables between the two groups. The mean, 

standard deviation, p values of the ANOVA and 95% confidence intervals for the 

differences are summarised in Table 4.20. 

 

Dietary Intake 

There were no differences in the total energy consumption or the intake of total calcium, 

alcohol, protein and carbohydrate between the two groups (Table 4.20). 

 

Calcaneal QUS  

All three QUS variables were significantly lower in the OP group, after adjusting for 

age (Table 4.20).  

 

Thoracic Kyphosis, Physical Activity Levels and Physical Performances of 

Strength and Mobility  

Results showed that there were no differences in thoracic kyphosis (radiographic Cobb 

angle or rasterstereographic BSC) between the OP and the NOP groups, after adjusting 

for age. Self-reported physical activity levels, strength performances and TUG were 

also not significantly different between the two groups (Table 4.20). 
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Table 4.20 The mean, standard deviation (SD) of age, anthropometric variables, dietary 
intake, DXA BMD, QUS variables, thoracic kyphosis, physical activity levels, strength 
measures and mobility for the Non-Osteoporotic and Osteoporotic group and the results 
of the ANOVA comparison between groups. 
Variables Non-

Osteoporotic 
(NOP) 
(n = 55) 

Mean (SD) 

Osteoporotic 
 

(OP) 
(n = 49) 

Mean (SD) 

p 
value 

95% CI 
for 

difference 

Age (years)   70.1 (4.8)  72.8 (6.6) 0.017  -4.9 to -0.5 
Weight (kg)  66.8 (11.1)  63.3 (10.2) 0.10  -0.7  to 7.6 
Height (m)  1.61  (0.06)  1.59  (0.06) 0.11  0.0 to 0.04
BMI (kg/m2)  25.8  (3.7)  25.1 (3.2) 0.27  -0.6 to 2.1 

Dietary Intake     
Calcium Intake (mg/day)  1245.3 (499.1) 1207.1 (552.1) 0.71 -167.0 to 243.9 
Alcohol Intake (g/day)  6.7 (10.4)  9.1  (12.8) 0.32  -6.8 to 2.2 
Protein (g/day)  79.0 (22.6)  78.5 (24.4) 0.91  -8.7 to 9.7 
Carbohydrate (g/day)  177.5 (58.7)  189.2 (57.7) 0.31  -34.5 to 11.1 
Total Energy (kJ/day)  6739.8 (1832.6) 7103.2(2115.1) 0.35 -1135.2 to 408.3 
     
Adjusted by Age      

     
DXA BMD (g/cm2)     
Femoral Neck  0.74 (0.09)  0.65 (0.11) <0.001  0.04 to 0.12
Total Hip  0.86 (0.09)  0.75 (0.11) <0.001  0.06 to 0.14
Lumbar Spine  0.97 (0.14)  0.83 (0.18) <0.001  0.08 to 0.21
     
QUS Variables     
BUA (dB/MHz)   71.1  (17.0)  59.3  (13.5) <0.001  5.6 to 18.0 
SOS (m/s)   1541.8 (29.8) 1520.7 (18.6) <0.001  10.4 to 30.7 
QUI   90.3 (18.6)  76.8 (12.7) <0.001  6.8 to 19.7 
     
Thoracic Kyphosis (degrees)     
Cobb Angle   41.8 (14.2)  45.1 (14.2) 0.75  -6.3 to 4.5 
Back Surface Curvature   52.4  (10.2)  52.6  (10.6) 0.51  -2.6 to 5.3 
     
Physical Activity Levels  13.0 (5.9)  10.9 (5.1) 0.14  -0.6 to 3.8 
     
Physical Performance     
Trunk Extensor Torque (N.m)  50.7 (17.6)  51.0 (23.2) 0.44  -11.0 to 4.8 
Trunk Flexor Torque (N.m)  62.6 (28.9)  58.5 (27.1) 0.70  -9.0 to 13.4 
Quadriceps Femoris Torque (N.m)  52.2 (18.4)  50.4 (19.9) 0.74  -6.4 to 9.0 
Grip Strength (kg)  22.1 (5.7)  21.6 (6.1) 0.70  -2.7 to 1.8 
TUG (s)   7.8 (1.2)  8.4 (1.4) 0.20  -0.8 to 0.2 
The Osteoporotic group had a BMD T-score of ≤ -2.5 at either the total hip or the lumbar spine and/or a 
history of fragility fracture. CI = Confidence Interval. 
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Postural Sway  

Postural sway variables were right skewed and normality tests on the residuals derived 

from ANOVA showed that these variables were not normally distributed (Kolmogorov-

Smirnov, p < 0.0001). Analysis of variance on log-transformed sway data showed that 

there were no differences in postural sway under four different test conditions between 

the OP and the NOP groups after adjusting for age (ANOVA p values: EO = 0.58; EC = 

0.47; FEO = 0.43; FEC = 0.20). The differences in postural sway between the two 

groups are illustrated in Figure 4.9 using box plots. 

 

 

Figure 4.9 Box plots depicting the median and the inter-quartile range of the total-sway, 
of four different test conditions, between the Osteoporotic and Non-Osteoporotic 
women. Analysis of variance using log-transformed data showed that there were no 
differences in postural sway between these two groups (ANOVA p values: EO = 0.58; 
EC = 0.47; FEO = 0.43; FEC = 0.20).  
EO = standing on a firm surface with eyes open; EC = standing on a firm surface with eyes closed; FEO 
= standing on a compliant foam with eyes open; and FEC = standing on a compliant foam with eyes 
closed. Error bars represent the range of scores. 
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Spinal Pain 

The subjects were categorised into three groups according to their average spinal pain 

scores (refer to Chapter 3.14.5 for the definition of spinal pain). The ‘No Pain’ group 

consisted of subjects with pain scores of 0; ‘Mild Pain’ group had pain scores between 1 

and 20; and ‘Moderate to Severe Pain’ group had pain scores of greater than 20 (Table 

4.21). Analysis using Chi Square showed that there were no differences in the number 

of subjects in the three categories of pain, between the OP and NOP groups (p = 0.31).  

 

Table 4.21 Summary of the number (percentage) of subjects with different pain levels 
in the Non-Osteoporotic and Osteoporotic groups. 
 No Pain Mild Moderate to Severe Total 

Non-Osteoporotic 17 (31%) 23 (42%) 15 (27%)   55 
Osteoporotic 22 (45%) 15 (31%) 12 (24%)   49 
Total 39 38 27 104 
No pain: spinal pain score of 0; Mild pain: spinal pain score of between 1 and 20; Moderate to Severe 
pain: spinal pain score > 20. 
 

 

Health-Related Quality of Life 

There were no differences in the self-reported HRQoL between the OP and the NOP 

groups derived from both the SF-36 Health Survey and the disease-specific OPAQ 2 

(Table 4.22). 

 

Table 4.22 The mean, standard deviation (SD) and the results of the ANOVA, to assess 
the differences in the SF-36 Physical and Mental Component Summary scores and 
OPAQ 2 dimensions between the Non-Osteoporotic and Osteoporotic groups.  

HRQoL 
Variables 

Non-
Osteoporotic 

NOP 
(n = 55) 

Mean (SD) 

Osteoporotic 
 

OP 
(n = 49) 

Mean (SD) 

p value 95% CI 
for 

difference 

SF-36 Domains     
Physical Component Summary  48.7  (6.0)  48.2  (7.4) 0.96  -2.6  –  2.7 
Mental Component Summary  54.0  (7.0)  54.7  (6.4) 0.96  -2.7  –  2.6 
     
OPAQ 2 Dimensions     
Physical Function  93.2 (7.0)  93.1 (7.8) 0.93  -3.1  –  2.8 
Emotional Status  77.7 (12.1)  75.8  (12.0) 0.55  -3.4  –  6.3 
Symptoms  72.6 (14.1)  73.5  (15.4) 0.82  -6.6  –  5.3 
Social Interaction  69.5 (16.0)  70.5  (13.7) 0.90  -6.4  –  5.7 
CI = Confidence Interval. 
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4.8.2 Risk Factors Associated with Osteoporosis  

Individual Risk Factors Associated With Osteoporosis 

Individual risk factors associated with the OP group were assessed using logistic 

regression where each variable was entered independently into the equation. Age was 

also included as a predictor in the regression equations. After adjusting for age, only the 

QUS variables (BUA, SOS and QUI) were significantly associated with increased risk 

of osteoporosis (Table 4.23). Thoracic kyphosis, physical activity levels, physical 

performances (Table 4.23), and HRQoL variables were not significantly associated with 

the OP group (Table 4.24). 

 

Table 4.23 Univariate factors (derived from logistic regression analysis) associated with 
osteoporotic fracture risk as defined by low BMD and/or a history of fragility fracture, 
after adjusting for age. 
Variables Osteoporotic 

Group  
95% CI p value 

 Adjusted OR   
BUA (per SD decrease) 2.35 1.43 – 3.86 0.001 
SOS (per SD decrease) 2.74 1.56 – 4.81 <0.0001
QUI (per SD decrease) 2.63 1.53 – 4.50 <0.0001
    
Thoracic Kyphosis (per SD increase)    
Cobb Angle  1.08 0.70 – 1.65 0.73 
Back Surface Curvature  0.87 0.57 – 1.32 0.51 
    
Physical Activity Level  
(low versus high tertiles) 

2.05 0.76 – 5.60 0.16 

    
Strength Performance (per SD 
decrease) 

   

Trunk Extensor Torque  0.85 0.56 – 1.28 0.43 
Trunk Flexor Torque 1.09 0.73 – 1.62 0.69 
Quadriceps Femoris Torque 1.07 0.72 – 1.59 0.74 
Grip Strength 0.92 0.60 – 1.40 0.70 
    
TUG (per SD increase) 1.37 0.86 – 2.20 0.19 
    
Total-Sway (per SD increase)    
EO    1.17 0.76 – 1.88 0.49 
EC      1.27 0.82 – 1.95 0.28 
FEO    1.21 0.81 – 1.80 0.36 
FEC    1.38 0.93 – 2.04 0.11 
OR = Odds Ratio; CI = Confidence Interval; BUA = Broadband Ultrasound Attenuation; SOS = Speed 
of Sound; QUI = Quantitative Ultrasound Index; TUG = Timed “Up & Go”; EO = standing on firm 
surface with eyes open; EC = standing on firm surface with eyes closed; FEO = standing on foam with 
eyes open; FEC = standing on foam with eyes closed. 
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Table 4.24 Univariate HRQoL factors (derived from logistic regression analysis) 
associated with osteoporotic fracture risk as defined by low BMD and/or a history of 
fragility fracture, after adjusting for age. 
HRQoL Variables Osteoporotic Group 95% CI p value 
 Adjusted OR   
Pain (per 20 point decrease) 
 

0.94 0.58 – 1.53 0.81 

SF-36 (per 5 point decrease)  
Physical Component Summary 
Mental Component Summary 

 
1.00 
0.99 

 
0.74 – 1.36 
0.73 – 1.34 

 
0.98 
0.95 
 

OPAQ 2 (per 5 point decrease) 
Physical Function 
Emotional Status 
Symptoms 
Social Interaction 

 
0.93 
1.05 
0.98 
0.99 

 
0.75 – 1.29 
0.89 – 1.24 
0.86 – 1.13 
0.87 – 1.14 

 
0.93 
0.56 
0.81 
0.91 

OR = Odds Ratio; CI= confidence interval. 
 

 

 

Calcaneal QUS and Bone-Independent Risk Factors Associated with 

Osteoporosis 

To determine which bone-independent variables in addition to the QUS variables were 

most associated with the OP group, the following groups of independent variables were 

assessed using forward stepwise multiple logistic regression analysis: 

i) QUS and falls risk factors (strength, mobility, postural sway and thoracic 

kyphosis); 

ii) QUS and HRQoL variables (SF-36 PCS, MCS and OPAQ 2 four 

dimensions); and 

iii) QUS and a combination of falls risk factors and HRQoL variables. 

 

Age was included as a potential risk factor in all of the above models. To prevent 

multicollinearity, SOS and BUA were taken to represent the QUS variables, as QUI was 

derived from SOS and BUA. 

 

Results showed that SOS and TUG were most significantly associated with the OP 

group when QUS and falls risk variables were considered (SOS: OR = 3.08, 95% CI = 

1.69 – 5.62, p < 0.0001; TUG: OR = 1.63, 95% CI = 1.02 – 2.63, p = 0.045).  

 



195 

When QUS and HRQoL variables were considered independently of any physical 

performance measures, only SOS was significantly associated with the OP group (OR = 

2.90, 95% CI = 1.64 – 5.12, p < 0.0001).  

 

When QUS and all test variables were considered, SOS and TUG were most 

significantly associated (SOS: OR = 3.08, 95% CI = 1.69 – 5.62, p < 0.0001; TUG: OR 

= 1.63, 95% CI = 1.01 – 2.63, p = 0.045). The ORs for the significant variables and their 

95% CI are represented graphically in Figure 4.10. 

 

Composite risk odds ratios were calculated to assess the simultaneous effect of per SD 

change in SOS and TUG on the increased risk of osteoporotic fracture (refer to Chapter 

3.15, Equation 6). The results from the stepwise multiple logistic regression analysis 

showed that for an individual who had a decrease of one SD in SOS and a concomitant 

increase in one SD in TUG, her risk of osteoporosis increased by 5-fold compared to 

those individuals who were not at risk (SD ‘0’ for both SOS and TUG). Odds ratios for 

individual and concomitant integral SD changes in SOS and TUG are shown graphically 

in Figure 4.11. The percentage of subjects in this study who were within the quoted SD 

range for SOS and TUG is shown in Table 4.25, in parentheses. 

 

4.8.3 Discriminators of Osteoporosis 

For the final stepwise discriminant function analysis (DFA) (Section 3.15), the 

univariate variables that achieved a significance level of p ≤ 0.2 in the logistic 

regression were retained for analysis. These variables were SOS, BUA, physical activity 

levels, TUG and postural sway when standing on foam with eyes closed (FEC). Age 

was also included as possible predictor. The final discriminant model included SOS and 

TUG with a final Wilk’s Lambda of 0.81 (p < 0.0001). The standardised canonical 

correlation coefficient for SOS was -0.89 and 0.51 for TUG. These coefficients indicate 

the relative importance of each of these variables in explaining the variance in the 

dependent variable. The misclassification rate was 31.7% for original grouped cases and 

33.7% based on cross-validation. 
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Figure 4.10 Graphical representations of the adjusted odds ratio (derived from forward 
stepwise multiple logistic regression analysis) of significant variables (p < 0.05) 
associated with the Osteoporotic group. Variables included in the regression model: [A] 
Age, QUS variables (SOS and BUA), and falls risk factors (strength, mobility, postural 
sway and thoracic kyphosis); [B] Age, QUS variables (SOS and BUA) and HRQoL 
(SF-36 and OPAQ 2); [C] Age, QUS variables (SOS and BUA), falls risk factors 
(strength, mobility, postural sway and thoracic kyphosis) and HRQoL (SF-36 and 
OPAQ 2). 
SOS (per SD decrease); TUG (per SD increase). Dotted lines represent Adjusted Odds Ratio =1. Error 
bars represent 95% confidence interval. 
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Figure 4.11 Graphical representation of the risk odds ratio considering a combination of 
per standard deviation decrease in speed of sound (SOS) and increase in timed “Up & 
Go” (TUG). 
 

 

Table 4.25 The risk odds ratio for per standard deviation (SD) decrease in speed of 
sound (SOS) and per standard deviation increase in timed “Up & Go” (TUG) from their 
respective mean values. The proportion of subjects (in this study) within each of the SD 
ranges for aSOS and bTUG is shown in parentheses. 
Risk Odds Ratio SOS (SD)   0 -1 -2 

TUG (SD)   0  1.00  (11.5%)  3.08  (11.5%)  9.51  (0%) 
                  +1  1.63  (8.7%)  5.03  (5.8%)  15.52  (1%) 
                  +2  2.66  (0%)  8.22  (0%)  25.33  (0%) 

aSOS: SD ‘O’ included all subjects whose SD value for SOS was between 0.49 and -0.5; SD ‘-1’ included 
subjects whose SD value was between -0.49 and -1.49; and SD ‘-2’ included subjects whose SD value was 
between -1.5 and -2.49. 
bTUG: SD ‘O’ included all subjects whose SD value for TUG was between -0.5 and 0.49; SD ‘+1’ 
included subjects whose SD value was between 0.5 and 1.49; and SD ‘+2’ included subjects whose SD 
value was between 1.5 and 2.49. 
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4.9 DISCRIMINATORS OF OSTEOPOROTIC VERTEBRAL FRACTURES 

4.9.1 Characteristics of Women With and Without Vertebral Fractures 

The 104 subjects were divided in two groups: (i) a group of 24 women with at least one 

prevalent vertebral fracture (VF) (refer to Chapter 3.8.1 for definition) were classified as 

at risk of osteoporotic fracture; and (ii) 80 women who had no evidence of vertebral 

fracture (NVF), were classified as having lower risk of osteoporosis fracture. Bone 

mineral density was not considered for this classification. 

 

Age and Anthropometric Characteristics  

One-way ANOVA comparing means between groups showed that the VF group was 

older than the NVF group (p = 0.006). There were no differences in weight and height 

between the two groups (Table 4.26). Age was used as a covariate in the assessment for 

any differences in BMD, QUS, physical performances and kyphosis between the two 

groups. The means, standard deviations, p values of the ANOVA and 95% confidence 

intervals for the differences are summarised in Table 4.26. 

 

Dietary Intake 

There were no differences in the total energy consumption and intake of total calcium, 

alcohol, protein and carbohydrate between the two groups (Table 4.26). 

 

Bone Mineral Density 

There were no significant differences in the FN, TH and LS BMD between the VF and 

the NVF groups, after adjusting for age (p = 0.26 to 0.91) (Table 4.26). 

 

Calcaneal QUS  

All the three QUS variables (BUA, SOS and QUI) were significantly lower in the VF 

group compared to the NVF group, after adjusting for age (Table 4.26).  
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Thoracic Kyphosis, Physical Activity Levels and Physical Performances of 

Strength and Mobility 

Using age as a covariate, ANOVA showed that there was no difference in thoracic 

kyphosis defined by the radiological Cobb angle. However, there was a significant 

difference (p = 0.04) in the rasterstereographic BSC between the two groups. There 

were no differences in the reported physical activity levels, strength performances and 

mobility between the VF and the NVF groups. The results of the ANOVA of the above 

test variables are summarised in Table 4.26. 

 

Postural Sway 

Postural sway variables were right skewed and normality tests on the residuals derived 

from ANOVA showed that these variables were not normally distributed (Kolmogorov-

Smirnov, p < 0.0001). Analysis of variance on log-transformed sway data showed that 

there were no statistically significant differences in postural sway under four different 

test conditions between the VF and the NVF groups, after adjusting for age (ANOVA p 

value: EO = 0.41; EC = 0.056; FEO = 0.47; FEC = 0.23). However, there was a trend 

towards women with vertebral fractures presenting with larger total-sway, in particular, 

standing with eyes closed on a firm surface (EC). The differences in postural sway 

between the two groups are illustrated in Figure 4.12 using box plots. 
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Table 4.26 The mean, standard deviation (SD) of age, anthropometric variables, dietary 
intake, BMD, QUS variables, thoracic kyphosis, physical activity levels and physical 
performances for the women with and without prevalent vertebral fractures. 
Variables No Vertebral 

Fractures 
(NVF) 

 
(n = 80) 

Mean (SD) 

Prevalent 
Vertebral 
Fractures  

(VF) 
(n = 24) 

Mean (SD) 

ANOVA 
p 

value 

95% CI 
for 

difference 

Age (years)  71 (5.4)  74 (6.3) 0.006  -6.3 to -1.1 
Weight (kg)  65.3 (11.4)  64.8 (8.5) 0.86  -4.5 to 5.4 
Height (cm)  159.8 (6.1)  159.6 (6.3) 0.90  -2.6 to 3.0 
BMI (kg/m2)  25.5 (3.8)  25.4 (2.5) 0.90  -1.5 to 1.7 
     
Dietary Intake     
Calcium Intake (mg/day)  1193.1 (516.2)  1339.3 (539.3) 0.23  -387.6 to 94.7 
Alcohol Intake (g/day)  8.7 (11.8)  5.0 (10.5) 0.17  -1.6 to 9.0 
Protein (g/day)  78.9 (24.4)  78.3 (20.1) 0.91  -10.3 to 11.4 
Carbohydrate (g/day)  182.7 (61.4)  184.4 (47.5) 0.90  -28.8 to 25.3 
Total Energy (kJ/day)  6927.4 (2091.4)  6864.2 (1544.8) 0.89  -852.3 to 978.8 

     
Adjusted by Age     

     
DXA BMD (g/cm2)     
Femoral Neck  0.70 (0.10)  0.66 (0.14) 0.26  -0.02 to 0.08
Total Hip  0.82 (0.11)  0.77 (0.13) 0.26  -0.02 to 0.08
Lumbar Spine  0.90 (0.16)  0.90 (0.21) 0.91  -0.09 to 0.08
     
QUS Variables     
BUA (dB/MHz)   67.8 (16.3)  58.0 (14.8) 0.02  1.9 to 17.3 
SOS (m/s)   1535.5 (27.9)  1519.8 (21.1) 0.03  1.8 to 27.3 
QUI   86.4 (17.6)  75.9 (14.2) 0.02  1.8 to 18.0 
     
Thoracic Kyphosis (degrees)     
Cobb Angle   41.4 (13.8)  49.8 (13.9) 0.08  -11.9 to 0.7 
Back Surface Curvature   51.0 (9.9)  57.6 (10.2) 0.04  -9.6 to -0.3 

     
Physical Activity Levels  12.3 (6.1)  11.0 (3.6) 0.70  -2.1 to 3.1 

     
Physical Performance     
Trunk Extensor Torque (N.m)  52.5 (20.8)  45.3 (17.9) 0.40  -5.4 to 13.5 
Trunk Flexor Torque (N.m)  62.0 (27.6)  56.3 (29.7) 0.63  -10.1 to 16.7 
Quadriceps Femoris Torque (N.m)  52.4 (18.9)  47.6 (19.5) 0.35  -4.8 to 13.5 
Grip Strength (kg)  22.1 (6.0)  21.1 (5.6) 0.88  -2.9 to 2.5 
TUG (s)   8.0 (1.2)  8.5 (1.4) 0.63  -0.7 to 0.4 
Prevalent vertebral fractures were determined radiographically using a composite approach described by 
Genant et al. (1996) (refer to Chapter 3.8.1 for description).  
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Figure 4.12 Box plots depicting the median and the inter-quartile range of the total-
sway, of four different test conditions, between the group with no prevalent vertebral 
fractures (NVF) and the group with prevalent vertebral fractures (VF). Analysis of 
variance using log-transformed data showed that there were no differences in postural 
sway between these two groups (ANOVA p value: EO = 0.41; EC = 0.056; FEO = 0.47; 
FEC = 0.23).  
EO = eyes open on firm surface; EC = eyes closed on firm surface; FEO = standing on compliant foam 
with eyes open; FEC = standing on compliant foam with eyes closed. Error bars represent the range of 
scores. 
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Spinal Pain 

The subjects were categorised into three groups according to their average spinal pain 

scores (refer to Chapter 3.14.5 for the definition of spinal pain). The ‘No Pain’ group 

consisted of subjects with pain scores of 0; ‘Mild Pain’ group had pain scores between 1 

and 20; and ‘Moderate to Severe Pain’ group had pain scores of greater than 20 (Table 

4.27). Analysis using Chi Square showed that there were no differences in the number 

of subjects in the three categories of pain between the VF and the NVF groups (p = 

0.40).  

 

Table 4.27 Summary of the number (percentage) of subjects with different pain levels 
in the group of women with no vertebral fractures (NVF) and the group with prevalent 
vertebral fractures (VF). 
 No Pain Mild Moderate to Severe Total 

NVF  28 (35%)  32 (40%)  20 (25%)   80 
VF  11 (46%)  6 (25%)  7 (29%)   24 
Total  39  38  27 104 

No Pain: spinal pain score of 0; Mild Pain: spinal pain score of between 1 and 20; Moderate to Severe 
Pain: spinal pain score > 20. 
 
 

Health-Related Quality of Life 

There were no differences in the self-reported HRQoL, derived from the SF-36 Health 

Survey and the disease-specific OPAQ 2, between the VF and the NVF groups (Table 

4.28). 
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Table 4.28 The mean, standard deviation (SD) and the results of the ANOVA 
comparing the SF-36 Physical and Mental Component Summary scores and OPAQ 2 
dimensions for women with no vertebral fractures and women with prevalent vertebral 
fractures. 

HRQoL  
Variables 

No Vertebral 
Fracture 

(NVF) 
 

(n = 80) 
Mean (SD) 

Prevalent 
Vertebral 
Fracture 

(VF) 
(n = 24) 

Mean (SD) 

ANOVA 
p value 

95% CI 
for 

difference 

SF-36 Domains     
Physical Component Summary  48.4  (6.7)  48.8  (6.6) 0.49  -4.3  –  2.1 
Mental Component Summary  54.3  (7.0)  54.4  (5.5) 0.60  -2.3  –  4.0 
     
OPAQ 2 Dimensions     
Physical Function  93.1  (7.7)  93.5  (6.3) 0.70  -4.2  –  2.9 
Emotional Status  77.2  (12.1)  75.2  (12.1) 0.64  -4.4  –  7.2 
Symptoms  73.1  (14.6)  72.9  (15.4) 0.87  -6.5  –  7.7 
Social Interaction  69.8  (16.2)  70.6  (9.7) 0.98  -7.1  –  7.3 
CI = Confidence Interval. 
 

 

4.9.2 Risk Factors Associated with Vertebral Fractures 

Individual Risk Factors Associated with Vertebral Fractures 

Individual risk factors associated with the VF group were assessed using logistic 

regression where each variable was entered independently into the equation. Age was 

also entered as predictor into each regression equation. Bone mineral density at the FN, 

TH and LS sites were not significantly associated with the VF group (Table 4.29). In 

contrast, all three QUS variables were significantly associated with prevalent vertebral 

fractures cases (ORs: 1.96 – 2.01, p < 0.05). Strength, mobility and postural sway (all 

four test conditions) were not significantly associated with the VF group. However, 

postural sway when standing with eyes closed on a firm surface (EC) had an OR of 1.6, 

but this did not reach statistical significance (p value = 0.05). Thoracic kyphosis 

determined by the rasterstereographic BSC was found to be significantly associated 

with vertebral fractures cases (OR = 1.72, p = 0.046) but not the Cobb angle (OR = 

1.64, p = 0.09) (Table 4.29). Health-Related QoL variables were not associated with the 

VF group (Table 4.30). 
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Table 4.29 Univariate factors (derived from logistic regression) associated with 
prevalent vertebral fractures cases, after adjusting for age. 
Variables Vertebral 

Fracture Group 
95% CI p value 

 Adjusted OR   
FN BMD (per SD decrease) 1.39 0.81 – 2.39 0.24 
TH BMD (per SD decrease) 1.35 0.80 – 2.28 0.26 
LS BMD (per SD decrease) 0.96 0.60 – 1.54 0.86 
    
BUA (per SD decrease) 1.96 1.12 – 3.42 0.018 
SOS (per SD decrease) 2.01 1.09 – 3.70 0.026 
QUI (per SD decrease) 2.01 1.12 – 3.62 0.020 
    
Thoracic Kyphosis (per SD increase)    
Cobb Angle  1.64 0.93 – 2.91 0.090 
Back Surface Curvature  1.72 1.01 – 2.92 0.046 
    
Physical Activity Level  
(low versus high tertiles) 

1.63 0.42 – 6.38 0.48 

    
Strength Performance (per SD decrease)    
Trunk Extensor Torque  1.24 0.73 – 2.10 0.42 
Trunk Flexor Torque 1.12 0.68 – 1.87 0.65 
Quadriceps Femoris Torque 1.28 0.76 – 2.16 0.36 
Grip Strength 0.96 0.57 – 1.61 0.88 
    
TUG (per SD increase) 1.12 0.66 – 1.88 0.67 
    
Total-Sway (per SD increase)    
EO      1.17 0.75 – 1.82 0.49 
EC      1.60 1.00 – 2.57 0.05 
FEO    1.14 0.74 – 1.77 0.55 
FEC    1.23 0.81 – 1.86 0.33 
OR = Odds Ratio; CI= Confidence Interval; BUA = Broadband Ultrasound Attenuation; SOS = Speed of 
Sound; QUI = Quantitative Ultrasound Index; TUG = Timed “Up & Go”; EO = standing on a firm 
surface with eyes open; EC = standing on a firm surface with eyes closed; FEO = standing on compliant 
foam with eyes open; FEC = standing on compliant foam with eyes closed. 
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Table 4.30 Univariate HRQoL factors (derived from logistic regression) associated with 
prevalent vertebral fracture cases, after adjusting for age. 
HRQoL Variables Vertebral Fracture Group   
 Adjusted OR 95% CI p value 
Pain (per 20 point decrease) 
 

0.93 0.51 – 1.70 0.81 

SF-36 (per 5 point decrease)  
Physical Component Summary 
Mental Component Summary 
 

 
0.87 
1.12 

 
0.60 – 1.27 
0.79 – 1.58 

 
0.48 
0.53 

OPAQ 2 (per 5 point decrease) 
Physical Function 
Emotional Status 
Symptoms 
Social Interaction 

 
0.94 
1.05 
1.02 
1.01 

 
0.66 – 1.33 
0.86 – 1.27 
0.86 – 1.20  
0.85 – 1.19 

 
0.72 
0.65 
0.86 
0.94 

OR = Odds Ratio; CI= Confidence Interval. 
 

 

 

Calcaneal QUS and Bone-Independent Risk Factors Associated with 

Vertebral Fractures 

To determine which bone-independent variables in addition to the QUS variables were 

most associated with the VF group, the following groups of independent variables were 

assessed using forward stepwise multiple logistic regression analysis: 

i) QUS and DXA BMD (FN, TH and LS BMD); 

ii) QUS and falls risk factors (strength, mobility, postural sway and thoracic 

kyphosis); 

iii) QUS and HRQoL variables (SF-36 PCS, MCS and OPAQ 2 dimensions); 

and 

iv) QUS and a combination of falls risk factors and HRQoL variables. 

 

Age was included as a potential risk factor in all of the above models. To prevent 

multicollinearity, SOS and BUA were taken to represent the QUS variables as QUI was 

derived from SOS and BUA. 

 

When QUS and BMD variables from all three sites were entered into the forward 

stepwise multiple logistic regression model, BUA was the only variable that was 

significantly associated with the VF group (OR = 1.96; 95% CI: 1.12 – 3.42, p = 0.018). 
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Broadband ultrasound attenuation (OR = 2.54; 95% CI: 1.39 – 4.66, p = 0.002) and 

thoracic kyphosis (rasterstereographic BSC) (OR = 2.38; 95% CI: 1.33 – 4.26, p = 

0.004) were most significantly associated with the VF group when QUS and falls risk 

variables were considered. Total-sway when standing on a firm surface with eyes closed 

(EC) was also identified in the final step of the regression model but did not reach 

statistical significance (OR = 1.70; 95% CI: 0.98 – 2.96, p = 0.06).  

 

When QUS and HRQoL variables were considered, BUA was the only variable that was 

significantly associated with the VF group (OR = 1.96, 95% CI: 1.12 – 3.42, p = 0.018).  

 

When QUS and all the test variables were considered, the results were identical to those 

when QUS and variables associated with risk of falls were considered, identifying BUA 

(OR = 2.54; 95% CI: 1.39 – 4.66, p = 0.002) and rasterstereographic BSC (OR = 2.38; 

95% CI: 1.33 – 4.26, p = 0.004) as most significantly associated with prevalent 

vertebral fracture cases. Significant variables from the forward stepwise multiple 

logistic regression models (ii) to (iv), their ORs and 95% CI are represented graphically 

in Figure 4.13. 

 

Composite risk odds ratios were calculated to assess the simultaneous effect of per SD 

change in BUA and BSC on the increased risk of vertebral fracture (refer to Chapter 

3.15, Equation 6). The results from the forward stepwise multiple logistic regression 

analysis showed that for an individual with one SD decrease in BUA or one SD increase 

in BSC, the OR increased approximately 2.5-fold compared with individuals who were 

not at risk (SD ‘0’ for both BUA and BSC). For an individual who had a decrease in one 

SD in BUA and a concomitant increase of one SD in BSC, her risk of vertebral fracture 

increased by 6-fold. Odds ratios for individual and concomitant integral SD changes in 

BUA and BSC are shown in Figure 4.14. The percentage of subjects in this study who 

were within the quoted SD range for BUA and BSC is shown in Table 4.31, in 

parentheses.
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Figure 4.13 Graphical representations of the adjusted odds ratio (derived from forward 
stepwise multiple logistic regression analysis) of significant variables (p < 0.05) 
associated with the Vertebral Fracture group. Variables included in the regression 
model: [A] Age, QUS variables (SOS and BUA) and falls risk factors (strength, 
mobility, postural sway and thoracic kyphosis); [B] Age, QUS variables (SOS and 
BUA) and HRQoL (SF-36 and OPAQ 2); [C] Age, QUS variables (SOS and BUA), 
falls risk factors (strength, mobility, postural sway and thoracic kyphosis) and HRQoL 
(SF-36 and OPAQ 2). 
BUA (per SD decrease); Back Surface Curvature (per SD increase). Dotted lines represent Adjusted 
Odds Ratio =1. Error bars represent 95% confidence interval. 
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Figure 4.14 Graphical representation of the risk odds ratio considering a combination of 
per standard deviation decrease in broadband ultrasound attenuation (BUA) and per 
standard deviation increase in thoracic kyphosis derived from rasterstereographic back 
surface curvature. 
 

 

Table 4.31 The risk odds ratio for per standard deviation decrease (SD) in BUA and per 
standard deviation increase in back surface curvature (BSC). The proportion of subjects 
(in this study) within each of the SD ranges for aBUA and bBSC is shown in 
parentheses. 

Risk Odds Ratio BUA (SD)      0 -1 -2 

Back Surface Curvature (SD)   0  1.00 (14.4%)  2.54  (9.6%) 6.48 (0%)
+1  2.38 (11.5%)  6.05  (9.6%) 15.39 (1%)
+2  5.65  (0%)  14.38 ( 0%) 36.60 (0%)

aBUA: SD ‘O’ included all subjects whose SD value for BUA was between 0.49 and -0.5; SD ‘-1’ 
included subjects whose SD value was between -0.49 and -1.49; and SD ‘-2’ included subjects whose SD 
value was between -1.5 and -2.49. 
bBSC: SD ‘O’ included all subjects whose SD value for BSC was between -0.5 and 0.49; SD ‘+1’ 
included subjects whose SD value was between 0.5 and 1.49; and SD ‘+2’ included subjects whose SD 
value was between 1.5 and 2.49. 
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4.9.3 Discriminators of Prevalent Vertebral Fractures 

For the final DFA (refer to Chapter 3.15), the univariate variables that achieved a 

significance level of p ≤ 0.2 from the logistic regression (Tables 4.29 and 4.30) were 

retained for analysis. These variables were BUA, SOS, thoracic kyphosis (Cobb angle 

and BSC) and postural sway when standing on a firm surface with eyes closed (EC). 

Age was also included as possible predictor. Log-transformed sway variables were used 

in this analysis. The final discriminant model included BUA, BSC and postural sway 

when standing on a firm surface with eyes closed (EC) with a final Wilk’s Lambda of 

0.79 (p < 0.0001). The standardised canonical correlation coefficient was -0.77 for 

BUA; 0.76 for BSC; and 0.46 for EC. These coefficients indicate the relative 

importance of each of these variables in explaining the variance in the dependent 

variable. The misclassification rate was 18.4% for all cases and also based on cross-

validation.  

 

Receiver operating characteristic analyses (refer to Chapter 3.15) were performed to 

estimate and compare the discriminatory power of DXA BMD with: i) BUA alone; 

ii) BSC alone; and iii) a composite variable (combination of BUA and BSC) (refer to 

Chapter 3.15, Equation 7), to identify women with prevalent vertebral fractures. Total 

hip BMD was chosen to be the representative DXA BMD variable for these analyses as 

BMD at this site has been suggested to best reflect hip fracture risk and has the lowest 

reproducibility error (Kanis and Glüer, 2000; Stone et al., 2003). The ROC curves are 

presented in Figure 4.15. Results showed at high specificity (75%), the sensitivity of the 

composite model was about 70%, but at a lower specificity (40%), there was no 

difference between the composite model and BMD alone (see Figure 4.15C). In general, 

it was noted that BUA, BSC and the composite variable (BUA and BSC) had higher 

areas under the curve (AUCs) compared to DXA BMD (Table 4.32). However, 

Wilcoxon’s non-parametric comparison test (refer to Chapter 3.15, Equation 8) showed 

that AUCs between DXA BMD variable and the ‘non-BMD’ variables were not 

statistically different (DXA BMD vs. composite variable, p = 0.059). The AUCs, their 

standard error and the z critical ratio for each of the above analyses are summarised in 

Table 4.32. 
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Table 4.32 Summary of the areas under the curve (AUC) and the standard error (SE), 
derived from the receiver operating characteristic (ROC) analysis. The z critical ratio 
compares the AUCs of DXA BMD and the ‘non-BMD’ variables using the Wilcoxon’s 
non-parametric test. 
 AUC SE z critical ratio† 

DXA BMD (Total Hip) 0.60 0.07  

BUA 0.66 0.06 0.85 

Back Surface Curvature 0.67 0.07 0.79 

BUA and Back Surface Curvature 0.75 0.07 1.89* 
Wilcoxon’s non-parametric test (Equation 8, p.156) for comparing AUCs (Hanley & McNeil, 1983). A  
z value > 1.96 is taken as evidence that the two AUCs are different; † for comparison with AUC of DXA 
BMD; *p = 0.059 (non-significant). 
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Figure 4.15 Receiver operating characteristic curves comparing the discriminatory 
power for identifying prevalent vertebral fracture cases, between [A] DXA BMD and 
BUA; [B] DXA BMD and back surface curvature and [C] DXA BMD and the 
composite variable (combination of BUA and back surface curvature).
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4.10 DISCRIMINATORS OF WRIST/FOREARM FRACTURES 

In this sample of 104 women, only seven participants reported having a history of either 

forearm or wrist fracture resulting from minimally traumatic events. Due to the small 

number of subjects, the absence of any associations between test variables and forearm 

or wrist fractures are likely to be contributed to by the lack of statistical power. Thus, 

the results of this component of the study are unlikely to demonstrate any trends. This 

section therefore reports only a summary of the findings. Detailed results are 

summarised in Appendix 19. 

 

In brief, ANOVA showed that there were no differences in age or anthropometric 

characteristics between the group with wrist/forearm fractures (WF, n = 7) and the non-

fracture group (NWF, n = 97). When comparing the ‘bone variables’ (DXA BMD and 

QUS), none of these variables were significantly different between the two groups. 

There were also no differences in thoracic kyphosis (both radiographic Cobb angle and 

rasterstereographic BSC), strength performances (trunk, quadriceps femoris and grip), 

timed “Up & Go” or postural sway between the two groups. Additionally, HRQoL 

variables were not different between the two groups. The means, standard deviations 

and results of the ANOVA between the two groups are summarised in Appendix 19. 

 

Univariate logistic regression analysis failed to identify any significant variables that 

were associated with forearm or wrist fractures.  
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4.11 SUMMARY 

The results of this study showed that FN, TH and LS BMD derived from DXA were 

highly correlated to all three QUS variables, namely BUA, SOS and QUI, controlling 

for age and weight (Section 4.5.1). 

 

Thoracic kyphosis defined by the radiographic Cobb angle and rasterstereographic back 

surface curvature (BSC) was not associated with DXA BMD. However, BSC was found 

to be weakly associated with BUA, SOS and QUI, after adjusting for age (Section 

4.5.2). 

 

Grip strength was weakly correlated to SOS, independent of age (Section 4.5.3). 

 

Average spinal pain was correlated with DXA BMD at all three sites (FN, TH and LS) 

and also to two QUS variables (BUA and QUI). With the exception of the OPAQ 2 

‘Symptoms’, which encompassed reports of back pain and fatigue, no other 

relationships were observed between HRQoL variables and either BMD or QUS 

(Section 4.5.4).  

 

Results from the present study showed that there were no associations between thoracic 

kyphosis, trunk strength and breast size (Section 4.6). 

 

There were no differences in BMD, QUS and thoracic kyphosis in women with different 

levels of physical activity. However, women who were more active had stronger grip 

strength and performed better at the timed “Up & Go” test. They also reported having 

better Physical Function and Vitality, from the SF-36 Health Survey (Section 4.7). 

 

When women in this study were classified as Osteoporotic (OP) or Non-Osteoporotic 

(NOP) based on a low BMD score and/or a history of fragility fracture, all three QUS 

variables (BUA, SOS and QUI) were identified by logistic regression analysis to be 

significantly associated with the OP group (Section 4.8.2). Both multiple logistic 

regression and DFA identified SOS and TUG to be significant discriminators of the OP 

group. The final discriminant model (SOS and TUG) had a Wilk’s Lambda of 0.81 (p < 

0.0001) (Section 4.8.3). 
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When the women were classified into two groups based on the presence (VF) or 

absence of radiological evidence of vertebral fractures (NVF), BUA and thoracic 

kyphosis (rasterstereographic BSC) were found to be independently associated with the 

group with prevalent vertebral fractures (Section 4.9.2). Both multiple logistic 

regression and DFA identified BUA and BSC as significant discriminators of the VF 

group, independently of DXA BMD. The final discriminant model from the DFA 

analysis identified postural sway when standing on firm surface with eyes closed (EC), 

in addition to BUA and BSC, with a Wilk’s Lambda of 0.79 (p < 0.0001). Receiver 

operating characteristic curves showed that a composite variable (combination of BUA 

and BSC) had a higher AUC compared to DXA BMD alone in discriminating women 

with prevalent vertebral fractures (Section 4.9.3), though the difference did not reach 

significance (p = 0.059). 

 

In order to place the results of this study in context with the existing literature, a 

discussion of these findings is presented in Chapter Five. 
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CHAPTER 5 

DISCUSSION 

 

 

The primary aim of this study was to test the hypothesis that the assessment of calcaneal 

bone strength using quantitative ultrasonometry, in combination with assessment of risk 

factors associated with falls (strength, mobility, body sway, thoracic kyphosis) and 

HRQoL, was able to discriminate a group of women at high risk of osteoporotic fracture 

from a group at low risk. This cross-sectional study involved 104 generally healthy, 

community-dwelling women who underwent a series of tests that included DXA bone 

densitometry, calcaneal ultrasonometry, spinal radiography, rasterstereographic back 

surface curvature evaluation, and performance-based assessment of strength, mobility 

and postural sway. Additionally, HRQoL, physical activity levels and dietary intake 

were assessed using validated questionnaires. In summary, it was found that the 

calcaneal QUS variable, SOS, and the test of functional mobility, TUG, were able to 

discriminate the group of women who were classified as at high risk of osteoporotic 

fractures, based on a combination of low BMD and/or a history of fragility fracture 

(Osteoporotic group) from a group at lower risk (Non-Osteoporotic group) (Chapter 

4.8). When the women were grouped based on the presence of at least one prevalent 

vertebral fracture or no vertebral fracture, BUA and thoracic kyphosis were found to be 

significant discriminators of the fracture group (Chapter 4.9). These findings suggest 

that there may be a role for non-ionising and relatively inexpensive assessments of bone 

strength and risk factors for falls, in screening for individuals at risk of osteoporotic 

fracture. In the absence of the availability of predominantly institution- or clinic-based 

DXA, these practical assessments may be used to identify at-risk individuals who 

warrant further investigations. This composite model has the potential to be a more cost-

effective option as a pre-screening strategy for osteoporotic fracture risk assessment. 

 

In addition to the primary hypothesis, this study also investigated: 

i) the relationships between thoracic kyphosis, trunk strength and breast 

size (Chapter 4.6); and 

ii) the associations between habitual physical activity levels and bone 

strength (determined by DXA BMD and QUS); thoracic kyphosis; 

physical performance; and HRQoL (Chapter 4.7). 
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Prior to these analyses, the relationships among BMD, QUS and other non-bone 

variables (thoracic kyphosis, physical performance measures and HRQoL) were 

examined. This enabled the interactions and interrelationships of these predictor 

variables to be determined (Chapter 4.5). The results from these investigations are 

summarised in Chapter 4.11.  

 

Given the multi-dimensional aspects of this study, only major findings will be discussed 

in context with the existing body of literature. The first section of this chapter (Section 

5.1) addresses the associations between DXA BMD of the proximal femur and spine, 

and calcaneal QUS variables, comparing the results of the present study with previous 

investigations using sample populations of similar characteristics. The relationships 

between these two bone-variables (BMD and QUS) and thoracic kyphosis are discussed 

in Section 5.2. Section 5.3 compares the current knowledge about the relationships 

between muscular strength, BMD and QUS with the present findings. The associations 

between thoracic kyphosis, trunk strength and breast size are discussed in Section 5.4. 

The findings of the present study on the relationships between habitual physical activity 

levels and: (i) BMD and calcaneal QUS measurements; (ii) thoracic kyphosis; (iii) 

physical performance measures; and (iv) self-reported HRQoL, are discussed in 

Sections 5.5.1, 5.5.2, 5.5.3 and 5.5.4, respectively. The results of the study’s main 

hypothesis are discussed in Section 5.6. The present study classified the subjects into 

two groups: ‘High Risk’ or ‘Low Risk’ of osteoporotic fracture, according to three 

separate definitions: i) low BMD and/or a history of fragility fracture; ii) presence of at 

least one prevalent vertebral fracture; and iii) a history of wrist or forearm fracture. The 

findings for each classification will be discussed in Sections 5.6.1, 5.6.2 and 5.6.3, 

respectively. The role of self-reported HRQoL in identifying individuals at risk of 

osteoporotic fractures is addressed in Section 5.6.4. The main outcome of the present 

study is summarised in Section 5.7. Finally, a description of the limitations associated 

with this study is presented in Section 5.8. 
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5.1 RELATIONSHIP BETWEEN BMD AND CALCANEAL QUS  

The sample population in this study had median BMD scores of 0.88 g/cm2 and 0.69 

g/cm2 for PA LS and FN, respectively (Chapter 4, Table 4.2). The median BMD Z-

scores for all three sites: FN, TH and LS, were close to zero (Chapter 4, Table 4.4), 

indicating that the group as a whole was in accord with the published age group BMD 

values for the WA population (Price et al., 2003). The proximity of these Z-scores to 

zero suggests that the 104 subjects in this study had BMD that reflected normal healthy 

WA women.  

 

Female Australian counterparts from Dubbo (Dubbo Osteoporosis Epidemiology Study, 

DOES) were reported to have a mean PA LS BMD of 1.03g/cm2 and a mean FN BMD 

of 0.79 g/cm2 (Nguyen et al., 2000). In the Geelong cohort (Geelong Osteoporosis 

Study), it was reported that the cut-off value for osteoporosis, using the WHO criteria, 

was 0.92 g/cm2 for the PA LS and 0.71 for FN (Henry et al., 2000). The differences in 

the BMD between the WA and the two other elderly female Australian populations can 

be expected to be due to the different calibrations used for the absorptiometric 

technologies (Kanis & Glüer, 2000). For example, the Hologic densitometer is known to 

give lower BMD at the LS compared to BMD derived from the Lunar densitometer 

(Pocock et al., 1992). The present study used the Hologic pencil-beam scanner (QDR 

1000W) whereas the data from the Geelong and the Dubbo studies were derived from 

Lunar densitometers (Lunar DPX-L). 

 

Poor concordance of BMD scores between different anatomical sites is widely 

recognised (Kanis & Glüer, 2000). This has been suggested to be due to errors of 

accuracy, arising mainly from soft tissue variation such as adipose tissues (Kanis & 

Glüer, 2000). In general, results from previous studies have shown that there was a 

modest correlation between hip and LS BMD scores. The present study found that the 

correlation between FN BMD and LS BMD was 0.53, adjusted for age and weight 

(Chapter 4, Table 4.14). This is consistent with the typically reported correlation of 

~0.6 (Kanis & Glüer, 2000).  

 

Significant negative associations between the hip BMD (FN and TH) with age, and 

positive correlations with weight and BMI, were noted in the present study. Lumbar 
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spine BMD was also noted to be significantly associated with weight and BMI (Chapter 

4, Table 4.11). These findings are consistent with data from the Geelong (Henry et al., 

2000) and the Dubbo elderly female populations (Nguyen et al., 2000). However, in the 

present study, PA LS BMD was not associated with age (Chapter 4, Table 4.11). This is 

understandably so, as age-related osteoarthritic changes in the spine, such as 

osteophytes, degenerative facet hypertrophy, soft-tissue and aortic calcification 

associated with osteoarthritis, may artificially elevate LS BMD (Jones et al., 1995b; 

Henry et al., 2000). 

 

Currently, there are no published normative data for QUS in Australian women. 

However, BUA from the present sample population was found to be lower in 

comparison with a WA cohort (n = 1499) from a population-based study (CAIFOS) 

(Prince et al., 2001). In contrast, SOS and the Stiffness Index were higher in the present 

study compared to the CAIFOS cohort. However, these studies used different QUS 

devices. A comparison of QUS measurements from these two samples of WA post-

menopausal women is presented in Table 5.1. 

 

These trends and the magnitude of differences are consistent with the findings of Njeh 

et al. (2000) who compared six different QUS devices in a single sample population. 

They documented that BUA from the gel-coupled contact Sahara (Hologic) system was 

lower (43.5% difference), whereas SOS (1.2% difference) and Stiffness Index (11.4% 

difference) were higher than that derived from the water-based Achilles (Lunar) system. 

 

Table 5.1 Comparison of QUS measurements from two samples of the WA elderly 
female population, of similar age group. 
Investigator 
1st Author 
(Year) 

Study Population QUS 
Technology 

BUA 
 
Mean (SD) 

SOS 
 
Mean (SD) 

Stiffness 
Index 
Mean (SD) 

Prince 
(2001) 

1499 women  
(mean age 75.2±2.7) 

Achilles 
(Lunar) 

100.4±8 1513±26 70.4±11.5 

      
Present 
study  

104 women  
(mean age 71.3±5.8)  

Sahara 
(Hologic) 
 

65.6±16 1532±27 84.0±17.4 

*Difference      
Prince’s vs. Present study  34.7% -1.2% -16% 
Njeh (2000)   43.5% -1.2% -11.4% 
* Percentage difference between QUS variables derived from the water-based Achilles (Lunar) and the 
gel-coupled contact Sahara (Hologic) QUS device. BUA = Broadband Ultrasound Attenuation 
(dB/MHz); SOS = Speed of Sound (m/s). 
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The inverse relationship between QUS measurements and age has been documented in 

several studies (van Daele et al., 1994; Grampp et al., 1997; Frost et al., 1999; Hadji et 

al., 1999; Cetin et al., 2001). In the present study, the negative associations between age 

and QUS measurements did not reach statistical significance (Chapter 4, Table 4.11). 

This may be due to the relatively small sample size and the homogeneity in age of the 

sample population. However, the significant positive associations between weight and 

all three QUS variables observed in the present study (Chapter 4, Table 4.11) are 

consistent with findings from the Epidemiological Study On the Prevalence of 

Osteoporosis (ESOPO) (Adami et al., 2003).  

 

Significant associations between DXA BMD and QUS variables have been reported. 

These associations were mainly assessed using linear regression and a wide range of 

correlation coefficients, ranging from r = 0.20 to 0.87 were documented (Chapter 2, 

Table 2.1). Several factors may have accounted for this range. First, studies with 

younger sample populations (mean age < 60 years), in general, documented higher 

correlation coefficients that ranged from r = 0.41 to 0.87 (Baran et al., 1991; Funke et 

al., 1995; Gonnelli et al., 1995; Moris et al., 1995; Cunningham et al., 1996; Graafmans 

et al., 1996a; Cepollaro et al., 1997; Yeap et al., 1998). In contrast, studies with older 

sample populations (mean age > 70 years) had lower correlation coefficients, ranging 

from r = 0.28 to 0.56 (Ross et al., 1995; Pfeifer et al., 1997; He et al., 2000; Njeh et al., 

2000). Second, different DXA machines (Lunar, Hologic or Norland) and different 

types of QUS systems (water-based or gel-based) were used in these studies. Although 

high correlations (r > 0.9) between DXA machines were reported, systematic 

differences between machines were also noted (Bonnick, 2004). Similarly, despite 

reportedly high correlations (r = 0.71 – 0.92) between different QUS devices (Njeh et 

al., 2000), variations in calcaneal QUS measurements from different devices, for the 

same individual, were noted (Njeh et al., 2000; Ingle et al., 2001; Falgarone et al., 

2004). 

 

In the present study, the correlations between QUS variables and BMD at the FN, TH 

and LS ranged from 0.26 to 0.49 (p < 0.0001), after controlling for age and weight 

(Chapter 4, Table 4.14). Total hip BMD was most strongly associated with all three 

QUS variables (r = 0.46 – 0.49), whereas the correlations between LS and FN BMD 

with QUS variables were weaker (r = 0.29 – 0.36, p < 0.0001). The correlations noted in 

this study are consistent with two previous studies with similar population 
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characteristics (He et al., 2000; Njeh et al., 2000). These studies used the contact Sahara 

bone sonometer, and QDR 4500 (Hologic) DXA densitometers for their QUS and BMD 

measurements, respectively. A summary of the correlations between QUS and BMD 

observed by He et al. (2000), Njeh et al. (2000) and the present study is presented in 

Table 5.2. 

 

 

Table 5.2 The association between DXA BMD and calcaneal QUS: Comparative data 
of the present study with previous studies. 
Investigator 
1st Author (Year) 

Study Population Anatomical Sites Correlation Coefficient

BMD vs. QUS 

He (2000) 68 women  
(mean age 74.8±7.2) 

 
TH and FN 

Pearson’s r 
0.28 – 0.41 

    
Njeh (2000) 70 women  

(mean age 75.2±6.8)  
TH and FN Pearson’s r 

0.30 – 0.44 
    
Present study  104 women  

(mean age 71.3±5.8)  
 
TH and FN 
LS 

aPearson’s r 
0.32 – 0.49 
0.26 – 0.29 

aPartial correlation, controlling for age and weight. TH = Total Hip; FN = Femoral Neck; LS =Lumbar 
Spine. 
 

 

The high correlation between SOS and BUA (r = 0.88), after adjusting for age and 

weight, observed in this group is also similar to that reported by Njeh et al. (2000) 

(Spearman’s ρ = 0.88). 

 

In summary, the BMD and QUS data derived from the present sample population 

suggest that they are representative of WA elderly female population. The strength of 

the interrelationships between BMD at various sites and calcaneal QUS variables, found 

in the present study, are consistent with previous studies that had similar sample 

population characteristics and used similar bone assessment technologies. 
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5.2 RELATIONSHIPS BETWEEN BMD, CALCANEAL QUS AND THORACIC 

KYPHOSIS 

5.2.1 BMD and Thoracic Kyphosis  

Thoracic kyphosis in the elderly is the hallmark of spinal degeneration, including 

vertebral fracture, but not necessarily low BMD. Several studies have investigated the 

relationship between thoracic spinal curvature and BMD in females, and results have 

been inconsistent. While some studies have documented significant associations 

between thoracic spinal curvature and BMD (Ettinger et al., 1994; Puche et al., 1995; 

Sinaki et al., 1996b; Goh et al., 1999c), others have failed to support this observation 

consistently (Sinaki et al., 1996a; Cortet et al., 1999, 2002; Balzini et al., 2003). In 

studies that have found significant associations, the strengths of the relationship ranged 

from weak to moderate (r = -0.15 to -0.68). The present study failed to observe any 

significant association between thoracic kyphosis (assessed using two different 

methods), and LS or hip BMD. To permit comparisons between studies, outlines of 

these previous investigations and their findings are summarised in Table 5.3, together 

with the results of the present study. 
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Table 5.3 Summary of previous studies investigating the relationship between BMD 
and spinal curvature. Results of the present study are also included for comparison. 
Investigator 
1st Author 
(Year) 

Subjects’ 
Characteristics 

Measurement of 
Spinal Curvature 
(Levels Assessed) 

Correlation Coefficient  
(Spinal Curvature vs. BMD)

Significant Relationship   

Ettinger  
(1994) 

610 women  
(mean age 72.8±4.7; 
range 65 – 91) 
(SOF study) 

aArchitect’s flexicurve 
(C7 to inflexion point) 

Prox. Rad. BMD 
(†-0.15, p < 0.01) 
Cal. BMD 
(†-0.19, p < 0.01) 
Hip and LS BMD not reported. Mean 
BMD of 4 sites were 6.5 to 14% lower 
in females in the highest decile of KI. 
 

Puche  
(1995) 

449 women (age range 
40 – 80) 

Summation of wedge 
angles of vertebrae  
(T4 – T12) 
 

LS BMD 
(r = -0.63, p < 0.001) 
 

Sinaki  
(1996b) 

36 osteoporotic women 
(mean age 65.1±8.1) 

b A variation of the 
radiographic Cobb 
angle (T4 – T11) 

LS BMD 
(Spearman’s ρ = -0.40, p < 
0.05) 
 

Goh 
(1999c) 

42 women (mean age 
54.5; range 28 – 79) 

c Rasterstereographic 
back surface curvature 
(VP – T12) 

LS BMD Z-score 
(r = -0.68, p < 0.0001) 
 

No Relationship 

Sinaki 
(1996a) 

65 ‘normal’ women 
(median age 54) 
 

b A variation of the 
radiographic Cobb 
angle (T4 – T11) 
 

LS BMD 
(Spearman’s ρ = 0.03) 

Cortet  
(1999) 

51 women with 
vertebral fractures 
(mean age 69±11) and 
49 age-matched controls 
(mean age 68±8) 
 

d Curviscope 
(points of inflexion 
taken as reference) 

Thoracic kyphosis not 
related to LS and hip BMD. 
Results not provided. 

Cortet  
(2002) 

39 women with 
vertebral fractures (from 
a subgroup of n = 61; 
mean age 76.8±10) 
 

d Curviscope 
(points of inflexion 
taken as reference) 

Thoracic kyphosis not 
related to LS and hip BMD. 
Results not provided. 

Balzini  
(2003) 

60 women (age range  
70 – 93) 

eOcciput-to-wall 
distance  
 

The severity of ‘flexed 
posture’ was not related to 
LS or hip BMD or T-scores. 
 

Present 
Study 

104 women (mean age 
71.3±5.8) 

fRadiographic Cobb 
angle (T4 – T11) 
cRasterstereographic 
back surface curvature  
(VP – T12) 

No correlation between 
either measures of kyphosis 
with LS or hip BMD 
(Chapter 4, Table 4.15). 

aSee Chapter 2, Figure 2.3A; bFigure 2.2B; cFigures 2.5 and 3.8; dFigure 2.3C; eFigure 2.4; fFigure 2.2A 
of this thesis. †Age-adjusted correlation, statistical derivation of correlation coefficient unclear. 
TS = Thoracic Spine; LS = Lumbar Spine; Prox. Rad. = Proximal Radius; Cal. = Calcaneus; KI = 
Kyphotic Index; SOF = Study of Osteoporotic Fractures, a US epidemiological study; VP = Vertebral 
Prominence; T11 and T12 = Eleventh and twelfth thoracic vertebra, respectively. 
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It is evident from Table 5.3 that a variety of methodologies were used to assess thoracic 

kyphosis. This may be a major factor contributing to the equivocal results observed.  

Radiographic skeletal curvatures have been assessed using different methods. The 

present study assessed the magnitude of kyphosis using the Cobb’s method, as 

described by Singer et al. (1990) (refer to Chapter 2, Figure 2.2A). Similarly, Sinaki et 

al. (1996a,b) used a slight variation of this method (Chapter 2, Figure 2.2B). Puche et al. 

(1995) however, defined kyphosis as a summation of wedge angles from individual 

thoracic vertebra. Although this index was reportedly highly correlated to the Cobb 

angle, it only explained 78% of the variance (Puche et al., 1995). 

 

Back surface curvature of the thoracic region was also used as an index of thoracic 

kyphosis, derived from a variety of methodologies, such as the architect’s flexicurve 

ruler (Ettinger et al., 1994) (Chapter 2, Figure 2.3A); Curviscope (Cortet et al., 1999, 

2002) (Chapter 2, Figure 2.3C); and the automated video rasterstereographic system 

(Goh et al., 1999b) (Chapter 2, Figure 2.5 and Chapter 3, Figure 3.8). At present, there 

are no comprehensive reports of comparative data of back surface curvatures derived 

from these different non-invasive techniques. Although back surface curvatures derived 

from the Curviscope and the rasterstereographic systems were significantly associated 

with the radiographic Cobb angle, they only explained about 50% of the variance 

(Curviscope: r = 0.65, p < 0.01 [Cortet et al., 1999]; Rasterstereography: r = 0.72, p < 

0.0001 [Chapter 4, Figure 4.3]). The magnitude of kyphosis has also been defined as 

‘flexed posture’, quantified as the ‘occiput-to-wall’ distance (Siminoski et al., 2001; 

Balzini et al., 2003). The validity of this method in reflecting the ‘true’ magnitude of 

thoracic curvature is unknown. 

 

Other possible methodological factors contributing to the contradictory results include 

the lack of consistency in the way the subjects were positioned during radiography. For 

example, in the present study, thoracolumbar X-rays were taken in standing. Sinaki et 

al. (1996a,b) however, did not provide information about the subjects’ positioning when 

the radiographs were taken. Therefore, it is not known if they were taken in supine or 

standing. The magnitude of kyphosis has been shown to be affected by the position 

adopted during radiography (De Smet et al., 1988; Mehta et al., 2004). These 

investigators documented a mean increase of 7° to 8° in Cobb angle in radiographs 

taken in standing compared to radiographs taken in supine. 
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In addition, there were also inconsistencies in the spinal levels assessed. Although the 

present study and the studies by Sinaki et al. (1996a,b) derived the Cobb angle from T4 

to T11, Sinaki et al. used the inferior border of T4 as reference, whereas the superior 

border of T4 was used in the present study. Puche et al. (1995) assessed the summation 

of angles from T4 to T12. Kyphotic angles have been documented to be greater when 

more thoracic levels were included in the measurement (Harrison et al., 2001). Thus, the 

difference in spinal levels assessed may have resulted in the inconsistent findings.  

 

Finally, another plausible explanation for the equivocal results is the difference in the 

characteristics of the sample populations studied. The present study employed similar 

methodology to Goh et al. (1999c) in the assessment of thoracic kyphosis, using the 

same video rasterstereographic system and the same spinal levels (VP – T12). However, 

the results differed. The sample population in the present study was older than in Goh’s 

study (present study: mean age 71.3 years; Goh et al.: mean age 54 years) with a 

narrower age range (present study: range 59 – 89 years; Goh et al.: 28 – 79 years). In 

addition, fifteen subjects (36%) from Goh’s study were younger than 50 years old 

(mean age 39.6±7.6 years). The inclusion of younger women in their study may have 

contributed to the difference in results, despite using the same methodology. 

 

Similarly, the two studies by Sinaki et al. (1996a,b) utilised the same measurement 

techniques, but their results were contradictory. The authors did not explain the 

differences in their results. A probable factor is the difference in the age between the 

two sample populations. In the younger post-menopausal cohort (Sinaki et al., 1996a), 

no relationship between BMD and spinal curvature was observed. However, this 

association became more evident in the older post-menopausal group (Sinaki et al., 

1996b). Another possible explanation is the selection of the sample population based on 

their ‘osteoporosis status’. In the older sample population (Sinaki et al., 1996b), the 

subjects were selected based on low BMD measurements (WHO threshold) or the 

presence of radiological evidence of vertebral fracture. Conversely, in the younger 

sample population (Sinaki et al., 1996a), they excluded women who were at risk of 

osteoporotic fracture, implying that they all had BMD values above the WHO threshold. 

Although Sinaki et al. (1996a) claimed that this sample population comprised ‘normal’ 

healthy post-menopausal women, vertebral fractures were also documented. Thus, it 

remains unclear if their ‘younger’ population consisted of osteoporotic women, or 

healthy normal (implying non-osteoporotic), or a mixture of both. The results of the 
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studies by Sinaki and colleagues seem to suggest that increased thoracic kyphosis was 

related only in older osteoporotic women with low BMD or vertebral fractures, but not 

in younger women with higher BMD (above the WHO threshold) who may or may not 

have a vertebral fracture. The positive association between BMD and thoracic kyphosis 

in the older population may also have been biased due to the BMD-based selection 

criteria of the sample population.  

 

In summary, the association between thoracic kyphosis and BMD of the LS and hip in 

the female population remains unclear. Although the present study utilised two different 

methods to assess thoracic kyphosis: (i) the commonly used Cobb angle; and (ii) the 

newer rasterstereographic back surface curvature assessment, direct comparisons with 

previous studies is difficult due to the variation in the methodologies used to quantify 

thoracic spinal curvatures, and the different characteristics of the sample populations 

studied. 
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5.2.2 Calcaneal QUS and Thoracic Kyphosis 

Currently, to the best of the author’s knowledge, there is no report on the relationship 

between calcaneal QUS and thoracic kyphosis. The present study did not observe any 

significant relationship between the radiographic Cobb angle and all three QUS 

variables (Chapter 4, Table 4.15). In contrast, counter-intuitive weak relationships 

between rasterstereographic back surface curvature and calcaneal QUS variables were 

noted (Chapter 4.5.2 and Table 4.15). Given the cross-sectional nature of this study, the 

cause and effect of this relationship cannot be explained. However, it can be speculated 

that the associated change in posture and weight bearing patterns with increasing spinal 

curvature may have an impact on the calcaneal trabecular bone. 

 

Itoi (1991) and Woodhull-McNeal (1992) documented that increase in thoracic kyphosis 

in the elderly resulted in an anterior shift in the centre of gravity (COG). This 

consequently caused changes in postures involving segments of the lumbar spine, hip 

and knees. Woodhull-McNeal (1992) observed that, in order to compensate for the 

increase in thoracic curve and to maintain balance and stability, there was a greater 

forward lean from the hip to counter the anterior shift in COG. This is illustrated in 

Figure 5.1. With the forward lean position, the hip is moved more posteriorly. It can be 

speculated that this may result in a weight shift posteriorly, favouring greater weight 

bearing on the calcaneum when standing. 
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Figure 5.1 Typical standing postures of [A] a young adult and [B] an elderly female. 
The black dots represent the reference points at the ear, shoulder, hip, knee and ankle. 
Vertical lines represent the reference plumb line. (Adapted from Woodhull-McNeal, 
1992, p. 223).  
COG = Centre of Gravity. 
 

 

Woodhull-McNeal (1992) also argued that as posture changes, the biomechanics of gait 

are also likely to be affected. This argument is supported recently by three studies. 

Balzini et al. (2003), Hirose et al. (2004) and Sinaki et al. (2004) demonstrated that 

elderly individuals who were more kyphotic had shorter stride lengths, wider step 

widths, longer time in double stance and slower gait speeds compared to counterparts 

with normal postures. These findings suggest that an individual who is more kyphotic 

needs to take more steps for a given distance, thus increasing the impact on the 

calcaneum during gait. 

 

It can be speculated that this change in weight bearing and gait pattern, over time, may 

contribute to an increase in bone density or change in the micro-architecture of the 

calcaneum, which is reflected in the increased QUS values. This view is supported by 

Frost et al. (1999) who postulated that pain and disability resulting from vertebral 

fracture (with the consequent increase in sagittal thoracic curves), may cause a change 

in the mechanical loading of the calcaneum thereby resulting in a change in bone status. 

 

The hip position is placed more posteriorly, 
resulting from the forward lean at the hip to 
counter the anterior shift in COG (due to the 
increase in thoracic curvature) (Woodhull-
McNeal, 1992). 

In the young adult, the distance from the 
hip joint to the plumb line was 10 cm. 
This distance is reduced in the elderly 
kyphotic woman (actual distance not 
provided by Woodhull-McNeal, 1992).

The hip position is placed more posteriorly, 
resulting from the forward lean at the hip to 
counter the anterior shift in COG (due to the 
increase in thoracic curvature) (Woodhull-
McNeal, 1992). 

The hip position is placed more posteriorly, 
resulting from the forward lean at the hip to 
counter the anterior shift in COG (due to the 
increase in thoracic curvature) (Woodhull-
McNeal, 1992). 

In the young adult, the distance from the 
hip joint to the plumb line was 10 cm. 
This distance is reduced in the elderly 
kyphotic woman (actual distance not 
provided by Woodhull-McNeal, 1992).
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The compensatory change in weight bearing and gait with increased thoracic kyphosis 

may inadvertently result in greater effort during activity. This theory of increased 

compensatory effort with thoracic kyphosis is supported recently by Lombardi et al. 

(2004) who observed that women who were more kyphotic had higher energy 

expenditure compared to less kyphotic women.  

 

It is not clear why a weak relationship was observed between QUS and 

rasterstereographic back surface curvature (BSC), but not the Cobb angle. A possible 

reason could be that the Cobb angle is more reflective of skeletal curvature rather than 

the ‘postural’ curvature of the subjects. Also, the potential measurement error associated 

with the Cobb angle assessment (resulting from factors described in Chapter 2.10.1), 

may contribute to the lack of statistical association.  

 

In summary, a positive relationship between QUS and rasterstereographic BSC, but not 

with the radiographic Cobb angle, was observed. However, the finding in the present 

study is inconclusive due to the homogeneity of the sample studied and the cross-

sectional nature of this study. Further studies, using motion analysis and posturography 

to assess gait patterns of women with a broader age range, health status and abilities and 

with varying magnitudes of kyphosis, may help better define and understand this 

relationship. 
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5.3 RELATIONSHIPS BETWEEN BMD, CALCANEAL QUS AND MUSCULAR 

STRENGTH 

According to Wolff’s law, bone tissue is adaptable and constantly undergoes remodelling 

in response to imposed mechanical stress (Frost, 2004). It is widely accepted that 

muscular strength or tensile force developed by a muscle directly influences bone 

remodelling (Burr, 1997; Frost, 1999, 2004). It has thus been hypothesised by many that 

BMD values at muscular attachment sites would demonstrate an enhancement of bone 

mass with increased muscular activity. Unfortunately, a multitude of cross-sectional and 

prospective strengthening intervention studies have failed to consistently observe this 

effect, especially in oestrogen-deplete women. It is beyond the scope of this study to 

critically discuss studies that have investigated the effects of exercise on BMD. However, 

there are several comprehensive reviews on this topic (Forwood & Burr, 1993; Layne & 

Nelson, 1999; Wolff et al.,1999; Wallace & Cumming, 2000).  

 

It was not the main aim of this study to investigate the relationship between BMD and 

muscular strength. However, assessments of their interactions are necessary for a better 

understanding of the main findings of this study. This discussion will address, 

specifically, studies that have assessed hip and LS BMD, and their relationships with 

trunk, quadriceps femoris and grip strength in post-menopausal women. This will be 

followed by a discussion on the relationship between calcaneal QUS and strength 

performances of these muscle groups.  

 

5.3.1 Trunk Strength and BMD  

The present study did not observe any associations between trunk strength with either 

LS or proximal femur BMD, controlling for age (Chapter 4, Table 4.16). These present 

findings are consistent with earlier cross-sectional studies by Bevier et al. (1989) and 

Sinaki et al. (1996a). Both these studies failed to observe any positive association 

between back extensor strength and LS BMD in younger (Sinaki et al., 1996a, n = 65, 

median age 54 years) or in older (Bevier et al., 1989, n = 55, mean age 70±0.7 years) 

post-menopausal women.  
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The observations of the present study were also confirmed by two previous prospective 

investigations (Sinaki et al, 1989; Smidt et al., 1992). Smidt et al. (1992) investigated 

the change in LS and hip BMD in 22 post-menopausal subjects (mean age 56.6 ±6.6 

years) who underwent resistive strength training of the trunk muscles group (extension 

and flexion) for a period of 10 months. Twenty-seven non-exercisers (mean age 

55.4±8.0 years) were used as controls. Their study failed to show any significant 

increase in LS or proximal femur BMD in the ‘exercise’ group although a significant 

increase in trunk strength was noted. Their study confirmed earlier findings by Sinaki et 

al. (1989) who did not document any significant increase in spinal BMD, or difference 

in the rate of bone loss, in 65 post-menopausal women who performed back 

strengthening exercises over two years, despite a significant increase in the back 

extensor strength. 

 

Contrary to the above findings, several cross-sectional studies have demonstrated 

positive correlations between the spinal BMD and isometric back extensor strength in 

healthy post-menopausal women (Sinaki et al., 1986; Sinaki & Offord, 1988; Halle et 

al., 1990), and in osteoporotic women (Sinaki et al., 1996b).  

 

Sinaki and colleagues investigated the relationship between back extensor strength and 

spinal BMD in several studies (Sinaki et al., 1986, 1989, 1996a,b; Sinaki & Offord, 

1988). However, they failed to observe a consistent positive relationship between spinal 

BMD and back extensor strength despite using similar methodologies. In their earlier 

reports (Sinaki et al., 1986; Sinaki & Offord, 1988), significant correlations between 

spinal BMD (L2 – L4) and isometric back extensor strength were noted in 68 healthy 

non-osteoporotic women aged between 49 to 65 years old (r = 0.31 – 0.34, p < 0.01). 

When BMD was adjusted for by age, the reported rank correlation was 0.28 (p < 0.05) 

(Sinaki et al., 1986). These observations were confirmed in a later study (Sinaki et al., 

1996b) involving 36 osteoporotic subjects (mean age 65.1±8.1 years; Spearman’s ρ = 

0.37, p < 0.05). However, in other reports cited earlier (Sinaki et al., 1989, 1996a), no 

significant correlations were noted. The authors did not explain the discrepancies in 

these results.  

 

Site-specificity of trunk muscle strength on LS BMD has been demonstrated in a 

prospective study involving 119 elderly (mean age 60.1±6.6 years) Japanese women 

(Iki et al., 2002). This study involved a yearly follow-up for four years and results 
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revealed that isometric trunk extensor and flexor torque were significantly correlated 

with annual change in LS BMD after controlling for age, weight and height (partial 

correlation: extensor r = 0.30; flexor r = 0.21, p < 0.05). These results by Iki et al. 

extend the findings of an earlier cross-sectional study by Halle et al. (1990), where trunk 

strength was assessed similarly using the Kin-Com trunk testing system. In Halle’s 

study, significant relationships between extensor strength and BMD were observed (LS 

BMD: r = 0.31; FN BMD: r = 0.32, p < 0.05). Trunk flexion strength, however, was not 

associated with LS BMD but was associated with hip BMD (r = 0.35, p < 0.05). 

 

Several possible explanations may account for the inconsistent results reported. First, 

most studies did not consistently consider age in the statistical analysis of the 

association between these variables (Sinaki et al., 1986, 1989, 1996a,b; Sinaki & 

Offord, 1988; Bevier, et al., 1989; Halle et al., 1990). It is important to consider age as 

an important potential confounding factor as age-related decrease in bone and muscle 

strength is well documented (Hurley, 1995; Marcus, 1995; Newman et al., 2003). 

Second, the methodologies used for trunk strength testing differed (refer to Chapter 

2.11.1 for details). Trunk extensor muscle strength has been assessed in a variety of 

positions ranging from sitting (Halle et al., 1990; Iki et al., 2002), standing (Bevier et 

al., 1986), prone lying (Sinaki et al., 1986) to semi-prone lying (Smidt et al., 1992). 

Trunk flexor strength has been assessed in sitting (Halle et al., 1990; Iki et al., 2002) or 

supine in a sit-up position (Smidt et al., 1992). Sinaki et al. (1986) claimed that testing 

back extensor strength in prone lying eliminated any lower and upper limbs 

involvement. However, their claim has not been confirmed. Bevier et al. (1989) claimed 

to assess global back musculature, involving primarily the hip and back extensors. 

However, in their study, grip strength was also utilised during the test manoeuvre (refer 

to Chapter 2.11.1). The involvement of upper limb in the strength-testing manoeuvre 

may have confounded the ‘true’ measurement of the back extensor strength.  

 

The present study assessed trunk strength in a standing position. The author 

acknowledges that the strength performances of the trunk extensor and flexor 

musculature were not tested in isolation. Muscle activity of the lower limbs was evident 

during the trunk strength testing. This was necessary to stabilise the pelvis for the 

abdominal muscles or the back extensors muscles to initiate trunk flexion or trunk 

extension, respectively. The design of this simple assessment of ‘global’ trunk muscle 

strength performance has several advantages: i) the ease with which subjects can be set 
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up for strength testing; ii) the portability of the testing device; iii) the low cost; and (iv) 

the high reliability with repeated testing (Chapter 3.10.1, Tables 3.6 – 3.9). 

 

In summary, the present cross-sectional study found a lack of relationship between 

trunk strength and BMD, controlling for age. This is consistent with several studies that 

have also failed to observe this relationship (Bevier et al., 1989; Smidt et al., 1992; 

Sinaki et al., 1996a). Others however, have demonstrated a positive association between 

muscle strength and BMD (Sinaki et al., 1986, 1996b; Sinaki & Offord, 1988; Halle et 

al., 1990; Iki et al., 2002). Variations in the methodologies used in trunk strength 

assessment and the lack of properly controlled studies are some possible explanations 

for the inconsistencies in the results reported. Studies that have observed a significant 

correlation between BMD and trunk strength reported weak associations, where trunk 

strength accounted for only 5% to 10% of the variance in LS BMD (Sinaki et al., 1986; 

Sinaki & Offord, 1988; Halle et al., 1990; Iki et al., 2002). Iki et al. (2002) were able to 

demonstrate, in a prospective study, a weak relationship between trunk strength and LS 

BMD in a Japanese population, independent of age, body size and Vitamin D status. 

This relationship has yet to be demonstrated prospectively in a Caucasian population.  

 

5.3.2 Quadriceps Femoris Strength and BMD 

Site specificity of the relationship between lower limb strength and lower limb BMD 

was demonstrated in several studies (Nguyen et al., 2000; Blain et al., 2001; Iki et al., 

2002; Gerdhem et al., 2003b). However, this relationship has not been consistently 

observed (Zimmermann et al., 1990; Nguyen et al., 1994; Taaffe et al., 2003).  

 

Data from the present study failed to show any associations between isometric 

quadriceps femoris strength and BMD at the FN, TH and the LS, adjusting for age 

(Chapter 4, Table 4.16). These present findings support an earlier report by Zimmerman 

et al. (1990). Although they documented a positive correlation between quadriceps 

femoris strength and LS and hip BMD, this association was no longer evident after 

considering weight as a potential confounder. In the present study, weight was not 

found to be associated with quadriceps femoris strength performance (Chapter 4, Table 

4.12). Therefore, weight was eliminated as a potential confounder. 
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In another study, Nguyen et al. (1994) failed to observe a relationship between FN 

BMD and quadriceps femoris strength in 1,080 elderly females from the DOES cohort. 

However, they noted that there was an interaction between calcium intake, quadriceps 

femoris strength and FN BMD. They reported that FN BMD measurements were about 

5% higher (p < 0.05) in those with stronger quadriceps femoris strength and who had 

higher calcium intake than those with weaker quadriceps femoris strength and who had 

lower calcium intake. 

 

In a more recent report, Nguyen et al. (2000) documented significant associations 

between isometric quadriceps femoris strength with LS and FN BMD, independent of 

age, body mass index and dietary calcium intake, in 1,075 women (mean age 69.4±7 

years). Similarly, Gerdhem et al. (2003b) observed a weak relationship between 

isometric quadriceps femoris strength and BMD in 1,004 elderly Swedish women. They 

noted that quadriceps femoris strength was more strongly correlated with FN and 

trochanteric BMD (r = 0.21 – 0.23; p < 0.001) compared to LS BMD (r = 0.11; p < 

0.01). Although these associations were significant, quadriceps strength accounted for 

only 1% to 4% of the variance in BMD (Nguyen et al., 2000; Gerdhem et al., 2003b). 

 

Dynamic quadriceps femoris strength has also been investigated and yielded 

contradictory results (Blain et al., 2001; Taaffe et al., 2003). Blain et al. (2001) noted a 

positive and strong relationship between dynamic quadriceps femoris strength and FN 

BMD in 56 elderly females (mean age 70.5±6.2 years). In their study, quadriceps 

femoris strength accounted for 30% of variance in FN BMD, independent of age and 

weight (Blain et al., 2001). In contrast, Taaffe et al. (2003) did not observe this 

relationship in 847 white women (mean age 73.6±2.8 years), in the Health Age and 

Body Composition study in the USA. 

 

Comparing the findings of the present study with previous reports may be difficult due 

to several reasons. First, Blain et al. (2001) and Taaffe et al. (2003) assessed quadriceps 

femoris strength dynamically using isokinetic muscle testing at 90°/s and 60°/s, 

respectively. Isokinetic quadriceps femoris strength, when tested at an angular velocity 

of more than 60°/s, in 70 year old women tended to be lower than isometric strength 

with the knee flexed at 90° (Aniansson et al., 1980). The present study chose to assess 

isometric strength rather than isokinetic muscle strength. This was primarily done to 

minimise any confounding factors that may affect maximum voluntary strength, such as 
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reduced joint range of motion, articular pain and reduced reaction time. It is reasonable 

to speculate that these factors may affect strength testing in an elderly population where 

osteoarthritis of the knee joint is a common occurrence.  

 

Second, it is well documented that muscle strength and BMD are both negatively 

correlated with age (Newman et al., 2003). Although Gerdhem et al. (2003b) reported 

weak relationships between quadriceps strength and BMD at various sites, these 

associations were assessed using linear regressions without taking into consideration the 

interaction of age in this relationship. Therefore, age may have a confounding effect on 

the results reported. Interestingly, Nguyen et al. (1994) documented an interaction 

between calcium intake, quadriceps femoris strength and FN BMD. The present study 

did not take into account calcium intake as a potential confounder but further analysis 

considering both age and total calcium intake as potential confounders (not reported in 

Results Chapter), showed that there was still no relationship between FN BMD and 

quadriceps femoris strength (r = -0.01, p = 0.91). 

 

In summary, observations from large cross-sectional studies suggest that there is a weak 

but significant association between quadriceps femoris strength with BMD of the LS 

and FN, independent of potential confounders such as age, weight, BMI, and calcium 

intake (Nguyen et al., 1994, 2000). The present study had a relatively small sample size 

compared to these epidemiology studies. In addition, the population from this study was 

derived from a sample of convenience. Thus, the lack of association noted in this study 

may be due to the lack of statistical power and the homogeneity of the sample.  
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5.3.3 Grip Strength and BMD 

The present study did not find any associations between grip strength and LS or FN 

BMD, after adjusting for age. These findings agree with the observations by Foley et al. 

(1999) who found no relationship between handgrip strength and BMD of the proximal 

femur (r = 0.27, p = 0.26), after adjusting for body weight. Similarly, Proctor et al. 

(2000) reported that grip strength was only associated with forearm BMD but not LS or 

hip BMD in 351 women (results derived from multivariate analysis, details of results 

were not provided).  

 

In contrast, the non-site specific effects of muscular strength on spine and hip BMD 

have been documented in several studies (Bevier et al., 1989; Kritz-Silverstein & 

Barrett-Connor, 1994; Sinaki et al., 1998). A weak relationship between grip strength 

and BMD at the LS and FN (r = 0.24; r = 0.34, p < 0.05, respectively) in 96 young pre-

menopausal women (mean age 35.5±2.8 years) was reported by Sinaki et al. (1998). 

This relationship of similar magnitude was also observed in post-menopausal women 

(Bevier et al., 1989; Kritz-Silverstein & Barrett-Connor, 1994). Bevier et al. (1989) 

observed a weak relationship (r = 0.28, p < 0.05) between grip strength and LS BMD. 

Similarly, Kritz-Silverstein and Barrett-Connor (1994) found grip strength to be weakly, 

but significantly associated with BMD at the LS and proximal femur (r2 = 0.14; r2 = 

0.28, p < 0.05, respectively), independent of confounders such as age, BMI, oestrogen 

use, smoking, regular exercise, thiazide use, or arthritis.  

 

In summary, attempts to investigate the relationships between muscular strength and 

bone mass in post-menopausal women have produced equivocal results. In studies that 

have reported positive associations, weak relationships have been observed, suggesting 

that other factors such as age, weight, height, lean body mass, muscle mass, physical 

activity levels, sex hormones, Vitamin D status, calcium intake, metabolic conditions 

and genetic predisposition play synergistic roles in the maintenance of BMD with aging 

(Burr, 1997; Nguyen et al., 2000; Proctor et al., 2000; Mezquita-Raya et al., 2001; 

Vuillemin et al., 2001; Iki et al., 2002; Zamboni et al., 2002; Frost, 2004). Although it 

has been argued that human studies are difficult to control (Burr, 1997), future well-

controlled epidemiological studies, considering the above stated potential confounders, 

are required to provide a better definition of the relationship between muscular strength 

and BMD. 
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5.3.4 Calcaneal QUS and Muscular Strength  

There is currently a paucity of literature reporting the relationships between calcaneal 

QUS and muscular strength of the trunk, lower limb and upper limbs.  

 

The present study observed that apart from grip strength, there were no associations 

between muscular strength of the trunk or quadriceps femoris and calcaneal QUS 

variables (Chapter 4, Table 4.16). A negative and weak correlation between grip 

strength and SOS, after adjustment for age, was noted in the present study (partial 

correlation r = -0.20, p = 0.048). A comparison of the present findings with previous 

studies is not possible, given the absence of literature reporting this relationship in 

community-dwelling elderly females. However, a recent study by Zochling et al. (2002) 

which involved 899 older institutionalised women (mean age 86.7±6 years) noted a 

significant association between isometric quadriceps femoris strength with BUA (p = 

0.0009) and velocity of sound (p = 0.02). The strengths and directions of these 

associations were however not reported. It is also not known if age was taken into 

consideration as a potential confounding factor. Using multiple regression analysis, 

Zochling et al. found that weight, age and history of previous fracture, but not 

quadriceps femoris strength, were most predictive of BUA. Their results suggest that 

age and/or weight may have confounded their initial observations. 

 

Weight bearing exercises, such as brisk walking, have been shown to have a positive 

effect on BUA (Jones et al., 1991). However, the indirect effects of brisk walking on 

quadriceps femoris or other lower limb muscle strength variables were not demonstrated 

by Jones et al. Therefore, the relationships between muscle strength of the lower limbs 

and calcaneal QUS variables are not known. 

 

In summary, the available literature suggests that there is no proven relationship 

between calcaneal QUS, trunk, quadriceps femoris and grip strength, when confounding 

variables were considered. The paradoxical negative relationship between SOS and grip 

strength will need to be confirmed in future studies as the association noted in the 

present study may have happened by chance. 
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5.4 RELATIONSHIPS BETWEEN THORACIC KYPHOSIS, TRUNK 

STRENGTH AND BREAST SIZE 

5.4.1 Thoracic Kyphosis and Trunk Strength 

It was postulated that weak trunk muscles, associated with hyperkyphotic posture, may 

be the cause of the change in gait patterns in the elderly (Hirose et al., 2004). It was 

suggested that strong trunk muscles, in particular the back extensor muscles, may have 

protective effects against the progression of thoracic kyphosis in elderly persons (Sinaki 

et al., 1996a). The present cross-sectional study however, failed to observe any 

significant associations between trunk strength (extension or flexion) and either of the 

two indices of thoracic kyphosis, namely, the radiographic Cobb angle and the 

rasterstereographic BSC. Additionally, there were no differences in thoracic kyphosis 

between women with different levels of trunk extensor strength, confirming the lack of 

association.  

 

The results of the present study are consistent with the findings of an earlier prospective 

study by Itoi and Sinaki (1994). They failed to show any significant change in thoracic 

Cobb angle after two years of back strengthening exercises, despite a significant 

increase in back extensor strength in the exercising group (n = 32 versus n = 28 in non-

exercising control group). Using the same data set, they then re-classified the subjects 

and reported that those women with severe thoracic kyphosis and who had a larger 

increase in back extensor strength, had a mean reduction of 2.8° ± 4.2° in Cobb angle at 

the end of a two-year intervention program. They concluded that strengthening of the 

back extensor musculature can reduce thoracic kyphosis in healthy post-menopausal 

women. However, their results need to be interpreted with care for two reasons. First, 

the present study observed that the measurement error of Cobb angle assessment ranged 

from 1.9° to 2.6°(Chapter 3.8.2; Table 3.5). Carmen et al. (1990) also reported an 

average intra-observer difference of 3.3° in repeated Cobb angle measurements. Second, 

the clinical significance of a small reduction of 2.8° in thoracic kyphosis found in the 

study by Itoi and Sinaki (1994) remains questionable. 

 

Conversely, the results of the present study did not support previous findings by Sinaki 

and colleagues (Sinaki et al., 1996a,b, 2004). Significant associations between 

radiographic Cobb angle and trunk extensor strength were documented in earlier studies 

by Sinaki et al (1996a,b). In a more recent report, they documented that hyperkyphotic 
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women (n = 12, Cobb angle 50° – 65°) had significantly weaker trunk extensor strength 

(p < 0.05) compared to healthy controls (n = 13, Cobb angle < 40°). Although 

radiographic Cobb angle was defined similarly in Sinaki’s studies and the present study, 

several factors may have contributed to the difference observed. First, the participants in 

the present study were older (mean age 71 years) compared to the sample populations in 

Sinaki’s earlier studies (Sinaki et al., 1996a: mean age 54 years; Sinaki et al., 1996b: 

mean age 65 years). Second, earlier studies by Sinaki et al. (1996a,b) assessed the 

association between trunk strength and kyphosis using Spearman’s Rank correlation 

where age was not considered as a potential confounder. In their recent report (Sinaki et 

al., 2004), hyperkyphotic subjects were older than the controls (mean±SD age of 

hyperkyphotic subjects: 76.5±5 years; controls: 71±5 years, p < 0.01). However, they 

did not consider the possible confounding effects of age in the comparison between 

groups. The age-related decline of muscular strength and the age-associated increase in 

spinal curvature in the elderly is well documented. Therefore, the effects of age may 

have confounded the results observed by Sinaki et al. (1996a,b, 2004). Third, the 

present study assessed strength in an upright functional position. This was an easy test 

position for the elderly person to adopt. It also allowed the tester to assess the facial 

expression of the participants to ensure that the testing procedures were painfree. In 

addition, being in neutral trunk flexion/extension, the effects of gravity on strength 

performance were eliminated. In the studies by Sinaki et al. (1996a,b, 2004), trunk 

extensor strength was assessed in prone lying, with a strength transducer placed 

between the scapulae (Chapter 2, Figure 2.6). They argued that a prone position ensured 

patient comfort, minimised the risk of iatrogenic vertebral fracture during strength 

testing and reduced the influence of trunk weight on extensor strength. These claims 

were however not substantiated. Furthermore, the effect of gravity on isometric trunk 

extension strength performance in the prone position is not known.  

 

Recently, Balzini et al. (2003) reported that ‘flexed posture’ in elderly women was 

related to weaker trunk extensor strength. The findings of the present study cannot be 

compared to this study as they used the ‘occiput-to-wall’ distance as an index of 

kyphosis (Chapter 2, Figure 2.4). This measure incorporated the position of the head 

and did not solely consider spinal or back surface curvature. Additionally, they used 

manual muscle testing to determine the trunk extensor strength. This method of muscle 

testing has been shown to have poor reproducibility and high variability (Frese et 

al.,1987; Jepsen et al., 2004). 
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The lack of association between trunk extensor strength and back surface curvature was 

also observed by Eagan and Sedlock (2001). A direct comparison with the present study 

is however difficult due to methodological differences. In their study, strength was 

measured in prone, and thoracic kyphosis was determined using a Debruener 

Kyphometer (Chapter 2, Figure 2.3b). 

 

Despite a relatively large sample size (n = 104) compared to the previous studies 

(Sinaki et al., 1996a: n = 65; 1996b: n = 36; 2004: n = 25), the results of the present 

study failed to observe a significant relationship between trunk strength and thoracic 

kyphosis. However, further studies are needed. First, trunk extension and flexion 

strength assessment in the present study did not isolate specific trunk extensor or flexor 

muscle groups. Investigation of muscle activity of the trunk musculature during 

standing using electromyographic studies, across age groups and varying degrees of 

thoracic curvatures, may aid in isolating and identifying the muscles most active in 

maintaining a neutral posture. Second, the present study investigated the maximum 

voluntary isometric strength, but not the endurance of the trunk muscles. As back 

extensor musculature is predominantly slow twitch in nature (Mannion et al., 1997), it 

would be interesting to assess if there is a relationship between endurance of the back 

extensor musculature and spinal curvature.  
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5.4.2 Thoracic Kyphosis and Breast Size 

One of the secondary interests in this study was to investigate if non-spinal factors, in 

particular breast size, contribute to the pathogenesis of thoracic hyperkyphosis in 

women. With knowledge that thoracic kyphosis is likely to develop over time and there 

is gradual reduction in the mammary tissues with the onset of menopause, this study 

gathered information regarding the history of the largest bra size worn by the subjects, 

to provide an approximate indication of her breast size. Each subject was asked to recall 

the largest bra size worn (cup and girth size), excluding the period when she was 

pregnant or nursing. The results of this study showed that breast size was not related to 

the magnitude of thoracic curve.  

 

To the best of the author’s knowledge, this is a novel finding, as there is currently no 

literature documenting this relationship. However, there are several limitations 

associated with this study. First, breast size was determined from self-report. The 

subject’s recall of her largest bra size worn may not be accurate as this is not a 

significant event, unlike an illness episode. Second, the subject’s current breast size or 

bra size was not measured objectively. Inclusion of an objective measurement of current 

bra size may give a better estimate, or a confirmation of her perception of her previous 

bra size.  

 

In summary, the present study found that the magnitude of thoracic kyphosis in elderly 

post-menopausal women was not related to their recall of the largest bra size worn. 

However, these results are not conclusive, possibly due to the lack of statistical power 

and inadequate measurement accuracy. Additionally, the cross-sectional nature of this 

study cannot address questions of causality. Thus, the effect of breast size on thoracic 

kyphosis warrants further investigation. A prospective study design with a larger sample 

size and possibly using a combination of objective measures of breast size in addition to 

a subjective recall of bra size, may provide a better understanding of this relationship. 

An example of an objective measure of breast size is the Computerised Breast 

Measurement System, used to measure breast volume described by Daly et al. (1992). A 

high correlation (r2 = 0.65) between breast volume, determined by this system and 

current bra cup size have been observed (J. Kent, personal communication, 24 February, 

2004). 
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5.5 RELATIONSHIPS BETWEEN HABITUAL PHYSICAL ACTIVITY 

LEVELS, BONE, THORACIC KYPHOSIS, PHYSICAL PERFORMANCE, 

AND HRQoL 

The influences of physical activity on bone, muscular strength and functional 

performance have been examined by many investigators, especially in this era where 

promoting health, maintaining functional independence and quality of life in the elderly 

is a central theme in the area of gerontology (McAuley & Katula, 1998). Studies have 

been conducted using sample populations of differing age range, diseases and medical 

conditions (e.g., cardiovascular disease, coronary artery disease, diabetes, arthritis), and 

independence status (e.g., institutionalised versus community-dwelling elderly). 

Additionally, methodologies employed to assess these relationships have varied to a 

great extent.  

 

Many review articles have been published that have comprehensively summarised these 

relationships. These review articles will be referenced in the relevant sections of this 

chapter. It is beyond the scope of this discussion to address all previous studies. Rather, 

it will focus on comparing the findings of the present study with previous research 

conducted on similar populations, namely community-dwelling older women, and 

studies that investigated habitual physical activity rather than structured short-term 

exercise intervention programs. Habitual physical activity included not only 

participation in leisure and sporting activities, but also work and household related 

activities. The author considers this to be more reflective of the typical lifestyle activity 

patterns of elderly individuals. Considerable data exist to show the positive effects of 

physical training (strength, aerobic, flexibility) through structured exercise regimens on 

bone strength and physical performance. However, less is known of the possible 

positive effects of simply a more active lifestyle, for example, participation in less 

strenuous social activities such as lawn bowling, social dancing, volunteering; and 

routine household activities such as gardening, house cleaning and climbing stairs 

within the house.  
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5.5.1 Habitual Physical Activity Levels, BMD and QUS 

It has been suggested that age-related decline in BMD is solely due to the decline in 

physical activity with aging (Frost, 1997). However, there is growing evidence to 

suggest that loss of bone mass is multifactorial. Muscle mass and strength (Proctor et 

al., 2000), levels of circulating sex hormones (Hagberg et al., 2001), serum calcium 

levels (Brahm et al., 1998) and types of physical activity (Kerr et al., 1996; Layne & 

Nelson, 1999; Rutherford, 1999) are some commonly identified factors. However, 

physical activity is still widely recommended to increase bone mass, evident from a 

recent review by Wallace and Cumming (2000).  

 

Many studies have been conducted to investigate the effect of exercise and physical 

activity on bone mass and fracture risk in different age groups, and in different sample 

populations, but controversy still exists. It is beyond the scope of this discussion to 

include them all, however, there are some excellent recent reviews on this subject 

(Layne & Nelson 1999; Rutherford, 1999; Wolff et al., 1999; Wallace & Cumming 

2000).  

 

The present study examined the relationship between current habitual physical activity 

level with BMD and QUS measurements. Physical activity levels (household and leisure 

activities) were assessed using the validated Modified Baecke Questionnaire for Older 

Adults (refer to Chapter 3.14.6). These women were grouped into tertiles of ‘High’, 

‘Medium’ or ‘Low’ physical activity levels. These women were generally healthy, 

ambulant and were not on HRT (refer to Chapter 3.4.2). Results showed that the group 

at the highest tertile of physical activity level was significantly younger than the less 

active groups. However, there were no differences in weight, height, BMI or dietary 

intake of calcium, alcohol, protein and carbohydrate among these three groups (Chapter 

4, Table 4.18). With age as a covariate in the ANOVA, results showed that there were 

no differences in either BMD (at the hip and lumbar spine) or QUS values among the 

three groups of women with different physical activity levels (Chapter 4, Table 4.18).  
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Habitual Physical Activity Levels and BMD 

The lack of association between habitual physical activity levels and BMD found in the 

present study is consistent with previous population-based studies investigating the 

influence of physical activity on BMD. In the prospective Framingham Osteoporosis 

study (4 year follow-up), physical activity levels did not confer any positive effects in 

an elderly study group consisting of 764 men and women (mean age 74 years) (Hannan 

et al., 2000). Nguyen et al. (1998) reported that physical activity (using the same 

assessment as the Framingham study) was positively associated to FN and LS BMD in 

1,075 women. However, this association was not significant after adjusting for age and 

BMI. The Malmo Osteoporosis Prospective Risk assessment study (OPRA), which 

involved a large number of 75 year-old Swedish women (n = 1,004), demonstrated that 

self-reported physical activity involvement was not associated with BMD at any sites 

(Gerdhem et al., 2003b). In another report, they documented that there were no 

differences in physical activity levels between those in the highest (n = 55) and lowest 

quintile (n = 58) of bone mass (Gerdhem et al., 2003a). Gerdhem et al. (2003a,b) 

suggested that their samples may have included relatively more active elderly subjects 

as they only had about 65% participation rate. Therefore, their results may have been 

biased. Similarly, the effects of selection bias may also have been observed in the 

present study. The subjects were volunteers recruited predominantly from community 

exercise classes, volunteer groups or social clubs.  

 

In contrast, several cross-sectional and prospective studies have documented beneficial 

effects of physical activity on LS BMD (Sinaki & Offord, 1988; Sinaki et al., 1996b; 

Hagberg et al., 2001) and the FN BMD (Greendale et al., 1995; Sinaki et al., 1996b; 

Nguyen et al., 1998). The positive relationship between physical activity and BMD was 

maintained even after correcting for potential confounders such as age, body weight, 

HRT and dietary calcium intake (Greendale et al., 1995; Hagberg et al., 2001).  

 

Interestingly, Hagberg et al. (2001) demonstrated that active ‘non-athletic’ women had 

significantly higher LS BMD compared to sedentary women; however no differences 

were observed between the more active ‘athletic’ women and the sedentary women. 

Additionally, they found that calcium and protein intake did not affect their results. 

Their findings suggest that moderate physical activity levels, but not higher-intensity 

physical activity levels, were associated with BMD.  
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Bergstralh et al. (1990) monitored the physical activity levels, LS BMD and back 

extensor strength of 65 healthy post-menopausal women over two years. They observed 

significant variations in these measurements with seasonal changes. Thus, the effect of 

seasonal variation on physical activity, LS BMD and trunk strength may be another 

contributing factor to the inconsistencies in the results observed. 

 

Habitual Physical Activity Levels and Calcaneal QUS 

The present study failed to find significant differences in calcaneal QUS measurements 

among women with different levels of physical activity (Chapter 4, Table 4.18). These 

findings are consistent with the cross-sectional study by Brahm et al. (1998) who found 

no associations between calcaneal QUS, and lifetime physical or occupational activity 

levels in 61 Swedish women. Interestingly, a recent epidemiologic study documented 

that BUA was related to high impact physical activities but not to moderate impact 

physical activity levels (Jakes et al., 2001). Examples of high impact activities in 

Jakes’s study included high impact aerobics, competitive running, jogging, tennis, 

hockey and netball; moderate impact physical activities included walking, mowing the 

lawn, bowling, dancing and exercising with weights. None of the subjects in the present 

study reported being involved in any of the high impact types of activities. The 

moderate impact activities cited by Jakes et al. were more typical of the activities 

pursued by the subjects in the present study. Thus, the present findings support the 

observations documented by Jakes et al. (2001). 

 

On the contrary, positive relationships between physical activity levels and calcaneal 

QUS measurements have been observed in a few cross-sectional studies (Graafmans et 

al., 1998; Gregg et al., 1999; Landin-Wilhelmsen et al., 2000; Adami et al., 2003) and in 

one prospective study (Jones et al., 1991). The differences in the results of the present 

study compared to previous cross-sectional studies may be due to several factors. First, 

previous studies involved large numbers of participants, with sample sizes ranging from 

393 to 7,564 (Graafmans et al., 1998; Gregg et al., 1999; Landin-Wilhelmsen et al., 

2000; Adami et al., 2003). In the present study, a relatively small sample was examined 

(n = 104). Therefore, there may be insufficient power to observe a statistical difference. 

 

Second, the subjects in the present study were likely to be more active compared to their 

age-matched counterparts. Participants of this study were drawn from a sample of 
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convenience where community exercise and volunteer groups were targeted primarily. 

The median physical activity score was 11.0 (IQR = 7.8 – 22.5). This is higher than the 

reported median score in the study by Graafmans et al. (1998) who utilised the same 

questionnaire (median = 3.0; IQR = 1.3 – 5.7). This is understandably so as 

Graafmans’s subjects were older (mean age 82.5±5.9 years) compared to the sample 

population (mean age 71±5.8 years) of the present study. 

 

Third, physical activity levels in the present study took into account both household and 

leisure activities. These activities included gardening, cleaning house and using 

steps/stairs. Each activity was given a score based on intensity, duration and frequency. 

On the other hand, previous studies sought a more global assessment, for example, by 

recording the number of minutes spent on walking or bike riding a day where the 

choices given were ‘never’, ‘less than 30 minutes’, ‘between 30 and 60 minutes’ or 

‘greater than 60 minutes’ (Adami et al., 2003); or into four broad categories of physical 

activity levels (Landin-Wilhelmsen et al., 2000). These assessments did not take into 

account other activities that elderly individuals tend to participate in, for example, lawn 

bowling, golfing or gardening. These global assessments of physical activity 

participation may have resulted in an inaccurate reflection of the actual physical activity 

levels. Finally, these studies used different calcaneal ultrasound systems, which may 

also have contributed in a small way to the difference in results observed. 

 

In summary, there is contradictory evidence on the relationship between habitual 

physical activity and bone. The current study did not observe any difference in BMD or 

QUS values between three groups of women with varying levels of physical activity 

participation. These three groups of women did not differ in anthropometric 

characteristics or their dietary intake of calcium, alcohol, protein or carbohydrate. The 

limited sample size, compounded by the homogeneity of the sample population may 

have resulted in the inability to detect any difference in BMD or QUS measurements. 

Due to the cross-sectional nature of this study, and the factors discussed, it cannot be 

concluded that there is a no relationship between habitual physical activity levels and 

bone mass or bone quality.  
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5.5.2 Habitual Physical Activity Levels and Thoracic Kyphosis 

The present study observed that radiographic spinal curvature and rasterstereographic 

back surface curvature of the thoracic region did not differ in women with varying 

levels of physical activity. This finding supports earlier observations by Sinaki et al. 

(1996a) and Eagan and Sedlock (2001) who did not find any significant associations 

between thoracic kyphosis and physical activity levels in both normal and osteoporotic 

women (refer to Chapter 2.7.2 for details). In Sinaki’s study (1996a), spinal curvature 

was assessed using the Cobb’s method from spinal radiographs, whereas Eagan and 

Sedlock (2001) assessed back surface curvature using the Debruener Kyphometer 

(Chapter 2, Figure 2.3B). 

 

Although current evidence showed no significant association between physical activity 

levels and kyphosis, the results from the present study suggested that women who were 

physically more active tended to be less kyphotic, consistent with previous findings 

(Sinaki et al., 1996a; Eagan & Sedlock 2001). However, the cause and effect of this 

relationship cannot be explained by these cross-sectional studies. Future prospective 

longitudinal studies, using measurement tools (for spinal curvature) with high 

reproducibility may help define this relationship better. 

 

5.5.3 Habitual Physical Activity Levels and Physical Performances (Strength, Mobility and 

Postural Sway) 

Physically more active elderly individuals have been shown to have better functional 

mobility (Davis et al., 1998; Visser et al., 2002), strength (Sinaki, 1989; Lord et al., 

1993; Nguyen et al., 2000; Gerdhem et al., 2003b), and balance (Lord et al., 1993; Lord 

& Castell, 1994). It is therefore suggested that being physically active has beneficial 

effects in maintaining functional independence and reducing the risk of injurious falls 

(Graafmans et al., 1996b; Schwartz et al., 1998; Gregg et al., 2000).  
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Habitual Physical Activity Levels and Trunk Strength 

Very few studies have investigated the relationship between physical activity levels and 

trunk strength in post-menopausal women. Two earlier investigations by Sinaki and 

colleagues (Sinaki & Offord, 1988; Sinaki et al., 1996a) observed a significant 

association (r = 0.36 – 0.37, p < 0.01) between physical activity levels and back 

extensor strength. In contrast, the present study failed to observe this relationship 

(Chapter 4, Figure 4.6). Direct comparison with Sinaki’s studies may not be judicious 

due to the following reasons. First, the sample populations from Sinaki’s studies were 

younger (Sinaki & Offord, 1988: n = 68, mean age 56 years; Sinaki et al., 1996a: n = 

65, mean age 54 years) compared to the sample of the present study (n = 104, mean age 

71.3 years). Second, the associations between strength and physical activity levels in 

Sinaki’s studies were assessed using linear regression without considering age as a 

covariate in the relationship. The present study trichotomised the subjects into different 

levels of physical activity. Analysis of variance, using age as a covariate failed to show 

any difference in trunk strength among the three groups. Finally, in Sinaki’s studies, 

trunk extensor strength was documented as the force output generated by the back 

musculature in the prone lying position, whereas the present study documented the 

torque generated by the trunk muscles in standing. 

 

In addition to trunk extensor strength, the present study failed to find a significant 

positive relationship between trunk flexor strength and physical activity levels. This can 

be expected as trunk extensor and flexor strength is significantly correlated (r = 0.62, p 

< 0.0001) (not reported in the Results Chapter). A comparison with previous findings is 

not possible as there are no reports documenting this relationship. 
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Habitual Physical Activity Levels and Quadriceps Femoris Strength 

The present study found no significant differences between quadriceps femoris strength 

among women with varying levels of physical activity. This result is consistent with the 

study by Nguyen et al. (1998), which involved 1,134 elderly Australian women from the 

DOES cohort. This cross-sectional study showed that there were no differences in 

quadriceps strength among women with varying levels of self-reported physical activity 

(grouped as Sedentary, Moderate or Active). 

 

In contrast, a few cross-sectional studies examined the correlation between quadriceps 

femoris strength and habitual physical activity levels in Caucasian women and found 

weak but significant relationships (Nguyen et al., 2000; Gerdhem et al., 2003b). The 

study by Gerdhem et al. (2003b) involved 1,004 women aged 75 years old; the 

association had a Pearson’s correlation coefficient of r = 0.30 (p < 0.001). Similarly, 

Nguyen et al. (2000) reported a weak association (r = 0.23, p < 0.0001) in 1,075 

women. Differences in statistical analyses make direct comparison with the present 

study difficult. 

 

Habitual Physical Activity Levels and Grip Strength 

The present study observed that women in the highest tertile of physical activity had 

stronger grip strength compared to their more sedentary counterparts (Chapter 4, Figure 

4.6). The results of this study are consistent with Sinaki et al. (1989) who found that 

stronger grip strength was weakly correlated to higher habitual physical activity levels, 

assessed using simple linear regression analysis (r = 0.28, p < 0.05). The result of the 

present study is also in accord with a larger, well-controlled study by Kritz-Silverstein 

and Barrett-Connor (1994). Their study noted that women who engaged in regular 

moderate exercise (n = 348) had stronger grip strength compared to the non-exercisers 

(n = 293). They also documented that the grip strength of the more active group was 

significantly associated with BMD of various anatomical sites, after adjusting for 

potential confounders such as age, obesity, exercise, cigarette smoking, thiazide use, 

arthritis, years menopausal and oestrogen use. However, this relationship was not noted 

in the less active group of women. Kritz-Silverstein and Barrett-Connor (1994) 

suggested that grip strength may be an indicator of bone strength. Additionally, Ensrud 

et al. (1994) documented that lower grip strength was independently correlated with 

impaired mobility. It can be inferred that those individuals with impaired mobility were 



249 

likely to be physically less active than their more mobile counterparts. Thus, the results 

of the present study indirectly support the observations by Ensrud et al. (1994).  

 

Conversely, grip strength has been shown to be unrelated to physical activity levels in 

the study by Voorrips et al. (1993). In their study, 50 elderly women (mean age 

71.5±4.5 years) were grouped into tertiles according to their reported physical activity 

levels, assessed using the same questionnaire employed by the present study. Voorrips 

et al. (1993) however did not report the median or the mean physical activity score for 

each of the tertiles, making direct comparisons difficult. The study by Voorrips et al. 

had fewer subjects than the present study (n = 104) and this may have resulted in their 

failure to observe any trends.  

 

Habitual Physical Activity Levels and Functional Mobility 

The women in the present study had a mean TUG score of 8.1s (Chapter 4, Table 4.8). 

Reported normative data for women in a similar age group ranged from 8 to 8.8s 

(Podsialdo and Richardson 1991;Hill et al., 1999; Shumway-Cook et al., 2000; Steffen 

et al., 2002; Isles et al., 2004) suggesting that the performance of the TUG task by the 

women in this study is representative of generally healthy older women of similar age. 

 

The present study observed that the group of women in the highest tertile of habitual 

physical activity levels also performed better at the TUG task (Chapter 4, Figure 4.6). 

This suggested that women who were more active had better functional mobility. This 

finding is consistent with two large population-based studies (Davis et al., 1998; Visser 

et al., 2002) and a 14-year prospective study (Brach et al., 2003). Davis et al. (1998) 

documented a significant association between the physical activity levels and the TUG 

performances of 705 community-dwelling women of Japanese ancestry in Hawaii. This 

finding was confirmed recently in a longitudinal study by Visser et al. (2002). In their 

sample of 1,121 post-menopausal women and 988 men (age range 55 – 85 years), 

individuals who were physically more active (in sporting, leisure or household 

activities) were found to have less decline in their functional mobility, assessed using 

the TUG test and the repeated chair-rise tests, over a 3-year follow-up period. 

Additionally, Visser et al. found that individuals who maintained their physical activity 

levels during the follow-up period had the least decline in their functional mobility 

performance, independent of potential confounders such as age, gender and health 
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status. These findings by Visser et al. support the present observations, as they 

employed the same questionnaire as the present study in their assessment of physical 

activity levels. More recently, Brach et al. (2003) reported the results of a 14-year 

prospective study and showed that women who were more active had better functional 

status than those who were less active. Some of the performance-based assessment used 

in that study included walking and the ability to turn 360°. These essentially assessed 

the same functional components as the TUG test. 

 

Results from the National Health and Nutrition Examination Survey (NHANES III) 

showed that elderly women aged 70 and over with BMI of greater than 30 had poorer 

functional mobility than women with lower BMI (Davison et al., 2002). In the present 

study, analyses showed that there were no differences in BMI between the three groups 

of women with varying physical activity levels (Chapter 4, Table 4.18). The present 

study excluded women who had a BMI of greater than 35. This exclusion may have 

contributed to the absence of associations between BMI, physical activity and mobility. 

 

Habitual Physical Activity Levels and Postural Sway 

The positive effect of exercise intervention programs on postural stability was 

demonstrated in two prospective studies (Lord et al., 1993; Lord & Castell, 1994). 

Using the Lord’s Sway-Meter (Lord et al., 1991b), the present study failed to observe 

any significant differences in postural sway among the three groups of women with 

different physical activity levels (Chapter 4, Figure 4.7). However, there was a trend to 

suggest that in a more challenging balance task (standing on foam with eyes closed 

[FEC]), postural sway in the less active women was greater compared to the more active 

women (p = 0.23). The present study did not differentiate between women who 

participated in regular organised exercise programs from those who did not, therefore 

direct comparisons with the studies by Lord and colleagues (Lord et al., 1993; Lord & 

Castell, 1994) are not possible.  

 

The present findings suggest that simply increasing the habitual physical activity levels 

may not have sufficient effect to cause an observable difference in postural sway. 

Involvement in regular organised exercise programs, with specific activities, may be 

necessary to see an effect on improved balance (Lord et al., 1993; Lord & Castell, 1994; 

Skelton, 2001) and muscular strength in the elderly (Taaffe et al., 1999). 
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In summary, the findings from the present study suggest that higher habitual physical 

activity levels, independent of age, have positive effects on grip strength and functional 

mobility but not trunk, quadriceps muscle strength or postural sway. Only age was taken 

as a covariate in these analyses as there were no differences in BMI, weight or dietary 

intake of calcium, protein and carbohydrate or total energy intake among the three 

groups of women with varying levels of physical activity. Grip strength was previously 

suggested to be an indicator of global muscular strength (Bevier et al., 1989) and bone 

strength (Myburgh et al., 1993; Kritz-Silverstein & Barrett-Connor, 1994; Bean et al., 

1995). Additionally, reduced grip strength and poor functional mobility have been 

shown to be predictors of falls in the elderly (Wickham et al., 1989; Nevitt et al., 1991; 

Luukinen et al., 1997) and independent risk factors of incident osteoporotic fractures 

(Stel et al., 2004). This is of clinical importance as the results of the present study 

indirectly support the previous findings that increasing physical activity levels can 

reduce falls risk and consequently osteoporotic fracture risk in the elderly (Gregg et al., 

2000; Stel et al., 2004). 

 

5.5.4 Habitual Physical Activity Levels and HRQoL 

The numerous studies conducted to investigate the effects of physical activity on quality 

of life in the elderly with different health status and medical conditions have been 

comprehensively reviewed by several authors (Brown, 1992; Rejeski et al., 1996; 

American College of Sports Medicine Position Stand, 1998; McAuley & Katula, 1998; 

Rejeski & Mihalko, 2001). In general, it has been found that participation in physical 

activity, especially through exercise intervention programs, can have a positive 

influence on HRQoL, independent of age and health status (Rejeski & Mihalko 2001). 

A difficulty in comparing the results of the present findings with previous studies is the 

lack of a consistent operational definition of ‘quality of life’ across studies. This has 

resulted in the derivation of various questionnaires to measure this broadly defined 

construct. Rejeski and Mihalko (2001) argued that ‘quality of life’ could be viewed as a 

psychological construct measured as ‘life satisfaction’ or, as in the area of medicine, 

related to health dimensions and referred to as ‘HRQoL’. Due to the wide variety of 

questionnaires used, and a wide range of disease conditions studied, it is beyond the 

scope of this discussion to address all previous studies. This discussion will therefore be 
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limited to comparing the results of the present study to previous reports that have used 

similar questionnaires, namely the SF-36 Health Survey and the disease-specific  

OPAQ 2, so that similar constructs and quality of life dimensions can be compared. 

 

There are two recent reports from the Australian Longitudinal Study on Women’s 

Health, concerning the effects of physical activity on the mental and emotional well-

being of older Australian women (Brown et al, 2000; Lee & Russell, 2003). This 

population-based study, also known as Women’s Health Australia (WHA), is a survey 

on the health and well-being of three cohorts of Australian women: ‘young’ (age range 

18 – 23 years); ‘middle age’ (age range 45 – 50 years) and ‘older’ (age range 70 – 75 

years) women. In their earlier publication, Brown et al. (2000) documented that 

physically more active older Australian women had higher scores in the SF-36 General 

Health, Vitality and Mental Health domains. The two summary scores from the SF-36 

Health Survey, the PCS and the MCS were also higher in the more active group, 

independent of potential confounders such as BMI, smoking, alcohol consumption and 

menopausal status. In a more recent publication focusing on the emotional and mental 

health status, higher physical activity levels were associated with higher scores in all of 

the SF-36 mental health domains, namely Vitality, Social Functioning, Emotional 

Status, Mental Health, as well as the MCS score (Lee & Russell, 2003).  

 

The results of the present study are consistent with the WHA data in that the group of 

women who were most active had significantly higher ratings on the SF-36 Physical 

Function, General Health and Vitality domains compared with their least active 

counterparts (refer to Chapter 4, Table 4.19). The effect of physical activity levels on 

the Physical Function domain was not reported by the WHA publications (Brown et al., 

2000; Lee & Russell, 2003), therefore comparisons cannot be made. In the report by 

Brown et al. (2000), data were generated from 11,421 older Australian women, and the 

data published by Lee and Russell (2003) were derived from 10,063 women. The lack 

of significance, in particular the PCS and the MCS scores, observed in the present study 

may be due to the relatively small sample size, or may also suggest a limited 

discriminatory power of the SF-36 Health Survey when used in sample size like the 

present study. Additionally, the homogeneity of the sample population may have 

contributed to the inability to observe a statistically significant difference in some of the 

HRQoL constructs. Most of the subjects were recruited from community volunteer 

groups, exercise groups or social clubs. Participation in the study required them to travel 
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to two different research venues on two different occasions suggesting that they were 

generally more active, motivated and well-functioning. Their high levels of physical 

functioning and better mental health status were reflected in the higher SF-36 scores (all 

domains) compared to the Australian women norm published by WHA (Mishra & 

Schofield, 1998) and to the norms for women aged 65 to 74 years in the state of 

Western Australia (Daly, 1997). The SF-36 scores for these Australian cohorts are 

summarised in Table 5.4 for comparison. 

 
Table 5.4 The mean (SD) scores of the SF-36 Health Survey derived from the present 
study in comparison with the population norms in the state of Western Australia (WA) 
and data from the Women’s Health Australia (WHA) study.  

SF-36 Domains Present Study 
 

Mean (SD) 

WA Norms 
(Women aged 65 – 74) 

Mean (SD) 

WHA Norms 
(Women aged 70 – 74)

Mean (SD) 
Physical Functioning 81.3 (13) 73.3 (24) 63.4 (26) 
Role Physical  82.5 (33) 71.6 (39) 57.4 (43) 
Bodily Pain 73.5 (19) 72.0 (27) 65.1 (27) 
General Health 77.1 (14) 70.6 (23) 65.4 (22) 
Vitality 69.2 (15) 59.6 (24) 60.0 (21) 
Social Functioning 92.8 (14) 88.9 (22) 81.1 (26) 
Role Emotional  91.0 (24) 84.8 (33) 75.8 (38) 
Mental Health 81.0 (14) 80.4 (18) 76.5 (17) 
WA norms = SF-36 norms for the State of Western Australia (Daly, 1997); WHA norms = data derived 
from the Women’s Health Australia study (Mishra and Schofield 1998). 
 

 

The present study observed trends to suggest that higher physical activity is related to 

better perception of HRQoL assessed by the disease-specific OPAQ 2. Women who 

more active had higher scores in the Emotional Status, Symptoms and Social Interaction 

dimensions compared to the less active group (Chapter 4, Table 4.19). Although these 

differences did not reach statistical significance, the higher score for the Symptoms 

dimension attained from the more active group suggests that these women had fewer 

complaints about back pain and fatigue. This is consistent with the WHA study, where it 

was noted that women who were more active had less subjective reports of back pain 

and tiredness (Brown et al., 2000).  

 

Interestingly, the present study noted that women in the most active group had a higher 

mean score on the OPAQ 2 Emotional Status dimension (p = 0.045, Chapter 4, Table 

4.19), indicating that they perceived less fear of falling and tension, were less concerned 

about their body image, and had greater independence, compared to least active group 

of women. The observation from the present study is consistent with recent findings by 
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Bruce et al. (2002), who documented that fear of falling was associated with reduced 

participation in recreational physical activity in 1,050 older WA women (age range 70 – 

85 years). These findings suggest that physical activity may have a positive 

psychological role in reduction of the risk of falls in the elderly. However, the cause and 

effect of this relationship has yet to be established. 

 

Several prospective studies have identified poor social integration and fear of falling as 

significant HRQoL constructs associated with the risk of falls in the elderly population 

(Luukinen et al., 1997; Friedman et al., 2002; Murphy et al., 2003; Faulkner et al., 

2003). However, no studies have investigated the relationship between physical activity 

levels and these two HRQoL constructs in a single sample population. In addition, there 

are no published reports of the use of the OPAQ 2 to assess the effects of physical 

activity on HRQoL. The present study observed trends that women who were more 

active had higher scores in the Social Integration and Emotional Status dimensions of 

the OPAQ 2. The lack of statistical significance may be due to the loss of statistical 

power resulting from the limited sample size and/or the homogeneity of the sample 

population. Future studies involving a randomly selected sample population, and a 

larger sample size, are needed to confirm these trends. 

 

In summary, the results of the present study suggest that women with higher levels of 

physical activity generally perceive a better HRQoL and these findings are consistent 

with previous epidemiological studies.  

 

In concluding this section, it is evident from the literature that investigations on the 

relationships between habitual physical activity levels, bone strength, physical 

performances and HRQoL have produced equivocal results. It is recognised that 

defining physical activity participation in the elderly can be complex and difficult 

(LaPorte et al., 1983; Tudor-Locke et al., 2003). Different methods of evaluating 

physical activity exist in the literature and these methods evaluate different components 

of physical activity, for example, measuring movement versus measuring energy 

expenditure (LaPorte et al., 1983). Additionally, Tudor-Locke et al. (2003) highlighted 

that interpretation of terminologies may compound this problem. Participation in 

‘physical activity’ may be interpreted as participation in structured ‘exercise’ and 

difficulty with understanding terminologies such as ‘intensity’ and ‘leisure’ may be 

some of the factors contributing to the difficulty in assessing physical activity levels in 
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elderly populations (Tudor-Locke et al., 2003). The differing definitions of physical 

activity used in epidemiologic and clinical studies, have probably contributed to the 

inconsistent findings. A more careful examination of physical activity levels, for 

example, a more objective measure of a typical week’s physical activity using a 

pedometer diary or accelerometer, may provide a more accurate assessment of current 

physical activity level. However, the Modified Baecke Questionnaire for Older Adults 

has been previously compared with a 7-day physical activity diary, 24-hour activity 

recall and pedometer counts with reportedly moderate to good relative validity 

(Voorrips et al., 1991; Visser et al., 2002) (refer to Chapter 2.15 for details). The limited 

sample size and relatively more active participants may have influenced some of the 

conclusions of the present study.  

 

 

5.6 DISCRIMINANTS OF OSTEOPOROTIC FRACTURE RISK 

This study sought to determine if a composite model comprising calcaneal QUS, falls 

risk and HRQoL assessments can discriminate the group of women at risk of future 

osteoporotic fracture from those at low risk. In the existing literature, fracture risks have 

been defined using different criteria: for example, based on low BMD alone 

(commonly, T-score of < -2.5 [WHO, 1994]); a history of previous fragility fracture; a 

combination of low BMD and fragility fractures; or a combination of low BMD and 

clinical risk factors. 

 

In the present study, subjects were classified into a ‘High Risk’ of osteoporotic fracture 

group or a ‘Low Risk’ group, based on three separate and widely used definitions:  

i) using the currently accepted criteria for the diagnosis of osteoporosis, that 

is, a combination of low BMD (WHO criteria 1994) and/or a history of 

previous fragility fracture (Kanis 1994);  

ii) the presence of at least one radiographically identified prevalent vertebral 

fracture; or  

iii) a history of either forearm or wrist fracture.  

In the following sections, each of the fracture risk definitions is addressed separately as 

they dichotomised the study group in different ways. 
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5.6.1 Discriminators of Osteoporosis 

Calcaneal QUS and Fracture Risk 

The current clinical diagnosis of osteoporosis and assessment of fracture risk is based 

on the WHO criteria (1994) and/or a history of fragility fracture (Kanis, 1994). In the 

present study, BMD at both the hip and LS sites were considered when classifying the 

women into the Osteoporotic (OP) or Non-Osteoporotic (NOP) groups. This was to 

avoid underestimation of those at risk of osteoporotic fractures due to the reportedly 

poor concordance of BMD between sites (Genant et al., 1996; Kanis & Glüer 2000). 

Total hip BMD scores were used over the FN BMD as the former has been suggested to 

best reflect hip fracture risk with the lowest reproducibility error (Kanis & Glüer, 2000; 

Stone et al., 2003). 

 

The present study found that all QUS variables were significantly lower in the OP group 

compared to NOP group, after adjusting for age (Chapter 4, Table 4.20). Additionally, 

the odds ratio to identify the OP group ranged between 2.35 to 2.74 (p < 0.01) (Chapter 

4, Table 4.23). It is recognised that BMD was not considered in the present analysis as 

BMD was used as a criterion for group selection. The lower QUS values observed in 

this study are therefore expected, due to the significant correlation between BMD and 

QUS variables noted in the present study (r = 0.29 – 0.49, p < 0.05) (Chapter 4, Table 

4.14). Similarly, in the current literature, these relationships have been reported to range 

from weak to moderate (r = 0.24 – 0.87) (refer to Chapter 2, Table 2.1 for details), 

indicating that significant variance in QUS measurements was not accounted for by 

BMD. This suggests that QUS variables measure other aspects of bone strength not 

explained by BMD. Importantly, disparity in measurement sites between BMD and 

QUS may also contribute to the variance observed. 

 

The study by Yeap et al. (1998) supports the findings of the present study. Yeap et al. 

recruited three groups of women: an osteoporotic group (n = 30); a healthy early post-

menopausal group (n = 104); and a healthy late postmenopausal group (n = 75). The 

osteoporotic women in their study were classified using the same criteria as the present 

study. They stratified these three groups of women according to their LS and FN BMD 

and compared the QUS values at each BMD stratum between the groups. In general, 

they observed lower QUS measurements in the osteoporotic women when compared to 

the non-osteoporotic healthy counterparts for any given LS or FN BMD stratum. At the 
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0.7 – 0.8 g/cm2 level for LS BMD and < 0.6 g/cm2 for FN BMD, the differences in QUS 

values among the three groups were significant.  

 

In the present study, SOS, but not BUA, was identified as the significant variable in the 

final models of both the multiple logistic regression analysis and DFA. These findings 

are consistent with the study by Stewart and Reid (2000). In their study (n = 250 

women), velocity of sound (derived from gel-coupled CUBA, McCue QUS) was a 

stronger discriminator of hip and spine osteoporosis, compared to BUA. A possible 

partial explanation for the observation in the present study is that SOS was slightly 

more strongly associated with TH and LS BMD compared to BUA (Chapter 4, Table 

4.14). Since osteoporosis was based on a combination of low BMD (TH or LS) and 

fragility fractures, the stronger association between SOS and BMD may have resulted in 

SOS being the significant discriminator.  

 

Falls Risk Factors and Fracture Risk 

It is well documented that impaired mobility, weak muscular strength and increased 

postural sway are predictors of falls (Chapter 2, Table 2.3). There are currently no 

universally accepted quick and simple assessments of falls risk. However, there is an 

emerging recognition and use of the validated Physiological Profile Assessment (PPA) 

described by Lord et al. (2003a). Similarly, the present study elected to assess the 

‘functional’ components of falls risk factors as opposed to ‘disease-oriented’ factors. 

These ‘functional’ risk factors, such as strength performance, TUG test for functional 

mobility, and postural sway, are easily measurable and quantifiable. Thoracic 

hyperkyphosis has been suggested to result in impaired postural stability (Lynn et al., 

1997; Sinaki et al., 2004) and gait patterns (Balzini et al., 2003; Hirose et al., 2004; 

Sinaki et al., 2004), thereby posing as a potential falls risk factor.  

 

The objective measurements of these factors have been shown to have good validity, 

reliability and repeatability, as discussed in Part II the Review of Literature Chapter 

(Chapter 2). In addition, these factors are potentially modifiable with exercise 

intervention. For example, weak muscular strength, poor balance, impaired mobility and 

increased thoracic kyphosis have been previously shown to improve with exercise 

intervention programs (Itoi & Sinaki 1994; Lord et al., 1995, 1996,2003b; Okumiya et 

al., 1996; Day et al., 2002; Barnett et al., 2003). 
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There is evidence to suggest that factors related to risk of falls are significant 

discriminators of fracture risks and are predictors of osteoporotic fractures. However, a 

variety of fall-related factors have been identified, and unfortunately, not all studies 

have consistently identified similar factors in discriminating fracture risks or in 

predicting fractures. The variety of fall-related factors is summarised in Table 5.5. In 

general, large prospective studies using fractures as the outcome measure had identified 

lower physical activity levels, impaired mobility, poor balance and weaker muscular 

strength as predictors of osteoporotic fractures.  
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Table 5.5 Summary of studies identifying factors related to the risk of falls as significant discriminators of osteoporotic fracture risk or predictors       
of incident fractures. 
Investigators [1st Author]  
(Year) 

Population Definition of Osteoporotic 
Fracture Risk 

Significant †Fall-Related Factors  

Eriksson (1989) 
Cross-sectional study 

n = 36 fracture cases (women) 
n = 36 age-matched controls (women) 
 

Fragility fractures at any sites • Weaker grip strength 

Nguyen (1993) 
Prospective study (DOES) 
 

n = 1789 studied (men and women) 
n = 286 fracture cases during follow-up period 
 

Fragility fractures at any sites • Weaker quadriceps femoris strength  
• Greater body sway 

Lord (1994b) 
Cross-sectional study (DOES) 

n = 183 fracture cases (men and women) 
n = 1579 non-fracture cases 

Fragility fractures at any sites • Weaker quadriceps femoris strength  
• Greater body sway 
• Poorer tactile sensitivity 
• Greater visual field dependence 
 

Cummings (1995a) 
Prospective study (SOF) 
 

n = 9516 (men and women) 
n = 192 fracture cases during follow-up 

Hip fractures • Low physical activity 
• Inability to rise from chair without using 

arms 
 

Dargent-Molina (1996) 
Prospective study (EPIDOS) 

n = 7575 (women) 
n = 154 fracture cases during follow-up 

Hip fractures • Slower gait speed 
• Difficulty with doing tandem walk 
• Reduced visual acuity 
 

Prince (2001) 
Prospective study (CAIFOS) 

n = 1499 (women) 
n = 116 fracture cases during follow-up 
 

Fragility fractures at any sites • Weaker grip strength  

Albrand (2003) 
Prospective study (OFLEY) 
 

n = 672 (women) 
n = 75 fracture cases during follow-up 
 

Fragility fractures at any sites • Lower physical activity level  
• Weaker grip strength 

Liu-Ambrose (2003) 
Cross-sectional study 

n = 21 osteoporotic women 
n = 21 normal women 

Low BMD only (WHO criteria) • Weaker quadriceps femoris strength   
• Lower physical activity levels 
• Impaired balance 

†Fall-related factors refer to factors that are discriminative or predictive of fractures that have been also been shown previously to be associated to the risk of falls in the elderly 
population. DOES = Dubbo Osteoporosis Epidemiological Study; SOF = Study of Osteoporotic fractures; EPIDOS = Epidémiologic de l’ostéoporose; CAIFOS = Calcium Intake 
Fracture Outcome Study; OFLEY = A prospective study of the determinants of bone loss in a population-based cohort of women from Lyon, France. 
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In the present study, univariate logistic regression analysis showed trends that low 

physical activity (p = 0.16), decreased mobility reflected by the increased time needed 

to complete the TUG task (p = 0.19), and increased postural sway when standing on a 

compliant surface with eyes close (FEC) (p = 0.11), may be associated with the OP 

group (Chapter 4, Table 4.23). The limited sample size of the present study may have 

resulted in the lack of power to observe a statistical significance. However, multiple 

logistic regression analysis and DFA consistently identified higher TUG scores (in 

addition to lower SOS) as a significant discriminator of the OP group (Chapter 4, 

Section 4.8.3). These findings suggest modestly that osteoporotic women have poorer 

mobility and this may contribute to an increased risk of falling in this group of women, 

further increasing their risk of osteoporotic fracture. 

 

Comparing the results of the present study with previous cross-sectional studies 

(summarised in Table 5.5) is difficult. The present study chose to investigate the 

characteristics of an osteoporotic group versus a non-osteoporotic group based on a 

combination of low BMD and/or history of fragility fractures. This criterion was chosen 

as it is widely used in clinical practice for the diagnosis of osteoporosis. Other studies 

however, either classified the osteoporotic group according to history of fragility 

fractures only (Eriksson & Lindgren, 1989; Nguyen et al., 1993; Lord et al., 1994b; 

Cummings et al., 1995a; Dargent-Molina et al., 1996; Prince et al., 2001; Albrand et al., 

2003) or utilised BMD alone (Liu-Ambrose et al., 2003). Due to the dissimilarities in 

the group classifications, direct comparisons with these previous studies cannot be 

made. 

 

Different methodologies have been used to assess falls risks. For example, the 

assessment of balance in the study by Liu-Ambrose et al. (2003) was derived from a 

composite score based on a series of static and dynamic balance tests performed on a 

force platform. Conversely, the present study measured postural sway (body 

displacement) in static stance. The results of the present study are therefore not directly 

comparable to the study by Liu-Ambrose et al.  

 

The difference in the characteristics of the sample populations may be another factor 

making direct comparisons difficult. Lord et al. (1994b) included both men and women 

in their study, unlike the present study where only women were recruited. Lord et al. 

reported that 183 subjects had previous fragility fracture but they did not indicate the 



261 

percentage of which was female. It is well known that males are generally stronger than 

females. If the prevalence of fractures was higher in females, the ‘gender’ effect in 

strength measurements may have accounted for the reason that Lord et al. observed 

weaker quadriceps femoris strength in the fracture cases. 

 

In summary, there is strong evidence to indicate that factors related to falls are 

associated with osteoporotic fracture risk. However, there is currently no report in the 

literature documenting the combined assessments of calcaneal QUS and fall-related risk 

factors in discriminating fracture risk status. The present study found that SOS, derived 

from calcaneal QUS, and poorer mobility (increased score in the TUG task) are 

significant discriminators of a group considered to be at-risk for future osteoporotic 

fractures (based on low BMD using the WHO threshold and/or a history of fragility 

fractures). In addition, combining SOS and TUG improved the ability to identify the at-

risk group (Chapter 4, Figure 4.11 and Table 4.25). This novel finding suggests that a 

composite assessment of bone strength and mobility status improves fracture risk 

identification. 

 

 

 



262 

5.6.2 Discriminators of Prevalent Vertebral Fractures 

Calcaneal QUS and Vertebral Fracture Discrimination 

There are at least 50 reports in the literature documenting the utility of calcaneal 

quantitative ultrasonometry in identifying osteoporotic fracture risk. Many of these 

studies are cross-sectional in nature and conducted to evaluate the discriminatory power 

of QUS to identify fracture from non-fracture cases. Of these studies, more than 20 

reports were focused on vertebral fracture discrimination. In general, most studies 

observed that women with vertebral fractures had lower QUS measurements compared 

to the non-fracture controls (Herd et al., 1992, 1993; Bauer et al., 1995; Gonnelli et al., 

1995; Ross et al., 1995; Stewart et al., 1995; Graafmans et al., 1996a; Cepollaro et al., 

1997; Huang et al., 1998; Frost et al., 1999; Hamanaka et al., 1999; Kung et al., 1999; 

Mikhail et al., 1999; Hartl et al., 2002; Glüer et al., 2004; J. Schneider et al., 2004; 

Welch et al., 2004). The reported percentage difference ranged from 5.5% to 28.9% for 

BUA; 0.6% to 2.5% for SOS; and 7.3 to 25% for Stiffness Index.  

 

Consistent with the previous literature cited above, the present study also noted that the 

group with vertebral fractures (VF) had lower BUA, SOS and QUI measurements 

compared with the non-fracture group (NVF) (Chapter 4, Table 4.26). The percentage 

differences between the VF and the NVF groups were 14% for BUA; 1% for SOS and 

12.1% for QUI. These figures are consistent with the reported differences in previous 

studies cited above. 

 

The present study did not note any difference between the LS BMD of the two groups. 

This is not surprising as it is recognised that in elderly individuals, BMD measurements, 

in particular at the lumbar spine, may be artificially elevated by the presence of 

osteoarthritic spurs or calcification (Jones et al., 1995b; Genant et al., 1996). This 

possibly explained the weaker associations, noted in the present study, between QUS 

variables and LS BMD (partial correlation: range 0.26 – 0.29) compared to the 

correlations between QUS and TH BMD (partial correlation: range 0.46 – 0.49) 

(Chapter 4, Table 4.14). The findings of an earlier study by Pfeifer et al. (1997), which 

noted a weaker correlation between QUS and LS BMD in older women compared to 

younger women, support the observations of the present study. The present study did 

not assess the severity of the degenerative changes in the spine, therefore, it can only be 

speculated that degenerative changes of the spine may be a possible cause of the lack of 
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effect of LS BMD on vertebral fracture discrimination. In contrast, Glüer et al. (2004) 

recently documented that LS BMD was significantly associated with fracture cases. 

They reported that the degenerative changes of the spine (assessed using the Kellegren 

grading system) did not affect the discriminative power of LS DXA BMD in their 

sample population. 

 

There was a trend observed in the present study, towards hip BMD measurements being 

lower in the fracture group compared to the non-fracture group (Chapter 4, Table 4.26), 

but the difference did not reach statistical significance (p = 0.26). This trend is 

consistent with the recent findings by J. Schneider et al. (2004) who documented that 

calcaneal QUS and hip BMD had greater accuracy in discriminating vertebral fractures 

than LS BMD derived from DXA. 

 

In studies comparing the ability of QUS and DXA BMD in identifying or predicting 

vertebral fractures, results have been equivocal. Some authors have found a higher 

predictive or discriminatory value in QUS measurements compared to DXA BMD. 

Others have reported a lower or equal discriminatory power of QUS compared with 

DXA BMD. These studies are summarised in Table 5.6 for comparison.  
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Table 5.6 A summary of studies that have compared the power of calcaneal QUS and 
DXA BMD for discriminating or predicting vertebral fractures. These studies found 
QUS to have ‘Better’; ‘Equal’ or ‘Lower’ discriminatory/predictive power compared to 
DXA BMD. 
Better  Equal Lower 

Lopez-Rodriguez et al., 2003  Glüer et al., 2004 Hamanaka et al., 1999 

Hartl et al., 2002 J. Schneider et al., 2004 Cepollaro et al., 1997 

Grampp et al., 1997 Frost et al., 1999 Stewart et al., 1995 
aRoss et al., 1995 Mikhail et al., 1999 Gonnelli et al., 1995 

 Pfeifer et al., 1997  

 Bauer et al., 1995  

 Turner et al., 1995  
aA retrospective study with an average of nine year follow-up. All other studies in the table were cross-
sectional investigations. 
 

 

It is evident from Table 5.6 that there are inconsistent conclusions about the 

discriminatory role of QUS in vertebral fracture studies. Likely reasons include a 

combination of two factors. First, a variety of QUS technologies were used in these 

studies. Different QUS technologies have been shown to give different output for the 

same individual (Njeh et al., 2000; Ingle et al., 2001; Falgarone et al., 2004) (refer to 

Table 5.1 for a comparison between Achilles and Sahara QUS devices). The potential 

variations in QUS readings arising from the use of different QUS devices in these 

studies may have contributed to the inconsistent results. 

 

Second, the definition of vertebral fracture varied due to a lack of consensus as to what 

constitutes a fracture. Some studies used semi-quantitative reviews by radiologists to 

assess approximate vertebral height loss (Stewart et al., 1995; Pfeifer et al., 1997), 

whereas others used quantitative morphometry (Glüer et al., 1996; Cepollaro et al., 

1997). Additionally, the criteria for defining fracture using these methods may differ. 

Unfortunately, not all reports clearly defined the criteria used in their studies (e.g., Frost 

et al., 1999, 2000a). The use of different criteria to define a vertebral fracture may have 

resulted in either an over-estimation or under-estimation of prevalent fractures. For 

example, the reduction of vertebral body height of > 20% had reportedly fewer false 

positives than definitions based on loss of > 15% in vertebral height (Smith-Bindman et 

al., 1991). Morphometry classifications based on measurements of anterior, middle and 

posterior heights are reportedly more accurate than measurement based on a single ratio 

(Smith-Bindman et al., 1991). 
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In summary, the variable results arising from the investigations on the role of QUS in 

discriminating or predicting vertebral fractures in previous studies may be due to the 

variety of QUS systems used, and the differences in the assessments and criteria used 

for defining vertebral fractures. 

 

In the present study, the radiological identification of vertebral fractures involved a 

rigorous process proposed by Genant et al. (1996), using a combination of semi-

quantitative assessment by an experienced radiologist and objective morphometric 

assessments by a single examiner, the author. A loss of ≥ 20% loss of height or a 

reduction of greater than 3 SD from the mean Ha/Hm; Ha/Hp or Hm/Hp normative 

ratios published by Black et al. (1991) were used as the criteria. A reduction of at least 3 

SD in vertebral body height ratio was suggested to minimise the false positive rates 

(McCloskey et al., 1993; Ross et al., 1995). The prevalence of vertebral fracture cases 

identified in this selection of community-dwelling women was 23.1%. This is consistent 

with most surveys worldwide where the reported prevalence of vertebral fractures in 

Caucasian women, assessed morphologically, ranged between 18% and 26% (Johnell & 

Kanis, 2004). 

 

Previous studies which have investigated the role of QUS in discriminating vertebral 

fractures have not consistently used the same process and criteria adopted by the present 

study to define vertebral fractures. Therefore, direct comparison with previous studies is 

difficult. The subsequent discussion will focus on comparing the results of the present 

study with others that have used similar QUS systems. 

 

The present study noted that all QUS variables were significantly lower in the fracture 

cases compared to the non-fracture cases. In addition, logistic regression analysis 

showed that QUS variables had higher and statistically significant adjusted ORs 

compared to either the spinal or the hip DXA BMD. The results of the present study are 

in agreement with two larger studies that had used gel-coupled contact QUS devices 

(Frost et al., 1999; Hartl et al., 2002). A comparison of the results from these two 

previous studies and the current study is presented graphically in Figure 5.2.  
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Figure 5.2 Odds ratio from the present study in comparison with those from two larger 
cross-sectional studies that had used gel-contact Sahara QUS to discriminate vertebral 
fracture cases from non-fracture cases (Frost et al., 1999; Hartl et al., 2002). 
Quantitative ultrasound variables had consistently higher odds ratios compared to DXA 
BMD in discriminating vertebral fracture cases. 
FN BMD = Femoral Neck Bone Mineral Density; TH = Total Hip; LS = Lumbar Spine; BUA = 
Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = Quantitative Ultrasound Index 
(Stiffness Index).*19 women had multiple fractures, single level fracture not included; only results from 
the Sahara QUS are presented. Dotted line represents Age-Adjusted Odds Ratio = 1. Error bars 
represent 95% confidence interval. 
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However, with respect to DXA BMD, controversy exists. In a population-based study of 

elderly women (Basel Osteoporosis Study, n = 486, age 65 – 75 years), no differences 

were observed between those with single (spinal) level vertebral fracture and a non-

fracture group (Hartl et al., 2002) (data were not provided, therefore not illustrated in 

Figure 5.2). These findings are consistent with the present study where no associations 

between BMD (LS, FN and TH) and vertebral fracture cases were noted. However, 

when multiple vertebral fractures cases were compared with the non-fracture cases, 

Hartl et al. (2002) noted that DXA measurements were significantly different between 

groups (Figure 5.2). The present study did not distinguish cases with single fractures 

from cases with multiple fractures, thus, the relationship between multiple fractures and 

DXA BMD is not known in this sample population.  

 

In contrast with the present study, Frost et al. (1999) found that hip and spine BMD 

were significantly associated with vertebral fractures (Figure 5.2). Frost’s study had a 

relatively large number of fracture cases (n = 93), in comparison with the study by Hartl 

et al. (2002) (n = 19), and the present study (n = 24), which may have provided 

adequate power to observe a statistical association between BMD and vertebral fracture 

cases. 

 

Receiver operating characteristic analysis from the present study showed that calcaneal 

QUS (BUA) had higher AUC compared to DXA (TH BMD) measurements. This is 

consistent with previous findings by Frost et al. (1999) and Hartl et al. (2002). Hartl et 

al. reported that QUS variables had better sensitivity and specificity for identifying 

prevalent vertebral fractures cases, compared to DXA BMD. Results from these studies 

suggest that calcaneal ultrasonometry reflects the bone fragility status of the spine better 

than DXA BMD measurements at the hip or the lumbar spine. Frost et al. (1999) 

postulated that the pain and disability associated with vertebral fractures may cause 

changes in mechanical loading on the calcaneum, contributing to the change in bone 

status of the calcaneum. The present study did not assess DXA BMD at the calcaneum, 

therefore comparisons between calcaneal QUS and BMD of the calcaneum cannot be 

made. 
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In the multivariate regression model of the present study, when BMD and the other 

QUS variables were included, BUA was selected over both SOS and BMD. This 

observation is in contrast with the observation by Glüer et al. (2004) who documented 

that SOS had a higher OR compared to BUA. A possible explanation for this is the 

difference in QUS devices used. The present study used the Sahara (Hologic) QUS 

device, which has been shown to derive lower BUA, but higher SOS and stiffness 

indices compared to Achilles (Lunar) devices. These differences have been presented 

earlier in this chapter, in Table 5.1. 

 

Broadband ultrasound attenuation was documented to correlate highly with trabecular 

bone volume (Agren et al., 1991), and the trabecular orientation and spacing (Glüer et 

al., 1994), whereas SOS was related to the flexibility of the bone (Genant et al., 1996). 

Karlsson et al. (2001) proposed that BUA may be related to the loss of connectivity 

compared to SOS, as the frequency dependence of ultrasound attenuation in bone is 

strongly dependent on structural indices. A significant reduction in trabecular 

connectivity has been demonstrated in iliac bone, by crest biopsies, in cases with 

vertebral fractures (Kleerekoper et al.,1985). These findings support the present 

observation that BUA is more strongly associated with vertebral fracture cases than 

SOS. 

 

A study by Gonnelli et al. (1995) showed that the Stiffness Index from QUS had higher 

discriminatory power than BUA or SOS. The present study excluded Stiffness Index, 

expressed as QUI in Sahara QUS systems, in the multiple logistic regression model and 

DFA analyses. This was done to minimise the effects of multicollinearity as QUI is a 

linear combination of SOS and BUA. Therefore, a comparison with other studies that 

have documented the discriminatory power of the Stiffness Index was not undertaken. 
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Thoracic Kyphosis and Vertebral Fracture Discrimination 

Vertebral fractures and increased spinal kyphosis are well-documented complications of 

osteoporosis. Several studies have reported that anterior wedge vertebral fractures 

contribute to the increase in sagittal curve (Milne & Williamson, 1983; De Smet et al., 

1988; Puche et al., 1995). In the present study, all but one of the 24 subjects with 

prevalent fractures had anterior wedge deformities. The positive association between 

thoracic kyphosis, assessed rasterstereographically, and vertebral fractures noted in the 

present study, is consistent with the existing knowledge about the ‘pathogenesis’ of 

thoracic kyphosis.  

 

Prince et al. (2002) demonstrated that kyphosis was related to anterior wedge vertebral 

fracture in 435 women aged 70 and above (mean age 75±3 years). In their study, they 

used an architect’s flexicurve ruler measurement to derive a kyphotic index as described 

by Milne and Lauder (1974). Receiver operating characteristic analysis showed that at 

80% sensitivity, the predictive power of a negative test was 95% and a positive test was 

25% (Prince et al., 2002). The results of their study indicated that kyphosis may be a 

clinical indicator of the presence of anterior wedge fractures. Indeed, the study by 

Prince et al. (2002) confirmed similar observations from several earlier studies. Milne 

and Lauder (1976), and Milne and Williamson (1983) documented that the kyphotic 

index (derived from the architect’s flexicurve ruler measurement) was significantly 

associated with the severity of wedging of vertebral bodies. Similarly, Cortet et al. 

(1999) noted that women with prevalent vertebral fractures (n = 51) had greater thoracic 

sagittal curvature (assessed using the Curviscope) compared to the non-fracture controls 

(n = 49). Sinaki et al. (1996b) also found that thoracic kyphosis (assessed 

radiographically using the Cobb’s method) was significantly correlated with the number 

of vertebral fractures (Spearman’s ρ = 0.39, p = 0.02) in a small sample of osteoporotic 

women (n = 36). Siminoski et al. (2001) reported that thoracic hyperkyphosis, as 

indicated by an ‘occiput-to-wall’ distance of greater than seven centimetres, was able to 

discriminate vertebral fracture cases (n = 63), with a positive predictive value of 92% 

and a negative predictive value of 76%. 

 

These studies provide strong evidence that thoracic kyphosis may be a useful clinical 

indicator for the presence of vertebral fractures. The clinical significance of thoracic  
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kyphosis is that it has been shown to be an independent risk factor of future spinal 

fracture (Prince, et al., 2002; Shipp et al., 2002). In a prospective study by Shipp et al. 

(2002) involving 3,038 women (age range 55 – 81 years), thoracic kyphosis of greater 

than 36° (assessed using the Debruener Kyphometer) has been shown to be linearly 

related to incident vertebral fracture (rate ratio 1.22), independent of age and BMD. 

Their study confirmed the clinical significance of thoracic kyphosis as an indicator of 

future fracture risk. 

 

The present study showed that the group of women at higher risk of osteoporotic 

fracture, based on the presence of at least a prevalent vertebral fracture, independent of 

BMD, had significantly greater rasterstereographic BSC (Chapter 4, Table 4.26). 

Although the mean Cobb angle in the fracture group was greater, it failed to reach 

statistical significance (p = 0.12).  

 

Several factors may have accounted for the lack of consistency observed in these two 

measures of thoracic kyphosis. First, these two indices of thoracic kyphosis were 

derived from different methodologies. Rasterstereographic BSC was derived from the 

VP to T12 whereas the Cobb’s method derived the angle formed from the superior end-

plate of T4 to the inferior end-plate of T11. Second, the Cobb angle is also well-known 

to be affected by the severity of vertebral end-plate deformity (Jeffries et al., 1980; 

Voutsinas & MacEwen, 1986; Singer et al., 1990; Goh et al., 2000). Additionally, 

intervertebral disc degeneration has also been shown to contribute to the increase in 

kyphotic Cobb angle (Goh et al., 1999a; D.L. Schneider et al., 2004). Third, the 

difference in positioning during image acquisition may have altered the thoracic 

curvature of the individuals. The rasterstereographic images were taken when the 

subjects were asked to stand with their arms by their side. This position was chosen to 

reflect the normal standing posture of the individuals. Lateral spinal radiographs, on the 

other hand, were taken with the subject’s shoulders flexed, holding onto a vertical stand 

(Chapter 3, Figure 3.7). This position was necessary to enable a clear lateral view of the 

thoracic spine, to allow accurate assessment for vertebral fractures. Preliminary analysis 

from the present study showed that, on average, the BSCs of the subjects were greater 

when they had their arms by their side compared to when they had their arms holding 

onto a vertical stand. Holding their arms up appeared to have reduced their BSC (refer 

to Chapter 3.9 for details). Although there was a good correlation (r = 0.72, p < 0.0001) 

noted between rasterstereographic BSC (with arms down) and the skeletal Cobb angle, 
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BSC only explains 52% of the variance in the skeletal Cobb angle (Chapter 4, Figure 

4.3). 

 

Video rasterstereographic assessment of spinal curvature was first described by Frobin 

and Hierholzer (1988). The use of this technology in osteoporosis-related research was 

first reported by Goh et al (1999c). The main attraction of using rasterstereography over 

the traditional Cobb’s method is due to the use of video technology, eliminating 

unnecessary exposure to radiation with repeated measurements. The assessment of 

rasterstereographic scoliotic curvatures has been previously validated with conventional 

radiographic assessment of scoliotic curvatures with acceptable agreement (Drerup & 

Hierholzer, 1994). Prior to the start of the present study, the author conducted a pilot 

study to compare sagittal spinal curves from lateral erect thoracic spine radiographs and 

rasterstereographs. Results showed that thoracic spinal curvature from these two 

methodologies had moderately good correlation (r = 0.71) (Tan et al., 2000) (refer to 

Chapter 2.10.2 for details of study). Several other factors favour the use of 

rasterstereography over other currently available non-invasive tools for spinal curvature 

assessment. The rasterstereographic system is easy to operate. Its application does not 

require manual landmark identification or any use of surface markers. This reduces 

potential sources of errors, resulting in its reportedly high reproducibility and accuracy 

(Hierholzer & Drerup, 1990; Drerup & Hierholzer, 1994; Goh et al., 1999b). Spinal 

curvature assessed using this method is less dependent on a particular vertebra, unlike 

the Cobb’s method. The high speed of data acquisition and processing promote its use 

as a time efficient assessment tool. In addition, this system is able to store data for 

follow-up measurements, allowing for longitudinal comparisons. The only setback is the 

cost. It is acknowledged that this system is more expensive than the architect’s 

flexicurve ruler or the Debruener Kyphometer. However, the ease of use and the 

accuracy of this system may outweigh the cost, especially if it was applied in a 

community setting as one of the armamentarium of tests to identify individuals with 

increased osteoporosis fracture risk. 
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Falls Risk Factors and Vertebral Fracture Discrimination 

Several cross-sectional and prospective studies have identified falls risk factors, such as 

weaker grip and quadriceps femoris strength, impaired mobility or increased postural 

sway, as important discriminators or predictors of fractures (Table 5.5). However, these 

studies predominately used either hip fractures or any fragility fractures as the 

independent variable. It may be difficult to compare the results of the present study with 

previous cross-sectional studies such as those of Eriksson and Lindgren (1989) or Lord 

et al. (1994b) as these studies included all types of fragility fractures in their ‘fracture’ 

group.  

 

It is well known that peripheral fractures, in particular hip fractures, are associated with 

more functional disability than vertebral fractures. Turner and Pryor (2001) observed 

that individuals with fragility fractures tended to be less active in or out of the house, 

compared with their non-fracture counterparts. The fracture group in their study 

included both spinal and non-spinal fractures. Thus, in studies where fracture cases 

included both peripheral and spinal fractures, the ‘fracture’ group is likely to perform 

worse on strength and balance performance. 

 

Equally, it is not reasonable to compare results of prospective studies that used hip 

fractures or any fragility fracture as the main outcome. Some of the mechanisms of 

these fractures are different from vertebral fractures. Vertebral fractures have been 

known to occur with low energy trauma such as a cough/sneeze or lifting, especially in 

elderly post-menopausal women (Cooper et al., 1992; Kanis & McCloskey, 1992). 

Whereas hip and other peripheral fractures are mainly the result of higher energy trauma 

such as a fall. Thus, one can assume that individuals with muscular weakness, poorer 

mobility and impaired balance are at higher risk of falling and consequently higher risk 

of osteoporotic fractures at the hip or peripheral skeletal sites. Several studies have 

already shown that factors associated with falls (weak muscular strength, impaired 

mobility and poor postural stability) can predict hip fractures (Cummings et al., 1995a; 

Dargent-Molina et al., 1996) or any fragility fractures (Nguyen et al., 1993; Prince et al., 

2001; Albrand et al., 2003). 
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The following discussion will focus on studies that have assessed some of these falls 

risk factors between groups with vertebral fractures and those without vertebral 

fractures, using similar assessment methodologies. 

 

In the current study, no differences in mobility and muscular strength were noted 

between the fracture and non-fracture groups. This is in contrast with the results from a 

similar study by Lyles et al. (1993) that documented significantly weaker isometric 

trunk extensor torque, poorer mobility, lower functional-reach and poorer performance 

in the 6-minute walk test in a small sample of 10 women with confirmed vertebral 

fractures, compared with 10 age-matched controls. They also noted that the fracture 

group had increased thoracic kyphosis and postulated that altered spinal curvature, 

resulting from vertebral fracture, may have contributed to a decrease in strength and 

mobility in this group of fracture subjects.  

 

There are some reasons for the differences in results observed. In the study by Lyles et 

al. (1993), the subjects with vertebral fractures were older (mean age 81.9±5.9 years) 

compared to the subjects in the present study (74±6.3 years). Of the 24 cases with 

vertebral fractures in the present study, 16 had single level fractures and eight had more 

than two vertebral fractures (mean 1.6 fractures) (refer to Chapter 4.3.2 for details). In 

contrast, all the individuals in fracture group in Lyles’ study had at least two vertebral 

fractures, with a mean of 4.2 fractures (range 2 – 10). The poorer physical performances 

in Lyles’ fracture group may be due to the higher number of vertebral fractures per 

subject. 

 

Functional mobility in elderly populations has been assessed using a wide variety of 

methodologies. The TUG is one of the most commonly used, given its ease of 

administration and its reported validity and reliability. Results from the present study 

showed that there was no difference in TUG between the fracture group compared to the 

group without vertebral fractures (Chapter 4, Table 4.26). However, the present result 

did not support an earlier finding by Hall et al. (1999) who assessed the mobility status 

of women with vertebral fractures using the TUG task and noted that the fracture cases 

had significantly lower TUG scores compared to the non-fracture controls (13.8±7.3s 

vs. 10.1±4.1s). A principal factor contributing to the difference in the results observed 

between the study by Hall et al. and the present study arises from the recruitment 

strategies employed. Hall et al. recruited the fracture group from hospital-based or 
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private practice bone clinics whereas the controls were volunteers from the community. 

The women in Hall’s control group were more likely to have better functional mobility 

and higher motivation, based on the fact that they volunteered for the study. This may 

have resulted in a greater difference in mobility between the control and the study 

group. In the present study, the fracture and non-fracture groups were both recruited 

from the same sample of convenience. Thus, the differential effect of motivation on this 

performance-based variable is likely to be minimal. 

 

The present study found no difference in grip strength between the fracture and the non-

fracture groups. This result is consistent with the findings of a cross-sectional study in 

the UK, part of the European Vertebral Osteoporosis Study (EVOS), where the sample 

was randomly selected from a general population (Stewart et al., 1995).  

 

Similarly, no difference in the mean physical activity levels between the group with 

vertebral fractures and the group without fractures was observed in the present study. 

This result is consistent with an earlier cross-sectional study by Greendale et al. (1995) 

who noted that current and lifelong physical activity levels had no protective effect on 

osteoporotic fractures (included n = 23 spinal fracture) in 1,014 women (mean age 73 

years).  

 

The present study found that women with a history of vertebral fracture(s) had a greater 

thoracic curvature. Interestingly, these women also had more postural sway in static 

stance. In the group with prevalent vertebral fractures, there was a trend for total sway 

when standing with eyes closed on a firm surface (EC) to be greater than the group with 

no vertebral fractures (Chapter 4, Figure 4.12). This difference did not reach statistical 

significance (ANOVA p value: 0.056). Multivariate logistic regression analyses 

identified EC in the final step of the regression model but it did not reach statistical 

difference (OR = 1.70; 95% CI: 0.98 – 2.96, p = 0.06) (Chapter 4.9.2). Discriminant 

function analysis was performed to confirm the results of the logistic regression, and EC 

was one of the variables that significantly discriminated the fracture group from the 

non-fracture group with a canonical correlation coefficient of 0.46 (Wilk’s Lambda 

0.79, p < 0.0001) (Chapter 4.9.3). The sample size of the present study may be 

underpowered to observe a statistical significance in the logistic regression analyses.  
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The present study also investigated the postural sway of the women in more challenging 

balance tasks – standing in semi-tandem stance (on a firm surface) with eyes open and 

eyes closed (Chapter 3.12, Figure 3.16). However, 30 subjects (29%) were not able to 

complete the task over the 30s period (i.e., stepping out of their semi-tandem stance to 

regain balance). These data were excluded from the analysis in the present study due to 

the large number of missing data. This observation suggests that the semi-tandem task 

(especially with eyes closed for 30s) may be too difficult a task for this age group. 

However, further analysis can be conducted (not performed in the present study), for 

example by classifying them into ‘able to complete task’ or ‘unable to complete task’, in 

order to assess the utility of this test as a triage for fracture risk status. 

 

The findings of the present study suggest that increased thoracic kyphosis may 

contribute to poorer postural stability. Kauffman (1987, 1990) postulated that changes 

in thoracic spinal curves may result in stretch weakness of muscles, in particular trunk 

extensors, resulting in compromised balance recovery ability. Clinically, this may imply 

an increased risk of falls. The positive relationship between thoracic hyperkyphosis and 

impaired balance abilities have been documented (Lynn et al., 1997; Sinaki et al., 2004). 

In an early study, Lynn et al. (1997) observed that osteoporotic women (n = 6; mean age 

71 years) with hyperkyphosis (Cobb angle > 54°) had greater postural sway compared 

to the less kyphotic osteoporotic group (n = 10, mean age 64 years) and, to the non-

osteoporotic controls (n = 5, mean age 69 years). Recently, Sinaki et al. (2004) found 

that osteoporotic women with hyperkyphosis (n = 12; mean age 76.5 years; Cobb angle 

50° – 65°) had poorer balance performance and impaired gait patterns compared to 

healthy controls (n = 13; mean age 71; Cobb angle < 40°). In addition, they documented 

that the group of women with hyperkyphosis had weaker trunk extensor strength and 

sensed a greater propensity to fall (assessed subjectively using the falls-efficacy scale) 

compared to the controls. The findings from these studies, however, will need to be 

confirmed, as these investigators did not consider age as a potential confounder.  

 

In summary, the clinical significance of the present finding is that women with 

osteoporotic fractures, particularly vertebral fractures, are already at risk of future 

fracture (Ross et al., 1991a; Black et al., 1999; Klotzbuecher et al., 2000). In addition, 

these women are shown to have greater thoracic kyphosis, which may contribute to 

poorer postural stability, predisposing them to increased risk of falls. This contributes to 

a further increase in fracture risk.  
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Combined Risk Factors and Vertebral Fracture Discrimination 

The present study found that BUA from calcaneal ultrasound assessment, and thoracic 

kyphosis, derived from rasterstereography, were able to discriminate women with 

vertebral fractures from those without fractures, independently of age and BMD 

(Chapter 4, Figure 4.13). Dietary intakes of calcium, alcohol and protein were not 

significantly different between these two groups and therefore these variables were not 

considered as covariates in the analyses of variance (Chapter 4, Table 4.26).  

 

When BUA and thoracic kyphosis (BSC) were considered individually, the relative risk 

for vertebral fracture was about 2.5 for 1 SD change in either variable. However, for 1 

SD decrease in BUA and a concomitant 1 SD increase in BSC, the relative risk 

increased to about 6-fold (Chapter 4, Table 4.31). To further illustrate these effects, 

ROC curves were derived to compare the discriminatory power of these risk factors, 

individually and in combination. Results showed that the combination of BUA and BSC 

had a higher AUC compared to the AUC of individual risk factors (Chapter 4, Figure 

4.15, Table 4.32). The results of the present study suggest that a composite risk score 

based on a combination of fracture risks assessment had better discriminatory power 

than an assessment based on an individual risk factor.  

 

The ability to successfully identify prevalent vertebral fracture is of clinical importance 

as the presence of vertebral fractures increases the risk of fractures at other skeletal sites 

by up to 4-fold (Ross et al., 1991a; Klotzbuecher et al., 2000; van Staa, 2002). Early 

identification may allow at-risk individuals, especially those with asymptomatic 

vertebral fractures, to be followed up with appropriate fracture preventative 

intervention, thereby reducing the morbidity and cost-burden of osteoporotic fracture. 

 

Numerous studies have explored combining the assessment of DXA BMD and 

calcaneal QUS in attempt to improve the specificity and the sensitivity for fracture risk 

identification. A large retrospective multi-centre study (the Study of Osteoporosis 

Fracture in the US) that involved 4,698 women showed that QUS and BMD 

independently identified fracture cases from non-fracture cases (Glüer, et al., 1996). 

Glüer et al. (1996) documented various types of fractures over a period of 7.8 years, 

including hip, vertebral, lower limbs and other fractures. Results of their study showed 

that using a combination of BUA and FN BMD could improve the specificity and 



277 

sensitivity of fracture discrimination, especially at high levels of specificity (80% – 

95%). Consistent with the study by Glüer et al., the present study found that at a high 

level of specificity (75%), a combination of BUA and thoracic curvature assessment, 

could discriminate vertebral fractures with a sensitivity of about 70%. This 

discriminatory power of a composite model was better than using TH BMD alone, 

where at the same specificity of 75%, the sensitivity was only at about 45%. However, 

at a lower level of specificity (e.g., 40%), there was no difference between this 

composite score and BMD alone. For a highly prevalent disease such as osteoporosis, 

an ideal screening test should have high specificity to reduce the number of false-

positives whilst retaining an acceptable sensitivity (Dhaliwal, 2000). This may reduce 

the cost associated with unnecessary follow-up assessment and consequently, improve 

the cost-effectiveness of the screening test. 

 

Studies that have specifically used vertebral fracture as the independent outcome 

variable have, in general, found improved discriminatory power using a combined QUS 

and DXA BMD model. However, most found only a modest increase (Cepollaro et al., 

1997; Hamanaka et al., 1999; Mikhail et al., 1999; Glüer et al., 2004; J. Schneider et al., 

2004). The cost-effectiveness that warrants the use of these combined assessments is yet 

to be determined. Frost et al. (2001b) argued that the increased cost associated with 

using a combination of DXA BMD and QUS assessments outweighs the modest 

improvement in the prediction of fracture risk. Consequently, a composite model that 

utilises simple, relatively inexpensive and non-ionising techniques, as demonstrated in 

the present study, may provide a more attractive option as a pre-screening modality for 

fracture risk identification. 

 

Several investigators have analysed the cost-effectiveness of QUS, as a pre-screening 

tool (Dhaliwal, 2000; Lippuner et al., 2000; Marin et al., 2002; Díez-Pérez et al., 2003). 

In general, these findings suggest that quantitative ultrasonometry can be an 

economically attractive option only if the cost is substantially lower than bone 

densitometry using DXA (refer to Chapter 2.5.2, p. 42 for details). However, these 

cross-sectional studies used DXA BMD itself as ‘gold-standard’ assessment of fracture 

risks. In addition, there are currently no reports on the cost analysis of using QUS as a 

composite assessment modality to pre-screen for fracture risk. 
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In summary, this cross-sectional study demonstrated that calcaneal quantitative 

ultrasonometry and thoracic kyphosis assessment can significantly discriminate a group 

of women with prevalent fractures from a group without fractures. This composite 

model had higher discriminatory power compared with these factors considered 

individually, or with DXA BMD. The findings of this study are consistent with previous 

larger studies that have demonstrated that low calcaneal QUS measurements are 

associated with vertebral fractures and that thoracic hyperkyphosis is associated with 

risk of future vertebral fracture.  
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5.6.3 Discriminators of Forearm and Wrist Fractures  

The predictive power of quantitative ultrasonometry in identifying wrist fracture cases 

was investigated prospectively by Thompson et al. (1998b). They documented that 

lower QUS measurements, from a water-coupled device, were significantly associated 

with wrist fractures (OR 1.5 – 1.8, p < 0.001) and osteoporotic fractures at various 

anatomical sites (OR 1.6 – 2.2, p < 0.001). Interestingly, they observed that QUS 

measurements were not able to predict fractures unrelated to osteoporosis. The 

prospective study by Thompson et al. extends the findings of earlier cross-sectional 

studies that have also observed lower QUS measurements in cases with Colles’ fractures 

compared to non-fracture controls (Dretakis et al., 1994; Kroger et al., 1995). The study 

by Dretakis et al. (1994) examined 49 cases of Colles’ fracture, while Kroger et al. 

(1995) studied the differences in BMD and QUS in 56 cases of wrist fracture.  

 

In the present study, when the subjects were classified into the ‘High’ risk or ‘Low’ risk 

groups based on a history of wrist/forearm fracture, there were only seven cases of wrist 

fracture in the ‘High’ risk group. Results showed that none of the test variables, namely 

BMD, QUS, thoracic kyphosis, physical performances measures and HRQoL indices, 

were associated with the fracture group. The lack of association between the fracture 

cases and bone strength, physical performances or HRQoL variables, is likely due to the 

small number of fracture cases, resulting in an inadequate power to detect differences. 

Thus, results of the present study are not conclusive.  

 

In summary, there is evidence from the literature to suggest that calcaneal quantitative 

ultrasonometry is able to predict wrist or forearm fractures. However, previous studies 

have only established this association using the water-based QUS devices. Future 

prospective studies with a larger sample of fracture cases, using the gel-contact Sahara, 

are needed to confirm the findings of the above studies.  
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5.6.4 Health-Related Quality of Life and Osteoporotic Fracture Risk Discrimination 

Osteoporosis may manifest in skeletal fractures, increased thoracic kyphosis, or pain. 

However, many patients may not show any outwards signs of osteoporosis and are 

unaware of their condition due to the asymptomatic nature of low BMD. Additionally, a 

large proportion of vertebral fractures are asymptomatic (Gershon-Cohen et al.,1953; 

Cooper et al., 1992; Nevitt et al., 1998; O'Neill et al., 2004). These ‘silent’ fractures, 

that remain undiagnosed may be linked to impaired function and decreased QoL (Nevitt 

et al., 1998). Ryan and Fried (1997) reported that women with increased kyphosis 

tended to experience greater difficulty with tasks related to activities of daily living 

(ADLs). It has also been documented that common factors related to osteoporosis, such 

as loss of height and thoracic hyperkyphosis, are associated with fear of future fracture 

and the loss of independence, which in turn affect the quality of life of osteoporotic 

patients (Martin et al., 2002).  

 

An aim of the present study was to assess if there was any difference in self-reported 

HRQoL between a group at risk of osteoporotic fracture and a group at lower risk. The 

present study employed a widely used and validated generic health survey, the SF-36, 

and a disease-specific questionnaire, the OPA2Q, to assess HRQoL. The present study 

found that the intensity of spinal pain was significantly negatively associated with the 

SF-36 PCS score and all dimensions (except Social Interaction) of the OPAQ 2 

(Chapter 4, Table 4.13). Similarly, BDI, an index of depression, was negatively 

correlated with both PCS and MCS scores and all dimensions of the OPAQ 2 (except 

Social Interaction). Importantly, BDI was more strongly associated with the MCS score, 

a reflection of the mental health of the individual (Spearman’s ρ = -0.36, p < 0.0001); 

and the Emotional Status dimension of the OPAQ 2 (Spearman’s ρ = -0.45, p < 0.0001), 

which encompassed psychological health domains such as ‘tension’ and ‘fear’. Spinal 

pain was noted to be strongly associated with the Symptoms dimension of the OPAQ 2 

(Spearman’s ρ = -0.62, p < 0.0001), which reflects bodily pain and fatigue. The findings 

of these relationships indicate that there is good internal consistency in these general 

health status (pain and depressive symptoms) and HRQoL measures in this sample 

population.  

 

The present study hypothesised that a composite model comprising calcaneal 

quantitative ultrasonometry, and assessments of falls risk factors and HRQoL, is able to 
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discriminate individuals in the community who are at risk of fragility fracture. The 

results of the present study failed to show any association between HRQoL and the 

women who were diagnosed with osteoporosis, defined by low BMD and/or fragility 

fractures; or the group with prevalent vertebral fractures.  

 

Numerous reports in the literature have failed to unequivocally demonstrate the negative 

impact of osteoporosis and osteoporotic fractures on HRQoL. One of the major 

contributing factors is the use of different HRQoL questionnaires. Some osteoporosis-

specific ‘quality of life’ questionnaires have focused on the impact of fractures on the 

individual’s function and psychosocial well-being (Randell et al., 1998; Cook et al., 

1999; Lips et al., 1999), whereas others were developed to assess the impact of 

osteoporotic fracture on the community (Martin et al., 2002). Even when the disease-

specific questionnaires appear to assess similar ‘quality of life’ constructs, the 

weightings may differ. For example, the Social Interaction dimension of the European 

Foundation of Osteoporosis Quality of Life Questionnaire (QUALEFFO) places greater 

weighting on physical functioning than does the OPAQ (Silverman et al., 2001). 

Another factor is the difference in fracture sites studied. Not all fragility fractures are 

alike and different fracture sites may have different impacts on HRQoL. For example, 

hip fractures have been shown to have a more adverse impact on the HRQoL than spinal 

fractures (Adachi et al., 2001; Randell et al., 2000). Due to these variations, the author 

will compare the results of the present findings with previous studies that have used 

similar HRQoL questionnaires. In addition, as there was only one participant with a hip 

fracture in the present study, the discussion focuses on HRQoL related to vertebral 

fractures and/or low BMD.  

 

A recent study by Lombardi et al. (2004) on a small sample of Brazilian women showed 

that there were no differences in all SF-36 health domains between 15 women with 

osteoporosis and vertebral fractures; 20 women with osteoporosis but no fractures; and 

20 healthy controls. These findings are consistent with observations of the present 

study.  

 

Conversely, two other studies using the SF-36 Health Survey showed that individuals 

with osteoporotic spinal fractures had significantly lower HRQoL in all domains (Hall 

et al., 1999; Adachi et al., 2001). Several reasons may account for the inconsistent 

results observed in the present study in comparison with these previous studies. First, 
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the 100 patients in study by Hall et al. (1999) had an average of 2.9 vertebral fractures 

whereas the 24 fracture subjects in the present study had an average of 1.6 vertebral 

fractures. However, this may only play a minor role in explaining the differences, as 

there is currently no consensus about the relationships between HRQoL and the number, 

severity or the sites of fractures. While Hall et al. found no association between HRQoL 

and the number of vertebral fractures, others have documented significant correlations 

between these factors (Silverman et al., 1993, 2001; Oleksik et al., 2000). Second, Hall 

et al. recruited the controls from the community, whereas the women with vertebral 

fractures were patients recruited from either hospital-based or private bone clinics. The 

women in the control group were volunteers who responded to letters sent to them 

(45%) or from newspaper advertisement (55%). Being volunteers, they were likely to be 

more motivated, more mobile and less depressed. In addition, the patients who sought 

treatment may have reported lower HRQoL based on their knowledge about their 

condition and their impending prognosis. Thus, the differences embodied in the 

recruitment strategies for patients and controls may have biased their results. 

 

In the study by Adachi et al. (2001), osteoporotic fractures (n = 446) included both 

vertebral and hip fractures. The inclusion of hip fractures in their analysis may have 

strengthened the relationship, as hip fractures have reportedly a greater impact on 

HRQoL (Adachi et al., 2001; Randell et al., 2000). When Adachi et al. considered sub-

clinical vertebral fractures, assessed morphometrically (n = 1,130), only ‘Bodily Pain’ 

and the PCS scores were significantly associated with spinal fractures. Their results 

demonstrated that spinal fractures have less impact on HRQoL, compared to hip 

fractures. 

 

Although peripheral fractures, in particular hip fractures, have greater impact on 

HRQoL, population-based studies have demonstrated that vertebral fractures are also 

associated with poorer perception of HRQoL (Oleksik et al., 2000; Silverman et al., 

2001). Silverman et al. (2001) showed that prevalent vertebral fractures were negatively 

associated with HRQoL (assessed using the OPAQ) in 1,395 women. However, a closer 

examination of their results reveals that women with vertebral fractures limited to the 

lumbar spine had lower scores for all OPAQ dimensions, except Social Interaction, 

compared to those without fractures. In contrast, women with vertebral fractures limited 

to the thoracic spine had a significantly lower score for the Symptoms dimension, but 

not other OPAQ dimensions. Silverman et al. identified T11, T12, L1, L2 and L3 as the 
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five vertebral fracture locations that had the greatest negative associations with HRQoL. 

Similarly, Cooper et al. (1992) observed that lumbar spinal fractures were often more 

symptomatic than those at the mid-thoracic spine. In the present study, the most 

frequent fractured spinal level was T9, followed by T8 and T10 (Chapter 4, Figure 4.1). 

There were only four patients with lumbar spinal fractures (at L1). Thus, the difference 

in the pattern and frequency of vertebral fracture levels, in addition to the limited 

sample size may have accounted for the inability of the present study to detect a 

difference in the subjects’ perception of the HRQoL, between those with and without 

fractures. 

 

Apart from those reasons discussed, another contributor to the inconsistency observed in 

the present study, compared to some previous studies, is the sampling of the population. 

The present study recruited subjects from a sample of convenience rather than from a 

random selection. The sample population in the present study was generally more 

motivated, as they were all volunteers. This is confirmed by the observations that 

women in this study had higher scores on the SF-36 Health Survey compared to the 

Australian norms (Daly, 1997; Mishra & Schofield, 1998) (refer to Table 5.4 of this 

Chapter). There are currently no normative data for the OPAQ 2, for comparison. 

 

In the present study, spinal pain was positively and weakly associated with DXA BMD 

and calcaneal QUS variables (BUA and QUI) (Chapter 4.5.4). These relationships were 

assessed using Spearman’s Rank correlation. It can be speculated that the reported pain 

may be reflective of osteoarthritic changes. This however, was not confirmed in the 

present study. In addition, it is not known if other potential confounders such as age, 

severity of osteoarthritic status or pain medications have contributed to the observed 

relationship. 

 

The present study also noted that there was no difference in the complaints of back pain 

between the group with and without prevalent vertebral fracture. This finding is 

consistent with a recent multi-centre population-based prospective study (O’Neill et al., 

2004). They also noted that there was no significant increase in back pain during the 

five-year period following a vertebral fracture unless they suffered a subsequent  
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fracture. O’Neill et al. (2004) speculated that a likely explanation for the lack of 

association between pain and vertebral fracture is that prevalent vertebral fractures 

identified may be long-standing. The impact of vertebral fractures on quality of life has 

been reported to be more notable in recently diagnosed vertebral fractures compared to 

older vertebral fractures, primarily due to the associated pain (Nevitt et al., 1998; 

Begerow et al., 1999; Cortet et al., 1999; Cockerill et al., 2004). Although the present 

study did not ascertain the time of fracture, none of the participants in the present study 

reported recent hospitalisation episodes or recent severe back pain requiring medical 

attention. Additionally, there may be under reporting of spinal pain, especially when 

pain associated with osteoarthritis of the hip and knee is more bothersome and 

dominant, particularly in an elderly population (Nevitt et al., 1998; O’Neill et al., 2004).  

 

A few studies have suggested that there is a link between depressive symptoms and 

osteoporosis (Coelho et al., 1999; Schweiger et al., 2000). The present study did not 

assess this relationship as preliminary analysis identified only one subject (of the 104) 

had a BDI score of 16, which suggested that she had depressive symptoms (Chapter 4, 

Section 4.3.6). Coelho et al. (1999) found that the osteoporotic women in their sample 

had significantly higher BDI scores (mean score 16.6) compared to the non-osteoporotic 

women (mean score of 12.9), independent of age and BMI. The women in their study 

were non-institutionalised and osteoporosis was diagnosed based on the WHO BMD 

threshold. The women in the present study had an average BDI score of 5 (Chapter 4, 

Table 4.9), lower in comparison to those values cited by Coelho et al. (1999). This 

suggests that the sample of women in the present study were largely contented. This can 

be expected as participants were all volunteers recruited primarily from exercise or 

volunteer groups and social clubs, rather than at random. It is therefore less likely that a 

relationship between depression and osteoporosis would be observed in the present 

study. 

 

In summary, the present study found that clinically diagnosed osteoporosis and 

prevalent vertebral fractures did not have a significant impact on the general health 

status and HRQoL in this sample population of community-dwelling elderly women. 

These findings are generally consistent with the literature, where hip and lumbar spine 

fractures are reportedly more disabling and more symptomatic than thoracic vertebral 

fractures (Cooper et al., 1992; Adachi et al., 2001; Randell et al., 2000). Large 

prospective studies have also demonstrated that only about one third of new vertebral 
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fractures come to medical attention (Cooper et al., 1992; Nevitt et al., 1998), suggesting 

that a significant proportion of vertebral fractures do not cause disabling symptoms. 

Nevitt et al. (1998) demonstrated that new vertebral fractures are associated with 

significant pain and self-reported functional limitations. However, the present cross-

sectional study did not distinguish more recent fractures from older fractures. It has 

been reported that acute pain resulting from vertebral fracture is often self-limiting and 

resolves within six weeks to two months (Ross, 1997). The results from the present 

study suggest that there may not be a role for cross-sectional assessment of HRQoL, 

either independently or in combination with other risk factors, as a community-

screening tool for osteoporotic fracture risk in healthy elderly community-dwelling 

women. However, it is conceded that findings relating to HRQoL may differ in a 

convenience sample of elderly women, compared with a random sample. 
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5.7 MAIN OUTCOME OF THIS STUDY 

The Australian Bureau of Statistics (2003) projected that the proportion of the 

Australian population aged 65 and older will increase more than two fold, from 13% in 

2001 to about 30% in 2051. With strong evidence of an increase in the incidence of 

osteoporotic fracture with age (Jones et al., 1994; Sanders et al., 1999a), the number of 

osteoporotic fractures in Australia is projected to increase from about 94,000/year to 

200,000/year in 2051 (Sanders et al., 1999b). If no action is taken to slow this trend, 

fracture rates may increase from one every 8 minutes to one every 3.7 minutes by 2021 

(Access Economics, 2001).  

 

The direct health-care cost of managing osteoporosis in Australia is reported to be in the 

region of AUD$1.9 billion per annum (Access Economics, 2001). With the rapidly 

aging population, research experts and health authorities are concerned that the cost of 

managing osteoporosis may spiral dramatically. In view of the growing incidence of 

osteoporosis with the change in population demographics, and the increasing cost and 

the financial burden of osteoporotic fractures, Osteoporosis Australia proposed targeted 

campaigns for early detection of high-risk individuals (Access Economics, 2001). In a 

recent Australian Fracture Prevention Summit (2002) it was suggested that early 

identification of fracture risk can reduce the fracture epidemic by allowing early 

prevention and treatment programs to be implemented (Sambrook et al., 2002).  

 

While DXA assessment of BMD is currently the clinical standard for assessing 

osteoporotic fracture risk, the proposal for population screening using DXA 

measurement is considered inappropriate (Sambrook et al., 2002). There are concerns 

that unselective screening using DXA may further increase the financial burden on the 

health care system without delivering benefits commensurate with expenditure. 

Additionally, given their use of ionising radiation, their cost and complexity, DXA 

devices are mainly based in institutions or large medical practices. The accessibility of 

such technologies is therefore limited, especially in rural communities. Importantly, 

there are also concerns about the over-reliance on this assessment as there is evidence 

that a proportion of osteoporotic fractures are not captured by the conventional WHO 

threshold of BMD T-score of less than -2.5 (Buist et al., 2002; Stone et al., 2003).  
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Over the past decade, there is increasing evidence to suggest the utility of calcaneal 

quantitative ultrasonometry in fracture risk assessment. However, findings from these 

studies are unable to support the promotion of the use of QUS as a replacement for 

DXA (Glüer and Hans, 1999; Prince 1999; Pocock et al., 2000a, Reid and Stewart, 

2001; Dargent-Molina et al., 2003). At present, quantitative ultrasonometry is only 

recommended as an acceptable component in a composite pre-screening for 

osteoporotic fracture risk (Glüer & Hans, 1999; Hamanaka et al., 1999; Naganathan et 

al., 1999; Prince, 1999; Pocock et al., 2000a; Reid & Stewart, 2001). 

 

While bone strength assessment is considered integral to provide an indication of 

osteoporotic fracture risk, the propensity to fall has also been identified and recognised 

as an important predictor of osteoporotic fractures (Nguyen et al., 1993, Lord et al., 

1994b; Jones et al., 1995a; Kanis & Glüer 2000; Sambrook et al., 2002, Stone et al., 

2003). 

 

To the author’s knowledge, at the commencement of this study in 2000, there were no 

reports documenting the combined ability of calcaneal quantitative ultrasonometry and 

assessment of falls risks factors to identify fracture risk. Recently, Prince et al. (2001) 

documented that SOS and grip strength were significant predictors of incident fractures 

(at any anatomical site). A more recent publication by Dargent-Molina et al. (2003) 

documented that a combination of QUS, DXA BMD and falls risk factors had the 

highest sensitivity in predicting hip fractures, compared to either QUS or BMD 

measurements alone.  

 

The present study identified that a composite model, involving calcaneal QUS and falls 

risk assessment, was able to identify fracture risk, based on two commonly used 

‘diagnostic’ criteria for fracture risk: i) low BMD and/or a history of fractures (WHO, 

1994; Kanis, 1994); and ii) prevalent vertebral fractures. Specifically, the calcaneal 

QUS variables, SOS, and the functional mobility test, TUG, significantly discriminated 

a group of women diagnosed as osteoporotic (based on low BMD score and/or a history 

of fragility fracture) from a non-osteoporotic group. The ORs associated with 1 SD 

decrease in SOS and 1 SD increase in TUG were 3.1 and 1.6, respectively. However, a 

simultaneous change of 1 SD in SOS and TUG increases the risk OR to 5.0 compared to 

those not at risk (SD ‘0’ for both TUG and SOS).  
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Broadband ultrasound attenuation, rasterstereographic back surface curvature and 

postural sway, were able to discriminate a group of women with prevalent vertebral 

fractures from a non-fracture group, independently of DXA BMD. The discriminatory 

power of this composite model (BUA and back surface curvature) was shown to be 

better than DXA BMD assessment alone, reflected in the difference in AUC of the 

respective ROC curves. At 75% specificity, the composite model of BUA and back 

surface curvature had a sensitivity of 70% for discrimination of prevalent fracture. 

These sensitivity and specificity levels were better than hip BMD, where at the same 

level of specificity (75%), the sensitivity was only 40%. 

 

The findings from the present study have great significance. It is widely recognised that 

low BMD and prevalent vertebral fractures may be asymptomatic and can often go 

undiagnosed (Gershon-Cohen et al., 1953; Cooper et al., 1992; Nevitt et al., 1998). 

Thus, individuals with low bone mass or with existing vertebral fractures may not be 

aware that they are at risk of subsequent fractures. Given that these factors increase the 

risk of future osteoporotic fracture significantly, and that osteoporotic fractures are 

associated with morbidity, mortality and significant cost, the case for more aggressive 

case-finding for individuals at high risk of osteoporotic fracture at an early time point of 

the disease progression becomes compelling. This is especially so when 

pharmacological agents and lifestyle modifications have been shown to be effective in 

preventing fractures. A QUS-based case-finding strategy, such as the model identified 

in the present study, may help to identify at-risk individuals, especially those disinclined 

to be proactive in seeking treatment in medical institutions. This will allow for further 

investigations to be conducted and early preventive intervention to be implemented. 

 

It is not the aim of this study to propose a radical alternative to the current diagnostic 

assessment for risk of osteoporotic fractures. Rather, the present study showed that a 

composite model comprising QUS measurement of the calcaneal bone, and assessments 

of thoracic kyphosis, functional mobility and balance, using relatively simple and 

relatively inexpensive assessments, may be used as part of an osteoporosis service in the 

community to provide a first line of screening for women at risk of future osteoporotic 

fractures. The key is in reducing the cost to the community associated with osteoporotic 

fracture. 

 



289 

Calcaneal QUS systems are relatively inexpensive compared to DXA machines and the 

cost associated with these assessments is relatively low compared to DXA assessment. 

The cost-effectiveness of using calcaneal QUS in identifying fracture risk has been 

demonstrated in several studies (Dhaliwal, 2000; Marin et al., 2002; Díez-Pérez et al., 

2003). In addition, Glüer et al. (2004) recently demonstrated that using QUS to identify 

high-risk individuals (with prevalent vertebral fractures) can reduce the need for 

additional radiological assessment by 50%, resulting in significant cost savings. 

 

A QUS system is portable, easy to use and relatively less expensive than DXA 

densitometers. In addition, the non-ionising nature of QUS obviates the need for: i) 

radiation licenses; ii) specialised operating personnel (e.g., in Victoria, Australia); and 

iii) observation of radiation protection issues in the examination area, thus increasing its 

utility and accessibility, especially in community settings.  

 

The timed “Up & Go” test simply requires a chair and a stopwatch to administer. 

Admittedly, the video rasterstereographic system is relatively more expensive than other 

available non-invasive assessment of back curvature, such as the architect’s flexicurve 

ruler or the Debruener Kyphometer, but it has the added advantage of high 

reproducibility (lower CV% compared to other methods of spinal curve assessment). 

Additionally, derivation of kyphotic angle does not require manual calculation and the 

rasterstereographic image can be stored for serial assessment. Essentially, 

rasterstereography is an attractive alternative to the use of radiographic assessment of 

spinal curves in an unselected population without concerns about unnecessary exposure 

to ionising radiation. 

 

Effective programs to reduce the incidence of osteoporotic fracture require diagnostic 

methods that are quick, easy, inexpensive and suited for widespread use (Glüer et al., 

2004). The results of the present study comply with these requirements, suggesting that 

this composite model has potential utility as a pre-screening strategy. 

 

This study excluded all women who were on any medication that could significantly 

affect bone metabolism. Therefore, any relationship with BMD-dependent variables 

observed in the present study were independent of any confounding effects of anti-

resorptive agents. Furthermore, the potential confounding ‘non-BMD’ effects of these 
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anti-resorptive therapies on other variables such as, muscular strength, balance and 

vision (Faulkner, 2000), were also minimised. 

 

All the non-spinal fractures in the present study were confirmed by previous X-rays or 

X-ray reports. Self-report of a fracture not previously medically diagnosed was not 

considered as a fracture. Thus, the potential associated inaccuracies of self-reported 

fractures (Ismail et al., 2000) were minimised in the present study.  

 

The subjects were recruited from a sample of convenience representing a sub-group of 

ambulant community-dwelling women. The participants were allocated to group 

classification based on either BMD or prevalent fractures. This study design avoided the 

bias associated with selecting the high risk group from a sample (e.g., hospital-based 

sample) different from the low risk group (e.g., from the general ambulant population).  

 

The variables identified as most highly associated with fracture risks using logistic 

regression analysis were also identified as significant discriminants using DFA, 

confirming the strength of these associations.  

 

The present study has demonstrated that a composite measure of calcaneal QUS and 

risk factors associated with falls, in particular, thoracic kyphosis, TUG and postural 

sway with eyes closed, has the ability to discriminate individuals at risk of osteoporotic 

fractures from healthy individuals. However, the clinical utility of this composite model 

and the predictive power of such an approach will need to be confirmed in prospective 

studies. 
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5.8 LIMITATIONS OF THIS STUDY 

This study has several limitations:  

1) The subjects in the present study were from a sample of convenience. They were 

recruited mainly from community exercise classes, hospital volunteer groups, 

senior citizen social clubs or by word of mouth. Participation in the study was 

purely on a voluntary basis as no monetary incentives were offered. This 

recruitment strategy may lead to a selection bias towards more motivated, 

healthier and more active individuals, and may exclude those less motivated, or 

those less physically enabled to attend the study. Though the mean BMD Z-

scores of the study group were in accord with the Western Australian population 

norms (Chapter 4, Table 4.4), this was not the case for the SF-36 domains 

(Chapter 5, Table 5.4). This likely effect of ‘volunteer bias’ has been previously 

demonstrated by Ganguli et al. (1998) who recruited a total of 1,681 community-

dwelling individuals and compared the differences in age, gender, education 

levels, social characteristics, cognitive and functioning levels, between a sample 

population selected at random (random sample), and a sample consisting of 

participants who have been not been selected (from the random recruitment 

exercise) but had volunteered to participate in the study (volunteer sample). 

Their study demonstrated that the ‘volunteer’ subjects were better educated, and 

had better functional and cognitive abilities compared to the random sample. 

Additionally, longitudinal follow-up showed that the volunteers had a 

significantly better survival rate, suggesting that they were healthier than the 

general population they had come from. Ganguli et al. highlighted the limited 

generalisability of research findings derived from volunteer participation. 

 

2) This study did not include men, pre-menopausal women or frail elderly 

individuals. The results cannot be extrapolated to males, younger women or less 

mobile and more fragile nursing home-based elderly women.  

 

3) The medical history and current use of medications were derived from the 

subjects’ self reports. This was not verified by medical examination. Although 

attempts were made at a comprehensive assessment of the subjects’ medical 

conditions and use of medications, there is still the potential for inaccurate 
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reporting or omission of vital information. Thus, there remains a possibility that 

the results of the present study may be partly confounded by such factors.  

 

4) Physical activity levels were determined retrospectively, via self-report of 

subjects’ participation in various forms of physical activity for the last 12 

months. The Modified Baecke Questionnaire was designed to provide an 

estimate of physical activity levels. This questionnaire was not able to 

distinguish weight bearing physical activities from non-weight bearing physical 

activities. This may have reduced the ability of this study to identify any 

relationship between physical activity levels and bone mass or quality.  

 

5) This study also did not assess parathyroid hormone levels, Vitamin D status, 

serum calcium or other biochemical markers of bone metabolism. These factors 

have been previously suggested to affect bone mass (Brahm et al., 1998) and 

some may affect postural sway (Pfeifer et al., 2000). Thus, these potential 

confounders of bone strength and quality, and physical performances were not 

thoroughly assessed and may have confounded the results of the present study. 

 

6) Previously identified risk factors for falls from existing literature were used in 

this study. The ability of these factors to discriminate fallers from non-fallers 

could not be verified in the present study due to the small number of fallers (n = 

12). Preliminary analysis using this small number showed that previously 

identified risk factors for falls, namely quadriceps femoris strength, grip 

strength, postural sway and TUG were not significantly different between fallers 

and non-fallers in this sample population. The lack of association is most likely 

due to the lack of statistical power and/or the homogeneity of the sample. 

 

7) The subjects were recruited prospectively for this study. In order to allow the 

timely completion of this study, the recruitment exercise was limited to a period 

of one year. During this period, 211 women volunteered for the study. However, 

due to the comprehensive exclusion criteria of the study, only about 50% of 

these volunteers were investigated (Chapter 4.2). Due to the limited sample size, 

the power to detect small differences may be poor. The discriminatory abilities 

of QUS, TUG and thoracic kyphosis demonstrated in this cross-sectional study 

can only be used to depict trends. The discriminatory power of other variables 
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related to the risks of falling in the elderly (e.g., postural sway variables, in 

particular, EC) may have been missed. In addition, due to the relatively small 

sample size and the multiple variables assessed, the results of the present study 

may be subjected to Type I and Type II errors. 

 

8) The ideal application of DFA to a sample should allow for a proportion of the 

sample to validate the model. However, there were insufficient numbers to split 

the sample and allow for model generation and validation of the discriminant 

model. 

 

9) Although the discriminatory powers of different QUS devices have been shown 

to be of similar magnitude (Njeh et al., 2000), variations in calcaneal QUS 

measurements from different devices, for the same individual, were noted (Njeh 

et al., 2000; Ingle et al., 2001; Falgarone et al., 2004; Zochling et al., 2004). 

Caution has been suggested for the use of QUS for assessment of osteoporosis as 

it may be device specific and should not be generalised to other devices 

(Falgarone et al., 2004; Zochling et al., 2004). The results of the present study 

may therefore not be representative of other QUS models. 

 

10) A recent review by the US Preventative Services Task Force reported that the 

proportion of patients diagnosed as having osteoporosis differed according to the 

different DXA technologies used, and the probability of being diagnosed 

osteoporotic is also dependent on measurement site (Nelson et al., 2002). 

Moreover, in the case of DXA measurements in the present study, the BMD T-

score was derived from the WA reference range for the female population (Price 

et al., 2003). The group classification, based on the BMD T-scores, may have 

been affected. Therefore, the results of this study may be to a degree 

characteristic of this population only. 

 

11) Finally, the cross-sectional design of the present study limits any attempt at 

identifying the causal directions of any associations identified.
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CHAPTER 6 

CONCLUSIONS 

AND 

RECOMMENDATIONS FOR FUTURE STUDIES 

 

6.1 CONCLUSIONS 

This cross-sectional study was conducted to test the main hypothesis that a composite 

model comprising calcaneal quantitative ultrasonometry and assessment of factors 

related to the risk of falls (muscular strength, mobility, postural sway and thoracic 

kyphosis) and HRQoL, is able to discriminate a subgroup of the general post-

menopausal population at high risk of osteoporotic fracture from those at low risk, 

independently of bone mineral mass. One hundred and four community-dwelling post-

menopausal women were recruited for this study. These women were not on HRT or on 

any anti-resorptive bone therapy, and were free from medical conditions that 

significantly affected bone metabolism. The main findings of this study are summarised 

below. 

 

1) The results of the present study accept the primary hypothesis that a composite 

model comprising assessments of bone ‘quality’ using calcaneal ultrasonometry, 

thoracic kyphosis, TUG and postural sway, was able to discriminate those at risk 

of osteoporotic fractures from those at low risk.  

 

2) Self-reported HRQoL was unable to independently, or in combination with other 

risk factors, discriminate the high-risk from the low-risk group. 

 

3) When fracture risk was defined using a combination of low BMD and/or a 

history of fragility fracture, SOS and TUG significantly discriminated the high-

risk group from the low-risk group.  

 

4) Combining the assessment of QUS and TUG had stronger discriminatory power 

to identify those at high risk (Risk OR = 5.0) compared to when these variables 

were considered individually (Risk OR for SOS = 3.0; TUG = 1.6). 
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5) When fracture risk was based on prevalent vertebral fractures, BUA, thoracic 

kyphosis and postural sway when standing with eyes closed, significantly 

discriminated the high-risk group from the low-risk group, independently of 

BMD.  

 

6) Receiver operating characteristic curves showed that at 75% specificity, the 

composite model comprising BUA and thoracic kyphosis had a sensitivity of 

70% in discriminating prevalent vertebral fracture cases. In contrast, at the same 

specificity of 75%, TH BMD had a sensitivity of about 45%.  

 

7) The AUC for the composite model (BUA and thoracic kyphosis) is larger (AUC 

= 0.75) than the AUC for TH BMD alone (AUC = 0.60) for discriminating 

vertebral fracture cases. The difference in AUCs however did not reach 

statistical significance (p = 0.059). 

 

 

In addition to the main hypothesis, the present study also documented the following 

findings: 

 

i) There were significant but weak associations between BMD (hip and 

lumbar spine) and calcaneal QUS variables, after controlling for age and 

weight.  

 

ii) The two indices of thoracic kyphosis (spinal Cobb angle and 

rasterstereographic back surface curvature) were not related to DXA BMD 

of the hip and spine. Although calcaneal QUS was not related to the Cobb 

angle, a positive relationship between QUS and back surface curvature was 

noted. 

 

iii) There were no significant associations between muscular strength (trunk, 

quadriceps femoris or grip) and DXA BMD of the lumbar spine or hip. 

Apart from the weak and paradoxical inverse relationship between SOS and 

grip strength, no other strength variables were related to calcaneal QUS 

measurements. 
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iv) Isometric trunk strength was not related to the magnitude of thoracic 

kyphosis in these community-dwelling older women. 

 

v) Breast size, as indicated by the subject’s recall of her largest bra size worn, 

was not associated with the magnitude of thoracic kyphosis.  

 

vi) There were no differences in BMD and calcaneal QUS measurements 

between women with varying levels of habitual physical activity. 

 

vii) Physically more active women presented with stronger grip strength, were 

functionally more mobile and generally reported better HRQoL, compared 

to their sedentary counterparts. 
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6.2 RECOMMENDATIONS FOR FUTURE STUDIES 

In 2000, National Institutes of Health (NIH) convened a 13-member panel of experts in 

the area of osteoporosis to develop a consensus statement for the prevention, diagnosis 

and therapy for osteoporosis (NIH, 2001). It was stated that “Clinical risk factors have 

an important but poorly validated role in determining who should have BMD 

measurement, in assessing fracture risk, and in determining who should be treated.” 

(NIH, 2001, p. 785). The panel suggested that future studies should include a 

comprehensive assessment of bone-dependent and bone-independent predictors of 

fracture risk. Those bone-independent factors identified included muscle function and 

cognition, both of which are fall-related risk factors. The present study has 

demonstrated that a combination of QUS, hyperkyphosis, impaired mobility and balance 

(the latter three being falls risk factors) was able to discriminate fracture risk.  

 

However, due to the limited sample size and the cross-sectional nature of this 

observational study, these findings can only be used to generate hypotheses for larger 

studies. The predictive power of this composite assessment will need to be established 

in large prospective studies using incident fractures as the outcome. Sample populations 

should be recruited randomly and should be more heterogeneous, including women of a 

wide age range, for example peri-menopausal and elderly institutionalised women. The 

results of this study cannot be reliably extrapolated to men without prospective studies 

of male groups as well. 

 

This composite model also needs to be validated in other sample populations, with 

characteristics that are different from that used to derive this model. Thus, prospective 

studies of gender, age and ethnic diversity will permit more accurate fracture risk 

identification in these groups. This would comply with the recommendations of the NIH 

consensus statement (NIH, 2001). 

 

Many technologically diverse QUS systems are available. The results of the present 

study were established using the gel-contact Sahara QUS system. Thus, future studies 

using other QUS devices will be needed to confirm the observations of this study. 
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Investigations are needed to evaluate the estimated cost of implementing such a pre-

screening program, plus the cost-effectiveness of the follow-up treatment and 

intervention for those identified as at risk. The cost-effectiveness of the use of QUS as a 

possible screening modality for osteoporosis has been investigated in a few studies 

(Dhaliwal, 2000; Lippuner et al., 2000; Marin et al., 2002; Díez-Pérez et al., 2003) 

(refer to Chapter 2.5.1). In general, these cross-sectional studies suggest that to be 

economically effective, the cost of QUS as a pre-screening modality must be 

substantially lower than DXA (approximately less than 50%), and in the absence of the 

availability of DXA. At present, there are no cost-analysis reports of the combined use 

of quantitative ultrasonometry plus other established osteoporotic risk factors as a 

screening model to identify fracture risk. Future studies are needed. First, prospective 

studies using incident fractures as outcomes are needed to validate the results of the 

above cross-sectional studies that have used DXA BMD as the ‘gold-standard’ for 

fracture risk. Second, cost-effectiveness analyses should also consider other factors such 

as: i) the accessibility of DXA versus QUS in an expansive country like Australia;  

ii) the cost associated with the space and location needed for the DXA machines due to 

their size and radiation protection issues; iii) the need for specialised technicians to 

operate DXA machines; and iv) the health-care policies with regard to rebates for 

osteoporosis assessments.  

 

Further work is also necessary to establish the age to begin screening that is most 

sensitive and most cost-effective. For example, Kanis et al. (2000) showed that non-hip 

fractures before the age of 60 contribute to more than 50% of the cost and morbidity of 

fracture in the Swedish population. Therefore, there may be a need to assess the 

sensitivity and the specificity of this model in predicting fractures in various age groups 

(pre, peri- and post-menopausal) of women. 

 

Future studies should also include laboratory tests to provide information about bone 

turnover, Vitamin D status and parathyroid hormone levels, as some of these factors 

have been shown to affect bone strength (Brahm et al., 1998), plus physical 

performances of muscular strength (Zamboni et al., 2002) and postural sway (Pfeifer et 

al., 2000). 

 

The positive relationship identified between calcaneal QUS and rasterstereographic 

back surface curvature observed in the present study is novel. However, further 
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investigations involving a more heterogeneous group of women and the inclusion of 

motion analysis and posturography to assess gait patterns of women with varying 

degrees of kyphosis, may help better define and understand this relationship. Inclusion 

of calcaneal BMD assessments, in addition to calcaneal QUS may also help to 

determine whether bone ‘quality’ is affected by the change in stance and gait pattern in 

the more kyphotic elderly. Ideally, a prospective study design will allow changes in 

spinal curvature, balance, QUS and gait to be observed over time and importantly, rates 

of change noted. 

 

Validation studies are needed to compare rasterstereographic assessment of back surface 

curvature with other cheaper non-invasive methods, such as the architect’s flexicurve 

ruler, the Debruener Kyphometer or the ‘wall-to-occiput’ distance of assessing thoracic 

kyphosis. This may assist in determining the utility of these relatively cheaper and more 

portable assessment techniques for measuring thoracic curvature in community settings. 

The assessment of strength performance in the present study should also be compared 

with other commonly used laboratory-based commercial equipment (e.g., Kin-Com 

strength testing device; Med-X). 

 

The present study used the Lord’s Sway-Meter to assess postural sway. The Sway-

Meter only measures body displacement at the level of the lumbar region and does not 

provide information regarding the displacement of other body parts such as the head, 

pelvis or lower limbs. Apart from the comparison with two clinical assessments of 

balance; namely static and dynamic standing balance (Lord et al., 1991a), the Sway-

Meter has not been directly compared with other motion tracking assessments. An 

example is the ultrasonic technology for the assessment of postural sway (Dickstein, et 

al., 1996; Dickstein & Abulaffio, 2000). Studies have suggested that a tracking device, 

for example, the V-Scope motion monitor, can provide information regarding the 

balance control strategies employed. Such a technology can monitor displacements at 

various body parts simultaneously (Dickstein, et al., 1996; Dickstein & Abulaffio, 

2000). However, the use of ultrasonic technology for the assessment of postural sway in 

osteoporosis and fall-related studies is presently limited and has not been compared with 

other commonly used measures of balance (e.g. Balance Master, force platform, Sway-

Meter). Preliminary investigations prior to the main study showed that the Sway-Meter 

is highly correlated to the V-Scope motion detector (Appendix 20). In addition, it was 

demonstrated that monitoring the total-sway travelled using the V-Scope system has 
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better reproducibility and may be more sensitive in detecting balance performance 

changes, compared to the Sway-Meter. A draft manuscript of this study is presented in 

Appendix 20. Future studies should include the use of such motion detectors to monitor 

postural sway. Understanding the balance strategies employed by elderly individuals 

may help provide more insights into falls prevention rehabilitation. 

 

Itoi and Sinaki (1994) reported that back strengthening exercises in prone, using a 

weighted backpack, resulted in a small but significant decrease in kyphotic angle 

(2.8±4.2°, p = 0.041) in healthy post-menopausal women with severe kyphosis (> 34.1° 

in Cobb angle). In order to better understand the relationship of trunk musculature 

strength and thoracic kyphosis, investigations of muscle activity during upright standing 

using electromyographic studies, in a wide age range of women and with varying 

degrees of kyphosis, are needed. This will aid in isolating and identifying the muscles 

most active in maintaining a ‘neutral’ posture and to assess if there is a change in 

electromyographic activity in the trunk musculature in women with varying degrees of 

thoracic kyphosis. In addition, as trunk muscles are predominantly slow twitch in nature 

(Mannion et al., 1997), it would be interesting to assess if there is a relationship between 

endurance of the back extensor musculature and spinal curvature. The results of this 

may aid in determining the most appropriate type of exercise (strength training or 

endurance training) for preventing the progression of this deformity with aging. 

 

Finally, reports of significant reduction in back pain and improvement in posture in 

women following breast reduction suggest that women with larger breast size have more 

back pain and greater thoracic curve (Glatt et al., 1999). The causal effects of these 

relationships are not known. This cross-sectional study did not observe any association 

between breast size and kyphosis, based on the subject’s recall of her largest bra size 

used. A more objective measure of breast size, in addition to the subject’s recall of her 

bra size worn, may help provide an indication of the subject’s breast size throughout her 

mature age lifespan. An example of an objective measure of breast size is the 

Computerised Breast Measurement System described by Daly et al. (1992) (refer to 

Section 5.4.2). Therefore, future well-controlled studies that include a more objective 

measure of breast size are necessary to investigate if non-musculoskeletal factors 

contribute to the progression of thoracic hyperkyphosis. 
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Subject code: _________ 
Centre for Musculoskeletal Studies 

Department of Surgery 
University of Western Australia 

Osteoporosis Study Screening Questionnaire 
 
 
Thank you for taking your time to fill in this questionnaire. The questions are 
designed to aid in the research into non-invasive assessments of osteoporosis. 
All the information given will be held with strictest confidence.  
 
 
Date: ____/____/____ 
Title: Mrs./Ms/Miss/Others  _____________________(Family name) 
    _____________________(First name) 
 
Address: 
______________________________________________________________
_____________(Suburb)    _________ (Postcode) 
 
Contact number:  __________________(Office hours) 
   __________________(After hours) 
 
Date of Birth: ____/____/_____ (dd/mm/yy) 
 
Ethnic Origin:  ___________________________ 
Family Doctor: ___________________________(Name) 
(G.P)  ___________________________(Address) 
  
Have you ever had a bone mineral density scan (DXA) done? Yes/No 
If YES, when and where did you have it done?  
Date done: __________ (month/year)  
Place: _____________(hospital/clinics) 

Do you know the results of your bone density scan?  Yes/No 
If YES, please provide some details:  
____________________________________ 
 
Is a copy of your results available?    Yes/No 
 
 
MEDICAL HISTORY 
 
1. Are there any immediate family members (siblings, parents, 

grandparents) diagnosed with osteoporosis?  Yes/No 
If YES, please state relations______________________ 
 
2. Have you broken any bones?    Yes/No 
If YES, for each broken bone, please provide details: 
(i) Age it happened: _________Site of break: _______ 
Describe how and why it happened. 

______________________________________________ 
(ii) Age it happened: ________ Site of break________ 
Describe how and why it happened. 

____________________________________________________ 
 
3. History of previous falls 
Past year: Number of falls ____________ 
Describe how it happened: __________________________________ 
Last 5 years: Number of falls: ___________ 
Describe how it happened: ___________________________________ A

PPE
N

D
IX

 2
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4. Have you had any of the following? 
Cancer/malignancy in the last 5 years  Yes/No 
Bone disease     Yes/No 
Joint replacement in the last 2 years (Joint: ______)Yes/No 
Severe osteoarthritis (limiting your daily activities) Yes/No 
Rheumatoid arthritis    Yes/No 
Ankylosing spondylitis    Yes/No 
Scoliosis      Yes/No 
Thyroid/Parathyroid disease   Yes/No 
Hypopituitarism     Yes/No 
Paget’s disease     Yes/No 
Cushing syndrome     Yes/No 
Coeliac, Crohn or any disease of gut malabsorption Yes/No 
Diabetes/lymphatic or any circulatory diseases Yes/No 
Kidney problems/Dialysis    Yes/No 
Parkinson’s disease/Stroke/Multiple sclerosis Yes/No 
Hospitalised/immobilised for more than 6 months in                               
the last 5 years?     Yes/No 
 
If “YES” for each illness, please provide details: 
(i) Illness: __________________________________ 
Age diagnosed: ____Duration of illness (months/years):___ 
Medication(s) given: _______________________________ 
 
(ii) Illness: __________________________________ 
Age diagnosed: ____Duration of illness (months/years):___ 
Medication(s) given: _______________________________ 

 
 5.  Have you had any other major illnesses not listed above? Yes/No 

If YES, please provide details: 
(i) Illness: __________________________________ 
Age diagnosed: ____Duration of illness (months/years):___ 
Medication(s) given: _______________________________ 
 

(ii) Illness: __________________________________ 
Age diagnosed: ____Duration of illness (months/years):___ 
Medication(s) given: _______________________________ 
 

6.  Have you had any major operations (eg: hysterectomy, removal of 
ovaries, mastectomy) ?     Yes/No 
If YES, please provide details: 

 (i) Name of operation: _________________________ 
 Date of operation: (month/year): ________________ 
  

(ii) Name of operation: ________________________ 
 Date of operation: (month/year): ________________ 
 
MEDICATIONS 
1. Are you or have you been on any of the following medications? If 

your answer is yes, please provide details. 
 
a) Calcium       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
b) Vitamin D       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
c) Steroids       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
e) Hormone replacement     Yes/No 
Name: ________Dose: ___/day   Frequency (e.g. once a day)_____ 
When start: ________When stop: _______ 

A
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f) Bisphophonates      Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
g) Raloxifene       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
h) Calcitriol       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
i) Fluoride       Yes/No 
Name: _________Dose: ___/day   Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
 
j) Oral contraceptive      Yes/No 
Name: _________Dose: ____/day    
When start: ________When stop: _______ 
 
2. Are you on any other medication?     Yes/No 
(i) Name: _______Dose: ___/day. Frequency (e.g. once a day)____ 
When start: ________When stop: _______  
Reason for taking medication:_____________________________ 
 
(ii)Name: _______Dose: ____/day. Frequency (e.g. once a day)____ 
When start: ________When stop: _______ 
Reason for taking medication:________________________________ 
 
MENSTRUAL HISTORY 
Have you been through menopause?    Yes/No 
If YES, age of menopause: ______Date (if known) :    __________ 
If NO, are you going through menopause (e.g., having irregular menstrual 
period, hot flushes etc)?      Yes/No 

Please circle the LARGEST bra size you have worn. 
10A     10B  10C  10D  10E 
12A     12B  12C  12D  12E 
14A  14B  14C  14D  14E 
16A  16B  16C  16D  16E 
18A  18B  18C  18D  18E 
20A  20B  20C  20D  20E 
22A  22B  22C  22D  22E 
24A  24B  24C  24D  24E 
 

___________________End of Questionnaire________________ 
 
 

Thank you 
Acknowledgment: This questionnaire is based on the Sir Charles Gairdner 
Hospital, Department of Endocrinology, Bone Mineral Assessment Unit and 
the Trinity College (Dublin) Osteoporosis Research Centre. 
 
 
 
Official use: 
 
Height: _______ Weight: _________ BMI: __________ 
 
BMD results 
Date assessed: _______________ Hospital/Clinic: _____________ 
Lumbar spine:  BMD _______ t- score: _____ z-score ________ 
Total Hip:  BMD _______ t- score: _____ z-score ________ 
Femoral neck:  BMD _______ t- score: _____ z-score ________ 
 
Technology:  
QUS/DXA/QCT: Manufacturer: Hologic/Lunar Others: ________________ 
Model: __________________________ 
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Subject Information 
Non-invasive determination of spinal disability 

 
Dr Kevin Singer1, Professor Leon Flicker2, Dr Roger Price3 & Ms BK Tan1 

 
Centre for Musculoskeletal Studies, UWA1, University Department of Geriatric Medicine, RPH 

2  and  Department of Medical Physics and Technology, Sir Charles Gairdner Hospital 3. 
 

     
PURPOSE OF STUDY 
This study seeks to investigate if using simple functional tests of body sway, muscle strength, 
mobility, back shape and heel bone density using ultrasonic measurement can identify 
individuals who require more detailed medical examination for osteoporosis fracture risk. 
 
BACKGROUND 
The current clinical standard for the diagnosis of osteoporosis is a combination of medical 
history and risk factor evaluation: bone densitometry, X-rays and blood tests. These assessments 
are generally conducted in hospitals. The risk of osteoporotic fracture increases with age. The 
future changes in the Australian population combined with increasing health care cost suggests 
an urgent need for relatively simple tests which help to identify individuals who require further 
assessment of their fracture risk. 
 
PROCEDURES 
With your consent, the following procedures will be employed: spine X-ray, bone density scan 
and a series of functional tests involving strength measurement, body sway, back shape and heel 
bone ultrasound assessment and a series of general health questionnaires. All tests will be 
conducted at Royal Perth Hospital, and at the Medical Research Foundation Building at Royal 
Perth Hospital. All functional tests will be performed under the supervision of a physiotherapist 
researcher. All information will be kept confidentially and access limited to the research group. 
Information of the study may be used for scientific publications, however, your identity will not 
be revealed.   
 
POSSIBLE RISKS / BENEFITS 
All tests to be administered are routinely performed in the osteoporosis clinic of the hospital. 
There are no risks associated with the functional tests apart from some slight muscle stiffness 
which might follow the strength testing, as would be common after any exertion. You will be 
asked to move only according to your limits. If you have any concerns about this study or you 
require further information, please do not hesitate to ask the researchers, who will answer all 
your questions. 
 
The benefits of your participation would be to help establish the link between densitometry of 
the heel bone and other risk factors associated with osteoporotic fracture. Additionally, this 
project may define the key screening tests which help identify those individuals who need 
further medical assessment.  For your interest, you can request a report summarising the results 
of these tests. These results can also be reported to your doctor with your permission. 
 
This study has the formal approval of the Royal Perth Hospital Ethics Committee: 
[EC2000/015]and Sir Charles Gairdner Hospital Human Research Ethics Committee 
[2001-103]. In the event of any questions arising from this study, please contact Ms 
BK Tan at RPH on  
Ph: 9224 0208 
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Consent form 

Non-invasive determination of spinal disability 
 

CHIEF INVESTIGATORS 
Dr Kevin Singer, Professor Leon Flicker, Dr Roger Price & Ms BK Tan 

     
PURPOSE OF STUDY 
This study seeks to investigate if using simple functional tests of body sway, muscle strength, 
mobility, back shape and heel bone density using ultrasonic measurement can identify 
individuals who require more detailed medical examination for osteoporosis fracture risk. 
 
BACKGROUND 
The current clinical standard for the diagnosis of osteoporosis is a combination of medical 
history and risk factor evaluation: bone densitometry, X-rays and blood tests. These assessments 
are generally conducted in hospitals. The risk of osteoporotic fracture increases with age. The 
future changes in the Australian population combined with increasing health care cost suggests 
an urgent need for relatively simple tests which help to identify individuals who require further 
assessment of their fracture risk. 
 
PROCEDURES 
With your consent, the following procedures will be employed: spine X-ray, bone density scan 
and a series of functional tests involving strength measurement, body sway, back shape and heel 
bone ultrasound assessment and a series of general health questionnaires. All tests will be 
conducted at Royal Perth Hospital, and the Medical Research Foundation Building at RPH. All 
functional tests will be performed under the supervision of a physiotherapist researcher. All 
information will be kept confidentially and access limited to the research group. This study has 
been approved by the RPH Ethics Committee: [EC2000/015] and SCGH Human Research 
Ethics Committee [2001-103]. 
 
POSSIBLE RISKS / BENEFITS 
All tests to be administered are routinely performed in the osteoporosis clinic of the hospital. 
There are no risks associated with the functional tests apart from some slight muscle stiffness 
which might follow the strength testing, as would be common after any exertion. You will be 
asked to move only according to your limits. If you have any concerns about this study or you 
require further information, please do not hesitate to ask the researchers, who will answer all 
your questions. 
 
The benefits of your participation would be to help establish the link between densitometry of 
the heel bone and other risk factors associated with osteoporotic fracture. Additionally, this 
project may define the key screening tests which help identify those individuals who need 
further medical assessment.  For your interest, you can request a report summarising the results 
of these tests. These results can also be reported to your doctor with your permission. 

______________________________________________________________________ 
DECLARATION OF CONSENT 

 
I,   ................................................................................................ (please print your name), 
of................................................................................. Postcode:.......……… Phone .................. 
consent to participation in the above-titled research. I have read and understood the SUBJECT 
INFORMATION STATEMENT and any questions I have asked have been answered to my 
satisfaction. I understand the consequences associated with participation. I agree to having any 
results from this study used in any report or research paper, on the understanding that 
anonymity will be preserved. Participation is entirely voluntary and I understand that 
withdrawal, either before or during the study will not prejudice any other treatment. 
 
Signature .......................................................................... Date ................... 
Witness  .........................................................................  Date ................... 
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DAILY QUALITY CONTROL DATA FOR HOLOGIC QDR 1000X 

DENSITOMETER 
 

Daily QC was conducted using the lumbar spine phantom (specimen 177) before the 

first measurement of the day. The QC exercise spanned the entire period of the study. A 

total of 102 QC scans were performed. The percentage coefficient of variation (CV%) 

during the test period was 0.44%. The plots of the daily QC derived from the Hologic 

QDR 1000W  
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PRE- AND POST – TEST CALIBRATION 
STRAIN-GAUGE DEVICE USED FOR TRUNK STRENGTH ASSESSMENT 

(24 MONTHS APART) 
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PRE- AND POST-TEST CALIBRATION 
MECMESIN DIGITAL FORCE GAUGE  

(24 MONTHS APART) 
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PRE- AND POST-TEST CALIBRATION 
GRIP DYNAMOMETER 
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Raw data of the calibration of the grip strength dynamometer using the Instron 
Universal testing machine (Instron 5566). 
Pre- Test (May 2001) Post Test (March 2003) 
Instron Grip Dynamomter Instron Grip Dynamomter 
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Macro to calculate the total sway 
(number of 1mm squares traversed by 

the pen) 
 
{ New macros to measure stabilograms for BK Tan } 
�{ 12 December 2001  RED } 
�{ NOTE: These macros can generate a lot of 
measurements.   } 
�{ You should increase Max Measurements to about 
1000 } 
�{ under Analyse->Options.} 
�{ Global Variables } 
�var  
� Scale, AspectRatio : real; 
� Units : string; 
� xloc,yloc,width,height : real;  { current ROI } 
� CurrentFile : string; 
� { these are for finding the size of the current ROI in 
mm squares } 
� nW, nH : integer; 
� onemm : real; 
� threshold : integer; { Current Threshold } 
�procedure ScaleInmm; 
�begin 
� GetScale(Scale, Units, AspectRatio); 
� if (Units = 'inch') then 
� Scale := Scale/25.4 
� else if (Units = 'ft') then 
� Scale := Scale/(25.4*12) 
� else if (Units = 'cm') then 
� Scale := Scale/10 
� else if (Units = 'mm') then 
� Scale := Scale 
� else 
� Scale := 0; 
� SetScale(Scale, 'mm', AspectRatio); 
�end; 
�procedure SetROI; 
�begin 
� GetRoi(xloc,yloc,width,height); 

� if (width = 0) OR (height = 0) then begin 
� SelectAll; 
� GetRoi(xloc,yloc,width,height); 
� end; 
�end; 
�procedure CalcROISize; 
�begin 
� GetRoi(xloc,yloc,width,height); 
� GetScale(Scale, Units, AspectRatio); 
� onemm := Scale;  { ie 1 mm = this many pixels } 
� nW := width DIV onemm; 
� nH := height DIV onemm; 
�end; 
�procedure CopyExpandedROI; 
�var dx, dy : real; 
� newW, newH : real; 
�begin 
� Copy; 
� { make new window bigger to allow some spare 
space } 
� newW := (nW+4)*onemm;  { new width is multiple 
of onemm } 
� newH := (nH+4)*onemm;  { new height is multiple 
of onemm } 
� SetNewSize(newW, newH); 
� MakeNewWindow('Trace');  
� { make sure we get in the centre of the image by 
making a new ROI } 
� {of the right size in the centre of the new image to 
paste into } 
� dx := (newW - width)/2;{ work out offset to put new 
ROI } 
� dy := (newH - height)/2;{ centered in window } 
� MakeROI(dx, dy, width, height); 
� Paste; 
� GetRoi(xloc,yloc,width,height); { where are we now 
? } 
� nW := nW+1;  { make ROI bigger to ensure we get 
all the trace in } 
� nH := nH+1; 
� newW := (nW+0.5)*onemm; { new width is multiple 
of onemm plus spare} 

� newH := (nH+0.5)*onemm;{ new height is multiple 
of onemm plus spare} 
� dx := (newW-width)/2; { work out offset to put new 
ROI } 
� dy := (newH - height)/2;{ centered on old ROI } 
� MakeROI(xloc-dx, yloc-dy, newW, newH); 
� end; 
�procedure InitResults; 
�begin 
�  NewTextWindow('Stabilograph Results'); 
�  write('Filename',chr(9),'Trace Length (mm)'); 
�  write(chr(9), 'AP span (mm)',chr(9),'ML span 
(mm)'); 
�  writeln(chr(9), 'xpos', chr(9), 'ypos', chr(9), 
'threshold'); 
�  writeln(''); { blank line } 
�  { set up the output arrays and labels to store our 
results } 
�  SetOptions('Area, X-Y Center');   
�  SetCounter(0); 
�end; 
�procedure WriteOneFileResults; 
�begin 
� SelectWindow('Stabilograph Results'); 
� write(CurrentFile,chr(9), rArea[rCount]:8:2); 
� write(chr(9), rX[rCount]:8:2, chr(9), 
rY[rCount]:8:2); 
� writeln(chr(9), x:2:0, chr(9), y:2:0, chr(9), 
threshold:3:0); 
�end; 
�procedure WriteFileBlankLine; 
�begin 
�  SelectWindow('Stabilograph Results'); 
�  writeln(''); { blank line } 
�end; 
�procedure SaveResults(name : string); 
�begin 
� SelectWindow('Stabilograph Results'); 
� SaveAs( name, '.csv'); 
� Close; 
�end; 
�procedure CountSquares; 
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�var 
� MyCount, StartCount, row, col : integer; 
� myXloc,myYloc,myWidth,myHeight, imgWidth, 
imgHeight : integer; 
� MaxRow, MinRow, MaxCol, MinCol : integer; 
� limit : real; 
�begin 
�  limit := 6;   { change this to change sensitivity to 
thin lines } 
� 
� MyCount := 0; 
� StartCount := rCount;  if (StartCount = 0) then 
StartCount := 1; 
� { set max and min to absolute limits to start with } 
� MaxRow := 0; MinRow := nH; MaxCol := 0; 
MinCol := nW;  
� GetPicSize(imgWidth,imgHeight); 
� for row := 0 to nH-1 do begin 
� for col := 0 to nW-1 do begin 
� MakeROI(col*onemm, row*onemm, onemm, 
onemm); 
� GetROI(myXloc,myYloc,myWidth,myHeight); 
�{ShowMessage(col, ',', row, 'from  nW', nW:3:0, ' 
nH', nH:3:0, chr(13),} 
�{' (', col*onemm:7:1, ',', row*onemm:7:1, ')', 
chr(13),} 
�{'ROI @', myXloc:7:1, ',', myYloc:7:1, '  ', 
myWidth:7:1, ' x', myHeight:7:1, chr(13),} 
�{' pic is ', imgWidth:4:0, ' x', imgHeight:4:0, chr(13)} 
� Measure; 
� if (rMean[rCount] > limit) then begin 
� { We have found a part of the trace in this square } 
� MyCount := MyCount+1;    { count it } 
� InsetROI(1);       
� DrawBoundary;       { mark it } 
� InsetROI(-1);      
� { and record the limits of excursion } 
� if ( row > MaxRow ) then MaxRow := row; 
� if ( row < MinRow ) then MinRow := row; 
� if ( col > MaxCol ) then MaxCol := col; 
� if ( row < MinCol ) then MinCol := col; 
� end; 

� end; { col } 
� end; { row } 
� { store the results } 
� SetCounter(StartCount);  
� rArea[rCount] := MyCount; 
� rX[rCount] := MaxCol-MinCol; 
� rY[rCount] := MaxRow-MinRow; 
�end; 
�procedure CountROI(multiple : boolean); 
�var 
� delta : integer; 
� i, j : integer;{ position is (-2, -1, 0, 1, 2)*0.45 mm = -
0.9, -0.45 etc...} 
� x,y : integer; 
� myXloc,myYloc,myWidth,myHeight : integer; 
� myPID : integer; 
�begin 
� if multiple then 
� delta := 2 
� else 
� delta := 0; 
� GetROI(myXloc,myYloc,myWidth,myHeight); { 
Store original ROI } 
� myPID := PidNumber; { and Pic ID number  } 
� ResetCounter; 
� for i := 0 - delta to 0 + delta do begin 
� for j := 0 - delta to 0 + delta do begin 
� x := myXloc + (i * 0.45 * onemm); 
� y := myYloc + (j * 0.45 * onemm); 
� SelectPic(myPID); 
� MakeROI(x,y,myWidth,myHeight); 
� Duplicate('counting squares [', i:2:0, ',', j:2:0, '] in ', 
CurrentFile ); 
� CountSquares; 
� if multiple then Dispose; 
� WriteOneFileResults; 
� SetCounter(rCount+1); 
� end; { y } 
� end; { x } 
� WriteFileBlankLine; 
�  SelectPic(myPID); 
� Dispose; 

�end; 
�procedure DoCounting(multiple : boolean); 
�begin 
� CurrentFile := WindowTitle; { store window name } 
�  ScaleInmm; 
� SetROI; 
� CalcROISize; 
� CopyExpandedROI; 
� AutoThreshold; 
� MakeBinary; 
� CountROI(multiple); 
� Dispose; 
�end; 
�macro 'init counting [i]'; 
�begin 
� InitResults; 
�end; 
�macro 'open image [o]'; 
�begin 
� Open(''); 
�  SelectTool('rectangle'); 
�end; 
�macro 'close image [d]'; 
�begin 
�  Dispose; 
�end; 
�macro 'test calc'; 
�begin 
� ScaleInMm; 
� SetROI; 
� CalcROISize; 
� putmessage('ROI', xloc,',',yloc,' - ',width,',',height,'  
nW',nW,' nH',nH); 
�end; 
�macro 'test copy'; 
�begin 
� CopyExpandedROI; 
� putmessage('ROI', xloc,',',yloc,' - ',width,',',height,'  
nW',nW,' nH',nH); 
�end; 
�macro 'test new ROI'; 
�var dx, dy : real; 
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� newW, newH : real; 
�begin 
� GetRoi(xloc,yloc,width,height); 
� newW := (nW+1)*onemm; 
� newH := (nH+1)*onemm; 
� dx := (newW-width)/2; 
� dy := (newH - height)/2; 
� { make sure ROI is a multiple of nW and nH } 
� MakeROI(xloc-dx, yloc-dy, newW, newH); 
� GetRoi(xloc,yloc,width,height); 
� putmessage('ROI', xloc,',',yloc,' - ',width,',',height,'  
nW',nW,' nH',nH); 
�end; 
�macro 'test PID'; 
�var i,pid : integer; 
�begin 
� for i := 0 to nPics do begin 
� SelectPic(i); 
� pid := PidNumber; 
� PutMessage('i = ',i,' PID = ',pid); 
�end; 
�macro '(-'; 
�begin 
�end; 
�macro 'Single Count [s]'; 
�begin 
� DoCounting(false); 
�end; 
�macro 'Multiple Count [m]'; 
�begin 
� DoCounting(true); 
�end; 
�macro 'Count All (many thresholds) [t]'; 
�var i,pid : integer; 
� lower, upper : integer; 
� t : integer; 
�begin 
� { change loop from for 1..nPics to while nPics > 0 } 
� { and Dispose at end to allow for deleted windows. } 
� SelectPic(0);  { choose first open pic window } 
� while nPics > 0 do begin 
� pid := PidNumber; 

� if (PidExists(pid)) then begin 
� SelectPic(pid); 
� CurrentFile := WindowTitle; { store window name } 
� ShowMessage('FILE ',CurrentFile); 
� ScaleInmm; 
� AutoThreshold; GetThresholds(lower,upper); 
� threshold := lower; 
� SetThreshold(-1);  { turn threshold off } 
� InitResults; 
� SelectWindow('Stabilograph Results'); 
� write(CurrentFile,chr(9),'Trace Length (mm)'); 
� write(chr(9), 'AP span (mm)',chr(9),'ML span 
(mm)'); 
� writeln(chr(9), '    ', chr(9), 'initial', chr(9), 
threshold:3:0); 
� for t := -5 to 5 do begin   
� SelectPic(pid); 
� SetROI; 
� CalcROISize; 
� CopyExpandedROI; 
� threshold := 100 + t*5; 
� SetThreshold(threshold); 
� MakeBinary; 
� CountROI(true); 
� end; { for t } 
� SaveResults(CurrentFile); 
� SelectPic(pid); 
� Dispose; 
� end; { if PidExists } 
� end; { for each open window } 
� PutMessage('Done.'); 
�end; 
�macro 'Count All (threshold = 105) [w]'; 
�var i,pid : integer; 
� lower, upper : integer; 
� t : integer; 
�begin 
� { change loop from for 1..nPics to while nPics > 0 } 
� { and Dispose at end to allow for deleted windows. } 
� SelectPic(0);  { choose first open pic window } 
� while nPics > 0 do begin 
� pid := PidNumber; 

� if (PidExists(pid)) then begin 
� SelectPic(pid); 
� CurrentFile := WindowTitle; { store window name } 
� ShowMessage('FILE ',CurrentFile); 
� ScaleInmm; 
� AutoThreshold; GetThresholds(lower,upper); 
� threshold := lower; 
� SetThreshold(-1); { turn threshold off } 
� InitResults; 
� SelectWindow('Stabilograph Results'); 
� write(CurrentFile,chr(9),'Trace Length (mm)'); 
� write(chr(9), 'AP span (mm)',chr(9),'ML span 
(mm)'); 
� writeln(chr(9), '    ', chr(9), 'initial', chr(9), 
threshold:3:0); 
� SelectPic(pid); 
� SetROI; 
� CalcROISize; 
� CopyExpandedROI; 
� threshold := 105; 
� SetThreshold(threshold); 
� MakeBinary; 
� CountROI(true); 
� SaveResults(CurrentFile); 
� SelectPic(pid); 
� Dispose; 
� end; { if PidExists } 
� end; { for each open window } 
� PutMessage('Done.'); 
�end; 
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SF-36 Health Survey 

 
 
Name        Date 
 
INSTRUCTIONS: This questionnaire asks for your views about your health, how you 
feel and how well you are able to do your usual activities. 
 
Answer every question by marking the answer as indicated. If you are unsure about 
how to answer a question, please give the best answer you can. 
 

1.In general, would you say your health is: (circle one) 
   Excellent   1 
   Very good   2 
   Good    3 
   Fair    4 
   Poor    5 
 

2. Compared to one year ago, how would you rate your health in general now?  
(circle one) 
   Much better now than one year ago  1 
   Somewhat better now than one year ago 2 
   About the same as one year ago  3 
   Somewhat worse now than one year ago 4 
   Much worse now than one year ago  5 
 
3. The following questions are about activities you might do during a typical day. Does 
your health now limit you in these activities? If so, how much? (circle one number on 
each line) 
 
ACTIVITIES 

Yes, 
Limited A 
Lot 

Yes, 
Limited 
A Little 

No, Not 
Limited  
At All 

a. Vigorous activities, such as running, lifting heavy 
objects, participating in strenuous sports 

 
      1 

 
      2 

  
     3 

b. Moderate activities, such as moving a table, pushing a 
vacuum cleaner, bowling, or playing golf 

      1       2       3 

c. Lifting or carrying groceries       1       2       3 
d. Climbing several flights of stairs       1       2       3 
e. Climbing one flight of stairs       1       2       3 
f. Bending, kneeling, or stooping       1       2       3 
g. Walking more than one kilometre       1       2       3 
h. Walking half a kilometre       1       2       3 
i. Walking 100 metres       1       2       3 
j. Bathing or dressing yourself       1       2       3 
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4. During the past 4 weeks, have you had any of the following problems  with your 
work or other regular daily activities as a result of your physical health? (circle one 
number on each line) 

         YES          NO 
a. Cut down on the amount of time you spent on work 
or other activities 

            1            2 

b. Accomplished less than you would like             1             2 
c. Were limited in the kind of work or other activities             1             2 
d. Had difficulty performing the work or other 
activities (for example, it took extra effort) 

            1             2 

 
5. During the past 4 weeks, have you had any of the following problems with your 

work or other regular daily activities as a result of any emotional problems (such 
as feeling depressed or anxious)? (circle one number on each line) 

           YES           NO 
a. Cut down on the amount of time you spent on work 
or other activities 

            1             2 

b. Accomplished less than you would like             1             2 
c. Didn't do work or other activities as carefully as usual             1             2 
 
6. During the past 4 weeks, to what extent has your physical health or emotional 

problems interfered with your normal social activities with family, friends, 
neighbours or groups? (circle one) 

   Not at all    1 
   Slightly    2 
   Moderately    3 
   Quite a bit    4 
   Extremely    5 
 
7. How much bodily pain have you had during the past 4 weeks? (circle one) 
   No bodily pain   1 
   Very mild    2 
   Mild     3 
   Moderate    4 
   Severe     5 
   Very severe    6 
 
8. During the past 4 weeks, how much did pain interfere with your normal work 

(including both work outside the home and housework)? (circle one) 
   Not at all    1 
   A little bit    2 
   Moderately    3 
   Quite a bit    4 
   Extremely    5 
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9. These questions are about how you feel and how things have been with you during 
the past 4 weeks. For each question, please give the one answer that comes closest to 
the way you have been feeling. How much of the time during the past 4 weeks - 
(circle one number on each line) 

 All 
of the 
Time 

Most 
of the  
Time 

A Good 
Bit of 
the  
Time 

Some 
of the  
Time 

A 
Little 
of the 
Time 

None 
of the 
Time 

a. Did you feel full of life?      1       2       3       4       5        6 
b. Have you been a very 
nervous person? 

 
     1 

 
      2 

 
      3 

 
      4 

 
      5 

 
      6 

c. Have you felt so down in 
the dumps that nothing could 
cheer you up? 

 
     1 

 
      2 

 
      3 

 
      4 

 
      5 

 
      6 

d. Have you felt calm and 
peaceful? 

 
     1 

 
      2 

 
      3 

 
      4 

 
      5 

 
      6 

e. Did you have a lot of 
energy? 

 
     1 

 
      2 

 
      3 

 
      4 

 
      5 

 
      6 

f. Have you felt down?      1       2       3       4       5       6 
g. Did you feel worn out?      1       2       3       4       5       6 
h. Have you been a happy 
person? 

 
     1 

 
      2 

 
      3 

 
      4 

 
      5 

 
      6 

i. Did you feel tired?      1       2       3       4       5       6 
 
10. During the past 4 weeks, how much of the time has your physical health or 

emotional problems interfered with your social activities (like visiting  with 
friends, relatives, etc.)? (circle one) 

   All of the time    1 
   Most of the time   2 
   Some of the time   3 
   A little of the time   4 
   None of the time   5 
 
11. How TRUE or FALSE is each of the following statements for you? 
(circle one number on each line) 
 Definitely 

True 
Mostly 
True 

Don't 
Know 

Mostly 
False 

Definitely 
False 

a. I seem to get sick a little easier 
than other people 

     1       2       3       4       5 

b. I am as healthy as anybody I 
know 

     1       2       3       4       5 

c. I expect my health to get 
worse 

     1       2       3       4       5 

d. My health is excellent      1       2       3       4       5 
 

PLEASE CHECK THAT YOU HAVE ANSWERED EVERY QUESTION. 
 
 

Thank you for taking the time to complete this questionnaire.  
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The Osteoporosis Assessment Questionnaire (OPAQ2) 
 

 
Please answer the following questions about your health. Most questions ask about 
your health during the past two weeks. There are no right or wrong answers to the 
questions and most can be answered with a simple “3” or “x”. It is very important that 
you answer every question. 
 
 
1.Would you please circle the number that best indicates how you would rate your 
quality of life related to health or illness at this time. 
 
☺ 10 9 8 7 6 5 4 3 2 1 0  

Best Possible  Worst Possible 
Quality of Life  Quality of Life 
 
2. Would you please circle the number that best indicates how you would rate your 
overall quality of life at this time. 
 
☺ 10 9 8 7 6 5 4 3 2 1 0  

Best Possible  Worst Possible 
Quality of Life  Quality of Life 
 
3. Compared to one year ago, how has your overall quality of life changed, if any? 
____ a) ☺☺☺ The best it has ever been 
____ b) ☺☺ Much better 
____ c) ☺ Somewhat better 
____ d)  No change, it is the same as one year ago 
____ e)  Somewhat worse 
____ f)  Much worse 
____  g)  The worst it has ever been 
 
 
 
 
 

4. Compared to one year ago, how has your health or illness related quality of life 
changed, if any? 
____ a) ☺☺☺ The best it has ever been 
____ b) ☺☺ Much better 
____ c) ☺ Somewhat better 
____ d)  No change, it is the same as one year ago 
____ e)  Somewhat worse 
____ f)  Much worse 
____ g)  The worst it has ever been 
 
5. If your overall quality of life has changed in the past year, why has it changed? 
Check all answers that apply. 
____  a) Financial changes 
____  b) Changes in my physical life 
____  c) Changes in my emotional health 
____  d) Changes in my social life 
____  e) Changes in my family or friends 
____  f) I do not know 
____  g) No change in my quality of life 
 
6. Please check all answers that describe your current living situation. 

____ a) I live alone in a house or apartment 
____ b) I live with a spouse or partner in a house or apartment 
____ c) I have someone who helps me with heavy housework 
____ d) I have someone who helps me with most of my housework 
____ e) I have someone to help me when I do activities outside the home 
____ f) I have a full time aide who helps me during the day 
____ g) I live in the house of a family member or friend 
____ h) I live in a board and care facility or other group facility 
____ I) I live in a nursing home 
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The next seven questions refer to WALKING AND BENDING 
DURING THE PAST TWO WEEKS: 
 
7. How often were you able to do daily shopping or errands? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
8. How often were you in a bed or chair for most of the day? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
9. How often were you able to do sports and games that you would like to do? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
10. How often were you able to walk as much as you needed to do? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
11. How often did you have trouble bending, lifting or stooping? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 

12. How often did you have trouble either walking one block or climbing one flight of 
stairs? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
13. How often did you need to use a cane, crutches, walker or companion while 
walking? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
The next three questions refer to STANDING AND SITTING.  
DURING THE PAST TWO WEEKS: 
14. How often did you have trouble standing as much as you needed to do? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
15. How often did you have trouble sitting as much as you needed to do? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
16. How often did you feel that your back tired easily? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
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The next three questions refer to DRESSING AND REACHING TASKS. 
DURING THE PAST TWO WEEKS: 
 
17. Could you easily put on or take off a pair of stockings and/or underwear? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
18. Could you easily comb, brush or style your hair? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
19. Could you easily reach shelves that were above your head? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
 
The next four questions refer to HOUSEHOLD AND SELF-CARE TASKS. 
DURING THE PAST TWO WEEKS: 
 
20. Have you had to change the way you bathe yourself? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
 
 
 

21. Have you had to change the types of clothes you wear because of difficulty in  
dressing? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
22. How often were you able to do light housework such as cooking without help? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
23. How often were you able to do heavy housework such as vacuuming without 
help? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
The next four questions refer to TRANSFERS (Getting up and down)  
DURING THE PAST TWO WEEKS: 
24. How often did you have trouble getting in or out of bed? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
25. How often did you have trouble getting in or out of a chair? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
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26. How often did you have trouble getting on or off the toilet? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
27. How often did you have trouble getting in and out of cars or public transportation? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
 
The next five questions refer to FALLS. 
DURING THE PAST TWO WEEKS: 
28. How often were you afraid that you would fall? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
29. How often were you afraid that you would accidentally break or fracture a bone? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
30. How often did you feel that you were losing your balance? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 

31. How often did you use a handrail or other support when walking up or down 
stairs? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
32. How often did fear of falling keep you from doing what you wanted to do? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
The next three questions refer to SOCIAL ACTIVITY. 
DURING THE PAST TWO WEEKS: 
33. How often did you have friends or relatives over to your house? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
34. How often did you visit friends or relatives at their homes? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
35. How often were you able to go to church, meetings, movies or other outside 
activities? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
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The next two questions refer to SUPPORT FROM FAMILY AND FRIENDS 
DURING THE PAST TWO WEEKS: 
 
36. Did you feel that your family or friends would be around if you needed 
assistance? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
37. Did you feel that your family or friends were sensitive to your personal needs? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
 
The next four questions refer to BACK ACHE AND PAIN. 
DURING THE PAST TWO WEEKS: 
 
38. How often did you have any back ache or pain? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
39. How would you describe the back ache or pain you usually had? 
____  a) Severe 
____  b) Moderate 
____  c) Mild 
____  d) Very Mild 
____  e) None, I had no back pain 
 
 
 
 

40. How often did your back feel stiff for more than one hour from the time you woke 
up? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
41. How often did back ache or pain keep you from doing what you wanted to do? 
____  a) All Days 
____  b) Most Days 
____  c) Some Days 
____  d) Few Days 
____  e) No Days 
 
 
The next two questions refer to FATIGUE. 
DURING THE PAST TWO WEEKS: 
 
42. How often did you feel well rested in the morning? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
43. How often did you feel tired during the day? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
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The next question refers to your USUAL WORK.DURING THE PAST TWO 
WEEKS: 
 
44. How often were you able to do your usual daily work, either at home, as a 
volunteer, at school, or at a paid job? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
 
The next five questions refer to LEVEL OF TENSION. 
DURING THE PAST TWO WEEKS: 
45. How often have you felt tense or highly strung? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
46. How often have you been bothered by nervousness or your nerves? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
47. How often have you felt stressed by your daily life? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
48. How often have you felt relaxed by your daily life? 
____  a) Always 
____  b) Very Often 

____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
49. How often have you felt calm and peaceful? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
 
The next three questions refer to BODY IMAGE. 
DURING THE PAST TWO WEEKS: 
 
50. How often were you aware of changes in your body when trying on clothes? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
51. How often were you bothered by the way your back looks? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
52. How often were you concerned by changes in the way your body looks? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
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The next three questions refer to INDEPENDENCE.  
DURING THE PAST TWO WEEKS: 
 
53. How often did you feel confident you could live on your own without assistance? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
54. How often did you have to rely on others for assistance in daily activities? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
55. How often were you worried that you might not be able to take care of yourself in 
the future? 
____  a) Always 
____  b) Very Often 
____  c) Sometimes 
____  d) Almost Never 
____  e) Never 
 
The next twelve questions ask you to rate the importance of different daily activities 
to you. 
IMPORTANCE OF DAILY ACTIVITIES 
56. How important to you is doing your daily shopping or errands? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
 
 
 
 

57. How important to you is being able to do sports and games that you would like to 
do? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
58. How important to you is being able to do heavy housework such as vacuuming? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
59. How important to you is being able to do light housework such as cooking? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
60. How important to you is being able to do your usual daily work, either at home, as 
a volunteer, at school, or at a paid job? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
61. How important to you is spending time with your friends and family? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
62. How important to you is walking as much as you need to do? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
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63. How important to you is going to church, meetings, movies or other outside 
activities? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
64. How important to you is getting out of your bed or chair for most of the day? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
65. How important to you is feeling free of back pain? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
66. How important to you is your emotional health (feeling anxious, depressed, or 
stressed out)? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
67. How important to you is being independent? 
____  a) Not Important 
____  b) Somewhat Important 
____  c) Very Important 
____  d) Extremely Important 
 
 
 

Thank you very much for your time. 
☺ 
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Development of Short Version OPAQ 
 
Original Questionnaire 
 

The OPAQ (Version 2.0) consists of 67 questions.  Question 1 
through Question 6 measure general HRQOL, comparative HRQOL 
(compared to 1 year ago), and current living situation for patients.  Question 7 
through Question 55 measure HRQOL of patients in 14 domains:  
walking/bending, standing/sitting, dressing/reaching, household/self-care, 
transfers, fear of falls, social activity, family/friend support, back pain, 
fatigue, usual work, level of tension, body image, and independence.  The 
domains were grouped into four major dimensions of health status:  physical 
function, emotional status, symptoms, and social interactions.  Question 56 
through Question 67 measure importance of daily activity.   
 

The OPAQ was scored such that a high value indicated better health 
status.  In order to avoid systematic response biases, the response options for 
several items were re-coded before calculating domain and dimension scores.  
If an item in a particular domain was missing, the missing value was imputed 
by the average of the non-missing values only if at least one half of the 
questions within the same domain were answered.  Otherwise, the domain 
score could not be accurately calculated and was set to missing.  Scores for 
each item within a domain were then summed to create the domain score.  A 
normalization procedure was performed, resulting in the expression of all 
domain scores in the 0 to 10 range, with 0 representing the worst possible 
health status and 10 representing the best possible health status.  Domain 
scores were added within the same dimension and then normalized to a range 
from 0 to 100, with 0 representing the worst possible health status and 100 
representing the best possible health status.  Table 1 presents the original 
scoring algorithm.   
 

Table 1. Original Scoring Algorithm of Osteoporosis Assessment 
Questionnaire 

 
OPAQ Scale 

Number 
of 

Questions

 
Question 

 
Re-coding 

Walking/bending 7 7 - 13 7, 9, 10 
Standing/sitting 3 14 - 16 None 
Dressing/reaching 3 17 - 19 17, 18, 19 
Household/self-care 4 20 - 23 22, 23 
Transfers 4 24 - 27 None 
Fear of falls 5 28 - 32 None 
Social activity 2 33 - 34 33, 34 
Support, family/friend 2 36 - 37 36, 37 
Back pain 4 38 - 41 None 
Fatigue 2 42 - 43 42 
Usual work 1 44 44 
Level of tension 5 45 - 49 48, 49 
Body image 3 50 - 52 None 
Independence 3 53 - 55 53 
 

 
OPAQ Dimension 

Number of 
Domains 

 
Domains Involved 

Physical Function 6 Walking/bending, standing/sitting, 
dressing/reaching, household/self 
care, transfer, usual work 

Emotional Status 4 Fear of falls, level of tension, body 
image, independence 

Symptoms 2 Back pain, fatigue 
Social Interaction 2 Social activity, family/friend 

support 
Abbreviations: OPAQ = Osteoporosis Assessment Questionnaire.  
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Short Version of the OPAQ 
 
1. The 12 weight questions are excluded (Questions 56 - 67) 
2. General QOL and live situation questions are excluded (Questions 1 - 6) 
3. The entire Social Interaction dimension (Questions 33 - 37) and the Level 

of Tension domain (Questions 45 - 49) are excluded due to lack of 
discriminative ability.  For Social Interaction and Level of Tension, 
patients with VF had a slightly better QOL than those without VF.  Stuart: 
any explanation? 

4. The Standing/Sitting domain (Question 14 - 16) is excluded, since it has a 
very high correlation with Back pain.  I find that Questions 14 and 16 tie 
closely with the back domain from factor analysis. 

5. The Fatigue domain (Question 42, 43) is excluded.  Mainly because it has 
only 2 items with lower internal consistency (alpha = 0.64).  Its 
psychometric property is not as good as back pain, and it does not 
correlate strongly with back pain.   

6. Three domains: dressing/reaching, household/self-care, and usual activity 
are combined into one domain - daily activity.  By doing so, reliability 
and validity are improved. 

7. At the dimension level, Social Interaction is gone, so is Symptom, since it 
has only one domain (back left). 

8. A total score can be created based the 7 domains. 
9. The total number of questions reduces from 67 to 34. 
10. There is room for further improvement.  However, I want to keep the 

current domains for further testing (e.g., non-vertebral fractures) 
11. A depression scale: do we want to include ARS in the short version 

OPAQ? 
12. Table 2 presents the scoring algorithm for the short version OPAQ. 
 

Table 2.   Scoring Algorithm of A Short Version of the OPAQ 

 
OPAQ Scale 

Number 
of 

Questions

 
Question 

 
Re-coding 

Walking/bending 7 7 - 13 7, 9, 10 
Daily activity 8 17 - 23, 44 17, 18, 19, 

22, 23, 44 
Transfers 4 24 - 27 None 
Fear of falls 5 28 - 32 None 
Back pain 4 38 - 41 None 
Body image 3 50 - 52 None 
Independence 3 53 - 55 53 
 
 

 
OPAQ Dimension 

Number 
of 

Domains 

 
Domains Involved 

Physical Function 3 Walking/bending, daily activity, transfer 
Emotional Status 4 Fear of falls, body image, independence 
Abbreviations:  OPAQ = Osteoporosis Assessment Questionnaire. 
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Please mark on the body chart, by shading or circling the areas that you have been 
experiencing pain over the last seven days. 
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110011--pptt  NNuummeerriiccaall  RRaattiinngg  SSccaallee 

 
Name: _______________ Date: _________  
Code: ___________ 
 
 
Please indicate on the line below the number between 0 and 100 that best 
describes your pain.   
 
A zero (0) would mean “no pain” and a one hundred (100) would mean 
“pain as bad as it could be.” 

 
 
 

Please write only one number. 
 
Spinal Pain 
 
_____________ (Current pain) 
 
______________(Average pain over the last week) 
 
 
Other Joints Pain 
 
_____________ (Current pain) 
 
______________(Average pain over the last week) 
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Name: ______________________   Date: _________ 
 
 

MODIFIED BAECKE QUESTIONNAIRE FOR OLDER ADULTS 
 
HOUSEHOLD ACTIVITIES 
 
1. Do you do the light household work (dusting, washing dishes, 

repairing clothes etc)? 
0 Never (< once a month) 
1 Sometimes (only when partner or help is not available) 
2 Mostly (sometimes assisted by partner or help) 
3 Always (alone or together with partner) 

 
2. Do you do the heavy housework (washing floors and windows, 

carrying trash disposals bags etc)? 
0 Never (< once a month) 
1 Sometimes (only when partner or help is not available) 
2 Mostly (sometimes assisted by partner or help) 
3 Always (alone or together with partner) 
 
 

3. How many persons do you keep house (including yourself)? Fill in 
“0” if you answered “never”: in Q1 and Q2. 
________ 

 
4. How many rooms do you keep clean, including kitchen, bedroom, 

garage, cellar, bathroom, ceiling etc.? (Fill in “0” if you answered 
“never” in Q1 and Q2). 
0 Never do housekeeping 
1 1-6 rooms 
2 7-9 rooms 
3 10 or more rooms 

 
 

5. Of any rooms, on how many floors? (Fill in “0” if you answered 
“never” in Q4). 
________ 

 
6. Do you prepare warm meals yourself, or do you assist in preparing? 

0 Never 
1 Sometimes (once or twice a week) 
2 Mostly (3-5 times a week) 
3 Always (more than 5 times a week) 
 

7. How many flights of stairs do you walk up per day? (One flight of 
stairs in 10 steps.) 
0 I never walk stairs 
1 1-5 
2 6-10 
3 more than 10 
 

8. If you go somewhere in your hometown, what kind of transportation 
do you use? 
0 I never go out 
1 Car 
2 Public transportation 
3 Bicycle 
4 Walking 
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9. How often do you go out for shopping? 

0 Never or less than once a week 
1 Once a week 
2 Twice to four times a week 
3 Everyday 

 
10. If you go out for shopping, what kind of transportation do you use? 

0 I never go out 
1 Car 
2 Public transportation 
3 Bicycle 
4 Walking 

 
 

 
SPORT ACTIVITIES 
Do you play a sport? 

 
Sport 1:  Name: __________________________ 

  Intensity (code): __________________ 
  Hours per week (code): ___________ 
  Period of the year (code): __________ 
 

Sport 2:  Name: __________________________ 
  Intensity (code): __________________ 
  Hours per week (code): ___________ 
  Period of the year (code): __________ 

 
 
 
 
 

LEISURE ACTIVITIES 
 

Do you have any other physically active activities? 
 

Activity 1:  Name: __________________________ 
  Intensity (code): __________________ 
  Hours per week (code): ___________ 
  Period of the year (code): __________ 
 

Activity 2:  Name: __________________________ 
  Intensity (code): __________________ 
  Hours per week (code): ___________ 
  Period of the year (code): __________ 
 

Activity 3:  Name: __________________________ 
 Intensity (code): __________________ 
 Hours per week (code): ___________ 
 Period of the year (code): __________ 
 

Activity 4:  Name: __________________________ 
 Intensity (code): __________________ 

  Hours per week (code): ___________ 
 Period of the year (code): __________ 

 
 
Reference: Voorrips, L. E., A.C.J Ravelli, P.C.A. Dongelmans, P. Deurenberg 
and W.A, Van Staveren. A physical activity questionnaire for the elderly. 
Medicine & .Science in Sports & Exercise. 23:974-979, 1991.  
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SCORING ALGORITHM FOR THE MODIFIED BAECKE 
QUESTIONNAIRE FOR OLDER ADULTS 

 
Codes and calculations for MBQOA. 
 
Intensity Codes: 
 0: Lying, unloaded     Code 0.028 
 1: Sitting, unloaded     Code 0.146 
 2: Sitting, hand or arm movement   Code 0.297 
 3: Sitting, body movement    Code 0.703 
 4: Standing, unloaded     Code 0.147 
 5: Standing, hand or arm movement   Code 0.307 
 6: Standing, body movement, walking  Code 0.890 
 7: Walking, hand or arm movement   Code 1.368 
 8: Walking, body movements, cycling, swimming Code 1.890 
 
Hours per week: 
 1.  Less than 1h/week    Code 0.5 
 2.  1 - < 2h/week     Code 1.5 
 3.  2 - < 3h/week     Code 2.5 
 4. 3 - < 4h/week     Code 3.5 
 5. 4 - < 5h/week     Code 4.5 
 6. 5 - < 6h/week     Code 5.5 
 7. 6 - < 7h/week     Code 6.5 
 8. 7 - < 8h/week     Code 7.5 
 9. 8 or more h/week    Code 8.5 
 
Months per year 
 1. Less than 1 month/year   Code 0.04 
 2.  1-3 months/year    Code 0.17 
 3.  4-6 months/year    Code 0.42 
 4.  7-9 months/year    Code 0.67 
 5.  more than 9 months/year 
 
Calculations 
1) Household score = (sum of scores for 10 questions) ÷ 10 
2) Sport and Leisure scores were calculated as follows 
3) Activity score = activity 1 (intensity code × hours/week code × month/year code) + 
activity 2 (intensity code × hours/week code × month/year code) and so forth etc. 
 
Questionnaire score = Household score + Sport score + Leisure activity score 
  
References:  
1.Voorrips et al. (1991) A physical activity questionnaire for the elderly. Medicine and Science 
in Sports and Exercise. 23(8); 974-979, 1991. 
2. Pereira et al (1997) Modified Baecke Questionnaire for Older Adults in A collection of 
Physical Activity Questionnaires for Health Related Research. Medicine and Science in Sports 
and Exercise. 29(6S); S117-121, 1997. 
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THE ANTI-CANCER COUNCIL OF VICTORIA 
FOOD FREQUENCY QUESTIONNAIRE 
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Table 1 Anthropometric data of the104 subjects, their BMD measurements at the femoral neck 
(FN), total hip (TH) and lumbar spine (LS), and their respective BMD T- and Z-scores. 
Code 

 
Age 
(yrs) 

Weight
(kg) 

Height 
(m) 

BMI 
(kg/m2) 

FNBMD  
(g/cm2) 

THBMD 
(g/cm2) 

L14BMD 
(g/cm2) 

FNTS 
 

FNZS 
 

THTS 
 

THZS 
 

LSTS 
 

LSZS 
 

1 64 58.0 1.6 23.5 .73 .90 .96 -1.6 .2 -.8 .7 -.9 .3 
2 74 77.0 1.7 27.0 .66 .80 .83 -2.2 .1 -1.6 .1 -2.0 -.2 
3 79 49.0 1.6 20.0 .73 .80 1.14 -1.6 .9 -1.6 .4 .7 1.7 
4 66 62.5 1.6 24.0 .84 .93 .90 -.6 1.6 -.6 1.0 -1.4 -.1 
5 64 80.0 1.6 33.3 .74 .81 .76 -1.6 .3 -1.6 -.2 -2.6 -1.1 
6 69 63.5 1.6 24.4 .82 .88 1.17 -.8 1.6 -.9 .7 .9 1.9 
7 69 59.0 1.6 23.2 .57 .75 .83 -2.9 -1.2 -2.0 -.5 -2.0 -.4 
8 69 75.0 1.6 28.5 .70 .86 1.13 -1.9 .2 -1.1 .5 .5 1.6 
9 69 55.0 1.6 21.1 .61 .68 .84 -2.6 -.8 -2.6 -1.2 -1.9 -.4 
10 71 78.5 1.6 29.9 .74 .96 .80 -1.6 .6 -.3 1.2 -2.3 -.5 
11 70 69.0 1.6 25.8 .71 .88 1.05 -1.8 .3 -1.0 .6 -.1 .9 
12 64 62.5 1.6 25.3 .53 .64 .71 -3.3 -1.9 -2.9 -1.7 -3.1 -1.5 
13 73 57.0 1.5 24.3 .80 .83 1.12 -1.0 1.2 -1.4 .3 .5 1.4 
14 71 70.0 1.7 25.3 .70 .96 1.25 -1.9 .2 -.3 1.3 1.7 2.1 
15 62 62.5 1.6 24.7 .83 1.01 1.10 -.7 1.3 .1 1.6 .4 1.2 
16 78 57.0 1.5 26.0 .54 .61 .52 -3.2 -.9 -3.2 -1.2 -4.7 -1.9 
17 68 55.0 1.7 19.4 .69 .79 .88 -2.0 .0 -1.7 -.2 -1.6 -.1 
18 71 57.0 1.7 20.4 .70 .84 .83 -1.9 .2 -1.3 .4 -2.0 -.3 
19 79 50.0 1.5 21.6 .74 .72 .72 -1.6 .9 -2.3 -.3 -3.0 -.7 
20 72 79.0 1.7 28.8 .92 .96 1.26 .1 2.3 -.3 1.3 1.7 2.2 
21 71 60.0 1.6 22.7 .77 .93 1.10 -1.3 .9 -.5 1.0 .3 1.3 
22 72 64.0 1.6 25.6 .62 .69 .83 -2.6 -.5 -2.5 -.8 -2.0 -.3 
23 85 76.0 1.6 29.7 .74 .86 1.06 -1.6 1.9 -1.1 1.2 .0 1.7 
24 78 70.0 1.7 25.2 .63 .82 1.20 -2.5 -.1 -1.5 .4 1.2 2.1 
25 69 75.0 1.5 31.6 .77 .98 1.02 -1.3 1.0 -.1 1.6 -.4 .8 
26 69 66.5 1.6 26.8 .65 .82 1.01 -2.3 -.4 -1.5 .1 -.4 .8 
27 67 79.0 1.6 29.2 .69 .80 1.18 -1.9 .0 -1.6 -.1 1.0 1.9 
28 68 61.0 1.6 25.1 .63 .77 .69 -2.4 -.6 -1.9 -.4 -3.3 -1.5 
29 69 81.5 1.8 26.5 .73 .83 .96 -1.6 .5 -1.4 .2 -.9 .4 
30 78 59.0 1.7 21.3 .46 .53 .66 -4.0 -1.7 -3.9 -1.8 -3.5 -1.1 
31 73 67.0 1.6 25.2 .86 .94 1.15 -.4 1.8 -.5 1.1 .7 1.6 
32 73 63.0 1.5 26.7 .71 .80 1.03 -1.8 .4 -1.6 .1 -.3 .9 
33 70 50.0 1.6 20.7 .58 .70 .77 -2.9 -.9 -2.4 -.7 -2.6 -.7 
34 71 78.0 1.6 29.0 .67 .88 1.12 -2.2 -.1 -1.0 .6 .5 1.4 
35 68 69.0 1.6 27.3 .64 .79 .88 -2.4 -.6 -1.7 -.2 -1.6 -.2 
36 68 45.0 1.6 18.3 .57 .63 .71 -3.0 -1.3 -3.0 -1.7 -3.0 -1.3 
37 75 47.0 1.6 18.3 .67 .83 .82 -2.1 .2 -1.4 .4 -2.1 -.3 
38 73 55.0 1.6 21.0 .54 .68 .61 -3.2 -1.1 -2.6 -.8 -3.9 -1.5 
39 72 54.0 1.6 21.0 .70 .74 .88 -1.9 .3 -2.1 -.4 -1.6 .0 
40 64 73.5 1.6 27.7 1.07 1.00 1.13 1.3 4.0 .1 1.6 .6 1.5 
41 68 73.0 1.6 29.8 .84 1.01 .98 -.6 1.7 .1 1.8 -.8 .5 
42 73 61.5 1.6 23.4 .86 .85 .90 -.4 1.8 -1.2 .5 -1.4 .2 
43 71 63.5 1.6 23.4 .57 .69 .78 -3.0 -1.0 -2.5 -.8 -2.5 -.6 
44 73 63.5 1.6 26.4 .87 .86 .89 -.4 1.9 -1.1 .5 -1.5 .1 
45 80 66.0 1.6 27.4 .78 .86 1.00 -1.2 2.1 -1.1 1.0 -.5 1.1 
46 89 63.0 1.6 24.9 .56 .60 .71 -3.1 -.3 -3.2 -1.1 -3.0 -.5 
47 74 86.0 1.7 29.6 .54 .70 1.13 -3.2 -1.0 -2.4 -.6 .6 1.5 
48 70 56.0 1.6 22.5 .67 .79 1.03 -2.1 -.1 -1.7 -.1 -.3 .8 
49 71 65.0 1.6 25.2 .73 .77 .81 -1.6 .5 -1.9 -.2 -2.2 -.4 
50 64 55.5 1.6 22.1 .61 .74 .74 -2.7 -1.1 -2.1 -.8 -2.8 -1.3 
51 69 76.0 1.5 32.5 .75 1.00 .78 -1.5 .7 .0 1.8 -2.4 -.8 
52 74 62.0 1.6 25.6 .60 .74 .90 -2.7 -.5 -2.1 -.3 -1.5 .1 
53 75 55.0 1.6 21.8 .61 .76 .89 -2.7 -.4 -1.9 -.1 -1.5 .1 
54 80 59.5 1.6 24.2 .74 .83 .95 -1.6 1.5 -1.4 .7 -1.0 .7 
55 88 82.0 1.7 29.8 .72 .83 .88 -1.7 1.8 -1.4 1.0 -1.6 .6 
56 62 61.0 1.7 21.9 .65 .84 .79 -2.3 -.7 -1.3 .1 -2.3 -1.0 
57 69 62.5 1.6 24.9 .69 .84 .71 -2.0 .0 -1.3 .3 -3.0 -1.3 
58 66 53.0 1.6 20.3 .73 .89 .86 -1.6 .4 -.9 .6 -1.8 -.4 
59 73 59.0 1.6 22.5 .55 .66 .86 -3.1 -1.0 -2.8 -1.0 -1.7 -.1 
60 74 71.0 1.6 27.8 .75 .83 1.00 -1.4 .9 -1.4 .4 -.6 .7 
61 68 74.0 1.6 27.3 .79 .91 .93 -1.1 1.1 -.7 .9 -1.1 .2 
62 84 51.0 1.5 22.9 .54 .65 1.06 -3.2 -.9 -2.9 -.9 .0 1.6 
63 62 51.5 1.5 22.7 .64 .70 .92 -2.4 -.9 -2.4 -1.2 -1.2 -.1 

BMI = Body Mass Index; FN BMD = Femoral Neck Bone Mineral Density; TH = Total Hip; LS = Lumbar spine (L1-L4); TS = T-
score; ZS = Z-score. 
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Table 1 (continue) 
 
Code 

 
Age 
(yrs) 

Weight
(kg) 

Height 
(m) 

BMI 
(kg/m2) 

FNBMD  
(g/cm2) 

THBMD 
(g/cm2) 

L14BMD 
(g/cm2) 

FNTS 
 

FNZS 
 

THTS 
 

THZS 
 

LSTS 
 

LSZS 
 

64 66 73.5 1.6 27.7 .62 .74 .75 -2.5 -.8 -2.1 -.7 -2.7 -1.1 
65 79 70.0 1.5 29.9 .56 .67 .76 -3.1 -.7 -2.7 -.7 -2.7 -.5 
66 79 66.0 1.6 25.3 .66 .76 .88 -2.2 .3 -2.0 .0 -1.6 .2 
67 72 59.0 1.6 24.4 .48 .63 .74 -3.7 -1.7 -3.1 -1.3 -2.8 -.8 
68 65 76.0 1.6 29.8 .69 .79 .87 -1.9 -.1 -1.7 -.3 -1.7 -.4 
69 83 58.0 1.6 23.8 .66 .80 .77 -2.3 .6 -1.6 .5 -2.5 -.3 
70 63 68.0 1.5 29.6 .77 .81 .91 -1.2 .7 -1.5 -.2 -1.4 -.2 
71 70 65.5 1.6 26.9 .68 .84 .87 -2.0 .0 -1.3 .3 -1.7 -.1 
72 65 72.0 1.6 28.3 .77 .92 1.02 -1.3 .8 -.6 .9 -.4 .7 
73 66 52.0 1.6 21.5 .54 .60 .63 -3.2 -1.7 -3.3 -2.0 -3.7 -2.0 
74 74 64.0 1.7 22.5 .62 .65 .73 -2.6 -.4 -2.8 -1.0 -2.9 -.8 
75 61 55.0 1.5 23.8 .65 .59 .74 -2.3 -.8 -3.4 -2.3 -2.8 -1.4 
76 71 50.0 1.4 24.5 .67 .80 .71 -2.1 .0 -1.6 .0 -3.0 -1.0 
77 77 62.5 1.6 24.9 .57 .68 .70 -3.0 -.7 -2.6 -.7 -3.2 -.9 
78 66 43.5 1.6 18.1 .74 .71 .86 -1.6 .4 -2.4 -1.0 -1.8 -.4 
79 86 55.0 1.5 24.0 .64 .79 .84 -2.4 .5 -1.7 .6 -1.9 .2 
80 82 49.5 1.5 21.3 .58 .69 .79 -2.9 -.5 -2.5 -.6 -2.4 -.3 
81 59 67.0 1.6 25.2 .85 .94 .70 -.6 1.1 -.5 .8 -3.1 -1.7 
82 74 72.5 1.6 27.3 .62 .72 .64 -2.5 -.3 -2.3 -.5 -3.7 -1.4 
83 71 69.0 1.7 24.3 .70 .80 1.08 -1.9 .2 -1.6 .1 .2 1.1 
84 72 51.0 1.6 21.2 .63 .75 .90 -2.5 -.4 -2.0 -.3 -1.4 .1 
85 71 85.0 1.8 27.8 1.03 1.04 1.19 1.0 3.3 .4 1.9 1.1 1.8 
86 68 57.0 1.6 23.7 .61 .77 .61 -2.7 -.9 -1.9 -.4 -3.9 -2.1 
87 69 71.5 1.7 25.6 .72 .83 1.02 -1.7 .4 -1.3 .3 -.3 .9 
88 74 60.5 1.6 24.4 .65 .79 .84 -2.3 .0 -1.7 .0 -2.0 -.2 
89 68 70.0 1.6 28.7 .90 .96 1.15 -.2 2.3 -.3 1.4 .8 1.7 
90 69 69.5 1.7 25.4 .80 .99 1.31 -1.0 1.3 .0 1.7 2.1 2.9 
91 72 72.0 1.6 26.6 .62 .79 .74 -2.6 -.5 -1.7 .0 -2.8 -.8 
92 73 52.0 1.6 20.8 .63 .71 .67 -2.5 -.3 -2.4 -.6 -3.4 -1.2 
93 68 59.0 1.5 25.3 .69 .81 .96 -2.0 .0 -1.5 .0 -.9 .4 
94 70 69.5 1.6 26.5 .65 .74 .76 -2.3 -.2 -2.1 -.5 -2.7 -.8 
95 66 68.0 1.6 26.7 .66 .78 .87 -2.2 -.4 -1.8 -.4 -1.7 -.3 
96 73 84.5 1.7 28.6 .67 .80 .86 -2.1 .1 -1.6 .1 -1.8 -.1 
97 70 86.5 1.6 32.4 .77 .90 1.08 -1.3 .8 -.7 .8 .2 1.1 
98 65 87.0 1.7 29.7 .78 .96 1.10 -1.2 .8 -.3 1.2 .3 1.3 
99 68 95.0 1.7 33.4 .79 1.08 1.13 -1.1 1.1 .7 2.5 .6 1.6 

100 77 74.0 1.6 29.5 .69 .83 .83 -2.0 .4 -1.4 .5 -2.0 -.1 
101 75 52.5 1.5 24.0 .58 .65 .68 -2.9 -.6 -2.9 -1.0 -3.3 -1.1 
102 67 69.0 1.6 27.9 .84 .89 .95 -.7 1.6 -.8 .7 -1.0 .3 
103 69 66.0 1.5 31.0 .85 1.02 1.17 -.5 1.9 .2 2.0 .9 1.9 
104 74 89.0 1.6 33.5 .73 .96 1.06 -1.6 .7 -.3 1.4 .0 1.1 

BMI = Body Mass Index; FN BMD = Femoral Neck Bone Mineral Density; TH = Total Hip; LS = Lumbar spine (L1-L4); TS = T-
score; ZS = Z-score. 
 
 



APPENDIX 17 

375 

Table 2 Raw data of the quantitative ultrasound measurements: broadband ultrasound 
attenuation (BUA), speed of sound (SOS), quantitative ultrasound index (QUI); the recall of the 
largest bra size worn (bra cup and bra girth), total physical activity levels and the dietary intake 
of the 104 subjects. 

Code BUA SOS QUI Bracup Bragirth Phys Act Calcium* Alcohol Energy Protein Carbohyd
 (dB/MHz) (m/s)     (mg/day) (g/day) (kJ/day) (g/day) (g/day) 
1 97.2 1621.3 133.6 2 16 21 2251.3 15.9 4402.8 55.2 99.9 
2 80.8 1553.6 99.1 6 16 16 1605.0 2.6 4270.0 51.7 112.3 
3 59.7 1525.7 79.0 2 14 15 2723.5 1.4 10495.1 109.3 307.7 
4 72.7 1554.4 96.1 2 12 12 2311.0 5.4 7295.7 86.6 177.1 
5 73.5 1535.9 88.9 4 22 13 1232.2 53.2 8050.0 92.6 191.5 
6 75.3 1549.2 95.1 2 14 9 1331.6 .0 8118.2 105.5 209.9 
7 60.5 1529.6 80.9 2 14 19 1210.9 .0 4985.4 73.7 177.5 
8 89.5 1634.1 135.7 2 16 15 937.5 3.9 10909.4 99.1 319.6 
9 60.7 1528.6 80.6 2 12 12 1073.7 .5 10945.1 110.9 327.3 

10 66.6 1536.0 86.1 3 16 10 1160.7 .0 4306.0 43.1 131.3 
11 68.4 1545.8 90.8 3 16 15 750.6 18.5 7332.5 74.0 177.7 
12 39.9 1500.8 60.7 2 12 8 2022.5 .0 4737.2 55.5 134.0 
13 61.9 1548.2 89.1 4 12 8 766.1 .0 5351.3 59.8 133.7 
14 79.9 1548.8 96.8 2 16 13 1327.5 5.0 7726.1 83.6 196.2 
15 75.3 1552.3 96.3 4 14 7 670.5 7.6 6037.5 68.7 179.1 
16 53.5 1506.0 68.4 4 16 18 1207.2 23.0 6132.5 74.8 141.4 
17 58.2 1539.4 84.0 2 14 17 2042.2 .4 8484.4 102.5 225.1 
18 50.5 1499.5 64.5 1 14 13 958.2 1.4 6014.1 64.2 171.6 
19 58.0 1526.4 78.6 2 14 4 211.1 .3 3714.6 36.3 110.2 
20 78.7 1540.0 92.7 3 20 8 648.4 15.6 4258.7 55.0 93.2 
21 65.2 1538.9 86.7 5 12 8 915.3 17.6 6929.0 77.4 158.5 
22 44.2 1496.6 60.7 2 16 9 2099.8 .2 6835.8 68.6 224.1 
23 70.7 1537.9 88.5 4 18 10 2159.6 .2 8418.8 129.8 202.6 
24 63.9 1517.8 77.5 3 16 9 727.4 45.6 7830.4 97.1 148.2 
25 61.6 1555.1 91.9 5 16 19 909.0 .0 6645.7 85.7 192.3 
26 48.4 1507.2 66.8 4 14 9 1111.2 1.5 8928.8 111.6 239.8 
27 39.8 1494.2 58.0 3 16 11 706.2 16.4 4400.4 48.8 105.9 
28 72.8 1528.5 85.5 2 14 12 961.3 27.3 5544.1 53.8 166.4 
29 67.3 1514.1 77.4 3 14 10 1362.0 .7 5545.8 73.9 159.3 
30 38.2 1494.9 57.6 1 16 14 1761.9 .2 7178.3 75.6 183.6 
31 72.5 1531.9 86.8 3 18 13 640.5 .0 6049.5 57.6 175.3 
32 79.9 1545.5 95.4 2 16 7 1615.9 8.0 8088.8 99.3 229.3 
33 62.2 1524.8 79.7 1 10 28 2905.2 24.7 14660.5 157.8 328.6 
34 58.7 1523.7 77.8 3 16 15 1138.2 .7 4415.2 50.6 114.9 
35 59.4 1520.5 76.7 3 14 5 1649.3 .9 5374.7 62.1 155.6 
36 57.4 1518.1 75.0 2 10 11 1940.7 18.4 8264.7 94.9 181.1 
37 85.2 1555.2 101.6 2 14 6 685.1 2.1 5610.4 62.3 128.1 
38 33.1 1488.3 52.8 2 12 14 1335.7 .0 7598.6 83.8 200.7 
39 76.9 1554.9 98.1 1 12 18 1671.9 16.8 5365.6 44.7 128.8 
40 88.3 1555.1 102.8 1 16 14 1094.0 .5 5555.3 67.7 159.1 
41 85.2 1574.0 109.3 4 18 15 1413.1 .7 4965.6 73.2 148.7 
42 81.2 1543.8 95.3 3 14 13 984.8 8.8 6041.9 76.4 140.8 
43 47.9 1499.8 63.6 2 12 10 1197.6 20.8 8190.3 77.7 199.5 
44 51.3 1505.8 67.4 4 18 9 1485.1 .5 9116.1 103.4 239.6 
45 60.0 1517.1 75.6 1 14 13 906.3 5.6 4567.9 57.2 104.7 
46 47.0 1496.2 61.7 2 16 6 1448.1 .4 7228.0 61.0 208.9 
47 64.6 1523.2 80.0 3 20 10 925.0 4.2 8954.7 104.6 225.2 
48 64.9 1535.3 85.1 2 16 18 504.0 .3 5270.0 52.5 149.7 
49 59.3 1521.8 77.3 3 16 18 1660.5 .0 4241.1 58.9 146.2 
50 35.7 1493.4 55.9 1 12 16 1141.5 14.1 10667.9 122.9 294.9 
51 77.5 1553.3 97.6 2 16 10 1627.5 1.4 7433.9 96.6 184.4 
52 66.1 1535.2 85.5 3 14 5 1369.2 .0 7801.5 81.2 252.3 
53 66.2 1549.4 91.4 2 12 7 1347.8 26.2 8727.5 88.4 234.9 
54 67.0 1553.8 93.5 2 14 11 730.0 1.4 5534.2 51.9 154.5 
55 60.3 1514.0 74.5 3 18 2 495.4 15.9 3458.4 36.1 75.1 
56 79.8 1566.8 104.1 2 16 20 2105.1 3.1 11187.1 107.6 307.0 
57 58.3 1540.4 84.5 2 14 11 2700.8 .8 10177.1 110.4 285.8 
58 54.2 1517.9 73.5 2 14 19 1397.7 4.8 9687.9 107.8 268.7 
59 56.6 1508.0 70.5 3 14 16 433.8 .5 4158.7 41.5 109.7 
60 75.7 1533.5 88.8 2 14 5 964.4 27.1 6609.9 75.9 120.8 
61 75.5 1534.3 89.0 3 16 18 1001.8 17.5 5382.1 55.8 155.0 
62 42.4 1502.7 62.5 3 12 8 1967.1 .3 7072.7 87.7 156.4 

BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = Quantitative Ultrasound Index; Phys Act = Total 
Physical Activity Score (sports/leisure and household activities); Carbohyd = Carbohydrate; * dietary and supplement Ca. 
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Table 2 (Continue) 
 

Code BUA SOS QUI Bracup Bragirth Phys Act Calcium Alcohol Energy Protein Carbohyd 
 (dB/MHz) (m/s)     (mg/day) (g/day) (kJ/day) (g/day) (g/day) 

63 59.4 1524.0 78.2 3 12 15 804.1 3.0 7673.9 79.1 197.9 
64 84.9 1545.8 97.6 3 16 9 1406.2 4.0 7293.8 101.1 194.5 
65 51.5 1507.2 68.1 2 16 17 744.1 6.5 6639.3 69.8 166.0 
66 76.2 1532.6 88.6 3 16 11 1280.3 2.6 7754.6 91.8 221.1 
67 60.8 1531.4 81.8 2 16 14 1051.7 .0 4999.3 53.2 132.3 
68 63.5 1524.6 80.1 2 16 16 800.8 9.8 8052.1 96.3 185.0 
69 51.6 1509.9 69.2 4 12 8 1584.3 .6 9088.0 110.0 270.8 
70 79.1 1544.0 94.5 4 14 7 1420.8 .3 6807.3 76.6 221.5 
71 73.8 1557.7 97.9 2 14 27 1497.5 2.8 7541.5 122.0 220.8 
72 74.6 1557.7 98.2 4 16 6 1162.3 1.7 8399.5 96.7 222.3 
73 38.5 1493.1 56.9 1 10 9 1044.1 .5 8615.9 98.2 245.3 
74 72.6 1527.2 84.9 3 18 4 1443.7 .5 5483.6 63.1 156.0 
75 52.4 1507.5 68.6 2 12 22 680.6 25.4 6078.1 66.5 152.5 
76 66.0 1529.6 83.2 3 12 16 806.1 .0 5257.2 54.3 135.9 
77 52.6 1512.8 70.8 2 12 16 1326.0 28.0 7672.3 75.5 204.3 
78 35.7 1492.5 55.6 1 10 12 1445.6 12.5 6349.5 96.5 179.7 
79 107.6 1605.1 131.2 2 14 14 470.7 .0 2659.3 32.8 75.2 
80 70.3 1537.6 88.2 1 12 3 1087.2 27.3 7207.2 62.6 150.1 
81 66.2 1540.3 87.6 3 14 8 981.7 4.1 7778.8 80.9 232.8 
82 58.7 1507.0 70.9 2 14 7 1147.9 .0 8224.0 90.8 258.6 
83 79.5 1545.4 95.2 2 14 6 1440.1 14.8 6594.9 78.0 165.0 
84 55.4 1511.7 71.5 3 14 10 737.5 .0 7450.5 94.8 212.7 
85 73.3 1545.9 92.9 4 18 10 1032.5 13.1 6589.1 78.8 180.1 
86 56.3 1525.3 77.5 2 14 6 720.6 25.2 7472.8 74.0 167.5 
87 72.5 1551.8 95.0 3 16 15 1562.7 1.2 7104.2 77.4 183.6 
88 46.2 1506.9 65.8 3 14 24 1106.7 .2 6038.2 82.2 176.0 
89 88.4 1544.7 98.6 3 16 6 1172.4 8.9 5631.6 55.1 158.8 
90 77.0 1540.1 92.0 2 16 6 392.8 3.2 5024.6 52.1 117.8 
91 58.2 1506.2 70.4 5 14 7 574.5 .7 4556.9 51.3 134.8 
92 38.1 1492.7 56.6 2 14 14 1626.5 20.1 7837.3 85.7 205.0 
93 58.6 1523.8 77.8 3 16 17 1454.8 .3 5460.4 81.1 125.5 
94 67.7 1526.5 82.6 3 14 7 1042.7 10.7 10095.0 101.8 253.9 
95 62.1 1519.7 77.5 2 14 31 1309.3 2.4 6818.3 76.8 167.6 
96 58.3 1495.6 66.1 2 18 10 1859.8 7.4 10287.0 114.6 319.6 
97 83.4 1528.0 89.7 2 18 8 1095.9 .4 7110.2 128.6 140.7 
98 86.4 1558.0 103.2 5 16 8 719.1 1.5 7382.7 85.8 165.4 
99 122.8 1595.4 133.5 4 22 3 1017.4 .0 7166.4 65.7 230.7 
100 114.5 1609.4 135.8 2 16 5 1016.3 5.4 5756.3 53.1 139.6 
101 35.3 1501.5 59.1 3 12 11 1551.8 1.1 4820.4 62.3 138.6 
102 75.8 1537.9 90.6 5 14 20 - - - - - 
103 51.3 1515.2 71.3 5 20 23 450.4 62.1 6020.6 80.4 54.2 
104 79.9 1547.2 96.1 2 24 7 697.2 8.7 7931.2 79.8 235.0 

BUA = Broadband Ultrasound Attenuation; SOS = Speed of Sound; QUI = Quantitative Ultrasound Index; Phys Act = Total 
Physical Activity Score (sports/leisure and household activities); Carbohyd = Carbohydrate. 
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Table 3 Raw data of the thoracic kyphosis measurements and physical performances of 
strength, mobility and balance of the 104 subjects. 
Code BSC Cobb Angle Ext Torque Flex Torque Quads Grip TUG EO EC FEO FEC 

 (degrees) (degrees) (N.m) (N.m) (N.m) (kg) (s) (number of one-mm squares) 
1 43.3 17.0 25.5 30.4 35.1 11.0 8.3 51.3 93.6 197.9 222.2 
2 55.5 58.0 62.8 74.5 48.3 24.0 8.3 159.4 109.6 239.0 451.7 
3 50.7 48.0 54.8 56.3 33.6 16.0 8.9 34.2 40.1 166.9 173.6 
4 56.9 50.5 31.2 37.5 31.0 15.0 7.7 32.6 40.4 105.4 261.2 
5 32.8 42.0 33.9 54.4 33.2 24.0 7.9 39.1 52.4 132.3 177.3 
6 - 49.0 27.6 33.1 24.7 21.5 7.8 34.1 59.2 181.3 314.0 
7 64.7 44.0 61.5 47.1 68.6 30.0 6.3 21.9 33.2 105.6 192.1 
8 56.7 47.0 28.6 50.6 38.7 23.5 7.6 24.1 36.4 126.7 112.0 
9 36.3 55.0 71.1 45.6 17.8 24.5 6.2 35.2 19.6 120.5 188.8 

10 45.7 54.0 57.5 59.8 60.8 22.5 7.4 13.8 46.4 162.7 423.9 
11 54.5 48.0 55.3 105.2 66.8 23.5 9.0 54.4 61.0 203.3 328.1 
12 53.1 42.0 25.6 44.4 24.6 23.5 9.4 48.2 59.8 145.0 218.6 
13 29.3 0 47.4 43.9 56.1 24.0 7.6 51.0 114.5 162.2 314.7 
14 36.4 16.0 26.8 39.4 39.6 22.0 7.8 18.8 31.6 137.0 291.8 
15 36.7 21.0 35.1 25.6 42.2 21.5 9.1 61.5 79.1 109.2 154.4 
16 58.1 32.0 26.5 51.0 44.1 16.5 8.6 257.4 298.9 162.7 311.4 
17 35.6 33.0 34.3 47.9 50.4 32.0 8.5 22.1 48.2 139.2 293.4 
18 53.0 - 39.3 33.4 27.3 16.5 6.8 53.6 71.2 196.8 250.1 
19 54.6 53.5 19.4 21.0 38.3 15.0 8.3 53.1 44.4 213.7 526.0 
20 66.7 48.0 32.5 40.8 64.9 21.0 10.0 43.3 68.3 140.0 248.5 
21 45.4 25.0 30.2 43.0 59.8 16.0 6.4 58.2 60.3 171.9 382.6 
22 56.0 57.0 34.2 35.1 47.5 25.5 7.4 93.5 208.2 131.4 277.8 
23 60.2 53.0 22.2 43.9 47.1 21.5 9.6 150.6 133.6 431.8 229.4 
24 49.4 58.0 33.5 45.3 43.6 24.0 7.9 102.6 147.5 395.6 372.7 
25 43.5 28.0 59.3 68.3 44.6 20.0 7.5 45.6 70.6 126.5 190.2 
26 46.6 44.0 41.2 43.1 44.0 22.5 8.5 136.5 95.8 417.4 394.8 
27 34.6 18.0 40.6 82.5 41.8 32.5 7.5 58.9 70.2 186.6 383.9 
28 47.3 46.0 42.2 42.8 66.0 15.0 8.1 29.1 54.8 168.2 130.2 
29 44.9 31.0 78.6 115.5 87.0 33.5 7.0 25.8 44.8 230.7 352.2 
30 58.7 60.0 18.5 50.1 37.5 21.5 9.3 79.4 53.9 231.3 236.9 
31 43.4 40.0 42.8 43.2 39.8 22.0 8.0 57.6 71.8 103.4 167.8 
32 45.2 42.0 27.8 25.3 16.4 21.0 8.9 27.0 46.3 148.4 177.8 
33 45.6 26.5 112.1 97.5 115.1 24.0 6.1 53.4 44.8 163.4 233.6 
34 47.6 44.0 33.8 42.8 51.6 16.5 7.1 55.5 71.7 259.0 224.4 
35 74.2 59.0 34.6 30.6 26.3 13.5 9.1 107.6 147.2 177.4 357.1 
36 46.0 44.0 68.0 73.7 71.7 32.0 6.5 41.5 40.5 133.2 163.4 
37 65.2 57.5 38.1 39.7 34.6 13.0 9.3 70.0 52.8 199.8 295.0 
38 56.4 37.5 67.1 38.0 72.8 17.5 7.2 30.2 35.9 106.7 159.4 
39 44.1 41.0 50.1 41.4 36.2 23.5 8.5 28.2 43.4 261.0 235.4 
40 45.7 21.5 66.3 73.5 25.2 30.5 6.6 48.6 57.7 180.4 318.5 
41 55.3 43.5 59.5 48.5 44.7 21.5 7.0 20.3 71.5 137.6 147.6 
42 52.5 48.0 49.1 54.8 39.6 17.5 7.1 111.6 103.9 246.9 363.1 
43 45.3 47.0 49.1 29.7 40.4 24.5 7.1 49.5 45.6 157.5 263.2 
44 46.4 25.0 93.8 75.3 81.4 30.0 7.5 60.6 122.1 80.5 266.6 
45 67.4 43.0 32.7 45.9 63.4 22.0 11.2 77.3 192.4 431.8 526.0 
46 65.5 67.0 26.5 19.9 35.2 13.5 12.6 47.7 83.5 304.5 309.6 
47 43.7 45.0 41.8 151.6 93.6 30.0 8.1 49.8 102.0 114.4 371.0 
48 49.7 34.0 39.9 28.7 61.8 18.0 7.4 47.2 37.5 120.8 195.2 
49 54.4 50.5 49.9 56.8 59.5 28.5 6.9 71.9 39.2 221.6 319.1 
50 47.8 55.0 36.2 47.6 38.6 23.5 8.7 67.6 89.6 177.0 334.8 
51 44.9 39.0 59.0 49.0 52.4 23.0 8.4 25.0 110.8 110.8 212.6 
52 52.9 40.0 33.5 50.7 34.9 15.5 6.7 18.7 48.0 191.4 269.1 
53 51.9 47.0 34.3 37.2 53.9 11.0 8.4 42.3 26.6 138.9 229.1 
54 65.5 57.0 29.6 42.1 36.8 19.5 10.5 29.8 32.3 221.5 526.0 
55 64.4 61.0 43.5 30.5 52.0 19.5 9.6 148.4 122.3 415.2 591.9 
56 58.7 49.0 37.8 46.1 46.2 30.0 6.7 29.8 27.3 312.4 190.1 
57 64.2 60.0 42.1 31.0 55.0 22.0 7.7 29.2 57.7 194.1 185.1 
58 58.1 23.0 44.6 39.1 24.8 15.5 8.5 73.4 71.6 246.7 257.6 
59 43.7 24.0 30.0 30.6 25.8 18.5 9.2 37.6 45.7 275.9 216.6 
60 56.7 50.0 39.4 39.4 38.6 9.0 10.6 35.2 18.4 94.1 163.6 
61 59.8 56.0 93.0 147.0 103.0 28.0 6.7 37.5 34.7 124.6 210.4 
62 68.2 65.0 34.2 55.4 43.4 11.0 7.5 55.3 42.0 357.8 292.0 
63 45.4 34.0 73.0 88.8 69.5 21.0 5.9 43.6 52.1 140.7 198.6 
64 59.2 42.5 31.1 27.5 34.9 11.5 8.1 121.6 162.4 473.4 597.3 

BSC = Rasterstereographic Back Surface Curvature; Ext = Trunk Extensor; Flex = Trunk Flexor; Quads = Quadriceps Femoris; 
TUG = Timed “Up & Go”; EO = Standing on firm surface with eyes open; EC = Standing on firm surface with eyes closed; FEO = 
Standing on foam surface with eyes open; FEC = Standing on foam surface with eyes closed. 
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Table 3 (Continue) 
 
Code BSC Cobb Angle Ext Torque Flex Torque Quads Grip TUG EO EC FEO FEC 

 (degrees) (degrees) (N.m) (N.m) (N.m) (kg) (s) (number of one-mm squares) 
65 51.0 53.0 15.9 33.2 36.2 24.5 8.0 30.7 51.7 193.2 188.9 
66 62.1 44.0 75.4 84.8 78.2 27.5 7.2 47.0 92.9 217.0 217.8 
67 68.7 68.0 57.2 44.3 36.6 18.0 9.5 58.9 91.6 182.8 397.6 
68 48.4 35.0 49.1 120.5 86.3 25.5 6.7 54.9 115.7 149.7 251.6 
69 65.9 67.0 57.8 59.8 55.3 20.0 6.9 30.8 24.3 166.0 276.6 
70 59.2 39.5 84.3 35.4 34.8 20.0 8.7 67.6 60.1 210.9 244.0 
71 67.6 48.0 75.9 140.6 89.7 23.5 7.7 29.3 33.4 85.3 107.8 
72 37.7 26.0 55.9 74.2 65.7 23.0 6.7 65.1 116.6 138.1 167.0 
73 42.5 29.0 100.5 76.7 52.3 28.5 7.6 59.0 31.0 123.5 172.5 
74 63.5 50.0 72.8 76.9 59.2 18.5 10.0 27.4 45.6 450.2 316.1 
75 44.6 10.0 67.1 98.6 73.4 38.0 7.2 4.3 16.2 103.8 125.2 
76 56.2 41.0 64.3 77.5 48.1 24.0 7.1 35.7 95.3 146.7 275.0 
77 33.0 27.0 49.1 71.9 53.9 18.0 8.9 41.5 43.4 193.0 255.8 
78 36.8 45.0 77.7 41.1 69.8 23.0 6.5 54.7 22.6 227.6 187.4 
79 57.7 58.0 47.8 85.4 43.3 17.5 7.8 39.0 38.8 96.1 149.5 
80 53.9 40.0 28.7 60.2 52.8 20.0 11.4 127.3 118.6 122.0 526.0 
81 56.9 54.0 56.7 64.4 55.1 24.0 7.0 38.6 66.2 137.0 297.6 
82 40.3 22.0 85.9 75.1 77.3 28.5 10.1 29.0 44.2 257.6 332.6 
83 54.2 41.0 48.2 65.5 49.5 19.0 7.8 57.2 72.4 239.2 236.6 
84 45.0 47.0 41.1 49.5 56.4 21.5 7.8 19.5 18.2 219.2 221.5 
85 50.6 29.0 75.8 104.0 82.2 31.5 7.1 150.7 153.2 227.2 298.2 
86 50.3 50.0 63.0 72.5 74.3 22.5 8.1 68.3 66.5 214.6 279.5 
87 61.7 44.5 74.1 72.9 45.6 27.5 7.0 37.4 71.6 152.7 267.4 
88 58.2 47.0 64.9 105.3 54.4 25.0 7.4 43.3 86.4 178.9 233.6 
89 46.3 30.5 58.7 88.8 45.7 22.5 7.1 79.2 135.7 213.2 360.6 
90 73.0 62.0 65.2 69.2 41.6 14.5 8.7 55.6 77.6 194.7 243.4 
91 45.0 40.0 95.0 100.7 67.1 25.0 7.2 60.5 67.1 162.0 281.7 
92 61.7 65.5 67.2 83.9 50.6 16.5 7.7 46.5 67.6 292.4 396.7 
93 45.9 29.5 42.8 55.9 27.3 19.5 7.8 76.4 95.0 371.0 332.8 
94 42.8 44.0 86.5 80.8 51.1 25.5 8.0 99.4 97.3 200.1 215.2 
95 64.1 63.0 77.9 68.5 66.8 35.5 7.0 37.0 35.7 121.3 257.5 
96 61.8 46.0 45.1 94.5 85.5 27.0 11.0 92.7 83.2 330.0 328.3 
97 52.0 45.0 50.1 70.2 41.5 17.5 9.9 38.9 39.0 241.6 151.3 
98 49.5 26.0 59.6 80.0 38.5 22.0 7.5 35.8 48.6 163.1 168.1 
99 68.7 67.0 42.3 63.3 44.7 25.0 9.7 19.8 18.6 189.2 283.0 
100 82.7 78.5 30.5 44.8 35.3 11.0 9.1 60.4 71.3 160.2 244.9 
101 35.3 21.0 32.9 29.2 32.4 9.5 9.6 47.2 29.4 198.3 260.6 
102 56.7 48.5 53.7 88.2 66.1 28.5 6.0 57.5 54.6 149.5 229.4 
103 61.6 53.0 73.8 122.0 84.5 21.5 7.5 37.2 69.1 118.4 172.4 
104 51.9 35.0 73.6 91.7 44.3 28.0 9.6 88.9 142.5 114.9 210.9 

BSC = Rasterstereographic Back Surface Curvature; Ext = Trunk Extensor; Flex = Trunk Flexor; Quads = Quadriceps Femoris; 
TUG = Timed “Up & Go”; EO = Standing on firm surface with eyes open; EC = Standing on firm surface with eyes closed; FEO = 
Standing on foam surface with eyes open; FEC = Standing on foam surface with eyes closed.  
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Table 4 Raw data of the general health status (depression and spinal pain) and health-related quality of life derived from the SF-36 Health Survey and the 
Osteoporosis Assessment Questionnaire version 2 of the 104 subjects. The fracture status of each subject is included in this table. 
Code Beck Spinal SF SF SF SF SF SF SF SF SF SF OPAQ OPAQ OPAQ OPAQ OPAQ Vertebral Fragility Wr/Colles’ 

  Pain Phy Func Rol Phy Bod Pain Gen Hth Vitality Soc Func Rol Emo Men Hth PCS MCS HRQoL Phy Func Emo Symp Soc Integra Fracture Fracture Fracture 
1 5 0 75 100 100 57 80 100 100 60 54 50 60 99 68 88 50 0 0 0 
2 1 3 85 100 84 87 85 100 100 100 50 62 80 99 98 75 83 0 0 0 
3 1 10 75 50 74 77 80 100 100 96 41 64 80 91 94 59 73 0 0 0 
4 5 2 65 100 84 92 70 88 100 68 52 52 90 100 73 72 75 0 0 0 
5 7 45 65 100 41 70 70 100 100 88 40 61 90 92 66 53 88 0 0 0 
6 2 20 85 100 61 77 70 100 100 56 53 49 90 90 86 63 83 0 0 0 
7 0 10 95 100 84 85 65 100 100 84 55 54 80 89 85 78 77 0 0 0 
8 2 25 85 100 100 77 95 100 100 96 52 62 90 97 76 88 75 0 0 0 
9 8 10 90 100 62 72 50 50 0 56 59 28 90 100 91 75 88 0 0 0 

10 4 0 95 100 100 100 100 100 100 88 57 60 100 100 90 100 92 0 0 0 
11 5 5 95 100 72 82 60 100 100 92 51 56 100 95 95 66 83 0 0 0 
12 3 0 80 100 100 97 60 88 100 68 58 48 90 100 91 88 77 1 0 0 
13 3 30 80 75 62 92 75 100 100 84 46 59 80 93 81 69 79 0 0 0 
14 5 20 95 100 84 92 75 100 100 84 55 56 100 96 71 66 75 0 0 0 
15 5 50 85 50 41 50 60 63 0 80 43 41 50 92 55 44 71 0 0 0 
16 5 0 90 100 51 97 90 100 100 100 47 65 100 88 77 84 75 1 0 0 
17 5 5 90 100 100 90 85 100 100 92 55 59 100 99 94 94 83 0 0 0 
18 4 10 85 100 84 60 80 100 100 80 51 55 90 97 84 94 69 0 0 0 
19 7 0 65 100 62 67 70 100 67 88 44 56 80 93 74 69 77 0 0 0 
20 6 5 75 100 100 87 45 100 100 88 53 54 80 90 77 72 69 0 0 0 
21 5 10 95 100 72 77 75 100 100 48 58 45 90 96 88 78 52 0 0 0 
22 1 10 80 25 61 82 65 100 100 60 44 53 60 93 95 88 65 1 0 0 
23 4 25 70 100 72 92 85 100 100 96 46 64 100 92 79 69 92 0 0 0 
24 5 5 90 100 84 72 80 100 100 68 55 52 90 98 89 94 60 1 0 0 
25 5 3 100 100 84 90 65 100 100 76 57 51 100 100 83 88 71 1 0 0 
26 7 50 90 100 84 92 75 100 100 84 54 56 100 94 70 59 67 1 0 0 
27 14 25 80 100 84 87 75 100 100 88 51 58 80 99 86 78 69 0 0 0 
28 9 40 85 100 62 82 75 88 100 76 50 54 70 78 77 63 77 0 0 0 
29 6 25 90 100 84 90 55 100 100 80 55 52 90 94 67 53 71 1 1 1 
30 11 0 80 75 84 77 60 100 100 84 48 56 90 96 65 63 75 1 1 0 
31 7 30 60 50 62 77 65 88 100 88 37 60 80 90 73 56 58 1 1 1 
32 10 30 70 25 41 57 55 63 33 80 36 47 70 75 56 56 83 1 0 0 
33 4 5 100 100 100 85 95 100 100 100 55 61 100 99 93 94 71 0 0 0 
34 3 25 55 50 74 77 65 100 100 92 37 63 80 97 66 81 71 0 0 0 

Beck = Beck Depression Inventory; SF = SF-36 Health Survey; Phy Func = Physical Function; Rol Phy = Role Physical; Bod Pain = Bodily Pain; Gen Hth = General Health; Soc Func = Social Functioning; Rol Emo = Role 
Emotional; Men Hth = Mental Health; PCS = Physical Component Summary; MCS = Mental Component Summary; Emo = Emotional Status; Symp = Symptoms; Soc Integra = Social Integration; Wr/Colles’ = wrist or 
Colles’ fracture. 
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Table 3 (Continue) 
Code Beck Spinal SF SF SF SF SF SF SF SF SF SF OPAQ OPAQ OPAQ OPAQ OPAQ Vertebral Fragility Wr/Colles’ 

  Pain Phy Func Rol Phy Bod Pain Gen Hth Vitality Soc Func Rol Emo Men Hth PCS MCS HRQoL Phy Func Emo Symp Soc Integra Fracture Fracture Fracture 
35 0 0 70 100 72 77 65 100 100 56 51 49 90 82 80 88 65 1 0 0 
36 2 0 95 100 100 92 80 100 100 92 56 58 90 99 89 94 71 0 0 0 
37 14 4 75 0 52 40 35 50 0 64 39 33 60 88 56 50 75 0 0 0 
38 5 10 85 75 84 62 50 100 33 76 52 44 80 99 77 66 65 1 0 0 
39 9 10 95 100 84 82 85 100 100 84 54 57 100 99 90 81 52 0 0 0 
40 3 40 70 100 51 40 60 88 100 88 40 56 60 95 80 56 75 1 0 0 
41 4 10 70 100 52 92 85 100 100 92 44 63 90 95 66 53 63 0 0 0 
42 8 25 90 100 74 72 80 88 100 88 50 56 90 91 92 56 60 0 0 0 
43 3 0 80 50 84 62 70 88 67 60 49 46 90 96 85 88 19 0 0 0 
44 6 20 85 50 62 82 55 88 100 96 42 59 90 90 79 63 35 0 0 0 
45 6 0 70 75 62 77 60 100 100 96 41 61 90 94 82 75 63 1 0 0 
46 4 0 85 100 100 92 85 100 100 100 53 62 100 98 84 94 71 1 0 0 
47 1 10 80 100 51 72 80 100 100 92 44 61 90 96 85 88 48 1 0 0 
48 3 30 75 100 51 60 60 75 100 64 47 48 80 63 68 47 50 0 0 0 
49 6 0 90 100 100 77 80 88 100 100 53 59 100 100 85 75 83 0 0 0 
50 2 0 85 100 100 97 80 100 100 92 55 59 100 99 96 88 63 0 1 0 
51 9 0 85 100 52 67 65 100 67 64 51 47 50 92 69 75 71 0 0 0 
52 1 0 90 100 100 100 95 100 100 100 55 63 100 99 100 100 75 0 0 0 
53 3 0 85 100 84 77 75 100 100 92 50 59 80 99 74 78 44 0 1 1 
54 2 0 90 100 100 77 85 100 100 92 54 59 80 97 80 94 77 1 0 0 
55 3 10 75 100 100 80 90 100 100 100 50 63 100 96 86 81 75 0 1 1 
56 6 40 90 0 31 87 70 88 100 76 36 58 80 87 61 53 71 0 0 0 
57 15 20 90 100 84 52 75 100 100 76 52 53 90 95 71 59 67 1 0 0 
58 8 0 90 0 51 72 75 75 100 72 39 55 80 88 70 81 42 0 0 0 
59 8 15 85 75 62 82 70 88 67 80 49 51 80 87 80 63 71 0 0 0 
60 9 5 75 0 61 77 30 100 100 60 40 49 80 80 56 66 88 0 0 0 
61 3 0 95 100 100 72 75 100 100 80 56 53 100 99 83 81 81 0 0 0 
62 6 30 90 0 61 90 45 100 67 76 43 51 90 81 43 53 92 1 0 0 
63 8 0 80 100 51 77 65 100 100 88 45 58 90 97 81 81 83 0 0 0 
64 5 75 65 100 51 30 50 88 100 88 38 55 50 68 74 44 83 0 1 1 
65 0 0 80 100 84 97 80 100 100 100 50 63 100 100 71 88 83 0 0 0 
66 6 0 75 100 84 82 70 100 100 60 54 50 100 97 82 75 88 1 0 0 
67 6 0 85 100 100 97 80 100 100 68 58 52 70 97 73 88 79 1 1 0 
68 2 0 95 100 100 87 80 100 100 76 58 53 100 100 82 88 75 0 0 0 

Beck = Beck Depression Inventory; SF = SF-36 Health Survey; Phy Func = Physical Function; Rol Phy = Role Physical; Bod Pain = Bodily Pain; Gen Hth = General Health; Soc Func = Social Functioning; Rol Emo = Role 
Emotional; Men Hth = Mental Health; PCS = Physical Component Summary; MCS = Mental Component Summary; Emo = Emotional Status; Symp = Symptoms; Soc Integra = Social Integration; Wr/Colles’ = Wrist or 
Colles’ fracture. 



 

381  APPENDIX 17 

Table 3 (Continue) 
Code Beck Spinal Pain SF SF SF SF SF SF SF SF SF SF OPAQ OPAQ OPAQ OPAQ OPAQ Vertebral Fragility Wr/Colles’ 

   Phy Func Rol Phy Bod Pain Gen Hth Vitality Soc Func Rol Emo Men Hth PCS MCS HRQoL Phy Func Emo Symp Soc Integra Fracture Fracture Fracture 
69 2 0 70 100 74 67 65 100 100 96 44 60 90 96 66 72 75 1 0 0 
70 7 30 80 75 62 52 50 63 100 84 43 50 70 88 59 66 23 0 0 0 
71 3 50 95 100 51 77 75 100 100 84 49 57 90 99 69 63 88 0 0 0 
72 3 50 100 100 61 87 75 100 100 88 52 57 80 99 86 63 65 0 0 0 
73 0 40 95 100 72 77 80 100 100 84 52 56 80 98 88 81 13 0 0 0 
74 8 10 60 100 74 67 80 100 100 76 45 58 80 94 60 72 35 0 0 0 
75 13 0 95 75 74 95 70 100 33 72 56 46 90 99 83 88 83 0 1 1 
76 12 15 35 0 54 77 60 88 0 76 32 50 40 82 65 75 73 0 0 0 
77 2 0 90 100 72 67 80 88 100 68 53 51 80 91 62 75 77 0 0 0 
78 2 10 95 100 64 77 70 75 100 80 52 51 80 74 79 75 63 0 0 0 
79 3 30 95 100 84 92 80 100 100 96 53 60 90 93 79 75 52 0 0 0 
80 8 10 35 50 62 67 55 88 100 84 32 60 70 80 60 72 79 0 1 0 
81 3 5 90 100 62 62 70 100 100 96 46 59 100 99 80 69 71 0 1 0 
82 10 3 85 100 62 77 75 75 100 72 51 51 80 97 68 81 75 0 0 0 
83 3 0 80 100 100 77 45 100 100 80 54 51 90 99 87 81 67 0 0 0 
84 8 0 85 0 72 77 45 50 100 80 40 50 70 92 75 69 77 0 0 0 
85 10 0 90 100 84 77 65 100 100 72 55 51 90 91 58 78 67 0 0 0 
86 2 0 95 100 51 72 90 100 100 76 50 56 80 99 75 84 77 0 0 0 
87 3 0 95 50 100 95 70 100 100 96 50 60 90 95 94 81 83 0 0 0 
88 10 10 65 25 51 82 45 50 33 32 47 31 70 95 62 63 75 0 0 0 
89 15 60 65 100 41 62 55 100 100 64 43 52 80 88 72 53 63 0 0 0 
90 13 40 70 100 51 67 55 100 100 64 46 51 80 89 57 50 67 1 0 0 
91 8 0 80 100 84 85 80 100 100 100 49 62 100 100 91 88 71 0 0 0 
92 11 0 85 100 62 72 85 100 100 84 48 59 80 98 82 66 63 1 1 0 
93 1 20 95 100 51 82 60 88 100 80 50 52 80 81 83 59 67 0 0 0 
94 6 0 90 100 100 85 65 100 100 80 57 53 100 99 73 75 81 0 0 0 
95 3 0 95 100 84 90 80 100 100 88 54 57 90 99 75 75 83 0 0 0 
96 7 30 75 0 52 72 35 75 100 64 37 48 70 89 61 38 48 0 0 0 
97 16 10 50 75 84 52 45 88 100 52 45 45 80 85 59 75 56 0 0 0 
98 0 20 85 100 84 77 80 100 100 96 50 60 100 99 94 94 88 0 0 0 
99 6 5 40 100 84 77 40 88 100 84 43 55 70 93 75 66 79 0 0 0 

100 7 0 75 0 74 77 75 100 67 84 39 58 90 94 68 75 81 0 0 0 
101 10 50 65 0 31 32 35 50 100 76 27 50 80 75 48 25 67 0 0 0 
102 4 0 90 100 84 87 80 100 100 92 52 59 90 100 89 94 83 0 0 0 
103 6 10 75 100 84 80 85 63 33 84 53 47 100 96 81 84 75 0 0 0 
104 8 0 65 100 74 72 55 100 100 84 46 56 80 98 85 81 69 0 1 1 

Beck = Beck Depression Inventory; SF = SF-36 Health Survey; Phy Func = Physical Function; Rol Phy = Role Physical; Bod Pain = Bodily Pain; Gen Hth = General Health; Soc Func = Social Functioning; Rol Emo = Role 
Emotional; Men Hth = Mental Health; PCS = Physical Component Summary; MCS = Mental Component Summary; Emo = Emotional Status; Symp = Symptoms; Soc Integra = Social Integration; Wr/Colles’ = wrist or 
Colles’ fracture. 
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Correlation Matrix of The OPAQ 2 and SF-36 Health Survey. 
 

 OPAQ2 
Physical Function 
ρ         (p value) 

 
Emotional Status 
ρ         (p value) 

 
Symptoms 
ρ         (p value) 

 
Social Interaction 
ρ         (p value) 

SF-36      

Physical Function 

Role Physical 

Bodily Pain 

General Health 

Vitality 

Social Functioning 

Role Emotional 

Mental Health 

Physical Component Score 

Mental Component Score 

0.37  (<0.0001)* 

0.46  (<0.0001)* 

0.61  (<0.0001)* 

0.36  (<0.0001)* 

0.49  (<0.0001)* 

0.43  (<0.0001)* 

0.141  (0.155) 

0.30  (0.002)* 

0.60  (<0.0001)* 

0.28  (0.004)* 

0.42  (<0.0001)* 

0.39  (<0.0001)* 

0.45  (<0.0001)* 

0.39  (<0.0001)* 

0.45  (<0.0001)* 

0.33  (<0.0001)* 

0.22  (0.026)* 

0.37  (<0.0001)* 

0.50  (<0.0001)* 

0.33  (0.001)* 

0.31  (0.002)* 

0.32  (0.001)* 

0.62  (<0.0001)* 

0.35  (<0.0001)* 

0.56  (<0.0001)* 

0.39  (<0.0001)* 

0.16  (0.12) 

0.20  (0.039)* 

0.54  (<0.0001)* 

0.24  (0.014)* 

 0.068  (0.49) 

 0.062  (0.53) 

 0.084  (0.40) 

 0.27  (0.005)* 

 0.050  (0.61) 

 0.10  (0.31) 

-0.13  (0.18) 

 0.15 (0.12) 

 0.099  (0.32) 

 0.11  (0.25) 

*Two-tailed significance of correlation. ρ = Spearman’s Rho. 
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DISCRIMINATORS OF WRIST/FOREARM FRACTURES 
SUMMARY OF RESULTS 

 
 
Table 1 The differences in age, anthropometric variables, BMD and QUS indices, 
thoracic kyphosis, physical activity levels and physical performances for women with 
and without history of forearm or wrist fractures. 

Variables No history of 
forearm/wrist 

fracture 
(NWF) 
(n= 97) 

mean (SD) 

History of 
Forearm/wrist 

fractures 
(WF) 
(n= 7) 

mean (SD) 

p 
value 

95% CI 
for 

difference 

Age  (years)  71.3   (5.6)  72.3   (8.5) 0.66  -5.6 to 3.5 
Weight (kg)  64.7  (10.4)  71.9  (13.4) 0.09  -15.4 to 1.1 
Height (cm)  159.5  (5.9)  163.0   (7.0) 0.13  -8.2 to 1.1 
BMI (kg/m2)  25.4  (3.5)  26.9  (3.9) 0.27  -4.2 to 1.2 
     
Dietary Intake     
Calcium intake (mg/day) 1247.7 (526.2)  947.1  (403.1) 0.14  -103.1 to 704.2 
Alcohol intake (g/day)  7.6  (11.6)  11.5  (11.1) 0.38  -13.0  to 5.0 
Protein (g/day)  79.3 (23.5)   71.9 (21.2) 0.43  -10.8 to 25.5 
Carbohydrate (g/day)  183.6 (58.7)  175.2 (55.2) 0.72  -37.0 to 53.8 
Total Energy (kJ/day) 6947.1(1990.2)  6440.6(1739.7) 0.51 -1028.3 to 2041.3 
     
Adjusted by Age     
     
DXA BMD (g/cm2)     
Femoral neck  0.69  (0.11)  0.70  (0.09) 0.71  -0.10  to  0.06
Total Hip  0.81  (0.11)  0.81  (0.13) 0.91  -0.09  to  0.08
Lumbar spine  0.90  (0.17)  0.92  (0.15) 0.80  -0.15  to  0.12
     
QUS indices     
BUA (dB/Mhz)   65.32  (16.74)  69.06  (11.13) 0.54  -16.80  to  8.81
SOS (m/s)  1532.01 (27.78)  1530.00  (18.00) 0.90  -19.7  to  22.54
QUI   83.91  (17.75)  84.61  (11.27) 0.88  -14.58  to  12.46
     
Thoracic posture 
(degrees) 

    

Cobb angle   43.7  (14.1)  38.1  (15.7) 0.21  -3.7  to  16.9 
Back surface curvature   52.6  (10.5)  51.5  (8.0) 0.67  -6.03  to  9.33
     
Physical activity levels  12.2 (5.6)  9.9  (6.4) 0.36  -2.3 to  6.2 
     
Physical performance     
Trunk extensor (N.m)  50.7 (20.5)  53.0  (19.6) 0.67  -18.7  to  12.0 
Trunk flexor (N.m)  60.5  (27.5)  63.5 (37.1) 0.74  -25.4  to  18.0 
Quadriceps femoris (N.m)  51.1  (19.1)  55.1  (18.8) 0.58  -19.1  to  10.7 
Grip strength (kg)  21.7  (5.5)  23.4  (10.4) 0.38  -6.3  to  2.4 
TUG (s)   8.1  (1.3)  8.2  (1.0) 0.79  -1.0  to  0.8 
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Table 2 Median, interquartile range (IQR) and results of the one-way ANOVA for 
postural sway (log-transformed) after adjusting for age. 

Postural sway  
(Number of 1-mm 

squares) 

No history of 
forearm/wrist fracture 

(NWF) 
 

(n= 97) 
 

Median (IQR) 

History of 
Forearm/wrist fracture 

(WF) 
 

(n= 7) 
 

Median (IQR) 

p value 

EO      47.7  (34.0 –   61.0)  57.6 (25.8  – 121.6) 0.77 

EC       59.8 (41.2 –   90.6)  71.8  (26.6  – 142.5) 0.89 

FEO    177.4  (137.3 – 221.5)  138.9 (103.8  – 415.2) 0.91 

FEC    255.8  (193.6 – 315.4)  229.1 (167.8 – 591.9) 0.57 
EO = eyes open on firm surface; EC = eyes closed on firm surface; FEO = standing on foam with eyes 
open; FEC = standing on foam with eyes closed. 
 
 
Table 3 The mean, standard deviation (sd) and the results of the ANOVA comparing 
the SF-36 health domains and OPAQ2 dimensions for those women without history of 
any forearm/wrist fractures  (NWF) and those with a history either a wrist or forearm 
fracture (WF).   

HRQoL Variables No history of 
forearm/wrist 

fracture 
(NWF) 

 
 

(n= 97) 
mean (SD) 

History of 
Forearm/wrist 

fracture 
(WF) 

 
 

(n= 7) 
mean (SD) 

p value 95% CI 
for 

difference 

SF-36 domains     
Physical Component 
Summary 

 48.6  (6.6)  47.5  (7.5) 0.74  -4.3 to  6.1 

Mental Component Summary  54.2  (6.7)  55.8  (5.8) 0.60  -6.5 to 3.8 
     
OPAQ2 dimensions     
Physical Function  93.3  (7.1)  91.9  (11.0) 0.65 -4.4 to 7.1 
Emotional Status  76.7  (12.3)  77.3  (7.5) 0.87 -10.2 to 8.6 
Symptoms  73.4  (14.5)  68.8  (17.2) 0.42 -6.8 to 16.2 
Social Interaction  70.1  (15.0)  69.0  (14.2) 0.83 -10.4 to 12.9 
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1. INTRODUCTION 

Assessment of standing balance in the elderly population is an important area of research as it 

has been shown that balance characteristics deteriorate with aging (Gill et al., 2001). Of 

significance, impaired balance has been found by several prospective and retrospective studies 

to relate to falls in the elderly (Tinetti et al., 1988, Lord et al., 1991a, Lord and Clark, 1996). 

The propensity to fall in the elderly is of clinical and economic concern as it has been identified 

as a predictor of osteoporotic fracture (Nguyen et al., 1993, Jones, 1995).  

 

The Sway Meter has been used in osteoporosis and falls related studies to measure postural 

sway (or body displacement) about the lumbar region. The Sway Meter was first described by 

Lord et al. (1991b) who demonstrated that the predisposition to falling was reflected in an 

increased body sway. Postural sway derived from the Sway Meter had been used successfully to 

discriminate between multiple fallers and non-fallers in several retrospective and prospective 

studies (Lord et al., 1991a, Lord and Clark, 1996). Additionally, body sway was also shown to 

be an independent predictor of osteoporotic fracture incidence in a large epidemiology study 

(Nguyen et al., 1993). However, the Sway Meter only measures body displacement at the level 

of the lumbar region and does not provide information regarding the displacement of other body 

parts such as the head, pelvis or lower limbs. Two studies have reported the re-test reliability of 

this sway assessment (Lord et al., 1991b, Lord and Castell, 1994). Apart from the comparison 

with two clinical assessments of balance; namely static and dynamic standing balance, the Sway 

Meter has not been directly compared with other motion tracking assessments (Lord et al., 

1991a).  

 

Ultrasonic technology for the assessment of sway has been reported by Dickstein et al. (1996) 

who described the use of the V-Scope ultrasonic motion monitor to compare the postural sway 

of hemiplegic patients with healthy adults. In a later study, movement of the hemiparetic and 

non-hemiparetic pelvis and lower limbs during quiet stance, was compared (Dickstein and 

Abulaffio, 2000). They observed that hemiplegic patients had greater sway compared to normal 

subjects. In their study, multiple body parts were monitored simultaneously and the data showed 

that healthy subjects had greater sway at the waist than at the legs in accord with the inverted 

pendulum model (Winter et al., 1990). These studies suggested that the V-Scope motion 

monitor could provide information regarding the balance control strategies employed.  

However, the use of ultrasonic technology for the assessment of postural sway in osteoporosis 

and falls-related studies is presently limited and has not been compared with other conventional 

measures of balance (e.g. Balance Master, force platform, Sway Meter).  
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The precision of postural sway assessment and the measurement error for both the Sway Meter 

and the V-Scope systems have not been previously reported. These data are important to 

determine the utility of postural sway as an objective outcome measure after balance training 

programmes.  

 

This paper reports two studies. In Study I, the re-test reliabilities of both the Sway 

Meter and the V-Scope ultrasonic motion monitor were assessed over one week. In 

Study II, a comparison of variables derived from these two assessment techniques was 

made. The objectives of Study I were: (i) to investigate the test re-test reliability of sway 

assessment using the Sway Meter and the V-Scope ultrasonic motion detector and; (ii) 

to determine the precision and measurement error, of three derived sway variables: total 

sway, AP and ML excursion, for four tests conditions. The objectives of the Study II 

were: (i) to compare measures of total sway, the AP and ML excursion range derived 

from both the Sway Meter and the V-Scope system and, (ii) to compare the postural 

sway under six test conditions. 

2. METHODS 

2.1 Subjects 

2.1.1 Study I: Re-test reliability study  

Thirteen healthy females (mean age 72.6, range 66–78 years) were recruited from volunteer 

staff at Royal Perth Hospital. The subjects were tested on two occasions, one week apart. They 

returned at the same time and day of the week for the second test session. Postural sway was 

assessed using the Sway Meter (Lord et al., 1991a) and the V-Scope motion monitor (V-Scope 

™ VS-100 Liteck Advanced System Ltd, Israel) simultaneously for 30 seconds in four different 

conditions: standing with bare feet on a firm surface with (i) eyes open (EO) and (ii) eyes closed 

(EC); standing on a compliant surface with (i) eyes open (FEO) and (ii) eyes closed (FEC). The 

firm surface consisted of a short pile carpet and the compliant surface consisted of a piece of 

medium density foam (50 cm x 50cm x 10cm). For each condition, the feet were slightly apart 

and the positions were standardised using markings on the carpet and on the foam (Figure 1A, 

B).  
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[A][A] [B][B]

[C][C]

 
 

Figure 1 Illustrations depicting subject’s feet positioning during the tests. Markings on [A] the 
short pile carpet and [B] compliant foam ensured consistent feet positioning.  
[C] Feet positioning during semi-tandem stance.  

 

There were a total of 52 data sets resulting from the thirteen subjects tested in four different 

conditions. Three data sets were excluded for technical reasons and one subject was unable to 

complete the test when standing on foam with eyes closed. 

2.1.2 Study II: Comparison study 

Fifty-three healthy females (mean age 71, range 61-88 years) who took part in a cross-sectional 

study investigating the utility of a simple screening assessment for osteoporotic fracture risk, 

were assessed simultaneously using the Sway Meter and the V-scope system. In addition to the 

four conditions described above, two additional conditions with reduced base of support; 

standing in a semi-tandem position on a firm surface with eyes open and eyes closed, were 

included. The semi-tandem position is a modified tandem stance whereby the feet were placed 

slightly apart with one foot placed in front of the other (Figure 1C). All subjects completed all 

six tests. In total, 318 sway paths were derived for this comparison study.  

 

In both studies, all subjects were tested by one investigator and the instructions standardised. 

They were asked to stand normally and quietly for 30 seconds. Before the start of the test, the 

subjects held on to support rails. They were asked to place their hands by the side of their body 

when ready whereby both the Sway Meter and the V-Scope systems were activated 

simultaneously. When testing with eyes open, subjects were asked to focus on a visual target 

placed on a wall 5 metres away. When testing with eyes closed, they were asked to close their 
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eyes first before removing their hands from the support bars. Postural sway was assessed for 30 

seconds in each of the test conditions.  

 

Approval from the Institutional Ethics Committee, and written informed consent from all 

participants were obtained prior to the tests. 

 

2.2 Equipment 

2.2.1 Sway Meter 

Body sway was determined using a slight modification of the Sway Meter technique described 

previously by Lord et al. (1991b) (Figure 1). For the re-test reliability (Study I), the subject’s 

sway path was plotted onto 1-mm square graph paper. Total sway was defined as the number of 

one-millimetre squares traversed by the pen over the 30 seconds test duration. The counting of 

the one–millimetre squares was achieved by scanning and enlarging the image using NIH Image 

software (U.S. National Institutes of Health, http://rsb.info.nih.gov/nih-image/) and manually 

counting the squares using the software counter. The maximum AP and ML excursion of the 

pen (in mm) was determined by direct measurement from the graph paper.  

 

The intra-tester and inter-tester reliability of counting the total number of one-millimetre 

squares traversed by the pen showed consistently high ICC (intra-tester : ICC(3,1) = 0.99, SEM = 

6.2 mm2; inter tester ICC(2,1)  = 0.99, SEM = 7.7 mm2) and ANOVA for repeated measures 

revealed no significant difference between counts. 

 

For the comparison study (Study II), the scanned sway path was analysed using the NIH Image 

program where a macro counted the number of one mm squares traversed by the pen. A 

validation study of this automated count with the manual count was conducted using 103 sway 

paths (13 subjects x 4 test conditions x 2 occasions, minus one incomplete data set). Regression 

analysis showed that the automated count using NIH image was highly correlated to the manual 

count (y = 1.0 x + 3.8; r  = 0.99, P < 0.0001). 

 

2.2.2 V-Scope Motion Detector 

This system consists of three elements, transducer markers (which position in space can be 

monitored in one, two or three dimensions), receiver towers (three towers, each to track the 

position of the transducer in the X, Y and Z directions) and a microcomputer (Figure 2). In this 

study, a transducer marker was positioned at the end of the rod of the Sway Meter where the pen 

was attached.  
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The microcomputer initiates infra-red pulses at a frequency of 25 Hz from the receiver towers to 

the transducer marker. The reception of the infra-red signals by the transducer results in it 

immediately emitting an ultrasonic pulse to the receiving towers. The elapsed time between the 

transmission of the infra-red signal and the reception of the ultrasonic wave by each receiver 

tower is calculated and multiplied by the velocity of sound in air, to derive each (instantaneous) 

the receiver-marker distance. This process is repeated for 30 seconds providing a virtually 

continuous monitoring of the 3-D position of the transducer marker through a process of 

triangulation. The resultant X, Y and Z coordinates, representing the instantaneous position of 

the transducer marker, were acquired by a PC. Each data file was filtered using a second order 

Butterworth digital filter, with a cut-off frequency at 6Hz.  In this study, only the X and Y 

dimensions were processed to derive the total sway distance and the maximum excursions in the 

AP and the ML directions. 'Total sway' derived from the V-Scope was defined as the total 

distance travelled by the transducer marker over the 30 seconds period, measured in millimetres. 

 

 

Figure 2 The V-Scope system, consisting of three receiver towers, seen at rear of photo, placed 
at right angles, tracks the three dimensional position of the transducer marker in space. The 
microcomputer initiates the outgoing infra-red signals from the receiver towers and receives 
incoming ultrasonic signals from the transducer marker. The time elapsed between the initiation 
and the reception of the signals are used to calculate the resultant X, Y and Z coordinates to 
representing the instantaneous position of the transducer marker. 
 

2.3 Statistical Analyses 

2.3.1 Study I:  

The derived variables from the Sway Meter and V-Scope showed right-skewed distributions 

which were log transformed and analysed using repeated measures analysis of variance 

(ANOVA), from which the intraclass correlation coefficients (ICC) were calculated (Portney 

and Watkins, 2000). The within-subject standard deviation (Sw) of each sway variable was used 
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to calculate the repeatability coefficients (RC), an index of measurement error (Bland and 

Altman, 1999), for all test conditions. The within-subject percentage coefficients of variation 

(CV%) were also determined. The following equations were used: 

Sw = 
n

xxi ii

2
)( 2

21∑ −   

Repeatability coefficient (RC)  = (t α/2, ν) x 2  Sw 

CV% = 
Sw

(x  1 +  x  2)/2
 x 100 

Where x1i  - x2i were the differences between the first and second assessments. The differences 

were found to be normally distributed using the Shapiro-Wilk Test of Normality (P< 0.05); n = 

number of subjects; t α/2, ν = 2.18 in this study where ν =n-1, α = 0.05, x 1  = mean of test series 

1, x 2  = mean of test series 2. 

 

Bland and Altman (1996a) suggested that the difference between two measurements should be 

less than the RC for 95% of subjects. The RC, an index of measurement error, represents the 

total variation in the repeated measures due to biological, operator and equipment factors. Thus, 

the difference between two successive postural sway assessments in an individual subject would 

be considered of clinical significance if greater than the RC. 

 

2.3.2 Study II: 

The correlations between the total sway, maximum AP and ML excursions derived from 

the V-Scope and the equivalent variables obtained from the Sway Meter were assessed 

using Spearman rank correlation. An alpha of P < 0.05 (two tailed) was used as the 

criterion for determining statistical significance for both studies. 

3. RESULTS  

3.1 Study I:  

Repeated measures ANOVA showed no significant differences between the first and second test 

scores for all sway variables (total sway, AP and ML excursion) derived from either the Sway 

Meter or the V-Scope, for any of the four test conditions. 

 

The ICC for total sway derived from the Sway Meter and the V-Scope for the four test 

conditions ranged from 0.61 – 0.83 and 0.65 – 0.93, respectively. The ICC for the AP and ML 

excursion ranges for both methods varied from <0.4 – 0.84 and <0.4 – 0.82 for the Sway Meter 

and the V-Scope, respectively.  
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The CV% ranged from 19.6% - 28.3% for total sway; 19.1% - 28.6% for AP; and 22.8% - 

47.9% for ML excursion range using the Sway Meter. The V-Scope system had CV% ranging 

from 10.0% - 17.9% for assessing total sway distance travelled, 17.4% - 24.9% for AP 

excursion range and 21.8% - 47.5% for ML excursion range.  

 

Results of the re-test reliability for both the Sway Meter and the V–Scope are summarised in 

Tables 1 and 2, respectively. 

 

Table 1: Summary of all Sway Meter derived variables for 13 older females tested on two 
occasions. Data derived from Study One. 

 Test 1 
Median (IRQ) 

Test 2 
Median (IRQ) 

ANOVAa 

P 
 

ICC (3,1)a 

(95% CI) 
RC %CV 

EO 
Total Sway 

 
72 

(153 – 96) 

 
60 

(55 – 81) 

 
0.42 

 
0.63 

(-0.24 – 0.89) 

 
63.0 

 
28.3 

 
AP  
 

 
16 

(9 – 22) 

 
17 

(13 – 27) 

 
0.64 

 
0.87 

(0.54 – 0.96) 

 
10.2 

 
19.1 

 
ML  

 
11 

(9 – 16) 

 
12 

(8 – 13) 

 
0.54 

 
<0.50 

 
16.1 

 
2.5 

 
EC 
Total Sway 

 
54 

(48 – 87) 

 
74 

(60 – 108) 

 
0.51 

 
0.83 

(0.44 – 0.95) 

 
78.5 

 
27.9 

 
AP  

 
13 

(12 – 15) 

 
12 

(12 – 19) 

 
0.43 

 
0.80 

(0.34 – 0.94) 

 
13.6 

 
25.4 

 
ML  

 
10 

(8 – 12) 

 
14 

(10 – 18) 

 
0.30 

 
0.64 

(-0.14 – 0.89) 

 
20.7 

 
47.9 

 
FEO 
Total Sway 

 
270 

(220 – 323) 

 
255 

(197 – 277) 

 
0.46 

 
0.81 

(0.39 – 0.94) 

 
204.0 

 
25.1 

 
AP  

 
29  

(26 – 42) 

 
35  

(28 – 39) 

 
0.68 

 
0.61 

(-0.36 – 0.88) 

 
27.7 

 
25.4 

 
ML  

 
30  

(26 – 33) 

 
32  

(26 – 42) 

 
0.35 

 
<0.50 

 

 
33.6 

 
31.7 

 
FEC 
Total Sway 

 
351  

(262 – 397) 

 
319  

(258 – 360) 

 
0.91 

 
0.78 

(0.19 – 0.93) 

 
198.0 

 
19.6 

 
AP  

 
35  

(32 –39) 

 
36  

(29 – 42) 

 
0.87 

 
<0.50 

 

 
32.1 

 
28.6 

 
ML  

 
36  

(32 – 47) 

 
41  

(29 – 47) 

 
0.95 

 
0.84 

(0.45 – 0.96) 

 
29.3 

 
22.8 

a Statistical analysis performed on log-transformed data. 
Total Sway = number of one-millimeter squares traversed by the pen in 30s; EO=standing on firm 
surface with eyes opened; EC=standing on firm surface with eyes closed; FEO=standing a foam with 
eyes opened; FEC standing on foam with eyes closed; AP range = maximum antero-posterior excursion 
in mm; ML range = maximum medio-lateral excursion in mm; IRQ = inter-quartile range; ICC = intra-
class correlation; 95% CI = 95% confidence interval; ME = measurement error in number of one mm 
squares; %CV = within subject percentage coefficient of variation. 
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Table 2: Summary of all V-Scope derived variables for 13 older females tested on two 
occasions. Data derived from Study One.  

 Test 1 
Median (IRQ) 

Test 2 
Median (IRQ) 

ANOVAa 

P 
 

ICC (3,1)a 

(95% CI) 
RC %CV 

EO 
Total Sway 

 
148 

(133 – 173) 

 
150 

(138 – 66) 

 
0.46 

 
0.77 

(0.15 -0.93) 

 
47.3 

 
10.0 

 
AP  

 
20 

(12 – 23) 

 
18 

(14 – 24) 

 
0.66 

 
0.79 

(0.30 – 0.94) 

 
10.1 

 
17.4 

 
ML  

 
13 

(9 – 16) 

 
12 

(9 – 15) 

 
0.54 

 
<0.40 

 
16.7 

 
41.7 

 
EC 
Total Sway 

 
163 

(146 – 186) 

 
170 

147 – 201) 

 
0.61 

 
0.93 

(0.81- 0.98) 

 
58.2 

 
10.5 

 
AP  

 
15 

(12 – 18) 

 
16 

(12 – 22) 

 
0.62 

 
0.82 

(0.42 – 0.94) 

 
13.0 

 
22.1 

 
ML  

 
11 

(8 – 15) 

 
14 

(11 – 18) 

 
0.31 

 
0.70 

(0.07 – 0.91) 

 
20.4 

 
47.5 

 
FEO 
Total Sway 

 
303 

(262 – 371) 

 
279 

(240 – 321) 

 
0.20 

 
0.71 

(0.03 – 0.91) 

 
170.7 

 
17.9 

 
AP  

 
32 

(28 – 46) 

 
35 

(29-42) 

 
0.55 

 
0.57 

(-0.51 – 0.87) 

 
26.8 

 
24.0 

 
ML  

 
32 

(29 – 39) 

 
31 

(27 – 42) 

 
0.84 

 
0.51 

(-0.91 – 0.86) 

 
35.9 

 
31.2 

 
FEC 
Total Sway 

 
396 

(318 – 431) 

 
374 

(340 – 432) 

 
0.86 

 
0.65 

(-0.21 – 0.91) 

 
178.6 

 
15.4 

 
AP  

 
37 

(31 – 42) 

 
38 

(33 – 45) 

 
0.76 

 
< 0.40 

 
28.7 

 
24.9 

 
ML  

 
37 

(33 – 51) 

 
44 

(31 –52) 

 
0.82 

 
0.81 

(0.32 – 0.94) 

 
28.7 

 
21.8 

a Statistical analysis performed on log-transformed data. See Table 1 for other definitions. 
ME = measurement error in mm. 
 

 

 

3.2 Study II: 

The total sway, maximum AP and ML excursions derived from the V-Scope and the Sway 

Meter for the six conditions were significantly correlated and the results are summarised in 

Table 3. The scattergrams depicting the associations for all conditions are illustrated in Figure 3. 

A consistent offset is noted between total sway derived from the Sway Meter and the V-Scope 

for all six test conditions. Though there was a strong linear relationship between the two 

variables, the total sway distance (in mm) captured by the V-Scope was consistently larger than 

the total sway, (the total number of one-mm squares) derived from the Sway Meter. 

 

Figure 4 shows the total sway, the maximum AP and ML excursions, of all six test conditions, 

measured by the Sway Meter and the V-Scope system. Sway variables from both systems 
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showed similar patterns: first, under the same test position, there was greater body sway when 

vision was occluded; secondly, AP excursions were greatest when subjects stood on foam with 

feet in symmetrical position. In contrast, ML excursions were greatest in the semi-tandem 

stance. 

 

Table 3: Comparison of sway variables derived from the Sway Meter and V-scope for 53 
subjects tested under six conditions using Spearman rank correlation. Data derived from 
Study Two. 
Conditions Spearman correlation coefficient (Rho) 

Total sway              AP            ML 
Firm surface 
                    Eyes opened 
                    Eyes closed 

 
      0.99*                  0.77*          0.78* 
      0.71*                  0.78*          0.90* 

Compliant surface 
                    Eyes opened 
                    Eyes closed 

 
      0.73*                  0.73*          0.92* 
      0.79*                  0.73*          0.85* 

Semi-tandem stance on firm surface 
                    Eyes opened 
                    Eyes closed 

 
      0.53*                  0.77*          0.86* 
      0.82*                  0.78*          0.90* 

*p ≤ 0.0001 
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Figure 3: Scattergrams depicting the association between the total sway, derived from the Sway 
Meter and the V-Scope, when standing on a firm surface, standing on a compliant foam surface 
and in semi-tandem stance conducted in 53 subjects 
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Figure 4: Mean (sd) of total sway[A]  antero-posterior (AP) [B]  and medio-lateral (ML) [C] 
excursion for both testing methods for the 6 balance conditions. O= eyes open; C= eyes closed. 
Errors are ± 1 sd. 
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4. DISCUSSION 

The reliability and the validity of balance assessment are important for the accurate diagnoses of 

postural instability and also for evaluation of balance intervention programmes. Previous studies 

which investigated the retest reliability of the Sway Meter reported moderate to high reliability 

using Pearson r as the reliability coefficient (Lord et al., 1991b) 

 

Lord et al. (1991b) assessed the total sway of 37 subjects in two conditions, standing on a firm 

surface with eyes open or eyes closed, and reported no training effects when subjects were 

tested six months apart. In contrast, a later study by Lord and Castell (1994) demonstrated that 

there was a 'practice effect', especially when testing with eyes open standing on firm surface and 

eyes closed on a compliant surface, when subjects were tested two weeks apart. In the present 

study, the subjects were tested one week apart and no learning effects were noted. The 

difference in cohort ages may explain the variation between the present study and that of Lord 

and Castell (1994).  

 

A comparative summary of the re-test reliability studies of sway assessment using the Sway 

Meter is presented in Table 4. 

 

Table 4: Comparative summary of re-test reliability studies of sway assessment using the 
Sway Meter. 

Studies Lord et al (1991) Lord and Castell (1994) Current 

Subjects (n) = 37 (63-92 yrs) 1) (n) = 37 (62.4 yrs) 
2) (n) = 40 (72.7 yrs) 
 

(n) = 13 (72.6 yrs) 

Test Intervals 6 months  1) 2 weeks  
2) 22 weeks  
 

1 week  

Test conditions EO, EC All 4 conditions 
Sway path length 

All 4 conditions 
All derived parameters 

Reliability  
Coefficient 

0.81, 0.73 0.57-0.85 (2 wks)  
* EO & FEC  
  
No significant difference 
between scores 
 

ICC : 
0.61 – 0.83 (total sway) 
<0.40 – 0.86 (AP) 
<0.40 – 0.84 (ML) 
No significant difference 
between scores 

EO = Standing on foam with eyes opened; EC = Standing on firm surface with eyes closed;  
FEC= Standing on foam surface with eyes closed. * P<0.01. 

 

The present study additionally reports the ICC, the within-subject CV% to indicate 

measurement precision, and RC to represent the measurement error. These have been suggested 

to be better measures of reliability (Bland and Altman, 1996b) than the use of linear regression. 

The use of the Pearson Product Moment Correlation coefficient has limited utility as it simply 

assesses the linearity of the relationship and does not provide information about the magnitude 

of the within-subject variance observed (Portney and Watkins, 2000). Additionally, the 
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correlation between repeated measures is dependent on variability between subjects. Samples 

where subjects vary greatly will produce higher correlation coefficients (Bland and Altman, 

1996b).  

 

The re-test reliability of assessing postural sway using the V-Scope ultrasonic motion monitor 

while standing with eyes opened on a firm surface was investigated by Dickstein et al. (1996). 

The authors defined total sway by the standard deviation from its mean in the AP and the ML 

directions; the maximum excursion range in the AP and ML directions and its speed (path 

length/measurement time of 40s). They reported ICC scores ranging from 0.57 - 0.95 derived 

from healthy controls tested twice within the same session after one minute of rest.  Speed 

(distance travelled /total time of test) was the sway variable with the highest ICC score of 0.95. 

Systematic effect of re-test was however not reported.  

 

Given that the re-test was done at the same session (Dickstein et al., 1996), there may have been 

short term learning effects and the subjects may have altered their balance strategies, resulting 

in a higher ICC score.  

 

In this data set, total sway derived from the Sway Meter and the V-Scope had consistently 

moderate to high ICC for all test conditions. However, the ICCs for the excursion ranges from 

both assessment methods were more variable. The ML excursion range whilst standing with 

eyes opened on a firm surface and on foam had low ICC (≤ 0.5). Similarly, the AP excursion 

when standing on foam with eyes closed had ICC scores of less than 0.40. As ICC is affected by 

between subject variation (Bland and Altman, 1996b), the low ICCs may be explained by the 

small between-subject variation in the excursion ranges observed in this group of subjects. 

These results suggest that the AP and ML excursion range may not be reliable sway variables to 

monitor change in postural sway performance using these test conditions. 

 

The within-subject CV% in this study demonstrated that the total sway derived from the V-

Scope system has relatively better precision than the total sway derived from the Sway Meter.  

However, ML excursion range had the lowest precision for both assessment methods. 

 

The RCs for total sway derived from the Sway Meter approximate the median scores for all 

three test conditions, with the exception of FEC, when the total sway was larger.  Conversely, 

the RCs in total sway derived from the V-Scope were smaller than the median scores for all four 

test conditions. These results suggest that the V-Scope may be more sensitive in detecting 

smaller changes in postural sway performance compared to the Sway Meter. 
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The sway variables derived from both systems were highly correlated despite the total sway 

recorded by the V-Scope system for all six test conditions being consistently larger (Figure 3A). 

This may be attributed to several factors: firstly, the total sway from the Sway Meter was 

defined as the number of one-mm square traversed by the pen. This derivation of total sway 

does not take into account the sway paths that crossed over each other. In contrast, the V-Scope 

monitored the total distance (in millimetres) travelled by the transducer markers during the 30 

seconds duration.  Secondly, there may be a delay in the mechanical coupling of the Sway 

Meter and its trace on the paper, due to frictional forces between the pen and the paper, resulting 

in smaller total sway monitored.  

 

A comparison of the sway variables under six different conditions showed that total sway and 

maximum excursion range increased when vision was occluded, even though feet position and 

surface remained unchanged. These findings are consistent with Lord et al. (1991b) who 

reported there was a 130% increase of sway when vision was occluded.  

 

In semi-tandem stance on a firm surface there was an increase in total sway and AP and ML 

excursion when compared to standing on a firm surface with feet apart. This suggests that a 

reduction in base of support resulted in greater postural sway in this group of older subjects.  In 

addition, there was a notable increase in ML excursion and not AP excursion, during semi-

tandem stance. Conversely, the increase in AP excursion when standing on a compliant surface 

with feet in a symmetrical position was larger than the ML excursion. This suggests that 

symmetrical feet positioning on a compliant surface results in greater sway in the sagittal plane, 

whereas the semi-tandem stance challenges the lateral stability, as suggested by Lord et al (Lord 

et al., 1999). 

 

Increased postural sway has been determined as one of the risk factors for falls. The clinical and 

economic significance of this increased risk of falls relates to an increased risk of osteoporotic 

fracture.Sway characteristics derived from the Sway Meter have been shown to be extremely 

useful in discriminating between fallers and non-fallers and predicting fracture risk. However, 

this clinical device gives limited insights into postural control strategies; for example, 

displacements at the head, hips or knees during the balance tasks. Previous studies using a 

multi-segmental motion detector were able to detect age related differences in balance control 

strategies (Accornero et al., 1997) and, elucidate balance strategies employed by hemiplegic 

patients (Dickstein and Abulaffio, 2000). These insights were specifically attributed to the 

capacity to monitor movement of more than one body apart. 

 

The results of this study have demonstrated that the total sway derived from both Sway Meter 

and V-Scope methods were reliable. All three sway variables (total sway, AP and ML excursion 
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range) derived from the Sway Meter were highly correlated with the corresponding variables 

derived from the V-Scope system. Although not specifically demonstrated in this study, the use 

of an ultrasonic motion detector system, such as the V-Scope, has the added advantage of being 

able to monitor multi-segmental displacements simultaneously to elucidate the different 

strategies individuals may use in the context of maintaining balance under different conditions. 

In addition, ultrasonic motion detectors have the potential to measure instantaneous velocities in 

two or three dimensions. This study has also demonstrated that monitoring the total sway 

distance travelled using the V-Scope system has better reproducibility and may be more 

sensitive in detecting balance performance changes compared to the Sway Meter.  

 

Although the present study is limited by its small sample size, the V-Scope ultrasonic motion 

monitor has been shown to be a useful tool for future research into the evaluating motor control 

and balance strategies in the elderly population. The utility of such an assessment device for 

developing systems for screening and rehabilitation for falls prevention merits future research. 

 

5. CONCLUSION 

The present study demonstrated that total sway derived from both the Sway Meter and the V-

Scope ultrasonic motion monitor were more reliable than the AP and ML excursion range. The 

total sway derived from the V-Scope had better precision compared to the Sway Meter method 

of total sway assessment. Medio-lateral excursion range derived from both methods had the 

poorest precision. The V-scope assessment of total body sway and excursion range is in general 

highly correlated to the related variables derived from the Sway Meter.  
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