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 Purpose: The primary purpose of this research study was to cross-validate the 

risk factors in the Osteoporosis Risk Assessment by Composite Linear Estimate 

[ORACLE] as a screening tool in a population of healthy U.S. women at various 

menopausal stages. The secondary purpose of this study was to evaluate the potential use 

of physical activity history and relevant osteoporosis risk factors to effectively determine 

current bone status for a mixed menopausal population. Third, the purpose of this study 

was to compare Omnisense quantitative ultrasound [QUS] and dual-energy x-ray 

absorptiometry [DXA] diagnostic values of osteopenia/osteoporosis based upon T- and 

Z-scores. Methods: Fifty-six female subjects (46.1 ± 6.3 years) in pre-, peri-, and post-

menopausal stages who volunteered to participate in this study. Subjects completed an 

osteoporosis risk factor and physical activity history questionnaire. Subjects underwent 

laboratory testing comprised of distal radius quantitative ultrasound scan, dual hip and 

spine DXA scans, and a one week physical activity assessment. Results: Logistic 

regression analysis was utilized to examine the ability of the ORACLE to predict low 

BMD at the femoral neck and lumbar spine. There were no significant relationships 
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between the group of ORACLE variables and BMD status at either the femoral neck or 

lumbar spine. In addition, none of the individual variables (age, BMI, use of HRT 

therapy, previous fracture, speed of sound [SOS]) were found to be significant predictors 

of low BMD at the femoral neck or lumbar spine. Notably, SOS measures from the 

Omnisense QUS were not found to have a strong positive predictive ability, with 

sensitivity values between 0-20% and specificity values between 81-86% at the femoral 

neck and lumbar spine. When the cohort was divided into normal and overweight/obese 

groups, sensitivity and specificity of QUS measures was not improved in the normal BMI 

group compared to the overweight/obese group. The use of physical activity variables to 

predict low BMD revealed some relationships trending toward significance, supporting 

previous research. Linear regression analyses revealed that the individual accelerometry 

variable of moderate-vigorous non-bout activity counts at the lumbar spine approached 

significance as a predictor of low BMD (p = 0.081). A significant correlation (r = 0.31, p 

< 0.05) between steps/day and subjective measures of current weight-bearing activity 

support the validity of the physical activity recall method for current physical activity. 

Conclusions: This study found that the ORACLE risk factors were not a valid 

osteoporosis screening tool in a mixed menopausal population of U.S. women. 

Secondarily, subjective and objective physical activity measures were non-significant 

predictors of current low BMD, but greater levels of moderate to vigorous non-bout 

activity counts trend towards being a significant predictor of higher BMD at the lumbar 

spine. Finally, results showed that Omnisense QUS measures were not found to be 

significantly related to DXA measures. Key Words: bone mineral density, dual-energy 

x-ray absorptiometry, osteoporosis, physical activity, quantitative ultrasound 



 

CHAPTER I 

 

 

 

Introduction 

Osteoporosis is a systemic skeletal disease distinguished by low bone mass and 

microarchitectural deterioration of bone tissue, which consequently increases bone 

fragility and susceptibility to fracture (5). This deteriorating disease is a major public 

health concern, with recent estimates suggesting that 10 million Americans have 

osteoporosis and another 34 million have low bone mass [osteopenia] (4). Unless fracture 

occurs, many individuals are unaware they have osteoporosis due to a lack of symptoms. 

Osteoporosis is diagnosed by assessing bone mineral density (BMD) via dual-energy x-

ray absorptiometry (DXA) (60). In 1994, the World Health Organization (WHO) 

established diagnosis guidelines for osteoporosis. T-scores of -1 to -2.49 at any of the 

diagnostic sites (lumbar spine, neck of femur) indicate osteopenia. T-scores of -2.5 or 

below indicate osteoporosis. However, due to cost and access issues, mass osteoporosis 

screening using DXA is not recommended. The 2007 International Society for Clinical 

Densitometry [ISCD] (70) recommends screening for specific populations, including: 

• Women aged ≥ 65 years 

• Postmenopausal women  < 65 years with risk factors for fracture 

• Perimenopausal women with clinical risk factors such as low body weight, 

prior fracture, or high-risk medication.
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The ISCD osteoporosis screening recommendations are directed towards women 

who are post-menopausal or who present with risk factors at an earlier menopausal stage. 

Menopausal status is an important component of osteoporosis detection. Although bone 

loss begins in premenopausal women, the rate of bone loss accelerates during the 

perimenopausal time period. As a result, the majority of bone loss occurs during the 

perimenopausal time period and continues into the postmenopausal time period (24, 71). 

Perimenopause can last anywhere from a few months up to 4-5 years (63). Natural 

menopause occurs between the ages of 40-55 years in most women. In the United States, 

the average age of menopause is 51.3 years (80). Therefore, osteoporosis screening in a 

population within the age range surrounding these time periods would provide valuable 

baseline bone status information and would identify those already at risk.  

Early preventative measures during the menopausal transition can be extremely 

beneficial, as evidenced by the Kaiser Southern California Healthy Bones Program (30). 

The program was developed with the goal of increasing screening for osteoporosis and 

decreasing rate of hip fracture by 25% in women ≥ 60 years of age or women ≥ 50 years 

of age who had a previous fragility fracture, were receiving anti-osteoporosis medication, 

or had a previous DXA scan. By increasing screening, the annual number of patients 

treated with anti-osteoporosis medications increased by 135%. The average reduction in 

hip fracture rate from the expected value was 37.2% (30). Although this program was 

developed with post-menopausal women, this fracture prevention model could be easily 

applied to a younger population if an effective screening tool was developed to refer 

women on for DXA testing. 



3 

 

 

Osteoporosis risk factor questionnaires have become the primary method of 

determining whether an individual is at risk for low BMD and fracture. If an individual is 

determined to be at high risk for low BMD via questionnaire, the individual is referred 

for further diagnostic testing with DXA. The questionnaires provide a low-cost 

alternative to mass DXA screening by assessing common osteoporosis risk factors, 

including: menopausal status; low body mass index [BMI]; smoking or alcohol 

consumption habits; maternal history of osteoporosis or fractures; and dietary habits (21). 

Common screening questionnaires include the National Osteoporosis Foundation [NOF] 

risk factor questionnaire, the Simple Calculated Osteoporosis Risk Estimation [SCORE], 

the Osteoporosis Risk Assessment Instrument [ORAI], and the Osteoporosis Self-

Assessment Tool [OST] (21, 98). Though many of the questionnaires have been validated 

as reasonable screening tools in specific populations, the sensitivity and specificity of 

these questionnaires in women across different menopausal stages and ethnicities is low 

compared to risk factor screening tools widely used in similar preventable diseases such 

as heart disease (e.g. Framingham risk score) (55). For example, the SCORE 

questionnaire was found to be very sensitive by referring 99.6% of women with 

osteoporosis on for further testing, but the questionnaire lacked specificity, as it 

recommended 74.4% of women with normal BMD for further testing (21).  

Recently, many researchers and clinicians have sought means to improve upon 

prediction abilities of risk factor questionnaires. Richy and colleagues (97) developed a 

screening tool termed the Osteoporosis Risk Assessment by Composite Linear Estimate 

[ORACLE]. This tool combines the use of the OST questionnaire with quantitative 
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ultrasonography [QUS]. QUS is a screening device that utilizes acoustic waves above 

audible frequency range (>20 kHz) to obtain speed of sound (SOS) measurements (93). 

QUS measurements have been correlated to fracture risk and have been validated in 

diverse populations. QUS has several advantages compared to DXA.  It is portable, less 

expensive than DXA, and does not involve radiation. The research of Richy et al (97) 

suggested that by combining five variables from both the OST and QUS [age; BMI; 

current use of hormone replacement therapy; history of fracture after age 45; and 

Ultrasonic Bone Profile Index (UBPI)], a more sensitive and specific screening tool could 

be validated for determining need for further diagnostic DXA testing.  

There is an apparent lack of uniformity in QUS equipment in terms of 

measurement sites and variables measured. Richy et al. (97) utilized a DBMSonic 1200 

QUS (IGEA, Carpi, Italy). The DMB Sonic 1200 QUS measurements are taken at the 

phalanges and measure UBPI. UBPI is a measurement variable that is unique to the DBM 

Sonic 1200, creating difficulties for direct validations of the ORACLE. Conversely, the 

Omnisense 8000S QUS (Rehovot, Israel) is a multisite instrument that has the ability to 

measure SOS at both the distal radius and phalanges. Precision errors range between 4.5-

8.9% for distal radius SOS using the Omnisense (15, 32). SOS is a more common 

variable in QUS instruments used in the United States. Some of the common QUS 

instruments that use SOS as a measurement variable include the Lunar Achilles (GE 

Medical Systems, Madison, WI) and the Sahara Bone Sonometer (Hologic, Inc., Bedford, 

MA).  Because of these differences in QUS variables, it is difficult to extrapolate results 
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from the ORACLE to a uniform interpretation of osteoporosis risk using QUS in 

combination with risk factors. 

The ORACLE was developed and validated with a cohort of 609 postmenopausal 

Belgian women (97). In the development of a true national standard for osteoporosis 

screening tool, it is vital that cultural and/or ethnic risk factors and BMD variables unique 

to the population are considered. Although non-modifiable risk factors such as post-

menopausal status, family history of osteoporosis, and age have been strongly associated 

with low BMD in diverse populations (20, 104), modifiable risk factors such as smoking 

history, alcohol consumption, and physical activity have not been consistent predictors of 

low BMD in populations of different menopausal stages and ethnicities. Current research 

indicates that weight bearing activity at the time of peak bone deposition during 

adolescence and early adulthood will increase BMD. Increases in BMD may be 

maintained throughout adulthood with continuation of weight-bearing activity (109). 

Higher amounts of weight bearing activity over an individual‟s lifetime have been 

associated with greater BMD and slower rates of bone loss in the post-menopausal time 

period (17, 26, 33). However, these findings are limited by the lack of longitudinal BMD 

data and physical activity monitoring. Recall studies are currently the only method of 

establishing physical activity history. Furthermore, the relationship between current 

physical activity and risk for osteoporosis has not been delineated. There is a need for 

further research examining the relationship between osteoporosis risk and past/present 

physical activity. The use of a risk factor questionnaire addressing modifiable factors 



6 

 

 

such as physical activity in combination with QUS provides an avenue for improvement 

upon current osteoporosis screening techniques.  

Purpose of the Study 

 The primary purpose of this research study was to cross-validate the risk factors 

in the ORACLE as a screening tool in a population of healthy U.S. women at various 

menopausal stages. The secondary purpose of this study was to evaluate the use of 

physical activity history and appropriate osteoporosis risk factors to effectively determine 

current bone status for a mixed menopausal population. An additional purpose of this 

study was to compare Omnisense QUS and DXA diagnostic values of 

osteopenia/osteoporosis based upon T-scores. 

Delimitations 

 This investigation assessed a total of 56 subjects. Each subject completed the 

study‟s developmental osteoporosis screening questionnaire with an additional physical 

activity section. A QUS measurement of the subject‟s non-dominant radius was obtained. 

The subject completed a one-week physical activity assessment using the Actigraph 

GT1M (Fort Walton Beach, FL). The subject‟s total body BMD and dual hip and spine 

BMD measurements were assessed with three DXA scans using the General Electric 

Medical System-Lunar Prodigy software version 11.40.004 (Madison, WI). 

Hypotheses 

It was hypothesized that the ORACLE risk factors would be related to BMD in a 

population of healthy U.S. women at various menopausal stages. It was also hypothesized 

that an extended physical activity profile would positively relate to current BMD. Finally, 
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it was hypothesized that QUS and DXA would provide comparable T-scores in both 

normal and overweight/obese women. 

Definition of Terms 

 Bone mineral density (BMD) – the mineral content in a given volume of bone, 

commonly expressed in g/cm
2
 or mg/cm

2
; measurements are strong indicators of 

bone health and are used in the diagnosis of osteoporosis 

 Dual-energy x-ray absorptiometry (DXA) – a technique which uses two different 

frequencies of x-ray energy to measure BMD, fat mass, and lean mass 

 Menarche – the onset of first menstrual period; usually occurs during puberty and 

is associated with physical and hormonal changes in females 

 Menopause – the absence of menstrual periods for 12 consecutive months; 

associated with significant decreases in sex hormones such as estrogen and 

progesterone 

 Osteopenia – a reduction in bone mass below normal levels; reduction is less 

severe than osteoporosis; defined as T-scores of -1 to -2.49 

 Perimenopause – the time period preceding menopause characterized by irregular 

menstrual cycles (4-9 cycles/year) due to fluctuations in reproductive hormones 

 Quantitative ultrasound (QUS) – a method of assessing bone structure properties 

through the use of sound waves; sites commonly measured using different 

equipment include the calcaneus, the distal radius, and the phalanges 
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 Speed of sound (SOS) – one of the bone property measurements obtained with 

QUS; lower speed of sound values are associated with lower BMD and higher 

fracture risk due to greater deflection of the sound waves; commonly expressed in 

units of meters/second (m/s)



 

CHAPTER II 

 

 

 

Literature Review 

 Osteoporosis is a disease that primarily affects aging men and women. According 

to the third National Health and Nutrition Examination Survey (NHANES III) data and 

prevalence data from the National Osteoporosis Foundation, over 10 million men and 

women aged 50 and older in the United States are affected by osteoporosis. An additional 

34 million men and women are affected by low bone mass (osteopenia). Overall, the 44 

million people affected by either osteoporosis or osteopenia represent 55% of the 

population 50 years of age or over in the United States (3, 75). As life expectancies 

increase and the United States population as a whole becomes older, osteoporosis rates 

are expected to continue to increase (87). It is anticipated that the number of individuals 

affected by osteoporosis will rise to 12 million by 2010 and to 14 million by 2020 unless 

greater efforts are made to reduce the risk of this debilitating disease (4).  

Increased concern regarding the impact of osteoporosis-related fractures on both 

the individual and society has stimulated interest in early prevention and detection of 

osteoporosis. Accordingly, this study was designed to assess the detection ability of 

common osteoporosis screening techniques, as well as assess the practicality of assessing 

a modifiable risk factor, physical activity, in order to make modifications in current 

activity to affect bone status.  
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Osteoporosis & Bone Physiology 

 Osteoporosis is the most common bone disease to affect women and men both in 

the United States and throughout the world. Often called a silent disease, osteoporosis is 

characterized by systemic low bone mass and structural deterioration of bone tissue, 

leading to increased susceptibility to fractures (5). Osteoporosis is categorized into 

primary and secondary forms. Secondary osteoporosis is attributed to other medical 

conditions (e.g. chronic kidney disease), surgical procedures causing hormonal 

imbalances (e.g. oophorectomy), or medications (e.g. chronic corticosteroid use) 

associated with accelerated bone loss. Primary osteoporosis is associated with aging in 

both men and women and traditionally occurs more frequently after menopause in 

women.  

 Osteoporosis is more prevalent among women than men, with 80 percent of those 

affected by osteoporosis being females (3). There are also racial differences in the 

prevalence of osteoporosis, with Asian and Caucasian women more likely to have low 

BMD. As a result, these populations have an increased risk of fracture, while Hispanic 

and American Indian women have a moderate likelihood of developing osteoporosis. 

African American women tend to have higher peak BMD and slower rates of bone loss 

after menopause compared to Caucasian women (76).  

The most common sites of osteoporosis-related fracture include the wrist, hip, and 

spine. In many cases, the first symptom of osteoporosis is a fracture. There are few 

outward symptoms of osteoporosis. However, as the disease progresses, many individuals 
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may experience back pain, begin to lose height and develop the characteristic spinal 

curvature, or “dowager‟s hump” due to spinal compression and spinal fractures.  

Normal Bone Physiology 

 Bone is a tissue designed to provide many physiological and structural functions 

in the body. Physiologically, bone acts as a mineral storehouse, helps regulate pH balance 

in the body, and is the site of red and white blood cell production. Structurally, bone 

provides protection for internal organs provide resistance against the forces of muscle 

contraction and gravitational forces during movement. Accordingly, bone is structured to 

withstand high levels of force. Bone is comprised of two types of structural tissue: 

cortical (compact) and cancellous (trabecular) bone. Bone marrow, another component of 

bone, is involved in red and white cell production; it is not directly involved with the 

structural integrity of bone (41).  

 Throughout a person‟s lifespan, bone is continually adapting to growth and the 

stresses to which it is exposed. Three major processes occur in bone tissue: osteogenesis, 

modeling, and remodeling. Osteogenesis is the process by which new bone is formed in 

the embryo. Modeling is the formation of bone due to growth and development. 

Remodeling is the adaptation of bone to stresses or damage encountered on a daily basis 

(47). The two basic types of cells that are involved in these complex processes are 

osteoclasts and osteoblasts. Osteoclasts are multinucleated cells that degrade bone. 

Osteoblasts are mononuclear cells lining the bone that synthesize and deposit new bone 

(47).  



12 

 

 

Under normal conditions, osteoclasts are solely responsible for removing about 

500 mg of calcium from bone each day. Osteoclasts have a ruffled border, which allows 

finger-like projections to attach to the bone matrix and form a resorption area (78). 

Osteoclasts degrade hydroxyapatite crystals that comprise the majority of bone mineral 

by releasing H
+
 ions. The H

+
 ions then act in an H

+
/Ca

2+
 exchange (proton pump) to 

degrade the hydroxyapatite crystals (47). Little is known about the mechanism by which 

the action of osteoclasts is arrested. One proposed mechanism is that plasma membrane 

receptors sense high levels of Ca
2+

 within the resorption area and signal withdrawal of the 

osteoclasts. However, increasing evidence points to the theory that agents, such as 

estrogen and bisphosphonates, stimulate osteoclast apoptosis at a certain point in order to 

spare the bone from further resorption (107). The method by which Ca
2+

 is removed from 

the area of resorption is not clear. One proposed mechanism is that osteoclasts 

temporarily move away from the resorption area, allowing Ca
2+

 to diffuse away. It is also 

possible that Ca
2+

 can be removed by endocytotic vesicles that translocate to the outer 

bone surface and release the Ca
2+

 by exocytosis (47). 

Osteoblasts produce and secrete proteins that constitute the bone matrix. After a 

series of maturational stages, osteoblasts are able to produce and deposit type I collagen 

and osteocalcin to form the bone matrix. After type I collagen and osteocalcin are 

deposited, osteoblasts regulate the local concentrations of calcium and phosphate in order 

to optimally mineralize the new bone matrix through hydroxyapatite formation. Bone 

mineralization lags behind bone matrix formation. Though bone matrix formation gives 

the bone tissue volume, bone mineralization actually increases the density of the bone 
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tissue (47, 78). Eventually, some osteoblasts are buried within the bone matrix and 

become osteocytes. Osteocytes are spread throughout the bone matrix and communicate 

with each other and with other bone cells through extensions of their plasma membrane 

that resemble nerve dendrites. Osteocytes are essential to bone tissue because of their 

ability to sense interstitial fluid flow through the channels of the bone [canaliculi], which 

reflect mechanical forces placed upon the bone. Osteocytes also have the ability to detect 

changes in hormone levels (i.e. estrogens and glucocorticoids) that play an important 

regulatory role in bone remodeling (78). 

 The collaborative activity of osteoblasts and osteoclasts in the remodeling process 

comprises the “basic multicellular unit” (BMU). The BMU is the integral component of a 

seminal theory of bone remodeling proposed by H.M. Frost in 1987 (38). The BMU is a 

temporary structure comprised of osteoclasts in the front, osteoblasts in the rear, a central 

capillary, and a nerve supply. The BMU advances toward a targeted area of bone that 

needs replacement through the action of osteoclasts. The osteoclasts act first by removing 

bone and the osteoblasts follow with the deposition of new bone matrix and 

hydroxyapatite (38, 78). The rate of bone remodeling is determined by the number of 

activated BMU. Remodeling causes a small decrease in bone mass. For example, if a 20-

unit section of bone was remodeled, 19 units would be restored through the action of 

osteoblasts. According to Frost‟s mechanostat theory (38), strain on the bone is sensed by 

fluid flow within the bone. When peak bone strain due to mechanical usage is smaller 

than 1,500 microstrain, remodeling and net bone mass loss occurs. However, when peak 

strains rise due to mechanical action into the 1,500-2,500 microstrain threshold 
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(minimum effective strain or MES), bone modeling and net bone gain occur. Strain 

between these two thresholds would result in no net gain or loss of bone (38). Through 

the action of modeling, BMU osteoblasts deposit more bone matrix and mineral than was 

removed by the osteoclasts. Therefore, Frost‟s mechanostat theory implies that either 

decreased mechanical usage or an elevated MES threshold would result in increased bone 

remodeling. Conversely, a decreased MES threshold or increased mechanical usage 

would increase bone modeling. 

Pathophysiology of Osteoporosis 

 The pathophysiology of osteoporosis is characterized by bone resorption 

exceeding bone formation. In a young adult skeleton, a BMU replaces essentially all the 

bone that was resorbed with the aid of hormonal or growth factors and physical stress. 

After middle age, resorption tends to slightly exceed modeling, leading to a natural 

decline in BMD with aging. However, in osteoporosis there is an accelerated loss of bone 

tissue. Accelerated bone loss is due to either increased bone resorption or decreased bone 

mineralization (47).  

In females, loss of the production of estrogen plays a vital role in the disease 

process of osteoporosis. Females are disproportionately affected by osteoporosis due to 

the relationship between bone remodeling and estrogen. In women, the onset of 

menopause results in significant decreases in estrogen levels, which increases the 

proliferation of osteoclast progenitors, increases osteoclast formation, and decreases the 

incidence of osteoclast apoptosis through the alteration of cytokine signaling pathways 

(53). The estrogen-mediated increases in osteoclast formation cause significant increases 
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in bone remodeling. Consequently, significant bone loss occurs after the menopausal 

transition (53). 

Bone Mineral Density and Risk of Fracture 

 Osteoporosis is clinically diagnosed through the use of BMD measurements at 

specific skeletal sites. When bone is fully mineralized, measurements of BMD can 

provide estimates of skeletal mass. Since mass is the one of major determinants of bone‟s 

compressive and torsional strength, lower bone mass ultimately leads to greater risk of 

fracture (60). BMD, which indirectly measures bone strength, accounts for 60-70% of the 

variation in bone strength (10). Other components of bone strength include bone 

geometry, cortical tissue thickness and porosity, trabecular bone architecture, and 

intrinsic bone composition properties (10, 103).  

BMD is assessed using dual-energy X-ray absorptiometry (DXA). In 1994, the 

World Health Organization (WHO) established clinical guidelines for osteoporosis 

diagnosis with DXA as the gold standard for use and treatment (60). Although DXA 

measures other variables besides BMD (e.g. bone mineral content), the WHO established 

BMD as a diagnostic measure. In order to diagnose osteoporosis, BMD threshold values 

were defined in order to capture the most patients with osteoporotic fractures. By 

comparing the BMD values to a standard reference population, standard deviation (SD) 

threshold values in the form of T-scores for normal bone, osteopenia, and osteoporosis 

were established. The reference population from which the T-score was calculated was 

the female, white, age 20-29 years from the NHANES III database. BMD measures 

within 1 SD of the young adult reference mean (T-score > -1) are considered normal. 
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BMD measures less or equal to 1 SD below the young adult reference mean but greater 

than 2.5 below this value (T-score ≤ -1 to -2.49) are considered osteopenic (low bone 

mass). BMD measures of 2.5 SD or more below the adult reference mean are diagnostic 

for osteoporosis (60).  

Recent meta-analysis of research pertaining to the ability of BMD measures to 

predict occurrence of osteoporotic fractures in women examined 11 separate population 

studies with 90,000 cumulative person years of observation time and over 2,000 fractures 

were examined (79). Results indicated that a decrease in DXA-measured BMD of 1 SD 

from the reference mean (T-score or Z-score of -1.0) at all sites (i.e. distal radius, lumbar 

spine, hip) was associated with a 50% increased risk for fracture (relative risk 1.5, 95% 

CI 1.4-1.6) at all sites. When a BMD of -1 SD in lumbar spine and hip BMD were 

compared to fracture risk at the respective sites, risk of fracture was more than doubled 

(lumbar spine RR = 2.3, hip RR = 2.6). Therefore, the predictive value of measurement 

of specific sites with BMD is much more strongly related to fracture risk at that site (79). 

In a secondary analysis, predictive ability of a -1 SD BMD was found to be similar to that 

of a +1 SD in blood pressure for stroke (RR of 1.5 v. RR of 1.4), and better than a +1 SD 

in serum cholesterol concentration for myocardial infarction (RR of 1.5 v. RR of 1.2). 

Since +1 SD threshold measures in blood pressure and serum cholesterol concentration 

are accepted risk factors for their respective conditions, comparable predictive ability of a 

-1 SD measure in lumbar spine and hip BMD lends to the credibility of the standards 

used for DXA measurements. 
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A recent position statement by the International Society for Clinical Densitometry 

(ISCD) made several recommendations for the interpretation of BMD values obtained 

from DXA measurements (7). The use of T-scores is recommended for women who are 

postmenopausal and perimenopausal women. The WHO criteria of T-scores less than -

1.0 and -2.5 for osteopenia and osteoporosis, respectively, can be applied to this 

population. However, for premenopausal women, Z-scores are preferred. Z-scores are a 

comparison between the individual‟s BMD and the age-matched reference group. 

Therefore, the WHO guidelines for osteoporosis diagnosis cannot be applied to this 

population. Instead, Z-scores of -2.0 or lower are defined as “below the expected range 

for age”, and a Z-score above -2.0 is “within the expected range for age” (7). 

BMD can be measured at multiple sites using DXA. An update of the initial 

WHO guidelines recommends that the use of T-scores as a diagnostic measure be 

reserved for femoral neck measurements (58). Due to different rates of bone loss at 

different skeletal sites, the WHO purports that the threshold T-score of -2.5 cannot be 

applied to all the sites. However, T-scores of -2.5 or greater at the lumbar spine can be 

used in combination with other risk factors to diagnose osteoporosis. In contrast, the 

ISCD supports osteoporosis diagnosis from multiple sites, including the lumbar spine, 

total hip, and the femoral neck (7). The interpretation of these contrasting 

recommendations may be determined by institution or individual clinicians in 

combination with other risk factors for osteoporosis. 

With different rates of peak bone accrual and decline at different skeletal sites in 

premenopausal women, interpretation of BMD measures for this population is difficult 
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for clinicians and researchers. Bonnick et al (19) examined differences between Z-scores 

at the spine and femoral neck seen in premenopausal women between the ages of 20-45 

years. Twenty to 24% of the 20-29 year-olds exhibited a difference in Z-scores of greater 

than 1 SD between the spine and proximal femur sites. This percentage increased to 32-

46% among those 30-45-years of age. However, the nature of these changes appears to 

change in the older age group. The differences in spine and proximal femoral Z-scores 

seen in the older age group appear to be the result of the earlier onset of bone loss in the 

proximal femur as opposed to an initial difference in peak bone mass seen in the 20-29 

year-old age group. 

Overall, the use of BMD as the gold standard for osteoporosis risk has spurred 

several other standards for use. Currently, the proximal femur is the preferred site for 

diagnosis, but other sites may be useful for tracking longitudinal changes or investigating 

site-specific fracture risk. Secondly, the use of T-scores for post-menopausal women and 

the use of Z-scores in younger women have been incorporated into the standards due to 

the variable nature of bone mass accrual and loss.  

Although diagnostic standards have been determined for DXA, discrepancies 

exist when comparing BMD values obtained from DXA equipment from different 

manufacturers. With no standard equipment manufacturer recognized by either the WHO 

or ISCD, the nature of these discrepancies must be addressed. Two of the most common 

manufacturers of DXA equipment in the United States are Hologic Inc. (Waltham, MA) 

and the Lunar Corporation (Madison, WI). A longitudinal comparison (≈4.8 years) by 

Pocock et al (92) examined the rate of change and BMD measurements obtained using 



19 

 

 

Hologic and Lunar DXA equipment in a population of men and mixed menopausal stage 

women (n = 34). There were strong positive correlations between the percent BMD 

change on the two instruments in the lumbar spine, trochanteric region, and proximal 

femur (r = 0.82, 0.84, and 0.73, respectively). Initial BMD values using Hologic DXA 

equipment were significantly lower at all sites compared to Lunar DXA equipment. 

Notably, the mean Hologic-measured BMD value for the lumbar spine was 0.90 ± 0.19 

g/cm
2
 compared to 1.05 ± 0.21 g/cm

2
 via Lunar DXA. Similarly, Hologic-measured 

BMD at the femoral neck was 0.76 ± 0.14 g/cm
2
 compared to 0.90 ± 0.17 g/cm

2
 

measured via Lunar DXA. However, even though significant differences in absolute 

BMD measures were apparent between instruments, strong correlations were found 

between Lunar and Hologic measures at both the lumbar spine and femoral neck (r = 0.98 

and 0.94, respectively). It appears that even though BMD values differed significantly 

between instruments at both diagnostic and non-diagnostic sites (i.e., Ward‟s triangle), 

diagnostic site BMD and rate of change are generally comparable between DXA 

equipment. 

Quantitative Ultrasound Measurements and Risk of Fracture 

 Ultrasound technology is any technology dealing with acoustic frequencies 

beyond the audible range (> 20,000 Hz). Quantitative ultrasound is a specific branch of 

ultrasonics that deals with the measurement of properties of bone tissue. Quantitative 

ultrasound waves, whose sinus wave forms are similar to sound waves, are mechanical 

vibrations that propagate through soft tissue and bone. The ultrasound waves are 

modified by the tissue they pass through. Therefore, the bone tissue structure will affect 
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the ultrasound‟s propagation through the tissue by altering the velocity of the wave as 

well as the amplitude of the wave (86). The velocity and amplitude of the wave is 

measured by one or more transducers in order to determine speed of sound (SOS; m/s) or 

broadband ultrasound attenuation (BUA; dB/MHz). 

Several types of quantitative ultrasound devices are commonly used for screening 

individuals for osteoporosis. Quantitative ultrasound transducers use either wet (water) 

systems or dry (gel) systems. Most devices are designed to make measurements at one 

site. Common sites include the calcaneus, the finger phalanges, the tibia, and the radius. 

The Sunlight Omnisense (Sunlight Technologies, Rehovot, Israel) is the first commercial 

quantitative ultrasound device allowing measurement at multiple skeletal sites. The 

Clinical Sunlight Omnisense 7000S model allows measurement at the finger phalanges 

and the distal radius. The Omnisense software calculates a T-score and Z-score from SOS 

values for each individual screened based upon the reference population used to develop 

the software. The Omnisense software utilizes the same WHO guidelines for osteopenia 

and osteoporosis. The reference population consisted of 1521 Israeli women between the 

ages of 20-90 years with a BMI < 35 kg/m
2
 (116). The reference population has been 

validated in North America in several studies. In a study by Drake et al (32), the 

researchers found that the peak SOS values occurred around the age of 40 in a population 

of 545 healthy Caucasian females aged 20-90 years from five North American sites. This 

is somewhat later than the time that peak BMD occurs in different skeletal sites, but 

quantitative ultrasound measures different structural properties. The researchers found 

that maximal rate of decline in SOS was seen in the 10 years post-menopause in all sites 
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measured (-12.4, -9.2, -12.1, and -18.8 m/s at the radius, tibia, metatarsal, and phalanx, 

respectively).  

The use of multisite quantitative ultrasound has been evaluated in several diverse 

populations in order to validate its use as a screening tool. Weiss et al (115) utilized the 

Omnisense in a population of elderly women (76.1 ± 6.0 years) who had a known 

osteoporotic hip fracture. SOS scores obtained from the distal radius were significantly 

lower in the hip fracture group compared to the control group (3860 ± 150 v. 3969 ±142 

m/s). Knapp et al (64) examined the relationship between SOS measurements obtained 

with the Omnisense and BMD measured using DXA in a cohort of 409 Caucasian women 

(236 premenopausal and 173 postmenopausal) in the United Kingdom. Correlations 

between SOS measurements at the distal radius and BMD at the lumbar spine and 

femoral neck ranged from r = 0.43-0.47 for the entire cohort. When mean T-scores were 

plotted versus age for the lumbar spine and femoral neck DXA sites and distal radius 

QUS site, changes in mean T-scores showed a similar, expected trend of BMD 

maintenance until menopause. The researchers suggested that SOS measurements 

obtained from the Omnisense are capable of measuring BMD trends similar to DXA for 

pre- and post-menopausal women.  

Conversely, Cook et al (25) found that 5 different osteoporosis screening 

questionnaires, a calcaneal QUS device (CUBA Clinical, McCue Plc, Winchester, UK) as 

and a body weight measurement were more highly related to DXA-determined 

osteoporosis than the Omnisense SOS measurements. In this study, researchers assessed 

the screening ability of each tool by reporting the sensitivity and specificity of each 
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instrument as well as area under the curve (AUC) values. The subject population 

consisted of 208 postmenopausal women (mean age 59.7 years) who presented with at 

least one clinical risk factor for osteoporosis. The screening tool with the highest area 

under the curve (AUC) value was the CUBA Clinical QUS device (0.77-0.81). The 

questionnaires had AUC values ranging between 0.66-0.7, whereas the Omnisense had 

AUC values lower than most questionnaires and had comparable values to body weight 

(0.58-0.7 Omnisense v. 0.65-0.69 body weight). This study implies that a simple body 

weight measure is as effective as the more expensive Omnisense multisite QUS device, 

and that a paper questionnaire outperforms both methods. The calcaneal QUS appeared to 

be the most effective screening tool in this study. It appears from the mixed validation 

studies that more extensive evaluation of the Omnisense as a screening tool for low BMD 

and osteoporosis is required. 

 Several sources of error are introduced when measuring bone with quantitative 

ultrasound.  Quality assurance of the instrument and stability of the instrument can affect 

the precision of the instrument in terms of monitoring changes in bone tissue. Excess soft 

tissue surrounding the bone, variability in bone marrow composition and the ratio of 

cortical to trabecular bone can affect the propagation of the ultrasound waves (86). 

Edema or excessive soft tissue can artificially decrease speed of sound (SOS). In a study 

by Johansen and Stone (54), the SOS of 11 subjects who presented with below knee 

edema were measured using a calcaneal ultrasound device. Sixteen consecutive 

measurements were taken at the same site. Between each measurement, edema was 

progressively reduced by manual palpation in order to reduce the tissue to normal 
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parameters by the final trial. When measurements were compared between the first set 

(with edema) and the last set (normal) of readings, results indicated that SOS was 

reduced by 23.7 m/s due to edema, causing significant measurement error.  

Elevated BMI has also been associated with decreased reproducibility of radial 

QUS measurements. Pfeil et al (90) evaluated the association between multisite QUS 

using the Sunlight Omnisense and DXA. The subjects were rheumatoid arthritis patients 

(48 females; 20 males; mean age 64.2 ± 10.5 years) with varying levels of disease state. 

The 68 subjects were divided into a normal weight group (BMI ≤ 25 kg/m
2
) and an 

overweight group (BMI > 25 kg/m
2
) as well as low and high disease states for data 

analysis purposes. The researchers found that normal weight, low disease state subjects‟ 

QUS-measured SOS at the distal radius was significantly associated with DXA-BMD at 

the total femur (r = 0.47). A significant association between DXA-BMD and QUS-SOS 

was also found in overweight subjects (r = 0.37). However, the coefficient of variance for 

inter-observer reproducibility between the normal and overweight subjects at the distal 

radius site varied by more than 0.5% (1.43% variance for overweight subjects vs. 0.90% 

for normal subjects). Therefore, the association between DXA-BMD and QUS-SOS 

could have been much different based upon the variability of the measurements. 

Additionally, changes in bone status due to duration of rheumatoid arthritis medication 

use were not controlled for in the study. 

Risk Factors for Osteoporosis 

 Primary osteoporosis is a multifactorial disease affected by lifestyle, dietary, and 

reproductive factors. Research suggests that 25% of the variation in BMD is explained by 
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factors such as family history, personal characteristics, and lifestyle factors (39). Since 

there are many interactions among these etiological factors, each factor‟s relative 

contribution to the development of osteoporosis has not been strongly determined. 

Factors such as age, gender, and menopausal status, among others, have strong 

correlations with the development of osteoporosis (104). The strength of the relationships 

between osteoporosis and several other modifiable factors, such as alcohol consumption, 

tobacco use, and physical activity has not been strictly delineated. However, the 

interaction of multiple factors may augment the development of osteoporosis.  

Risk factors for osteoporosis have been found to be similar between races (23), 

but differences exist between men, women, and postmenopausal stages. In Waugh et al‟s 

review of literature (113), risk factors for low BMD for healthy women between the ages 

of 40-60 years at various menopausal stages were examined. The evidence criterion for 

this review were based upon U.S. Preventative Services Task Force guidelines for the 

review: „good‟ if all criterion were met; „fair‟ if most criterion were met without fatal 

flaws, and „poor‟ if the study contained one or more methodological fatal flaws. Some of 

the criterion included: standardized BMD measurement technique, valid risk factor 

measurement, duration of follow-up, and control for confounding variables. The 

consensus of current research indicates that for this population, there was good evidence 

that low body weight and post-menopausal status were risk factors for low BMD. There 

was good or fair evidence that alcohol and caffeine intakes as well as reproductive history 

were not risk factors. Finally, there was inconsistent or insufficient evidence for the effect 

of calcium intake, physical activity, age at menarche, history of amenorrhea, family 
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history of osteoporosis, race or current age as risk factors for low BMD. The majority of 

the review of risk factors will pertain to postmenopausal women due to the fact that the 

majority of osteoporotic patients fall into this category. 

Low Body Mass 

Low body mass and BMI throughout one‟s life has been strongly associated with 

increased rate of bone loss, increased risk of fracture, and decreased peak bone mass. 

Conversely, moderately high body mass and BMI (not extreme obesity) is considered to 

be a protective mechanism against osteoporosis due to continually higher forces applied 

to the skeletal system (81). In a meta-analysis of the use of BMI as a predictor of fracture 

risk, researchers reported that a BMI of 20 kg/m
2
 was associated with a twofold increase 

in risk of hip fracture compared to a BMI of 25 kg/m
2
 (29).  Using weight alone as an 

indicator of low BMD, Michaelsson et al (82) found that in a cohort of women between 

the ages of 28-74 years, having a body weight > 71 kg was associated with having a very 

low risk of being osteopenic compared to women with a body weight ≤ 64 kg with odds 

ratios of 0.06 (95% CI 0.02-0.22) and 0.13 (95% CI 0.04-0.42) for the lumbar spine and 

femoral neck, respectively. When the criteria of a body weight < 70 kg was evaluated, the 

negative predictive value of this criteria was 0.97, meaning that only 3% of osteoporosis 

cases were missed when women > 70 kg were eliminated as having no risk for 

osteoporosis. The decrease in fracture risk due to higher body mass is not only associated 

with absolute BMD. Finkelstein et al (36) reported that during the perimenopausal 

transition, bone loss was 35-55% slower in women in the top tertile for weight versus 

women in the bottom tertile, implying that there may be more than just a mechanical 
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loading relationship between high body mass and higher BMD. Some researchers have 

proposed a relationship between leptin levels associated with obesity and estrogen 

regulation (18). However, this relationship is not well defined, although research is 

continuing. 

Genetics and Family History 

A history of osteoporotic fracture in one‟s family has been linked to risk for 

developing osteoporosis. Research indicates that this link to family history of 

osteoporotic fracture is due to a potential genetic predisposition to lower BMD (44). 

Arden et al (13) examined the genetic link between BMD in sets of identical and fraternal 

postmenopausal twins. DXA was used to measure BMD of the lumbar spine and femoral 

neck. At the lumbar spine and femoral neck, heritability estimates of 0.78 and 0.84, 

respectively, were found. Heritability estimates significantly different than zero indicate a 

strong genetic relationship. 

 Oftentimes, osteoporosis is linked to the maternal side of the family (16, 62, 

105). In women age 65 years and older, risk of hip fracture was increased with history of 

maternal, sister‟s, or brother‟s previous hip fracture (37). However, this study reported 

that hip fracture in any of these relatives was only related to risk of hip fracture, 

indicating that there was only a site-specific correlation between fracture risk and family 

history. Contrastingly, Keen et al (62) found that a family history of wrist fracture in 

one‟s mother or sister was correlated with lower BMD in both the  hip and spine.  

Lonzer et al‟s (74) research supports the maternal link to osteoporosis, but also reports a 

paternal influence in children‟s BMD. In children between the ages of 5-20 years, the 
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child‟s BMD was significantly related to their father‟s current BMD (r = 0.83), their 

mother‟s premenopausal BMD (r = 0.58), and midparental BMD (the mean of both of 

their parents‟ BMD; r = 0.86). It appears that although research is unable to clearly define 

the direct genetic relationship between BMD, fracture risk and family history, there is a 

link between the variables. 

Dietary & Lifestyle Factors 

 Although some risk factors for osteoporosis are biological processes that cannot 

be altered, there are several risk factors that can be controlled and modified. The major 

dietary factors related to the development of osteoporosis include calcium and vitamin D 

intake. Calcium is the major component of hydroxyapatite, which is the crystalline salt 

compound that comprises approximately 70% of compact bone (41). The U.S. Food and 

Nutrition Board‟s most recent published dietary recommendations suggested that an 

adequate intake of calcium for females 18 years of age and younger is 1,300 mg/day. For 

females between the ages of 19-50 years, intake of 1,000 mg/day of calcium is considered 

adequate. Finally, for females older than age 50 years, consumption of 1,200 mg/day of 

calcium is considered adequate (6).  

Inadequate calcium intake has been strongly associated with low BMD in females 

of different races and varying menopausal stages (69, 85). Kalkwarf et al (56) utilized 

data from the NHANES III to  examine the relationship between childhood (ages 5-12 

years) and adolescent (ages 13-17 years) milk consumption with adult bone mass, BMD, 

and incidence of osteoporotic fracture in a US population of Caucasian women ≥ 20 years 

of age (n = 3,251). Low milk consumption (< 1 serving of milk/week) during adolescence 
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was associated with a 3% reduction in BMD and content in women aged 20-49 years. 

More significantly, low milk intake during childhood was associated with a two-fold 

increase in risk of osteoporotic fracture in women ≥ 50 years of age (56). In a meta-

analysis of 139 studies published since 1975, Heaney (46) reported that all but two of the 

52 calcium intervention studies and three-fourths of the 86 observational studies 

regarding calcium and bone health indicated better bone status with high intakes of 

calcium, or greater bone gain during growth, or reduced bone loss in the elderly, or 

reduced fracture risk. 

  Calcium absorption and vitamin D intake are closely linked. The active form of 

vitamin D, 1,25-dihydroxychalecalciferol (25(OH)D), functions in a hormone-like 

fashion by increasing the formation of a calcium-binding protein in small intestinal 

epithelial cells. This leads to increased facilitated diffusion of calcium (41). For healthy 

females 50 years of age or younger, the U.S. Food and Nutrition Board recommends 

consuming 200 IU vitamin daily. For females ≥ 50 years of age, consumption of 400-600 

IU of vitamin D daily is recommended (6). From a meta-analysis of 6 cross-sectional 

studies, Dawson-Hughes et al (28) determined that the optimal concentration of 25(OH)D 

in the blood is between 75-80 nmol/L from a This serum 25(OH)D concentration is 

associated with lower risks of fracture. For some older women and men, daily vitamin D 

consumption may need to be as high as 800-1,000 IU in order to benefit in terms of bone 

health. In an international study of postmenopausal women with osteoporosis, average 

serum 25(OH)D concentration was 26.8 ng/L. Sixty-four percent of the women had a low 

serum 25(OH)D concentration (< 30 nm/L) (73). 
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Consumption of vitamin D without stimulus for activation can lead to deficiency 

of vitamin D, and consequently calcium, even though vitamin D is present in the body. 

Vitamin D is activated by the liver and the kidney due to hormonal control. Vitamin D is 

made as a result of exposure of cholesterol in the skin to 7-dehydrocholesterol when it is 

exposed to ultraviolet rays from the sun (41). At least 5-10 minutes of sunlight exposure 

daily is a sufficient stimulus for adequate vitamin D production (51).  

Habit-based risk factors for osteoporosis, such as smoking and alcohol 

consumption, are modifiable as well. Prolonged tobacco use first emerged as a proposed 

risk factor for osteoporosis in the 1970‟s. Several studies have indicated that prolonged 

tobacco use throughout one‟s lifespan will significantly lower BMD (49, 77).  Hopper et 

al‟s (52) research detailed a cross-sectional investigation of 41 female twin pairs who had 

significantly different tobacco consumption patterns throughout their life span. The 

results of the study indicated that for each 10 pack-years of smoking, the twin considered 

a “heavy smoker” had her deficit in BMD increase by 2.0 ±0.7% and 1.4 ±0.6% at
 
the 

lumbar spine and femoral shaft compared to the low or non-smoking twin (52). Two 

additional studies indicate that tobacco use is not an independent predictor of low BMD 

in women of different menopausal stages (9, 27).  

Despite uncertainty concerning tobacco use as a risk factor, researchers have 

proposed several mechanisms that may explain accelerated bone loss due to tobacco use. 

In a review by Sampson (102), several of these proposed mechanisms were detailed. The 

main mechanistic theory proposes that tobacco increases estrogen breakdown 

(metabolism) in postmenopausal women, resulting in lower levels of estrogen and 
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increased bone loss and risk of fracture. Other proposed mechanisms that may preclude 

smokers to higher risk of fracture include: lower body weight due to smoking; decreased 

absorption of calcium (67); resistance to the hormone calcitonin, which suppresses bone 

resorption; and direct effects of tobacco on bone cells. Control of these potential 

mechanisms is lacking in most research regarding tobacco use and BMD, implying that 

reduced BMD in smokers may result from a cumulative effect of the estrogen-tobacco 

interaction and one or more of the other proposed mechanisms. 

Excessive alcohol consumption has been tagged as a potential risk factor for the 

development of low BMD. Research regarding the impact of excessive alcohol 

consumption on development of BMD has been inconclusive. Some research suggests 

that there is not a strong relationship between lifetime alcohol consumption and BMD 

(77). In a study of pre- and post-menopausal female twins, twins with greater levels of 

lifetime alcohol consumption did not have a significant difference in lumbar spine or total 

hip BMD compared to their twin. Grainge et al (39) did not find a strong relationship 

between alcohol consumption and BMD. The researchers proposed a U-shaped curve in 

terms of alcohol consumption due to the finding that the heaviest beer drinkers had 

significantly lower BMD. In several studies involving elderly individuals, increased 

alcohol consumption was associated with higher levels of BMD (34, 83). Elderly women 

who consumed at least 7 ounces of alcohol/week had 7.7% higher BMD compared to 

those who consumed < 1 ounce/week (34). Alcohol consumption is proposed to be 

beneficial in postmenopausal women because it may interact with estrogen receptors to 
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effectively enhance comparatively low estrogen levels resulting from menopausal 

changes (108). 

Reproductive Factors 

 Reproductive factors such as age at menarche, number of pregnancies, and use of 

oral contraceptives have been speculated to play a role in the development of 

osteoporosis. However, the central reproductive factor related to bone loss is the advent 

of menopause. The World Health Organization defines menopause as “the final menstrual 

period” (8). Natural menopause occurs between the ages of 40-55 years in most women. 

In the United States, the average age of menopause in U.S. women is 51.3 years (80). In 

the premenopausal time period, insignificant bone losses occur in the hips (< 0.003 g/cm
2
 

per year; < 0.04% per year) (112). However, during the perimenopausal and menopausal 

time period, major alterations in estrogen levels cause significant bone loss. During late 

perimenopause, estimated BMD loss from the lumbar spine and hip are estimated to be 

0.018 g/cm
2
 and 0.010 g/cm

2
 per year, respectively (36). During the 3-4 years following 

menopause, Recker et al (96) reported BMD decreases of 10.5% at the lumbar spine and 

5.3% at the femoral neck.  

 Age at menarche has been an area of interest regarding future BMD. Average age 

of menarche in females in the United States is 12.3 years (12). Some research indicates 

that females who have later onset of menarche tend to have lower levels of body fat and 

mass throughout their lifespan. Therefore, one relational hypothesis is that the lower 

levels of body mass and fat will lead to lower overall bone strain and stimulus for 

modeling (11). Others hypothesize that if females who have later onset of menarche have 
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a normal age of menopause, over their lifetime they will be exposed to significantly less 

estrogen and essentially less of the normal stimulus for bone modeling (42).  

A greater number of pregnancies and lactation have been linked to lower BMD. 

Karlsson et al (61) suggests that, although there is significant bone loss associated with 

pregnancy and lactation in the femoral neck and spine, there is nearly complete 

restoration of pre-pregnancy BMD after the first 5 months of weaning. The number of 

pregnancies or extended lactation does not appear to affect long term BMD, either. In a 

comparison of women who had at least six pregnancies to nulliparous women, BMD was 

not significantly different between groups, even though a majority of the multiple 

pregnancy women had spent most of their adult life either pregnant or lactating (48). 

Changes in BMD have been weakly associated with prolonged use of oral 

contraceptives due to reproductive hormone alterations. Some research indicates the use 

of oral contraceptives may actually increase BMD. Pasco et al (89) reported that 

prolonged use of oral contraceptives (< 5 years) was associated with a 3.3% increase in 

BMD at the lumbar spine in premenopausal women, but this effect was not significant in 

postmenopausal women. Other researchers have found that premenopausal use of oral 

contraceptives can decrease BMD at the lumbar spine (94). Hartard et al (43) found that 

in premenopausal endurance athletes, oral contraceptive use at an early age and extended 

use of oral contraceptives decreased lumbar spine BMD and proximal femur BMD by 

7.9% and 8.8%, respectively. Therefore, the known effects of extended oral contraceptive 

use on BMD remain conflicting. 
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Physical Activity & Bone Status 

Physical activity has been proposed as a factor that can affect BMD, bone 

geometry, and bone strength.  Weight bearing activity and strength training activities are 

commonly recommended to those who wish to maintain or increase current BMD and 

bone strength. The American College of Sports Medicine (ACSM), one of the leading 

organizations in the United States in terms of health-related physical activity research, 

has issued two position stands on bone health and osteoporosis in relation to exercise (2, 

66).  The ACSM Position Stand on Osteoporosis and Exercise was released in 1995 on 

the heels of the World Health Organization‟s 1994 release of clinical guidelines for the 

diagnosis of osteoporosis. This position stand made four key statements regarding 

exercise and osteoporosis based upon research available at that time: 1) Weight bearing 

activity is essential for normal development and maintenance of normal bones; 2) 

Sedentary women may increase bone mass slightly by becoming more active, but the 

primary benefit of becoming more active is avoiding further bone loss associated with 

inactivity; 3) Exercise cannot be recommended as a substitute for hormone replacement 

therapy at menopause; and 4) The optimal program for older women would include 

activities that improve strength, flexibility, and coordination that may effectively 

decrease incidence of fracture due to falls (2). Although this position stand focused 

primarily on elderly women, the principle of exercise as a modality for maintenance of 

normal bone health was clearly supported not only by research, but by clinicians and 

exercise professionals. 
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The ACSM Position Stand on Physical Activity and Bone Health was released in 

2004 (66), four years after a major update regarding osteoporosis diagnosis was released 

by the International Osteoporosis Foundation (58). This position stand had broader 

recommendations for physical activity and bone health throughout one‟s lifespan. With 

an increased emphasis on prevention of osteoporosis, specific recommendations for 

children, men, and adults were outlined based upon current research. However, it remains 

difficult to quantify how much physical activity is beneficial for maintaining healthy 

bones throughout life.  

Relationship between type of physical activity and bone mass 

 Although it is difficult to quantify how much physical activity is beneficial for 

improving and maintaining normal healthy bones, the types of activities that tend to 

increase and maintain bone strength are more easily quantified by ground reaction force 

(GRF) measures. Since it is not feasible to measure skeletal strain in vitro during physical 

activity, it has been determined that it is appropriate to use GRF measures an indirect 

measure of skeletal strain. Activities with higher levels of GRF induce higher levels of 

microstrain on the bone, inducing bone modeling and increased bone strength.  

In a recent study by Weeks et al (114), a compendium of ground reaction forces 

were determined for many common sports and activities. The subjects (n = 20; 10 men 

and 10 women, mean age 24.5 ± 2.9 years) completed a series of sporting movements on 

a force platform. Each activity was measured for peak GRF (N) and rate of force 

application (N/s) in order to rank them in terms of osteogenic potential. For those 

activities that could not be measured directly on the force platform (e.g. ice skating), the 
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most similar movement‟s force measurement was assigned. Based upon peak GRF and 

rate of force application measures, gymnastics was determined to have the highest 

osteogenic stimulus (peak GRF = 10.0 N, rate = 250 N/s). Conversely, swimming had the 

lowest osteogenic stimulus (peak GRF = 0.7 N, rate = 2.5 N/s). 

 Creighton et al (26) compared the bone mineral densities and bone turnover 

markers of four different activity groups of young females: high impact (basketball & 

volleyball, n = 14); medium impact (soccer & short-distance track, n = 11); non-impact 

(swimming, n = 7); and a control group (n = 7). The subjects of this study were all 

Division I athletes (excluding controls) and were evaluated in the two weeks following 

the completion of in-season training. Subjects who participated in non-impact sports had 

significantly lower BMD compared to high impact sports subjects at the femoral neck 

(1.005 ± 0.004 vs. 1.26 ± 0.01 g/cm
2
). Bone formation levels of osteocalcin were 

significantly lower in non-impact subjects compared to medium or high impact subjects 

(19.8 ± 2.6 vs. 32.9 ± 1.9 and 30.6 ± 3.0 ng/ml). Therefore, the researchers concluded that 

high impact activities are more effective at inducing new bone formation and enhancing 

BMD at weight-bearing sites compared to non-impact activities.  

The results of Creighton‟s study were supported by Kaminsky et al (57) in a 

comparison of female high school and college volleyball players to age-matched non-

athletes. In this study, BMD values were significantly higher in the volleyball players 

compared to non-athletes at the lumbar spine (1.38 ± 0.8 vs. 1.20 ± 0.1 g/cm
2
) and the 

femur (1.22 ± 0.1 vs. 1.05 ± 0.1 g/cm
2
). There was no significant difference between high 
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school and college volleyball players‟ BMD at either site, implying that bone mass 

benefits of playing volleyball reach their peak in high school. 

Role of physical activity in maximal bone mass 

Peak bone mass can play an important role in fracture risk and BMD decline. If an 

individual with low peak bone mass and an individual with high peak bone mass are 

victims of similar rates of osteoporotic BMD decline, the individual with low peak bone 

mass will reach the critical stage of increased risk of fracture at an earlier time point. 

Although males and females attain peak BMD at different ages and rates (84), research 

indicates that the adolescent/young adult time period is the most important for peak bone 

mass accrual. Lin et al (72) reported that peak bone mass in healthy young females 

occurred at different ages for different skeletal sites measured via DXA. At the spine, 

femoral neck, greater trochanter, and Ward‟s triangle, the highest BMD level was 

measured at 23 ± 1.4, 18.5 ± 1.6, 14.2 ± 2.0, and 15.8 ± 2.1 years. Similarly, Walsh et al 

(111) found that peak bone mineral content was attained in females between the ages of 

25-32 years.  

Current research indicates that physical activity during the premenopausal time 

period can positively influence peak BMD (14, 50, 99, 100). In a six year longitudinal 

study, Bailey et al (14) evaluated the relationship between everyday physical activity and 

peak bone mass accrual in a group of healthy Canadian children (60 boys, 53 girls) 

passing through adolescence. Annual bone mineral content measurements at the proximal 

femur and lumbar spine were measured throughout the 6-year study. A physical activity 

questionnaire was administered at least three times/year during the first three years of the 
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study and at least twice per year during the final three years of the study. When girls in 

the highest quartile of activity were compared to girls in the lowest quintile, a greater 

peak bone mineral accrual rate and bone mineral accumulation were demonstrated during 

the two years surrounding peak bone mineral accrual (17% increase). Highly active girls 

had an 18% higher bone mineral content one year after peak bone mineral accrual rates 

were attained. Similarly, Ho et al (50) examined the dose-response relationship between 

weight-bearing physical activity and BMD in a population of Chinese women around the 

period of peak bone mass attainment. The female subjects (n = 297, ages 21-40 years) 

completed a modified Minnesota Leisure Time PA Questionnaire in order to assess 

average daily Metabolic Equivalent (MET) values expended on leisure-time physical 

activity. The leisure time physical activities were classified as either weight-bearing or 

non-weight-bearing activities. In the younger age group (21-30 years), high leisure time 

physical activity levels were associated with higher BMD at both the spine and the hip. 

However, in the older age group (31-40 years), higher levels of physical activity were not 

associated with higher BMD. It is theorized that there is stronger response of bone 

remodeling to weight-bearing activity during the period when bone consolidation is still 

taking place, potentially explaining the different responses of the different age groups.  

Activity during the adolescent and young adult time period clearly relates to peak 

bone mass attainment. However, the reason for this relationship is not as clear. Adequate 

nutritional intake, calcium consumption, and changes in estrogen values play varying 

roles in peak bone mass attainment as well, but their interaction with activity is not well 

defined. Bassey et al (17) investigated the effects of a vertical jumping training program 
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on changes in BMD at the lumbar spine and proximal femur in pre- and postmenopausal 

women. The jump training program consisted of 50 vertical jumps/day for six days/week 

for 20 weeks, producing ground reaction three times body weight in the younger women 

and four times body weight in the older women. Changes in BMD as a result of training 

were compared between pre- and postmenopausal women. In premenopausal women, 

significant changes in BMD occurred at the femoral neck (+2.8%). However, in 

postmenopausal women, BMD was either maintained (lumbar spine) or declined (femoral 

neck,-0.009 ± 0.003 g/cm
2
). These results imply that there are differential responses to 

bone-stressing activity in pre- and postmenopausal women. It is possible that bone 

stressing activity in postmenopausal women may function to counteract the effects of 

estrogen decline while promoting bone modeling in premenopausal women. 

Role of physical activity in maintaining bone mass 

 There is strong evidence that chronic physical activity over the course of a 

lifetime provides significant health benefits. The U.S. Department of Health and Human 

Services‟ recently published physical activity guidelines for adults recommends 

participation in bone-strengthening activities such as running and weight-lifting on a 

regular basis throughout one‟s lifetime. These guidelines reported moderate evidence 

supporting physical activity as a means of reducing risk of hip fracture and increasing 

BMD (1).  

Significant increases in BMD are associated with physical activity throughout 

one‟s lifespan. Uusi-Rasi et al (109) examined the role of physical activity and BMD in 

the weight-bearing bones in a cohort of 422 women in three different age groups: 25-30, 
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40-45, and 60-65 years. Higher levels of lifetime physical activity was positively 

correlated with increased femoral neck BMD across all three age groups compared to 

subjects with lower levels of lifetime physical activity. The increase in BMD across all 

three age groups implies that the net benefit of physical activity can not only be obtained 

at a younger age but can be maintained throughout one‟s life if physical activity is 

consistent.  

Several longitudinal studies also indicate that physical activity will increase 

BMD. However, the maintenance of the positive effects is dependent upon the 

continuation of weight bearing activity (95). Valdimarsson et al (110) examined 

longitudinal changes in the BMD of young female soccer players. At baseline, the soccer 

players‟ femoral neck BMD was higher compared to the control group. However, after an 

8 year follow-up, those soccer players who had become inactive since the initial visit had 

significantly decreased BMD compared to their values during their sporting season, while 

those soccer players who remained active actually maintained BMD.  Similarly, Winters 

et al (117) investigated detraining effects on BMD in a study cohort of premenopausal 

women (ages 30-45 years). The women who participated in a 12-month progressive 

jumping and resistance training program saw a significant increase in trochanteric BMD 

compared to the control group and a trend for increased BMD at the femoral neck was 

observed as well (p = 0.056). After 6 months of detraining, femoral neck BMD was 

significantly lower compared to post-training values in the training group (post-training: 

0.825 ± 0.102 g/cm
2
 v. detraining: 0.812 ± 0.107 g/cm

2
). There was no difference 

between baseline and postdetraining BMD values, suggesting no benefits of training 
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when the activity was not maintained. Both of these studies support the notion that 

physical activity should be maintained throughout one‟s life in order to attain maximal 

bone health benefits. 

Physical activity and fracture risk 

Even though comparing physical activity status to BMD provides an acceptable 

idea of the relationship to osteoporosis risk, other factors may provide an alternative, 

more practical comparison. Many hip and wrist fractures in elderly women are associated 

with falls due to deterioration of flexibility and balance. Although weight-bearing activity 

is a major component of increasing bone strength and preventing osteoporosis, the 

benefits of flexibility, motor control, and balance skills associated with regular physical 

activity may be expressed through comparisons associated with fracture risk.  The 

Nurses‟ Health Study examined the dose-response relationship between moderate levels 

of activity and fracture risk in a cohort of 61,200 postmenopausal women (35). A 

questionnaire was utilized to assess how many hours were spent on different activities 

during an average week. MET values were assigned to each activity and total MET-hours 

for an average week were calculated. After controlling for other variables that may affect 

bone health, results of the study indicated that risk of hip fracture was reduced by 6% for 

each increase of 3 MET-hours/week of activity (95% CI, 4-9%). Women in the highest 

quintile of activity (> 24 MET-hours/week) had a 55% lower risk of fracture compared to 

women in the lowest quintile of activity (< 3 MET-hours/week). Interestingly, even 

women who were at lower risk of hip fracture due to higher BMI (≥ 30 kg/m
2
) 

experienced a further reduction of risk of hip fracture with higher activity levels (35). 
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In a similar large-scale population, Gregg et al (40) examined amount of physical 

activity and risk of hip fracture in 9,704 women aged 65 years or older. Additionally, 

intensity of activity in relation to fracture incidence at different skeletal sites was 

examined. Women in the highest quintile for total physical activity ( > 2201 kcal/week) 

had a 42% lower age-adjusted relative risk for hip fracture compared to the least active 

quintile. Women who participated in ≥ 2 hours of sport and recreational activity 

(moderate to vigorous activity group) had a 45% reduction in age-adjusted risk for hip 

fracture. Women in the low intensity activity group had a 27% reduction in risk for hip 

fracture compared to the inactive group. There was no significant relationship between 

total physical activity or intensity of activity to wrist fracture, but women in the moderate 

to vigorous activity group had a 33% reduction in vertebral fracture risk. From this 

research, it can be concluded that in older women, higher levels of intensity of activity 

have the greatest reduction in risk of fracture. However, even low intensity activities can 

positively decrease risk of hip fracture, supporting the notion that, in terms of fracture 

risk, participation in some activity is better than none. 

Osteoporosis Screening Questionnaires 

A multitude of osteoporosis screening questionnaires have been developed with 

the intention of referring individuals at high risk for osteoporosis on for diagnostic DXA 

testing. The statistical standards for determining whether or not the osteoporosis 

screening questionnaires are effective are sensitivity and specificity measures as well as 

area under the curve (AUROC) measures. If an osteoporosis screening questionnaire has 

a high sensitivity, a high percentage of those who actually have osteoporosis are referred 
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for diagnostic DXA testing. Conversely, if an osteoporosis screening questionnaire has a 

high specificity, a high percentage of those who have healthy bones are not referred for 

unnecessary DXA testing. Most osteoporosis screening questionnaires have been 

developed in populations of postmenopausal women, with the exception of Hawker et 

al‟s clinical prediction rule for premenopausal women (45). In general, the questionnaires 

incorporate two or more traditional risk factors for osteoporosis as predictors. Common 

questionnaires of this type include the National Osteoporosis Foundation (NOF) 

questionnaire, the Simple Calculated Osteoporosis Risk Estimation (SCORE), the 

Osteoporosis Risk Assessment Instrument (ORAI), Age, Body Size, No Estrogen 

(ABONE), and the Osteoporosis Self-Assessment Tool (OST). The Bone-Specific 

Physical Activity Questionnaire (BPAQ), an risk assessment tool recently developed by 

Weeks et al (114), more specifically utilizes physical activity as a predictor for 

osteoporosis. The National Osteoporosis Foundation has also developed a fracture risk 

assessment tool entitled FRAX™ that allows calculation of ten-year probability of hip 

and other major osteoporotic fracture with and without femoral neck BMD (59). The 

FRAX™ is comparable to the Framingham risk score for heart disease. Several large-

scale studies have compared the abilities of the different screening questionnaires to 

discern which individuals have low BMD. Table A describes details of the studies. From 

this table, several comparisons can be made regarding the commonly used questionnaires. 

The populations used to validate these questionnaires are moderately large, ranging from 

208-4035 subjects. 
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Table A: Sensitivity and Specificity of Osteoporosis Screening Questionnaires for Determining Osteoporosis (T-score < -2.5) 

Questionnaire      Author  N     Age
a
      Body weight Distinguising Factor(s)

b
  Sensitivity Specificity 

ABONE Cadarette 2001(21) 2365    66.4 y.        69.0 kg  Estrogen use
c
           83.3%     47.7% 

 

NOF  Cadarette 2001(21) 2365    66.4 y.        69.0 kg  Family hx, current smoking     96.2%     17.8%  

 

ORAI  Cadarette 2004 (22) 644    62.4 y.        65.6 kg  Estrogen use
c
                 92.5%     38.7% 

  Cook 2005 (25) 208    59.7 y.        65.6 kg          96%      5.6% 

Richy 2004 (98) 4035    61.5 y.        65.0 kg             76%      48% 

 

OSIRIS Cook 2005 (25) 208    59.7 y.        65.6 kg  HRT use, previous fracture     96%      22% 

Richy 2004 (98) 4035     61.5 y.       65.0 kg                    64%      69% 

 

OST  Cadarette 2004 (22) 644    62.4 y.       65.6 kg   ---                91.5%     45.7% 

  Cook 2005 (25) 208    59.7 y.       65.6 kg          91%      33% 

Koh 2001 (65)  1123    62.3 y.       57.1 kg                91%      45%  

  Richy 2004 (98) 4035    61.5 y.       65.0 kg                   86%      40% 

 

SCORE Cadarette 2001(21) 2365    66.4 y.       69.0 kg             Race, rheumatoid arthritis,     99.6%     17.6% 

Cook 2005 (25) 208    59.7 y.       65.6 kg  previous fracture, HRT use     93%      26% 

Richy 2004 (98) 4035    61.5 y.       65.0 kg              86%           40% 

a
All subjects post-menopausal; 

b
All contained body weight and age; 

c
Estrogen use refers to oral contraceptive or HRT use

4
3
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In the population of post-menopausal women used to develop the questionnaires, the 

mean age range (59.7-66.4 years) fell within the 10-15 year post-menopause window 

based upon averages for the countries in which the studies were performed. BMI 

information was not available in all of the studies. However, in nearly every study, mean 

body weights were comparable and were within a 4 kg range (65.0-69.0 kg), with the 

exception of Koh et al‟s (65) study of the OST in Chinese women. Even though variable 

body weights were used in the validation of the OST for four different studies, sensitivity 

and specificity values were the most consistent across studies among the questionnaires 

examined. Sensitivity values ranged between 86-91.5%, while specificity ranged between 

33-45.7%. This lends to the versatile nature of the OST, making it a potentially powerful 

screening tool in diverse populations. 

Even though multiple studies tout the simplicity and consistency of the OST, 

other screening questionnaires have achieved higher sensitivity and specificity values. 

Questionnaires such as the SCORE and the NOF screening tool achieved sensitivity 

values of 99.6% and 96.2%, respectively, compared to 91.5% for the OST (21, 22). The 

increased sensitivity of the SCORE and the NOF screening tool may be attributed to the 

additional risk factors in their scoring system (i.e. family history of fracture, race). 

However, specificity values are lacking in nearly all of the questionnaires, with values as 

low as 5.6% for the ORAI (25). The OSIRIS attained the highest specificity rating of 

69%. However, sensitivity for this tool was 64% (98). It appears from this conglomerate 

of studies that the OST sets the standard for consistency, but the addition of more risk 

factors may be beneficial to improve detection of low bone mass. Additionally, it appears 
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that most of the questionnaires tend to refer many more healthy post-menopausal women 

for further DXA testing than necessary.  

Although osteoporosis risk assessment research has been mainly focused on the 

postmenopausal population, some research has been directed toward identifying 

premenopausal women with low BMD. In hopes of greater preventative efforts, Hawker 

et al (45) developed a clinical prediction rule in 668 healthy, early premenopausal 

Caucasian women. The goal of developing a clinical prediction rule was to fashion a 

screening questionnaire for young women similar to questionnaires for middle-aged 

women previously detailed, such as the NOF or SCORE. The average age of the cohort 

was 27.4 ± 4.5 years. Variables measured included height and weight; speed of sound 

(SOS), broadband ultrasound attenuation (BUA), and heel stiffness using a calcaneal 

ultrasound device (Lunar Achilles); and lumbar spine and femoral neck BMD assessed 

using a Lunar DPX-L DXA. Each subject completed an osteoporosis screening 

questionnaire regarding standard osteoporosis risk factors. BMD at the hip and spine was 

modestly correlated with heel stiffness and SOS (r = 0.17-0.43) but not BUA (r = 0.04 

with lumbar spine and 0.07 with femoral neck). Overall, 9.1% of the subjects had low 

BMD (femoral neck and/or spine) and low BMD by QUS. There were many significant 

results from this study, but the major result was the identification of three factors that 

consistently predicted low bone mass based on both DXA and ultrasound measures: lack 

of physical activity during adolescence; older age at menarche (at or after age 15 years); 

and lower body weight. Subjects with these three risk factors had at least a 90% 

likelihood of having low BMD via DXA, via ultrasound measures, or both. This study 
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implies that for premenopausal Caucasian women, presence of these factors could be 

positive predictors of future risk of osteoporosis and risk of fracture. 

Although quantitative ultrasound measures are sometimes used in questionnaire 

development as an alternative comparison to DXA, the use of quantitative ultrasound in 

combination with an osteoporosis screening questionnaire is a relatively new technique 

for increasing sensitivity and specificity of osteoporosis screening techniques. Richy et al 

(97) developed the ORACLE screening tool in a population of post-menopausal women 

with favorable results. The 407 subjects of the ORACLE development cohort were 

healthy, Caucasian postmenopausal women aged 45 years and older (mean age 63.1 ± 6.5 

years). Measures assessed were height, weight, femoral neck BMD via DXA (Hologic 

QDR 4500, Hologic, Inc., Waltham, MA), and ultrasonometric bone profile index (UBPI) 

via quantitative ultrasound at the distal metaphysis of the non-dominant hand (DMB 

Sonic 1200, Igea, Carpi, Italy). Subjects also completed a questionnaire detailing 

common osteoporosis risk factors. The following five factors found to have positive 

predictive value became the components of the ORACLE: UPBI, age, BMI, current use 

of HRT, and a history of fracture after age 45 years. When these five factors were 

weighted together and used in a validation group of 202 women, the sensitivity and 

specificity of the ORACLE was greater than QUS T-score or UPBI alone or the OST. 

The sensitivity and specificity values were as follows: ORACLE, 90% and 50%; QUS T-

score, 82% and 40%; QUS UBPI, 92% and 30%; and OST, 80% and 33%, respectively. 

Results of the study indicate that the use of a composite screening tool could potentially 

be a more effective tool for discerning which women may have low BMD. The 
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sensitivity values of this study are similar to that of standard screening questionnaires. 

However, it appears that the addition of the QUS values improves specificity of the tool, 

which is lacking in most of the current questionnaires used. A tool with improved 

specificity would be ideal because of the decreased number of women referred for 

unnecessary DXA testing.  

Tao et al (106) completed a similar study in a population of Chinese women. In 

this study, the combined ability of quantitative ultrasound and the Osteoporosis Self-

Assessment Tool for Asians (OSTA) to predict risk of postmenopausal nonvertebral 

fracture was assessed. In the Asian population, average age of menopause is 48.5 years 

(118). All subjects(n = 271) completed the OSTA, which calculates risk of fracture based 

upon age and body weight. The subjects‟ (mean age 62.3 ± 9.8 years) height and weight 

were assessed. Speed of sound (SOS) at the tibia, distal third of the radius, and the 

proximal phalanx of the third finger utilizing the Sunlight Omnisense quantitative 

ultrasound multisite device was measured. Subjects were divided into two groups: those 

who had sustained post-menopausal nonvertebral fractures unrelated to trauma and those 

who had not. The use of the OSTA in combination with quantitative ultrasound SOS 

values yielded sensitivity and specificity values of 83% and 84%, respectively. 

Comparatively, the sensitivity and specificity of the OSTA were 75% and 48%, 

respectively. The sensitivity and specificity of phalanx SOS was 81% and 40%, 

respectively. These results indicate that the combination of quantitative ultrasound and a 

screening questionnaire can more effectively determine actual risk of fracture as opposed 
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to BMD than each modality individually. This study lends to the potential for use of a 

combined screening tool in diverse populations. 

 In the development of osteoporosis screening questionnaires, physical activity has 

not been a significant predictor of bone status. However, Weeks et al (114) recently 

developed a physical activity questionnaire designed to more specifically quantify 

adequate amounts of bone-loading activity. The purpose of the study was to examine the 

relationship between physical activity history assessed via the Bone-specific Physical 

Activity Questionnaire (BPAQ) and traditional physical activity measures via pedometer 

and current bone status. The subjects in this study consisted of 40 healthy, moderately 

physically active men and women (20 men and 20 women) between the ages of 18 to 30 

years (mean age 24.5 ± 2.9 years). A randomized subsample of the subject population 

participated in ground reaction force testing for 19 different movements and activities 

that comprise most sporting and daily activities. The ground reaction forces obtained 

from this subsample were used to assign weighted values to the activities assessed in the 

BPAQ. The BPAQ was designed to obtain a comprehensive record of physical activity, 

including type, frequency, and years of physical activity involvement. Current physical 

activity was also assessed with a 14 day pedometer assessment. Quantitative ultrasound 

measures of broadband ultrasound attenuation (BUA) were measured at the dominant 

calcaneus (QUS-2, Quidel Corporation, CA, USA) as well as BMD at the lumbar spine 

and dominant femoral neck via DXA (XR-36 Quickscan, Norland Medical Systems, Inc., 

USA). Results of the study indicated that the past physical activity history component of 

the BPAQ predicted 48% of variance in the calcaneal BUA in women but had no 
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significant relationship to the femoral neck or lumbar spine BMD. In males, the past 

component of the BPAQ did not have a significant correlation with femoral neck or 

lumbar spine BMD. However, the current component of the BPAQ predicted 68% of the 

variance in both femoral neck BMD and 38% of variance in lumbar spine BMD. 

Although there were some relationships between past physical activity in females, it 

appears that further development of this questionnaire and use of physical activity as a 

part of osteoporosis risk assessment is necessary. It may be necessary to cross-validate 

the BPAQ in a wider age range for both men and women due to variable BMD accrual 

and decline rates in both genders based upon hormonal changes due to aging.  

Recently, the FRAX™  has been adopted by the National Osteoporosis 

Foundation as a primary tool for determining 10-year risk of fracture (59). Unlike many 

of the previously discussed osteoporosis screening questionnaires, this tool calculates 

absolute and relative risk of fracture, as opposed to predicting low BMD. The FRAX™ is 

a web-based tool that incorporates age, sex, BMI, previous fracture, parental hip fracture 

history, current smoking, glucocorticoid use, rheumatoid arthritis, secondary osteoporosis 

diagnosis, and alcohol consumption of ≥ 3 units/day. Changes in any of these risk factors 

are associated with significant changes in 10-year fracture risk. The option of inputting 

BMD scores from the hip is also included. This relatively recent development in 

osteoporosis risk assessment has yet to be validated as a tool for mass use, but certainly 

has potential to be useful in a variety of populations. A physical activity variable has not 

been incorporated into this tool because there is yet to be a simple, reliable variable 

validated as a consistent predictor of bone status across populations. Currently, BMD 
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scores are used in this tool to aid in fracture risk assessment. However, with the 

validation of ultrasound and physical activity as predictors for BMD and subsequent 

fracture risk, it is feasible that these components could become important factors in 

fracture risk assessment tool such as the FRAX™. 

 



 

 

CHAPTER III 

 

 

Methodology 

 Previous research has indicated that the use of an osteoporosis risk factor 

questionnaire in combination with QUS can be used to refer patients on for further 

diagnostic DXA testing. The primary purpose of this research study was to cross-validate 

the risk factors in the ORACLE as a screening tool in a population of healthy U.S. 

women at various menopausal stages. The secondary purpose of this study was to 

evaluate the use of physical activity history and appropriate osteoporosis risk factors to 

effectively determine current bone status for a mixed menopausal population. An 

additional purpose of this study was to compare Omnisense QUS and DXA diagnostic 

values of osteopenia/osteoporosis based upon T-scores.  

Subjects 

The study protocol was approved by the Institutional Review Board at Ball State 

University. The subjects in this investigation were 56 healthy women between the ages of 

35-55 years in premenopausal, perimenopausal, and postmenopausal stages. As the DXA 

table weight limit is 300 pounds (136 kg), any subject weighing ≥ 300 pounds was 

excluded from the study. Subjects with significant deposits of fat around the distal radius 

measurement site were excluded in order to standardize the measurement site for the



 

 

QUS. Exclusion was determined if the computer software was not able to make an initial 

measurement due to impedance of sound waves by the excessive fat deposits. Subjects 

who were unable to sit and stand on their own or were unable to lie on their back for 

extended periods of time (> 10 minutes) were also excluded due to the study protocol 

requiring subjects to lie down for two DXA scans. Subjects were excluded from the study 

if they had a history of: clinically diagnosed and treated osteoporosis; metabolic bone 

disease (including but not limited to Paget‟s disease, hyper- or hypoparathyroidism, 

osteomalacia, renal osteodystrophy, osteogenesis imperfecta); presence of cancer(s) with 

known metastasis to bone; evidence of significant renal impairment; ≥ 1 ovary removed; 

rheumatoid arthritis; one or both hips previously fractured or replaced; use of epilepsy 

medication phenytoin [Dilantin]; or the use of any bone active medications (calcitonin, 

bisphosphonates, and fluoride). Exclusive of osteoporosis, each of these conditions is 

associated with either abnormally high or low BMD with origins unrelated to classic 

osteoporotic bone deterioration (31, 68, 88, 101). Subjects were not excluded if they were 

currently using or had previously used hormone replacement therapy (HRT).  

Subjects were recruited via campus-wide e-mails, through flyers posted on the 

Ball State University campus and in public establishments, through the Ball State 

University Working Well program, and by word of mouth. 

Procedures 

Each potential subject was contacted via telephone for a short overview of study 

procedures and inclusion/exclusion criteria for the study (See Appendix B). Subjects who 

met inclusion criteria were scheduled for their first of two testing sessions. Subjects were 

asked to bring a list of current medications to their first testing session.  
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In the first testing session, the subjects completed the informed consent form, an 

osteoporosis screening questionnaire (See Appendix C), and one QUS scan. After the 

QUS assessment was completed, the subjects received an accelerometer with standard 

instructions for use (Actigraph GT1M, Fort Walton Beach, FL). Subjects were shown 

how to properly place the accelerometer on the waistband of their clothes in the midline 

of their thigh. Subjects were asked to go about their usual habits during this seven-day 

trial in order to assess current physical activity level. Subjects were asked to place the 

accelerometer on their waistband each morning upon arising, remove the accelerometer 

before going to bed each day,  record the time the accelerometer was put on and taken off 

onto a log sheet, and record any unusual or atypical physical activities that may have 

affected the assessment of average daily physical activity.  

Subjects returned one week after the first testing session for their second session. 

During the second session, the accelerometer and log sheet were collected and subjects 

completed one total body DXA scan, one dual hip DXA scan, and one spine DXA scan. 

For standardization purposes, all measurements using the QUS and DXA were 

administered by the same technician. The technician was trained on QUS and DXA by an 

experienced technician according to standardized manufacturer‟s procedures. 

Osteoporosis Screening Questionnaire  

The osteoporosis screening questionnaire consisted of 4 sections: demographics; 

lifestyle factors; reproductive history; and physical activity (See Appendix C). The 

subject was asked to complete each section to the best of their knowledge. The 

demographic section required the subject to provide date of birth and race. The lifestyle 



54 

 

 

factors section required the subject to recall their smoking history, weekly alcoholic 

beverage consumption, daily milk/calcium-fortified product consumption, calcium and 

multivitamin supplementation, and exposure to sunlight during three time periods: age of 

onset of menstruation to 21 years; ages 22-34; and age 35 to their current age. The 

reproductive history required the subject to provide reproductive information pertinent to 

bone health, including:  age at menarche; age at menopause (if applicable); current or 

past oral contraceptive use; number of pregnancies; current or past hormone replacement 

therapy use; family history of osteoporosis; history of clinically documented breast 

cancer; and history of clinically documented fractures.  

The final section of the questionnaire pertained to past and present physical 

activity. Both weight bearing and non-weight bearing activities were included. Each 

subject was asked to provide information concerning which activities they participated in 

and during what time periods they participated. The time periods were: age of onset of 

menstruation to 21 years; ages 22-34; and age 35 to their current age. During these time 

periods they were asked to determine if they participated in the activity for the majority 

of each year. If they did participate in the activity for the majority of the year, they were 

asked to determine if they participated in each activity for the majority of the week. From 

this information, a complete history of weight bearing and non-weight bearing activity 

during each time period was obtained for each subject.   
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Height and Weight Procedures 

Height was measured using a wall stadiometer (SECA Model #222, SECA 

Corporations, Medical Scales and Measuring Systems, Hanover, MD). Each subject was 

asked to remove their shoes, stand with their back to the wall, heels together and to look 

straight ahead. Each subject took a deep breath in and held it. Height was measured and 

recorded in inches (nearest 0.25 in). The height measurement (in) was converted to 

meters by multiplying by 2.54 and subsequently dividing by 100. Body weight was 

measured using an electronic scale (Health-O-Meter Professional 349KLX, Pelstar LLC, 

Bridgeview, IL) to the nearest 0.5 lbs. Body weight (lbs) was converted to kilograms by 

dividing by 2.2. All subjects removed their shoes, excess clothing (e.g. jacket, heavy 

sweatshirt), and any objects in their pockets before measurement. 

Quantitative Ultrasound Procedures 

Speed of sound (SOS) was measured via one quantitative ultrasonograph along 

the distal third of the radius on each subject‟s non-dominant side. Quantitative 

ultrasonography data was acquired with the Omnisense 8000S device (Sunlight Medical, 

Ltd., Rehovot, Israel). The Omnisense was calibrated prior to each testing session using 

standard calibration techniques recommended by the manufacturer. If the subject had 

previously broken their non-dominant radius, the measurement was taken on the 

dominant side. The distal third of the radius is the standard measurement site provided by 

the manufacturer. The patient‟s forearm (elbow to the tip of the longest finger) was 

measured. The midpoint of this measurement was marked as the site of the ultrasound 

measurement. Ultrasound gel was applied to the appropriate measurement probe and 



56 

 

 

three to five scans lasting 20-40 seconds each were completed. The scans resulted in a T-

score and a SOS measurement. T-scores of -1 to -2.49 were classified as osteopenic; T-

scores of -2.5 or greater were classified as osteoporotic.  

DXA Procedures 

Each subject‟s BMD and percent body fat were measured using a GE Medical 

Systems (Madison, WI) Lunar Prodigy DXA with software version 11.40.004. The Lunar 

Prodigy was calibrated prior to each testing session using standard calibration techniques 

recommended by the manufacturer. Each subject was instructed to remove their shoes 

and all metal objects, such as jewelry, prior to the scan. The first DXA scan assessed total 

body percent fat and BMD. Standard procedures were followed for the total body scan in 

accordance with the manufacturer‟s recommendation. Each subject was symmetrically 

centered within the white outer box lines labeled on the measurement bed. A standard 

scan mode was used for each subject unless an individual‟s body thickness was >25 cm, 

in which case the scanner would automatically detect and change the mode to a “thick” 

scan.  

The second DXA scan assessed BMD at the lumbar spine (L1-L4) and at the neck 

of the right and left proximal femurs. For the lumbar spine scan, each subject‟s legs were 

propped up on a foam block. The crosshairs of the laser light were positioned 5 cm below 

the navel to capture the L1-L4 vertebrae in the scan. Subsequently, each subject‟s legs 

were repositioned for the dual femur scan. For this scan, the subject‟s legs were internally 

rotated and strapped to a triangular device provided by the manufacturer. The crosshairs 

of the laser light were positioned on the medial side of the midline of the thigh at a 
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distance of 20 cm from the top of the iliac crest. The scanning arm moved upwards 

toward the spine while making the measurement. T-scores of -2.5 or greater at the 

femoral neck are acceptable for clinical diagnosis of osteoporosis. T-scores ≤ -1 or Z-

scores ≤ -1 are acceptable for osteopenia diagnosis. Any T- or Z-scores attained from 

measurements at the lumbar spine are not to be used strictly for diagnosis, but should be 

used for monitoring purposes (70). 

Data Validation Criteria 

 The Actigraph model GT1M accelerometer was used to assess activity. Based on 

an independent evaluation of commercially available accelerometers, data indicates the 

ActiGraph is the most accurate commercially available device to assess daily physical 

activity (91). The GT1M was used to assess activity counts (a measure of physical 

activity intensity) and step counts of each subject. Activity counts were reported in 60-

second epochs. Each subject‟s ActiGraph accelerometer data was processed and assessed 

via STATA release 10 (College Station, TX) for data validation purposes. For the 

ActiGraph data to be considered valid, the Actigraph had to be worn for at least 600 

minutes/day (10 hours/day) for at least 4 days/week, which included a minimum of one 

weekend day. STATA analysis of accelerometry data reported 38 different activity 

assessment variables. However, only the following variables were analyzed: 1) average 

daily minutes of inactivity [IN Minutes] (< 260 counts/min); 2) total moderate to 

vigorous activity counts accumulated in bouts ≥ 10 minutes in duration  [MV BCounts] 

(≥ 1952 counts/min, bouts ≥ 10 minutes in duration); 3) total moderate to vigorous 

activity counts accumulated in bouts < 10 minutes in duration [MV NBCounts] (≥ 1952 
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counts/min); 4) average daily moderate to vigorous activity counts/minute accumulated in 

bouts ≥ 10 minutes in duration [MV MBCounts] (≥ 1952 counts/min); 5) total vigorous 

activity counts accumulated in bouts ≥ 10 minutes in duration [VIG BCounts] (≥ 5725 

counts/min); and 6) total vigorous activity counts accumulated in bouts < 10 minutes in 

duration [VIG NBCounts] (≥ 5725 counts/min).  

Statistical Analysis 

 Data analysis was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, 

IL). Binary logistic regressions were performed with the 5 ORACLE-comparable 

variables (age, BMI, previous fracture, current HRT use, and SOS) to determine if the 

group of variables was a significant predictor of low BMD. All logistic regressions were 

analyzed in relation to femoral neck and lumbar spine bone status (T- or Z-score ≤ -1 

[osteopenia] = 1, T- or Z-score > -1 [normal] = 0). All logistic regressions were analyzed 

for both the femoral neck and lumbar spine. Similarly, binary logistic regressions were 

performed with the group of accelerometry variables alone as well as in combination with 

relevant osteoporosis risk factors and subjective physical activity variables to determine 

if the two groups of variables were significant predictors of bone status. The following 

variables were combined with accelerometry variables in logistic regression analyses: 

age, BMI, steps/day, adequate calcium consumption during age at menarche to age 21 

years time period (≥ 1,300 mg/day), presence of menopause, and lifetime weight-bearing 

[WT] and non-weight-bearing [NWT] activity at 3 distinct time periods – age at 

menarche to 21 years, age 22 to 34 years, and age 35 to current age.  
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Pearson correlation coefficients (r) were calculated to determine the degree of 

relationships among various osteoporosis risk factors and between risk factors and 

femoral neck/lumbar spine bone status. Cross tabulation was used to compare diagnosis 

of osteopenia/osteoporosis with QUS T-scores and DXA T- and Z-scores at the femoral 

neck and at the lumbar spine. Each site was analyzed separately. Similarly, cross 

tabulation was used to compare diagnosis of osteopenia with QUS T-scores and DXA T- 

and Z-scores scores when the cohort was divided into 2 groups: BMI < 25 kg/m
2
 and 

BMI ≥ 25 kg/m
2
. Fisher‟s exact tests were used to determine significance. Sensitivity and 

specificity values were calculated for all cross tabulation analyses. Sensitivity values 

were calculated by dividing the number of true positive subjects by the number of true 

positive and false negative subjects. Specificity values were calculated by dividing the 

number of true negative subjects by the number of true negative and false positive 

subjects. In these analyses, a true positive subject is one who was assessed as having a T-

or Z-score ≤ -1 on both the QUS and DXA. Similarly, a true negative subject is one who 

was assessed as having a T- or Z-score > -1 on both the QUS and DXA. For all statistical 

tests, p < 0.05 was considered to be statistically significant.
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Title: Efficacy of a Combined Risk Factor & Quantitative Ultrasound Osteoporosis    

Screening Tool 

Abstract 

Purpose: The primary purpose was to cross-validate the risk factors in the 

ORACLE as a screening tool for osteoporosis in healthy U.S. women at various 

menopausal stages. The secondary purpose was to evaluate the potential use of physical 

activity history to determine current bone status. Methods: Fifty-six female subjects 

(46.1 ± 6.3 years) of various menopausal stages participated in the study. Subjects 

completed an osteoporosis risk factor and physical activity history questionnaire. 

Subjects underwent laboratory testing comprised of distal radius quantitative ultrasound 

[QUS] scan, dual hip and spine dual-energy x-ray absorptiometry [DXA] scans, and a 

one week physical activity assessment via accelerometer. Results: There were no 

significant relationships between the group of ORACLE variables (age, BMI, HRT use, 

previous fracture, speed of sound [SOS]) and BMD status. Notably, SOS measures from 

Omnisense QUS were found to have low sensitivity values (0%, femoral neck; 20%, 

lumbar spine). Linear regression analyses revealed that the accelerometry variable of 

moderate-vigorous non-bout activity counts [MV NBCounts] approached significance as 

a predictor of low BMD at the lumbar spine (p = 0.081). Conclusions: Results indicated 

that the ORACLE risk factors were not a valid osteoporosis screening tool in a mixed 

menopausal population. Similarly, QUS measures were not related to DXA measures. 

Subjective and objective physical activity measures were non-significant predictors of 

current low BMD but lower levels of MV NBCounts trend towards being a significant 



62 

 

 

predictor of low BMD at the lumbar spine. Key Words: bone mineral density, dual-

energy x-ray absorptiometry, osteoporosis, physical activity, quantitative ultrasound 
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Introduction 

Osteoporosis is a systemic skeletal disease characterized by low bone mass and 

microarchitectural deterioration of bone tissue, which increases bone fragility and 

susceptibility to fracture (2). This deteriorating disease is a major public health concern, 

with 2004 estimates suggesting that 10 million Americans have osteoporosis and another 

34 million have low bone mass [osteopenia] (1). Osteoporosis is diagnosed by assessing 

bone mineral density (BMD) at the femoral neck via dual-energy x-ray absorptiometry 

(DXA) (22). However, due to cost and access issues, mass osteoporosis screening using 

DXA is not recommended. The 2007 International Society for Clinical Densitometry 

[ISCD] (26) recommends screening for specific populations, including: women aged ≥ 65 

years; postmenopausal women < 65 years with risk factors for fracture; and 

perimenopausal women with clinical risk factors such as low body weight, prior fracture, 

or high-risk medications associated with accelerated bone loss. 

Menopausal status is an important component of osteoporosis risk assessment. 

Although bone loss begins in premenopausal women, the rate of bone loss accelerates 

during the perimenopausal time period. As a result, the majority of bone loss occurs 

during the perimenopausal time period and continues into the postmenopausal time 

period (9, 27). Natural menopause occurs between the ages of 40-55 years in most 

women. Osteoporosis screening in a population within the age range surrounding these 

time periods would provide valuable baseline bone status information, would identify 

those already at risk, and could lead to implementation of early preventative measures, 

which have proved beneficial in recent research programs (14).    
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Osteoporosis risk factor questionnaires have become the primary method of 

determining whether an individual is at risk for low BMD and fracture. Though many 

questionnaires have been validated as reasonable screening tools in specific populations, 

the sensitivity and specificity of these questionnaires in women across different 

menopausal stages and ethnicities is low when compared to risk factor screening tools 

used for similar preventable diseases such as heart disease (e.g. Framingham risk score) 

(19). Recently, Richy and colleagues (34) sought to improve the  prediction abilities of a 

common risk factor questionnaire by developing a screening tool termed the Osteoporosis 

Risk Assessment by Composite Linear Estimate [ORACLE] in a population of healthy, 

Belgian post-menopausal women. This tool combines the use of the Osteoporosis Self-

Assessment Tool [OST] questionnaire with quantitative ultrasonography [QUS]. The 

research of Richy et al. (34) reported that, by combining five variables from both the 

OST and a QUS measure (age; BMI; current use of hormone replacement therapy [HRT]; 

history of fracture after age 45; and Ultrasonic Bone Profile Index [UBPI]), a more 

sensitive and specific screening tool could be developed for determining need for further 

diagnostic DXA testing.  

In the development of a true national standard for osteoporosis screening tool, it is 

vital that cultural and/or ethnic risk factors and BMD variables unique to the population 

are considered. Although non-modifiable risk factors such as post-menopausal status, 

family history of osteoporosis, and age have been strongly associated with low BMD in 

diverse populations (6, 35), modifiable risk factors such physical activity have not been 

consistent predictors of low BMD in populations with different menopausal stages. 
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Current research indicates that weight bearing activity at the time of peak bone deposition 

during adolescence and early adulthood will increase BMD. Higher amounts of weight 

bearing activity over an individual‟s lifetime have been associated with greater BMD and 

slower rates of bone loss in the post-menopausal time period (4, 11, 15). Furthermore, the 

relationship between current physical activity and risk for osteoporosis has not been 

delineated. There is a need for further research to examine the relationship between 

osteoporosis risk and past/present physical activity. The use of a risk factor questionnaire 

addressing modifiable factors such as physical activity in combination with QUS 

provides a potential avenue for improvement upon current osteoporosis screening 

techniques.   

The primary purpose of this research study was to cross-validate the risk factors 

in the ORACLE as a screening tool in a population of healthy U.S. women at various 

menopausal stages. The secondary purpose of this study was to evaluate the potential use 

of physical activity history and appropriate osteoporosis risk factors to effectively 

determine current bone status for a mixed menopausal population. An additional purpose 

of this study was to compare Omnisense QUS and DXA diagnostic values of 

osteopenia/osteoporosis based upon T-scores. It was hypothesized that the ORACLE risk 

factors would be a valid screening tool in a population of healthy U.S. women at various 

menopausal stages. It was also hypothesized that an extended physical activity profile 

would positively relate to current BMD. Finally, it was hypothesized that QUS and DXA 

would provide comparable diagnostic values in both normal and overweight/obese 

women. 
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Methods 

Subjects 

This study‟s protocol was approved by the Institutional Review Board at Ball 

State University. Fifty-six female subjects (46.1 ± 6.3 years) volunteered to participate in 

this study. Healthy subjects between the ages of 35-55 years in pre-, peri-, and post-

menopausal stages were recruited via campus-wide e-mails, through flyers posted on the 

Ball State University campus and in public establishments, through the Ball State 

University Working Well program, and by word of mouth. All potential subjects were 

interviewed via telephone to determine if they met all inclusion criteria. Subjects who 

were unable to sit and stand on their own or were unable to lie on their back for extended 

periods of time (> 10 minutes) were excluded, as the study protocol required subjects to 

lie down for 3 DXA scans. Subjects were excluded from the study if they had a history 

of: clinically diagnosed and treated osteoporosis; metabolic bone disease (including but 

not limited to Paget‟s disease, hyper- or hypoparathyroidism, osteomalacia, renal 

osteodystrophy, osteogenesis imperfecta); presence of cancer(s) with known metastasis to 

bone; evidence of significant renal impairment; ≥ 1 ovary removed; rheumatoid arthritis; 

one or both hips previously fractured or replaced; use of epilepsy medication phenytoin 

[Dilantin]; or the use of any bone active medications (calcitonin, bisphosphonates, and 

fluoride). The subjects were not excluded if they were currently or had previously used 

hormone replacement therapy (HRT). Subjects with significant deposits of fat around the 

distal radius measurement site were excluded in order to standardize the measurement 

site for the QUS.  Exclusion was determined if the computer software was not able to 
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make an initial measurement due to impedance of sound waves by the excessive fat 

deposits. Subjects who met study eligibility requirements were asked to bring a list of 

current medications to the first testing session. 

Procedures 

At the first testing session, subjects completed the informed consent form, an 

osteoporosis screening questionnaire and one QUS scan. Additionally, the subjects 

received an accelerometer (Actigraph GT1M, Fort Walton Beach, FL) to wear for 7 

consecutive days. The accelerometer was placed on the waistband of their clothes in the 

midline of their thigh, consistent with the manufacturer‟s recommendation. Subjects were 

asked to go about their usual habits during this 7-day trial in order to assess current 

physical activity level. Subjects were asked to place the accelerometer on their waistband 

each morning upon arising, remove the accelerometer before going to bed each day and 

record the time the accelerometer was put on and taken off onto a log sheet and to record 

any unusual or atypical physical activities that may have affected the assessment of 

normal daily physical activity.  

Subjects returned one week after the first testing session for their second session. 

During the second session, the accelerometer and log sheet were collected and subjects 

completed one total body DXA scan, one dual hip DXA scan, and one spine DXA scan. 

All 56 subjects were tested by the same trained technician for both QUS and DXA scans. 

Osteoporosis Screening Questionnaire 

The osteoporosis screening questionnaire consisted of 4 sections: demographics; 

lifestyle factors; reproductive history; and physical activity. The demographic section 
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required the subject to provide date of birth and race. The lifestyle factors section 

required the subject to recall their smoking history, weekly alcoholic beverage 

consumption, daily milk/calcium-fortified product consumption, calcium and 

multivitamin supplementation, and exposure to sunlight during three time periods: age of 

onset of menstruation to 21 years; ages 22-34 years; and age 35 years to their current age. 

The reproductive history required the subject to provide reproductive information 

pertinent to bone health, including:  age at menarche; age at menopause (if applicable); 

current or past oral contraceptive use; number of pregnancies; current or past hormone 

replacement therapy use; immediate family and maternal/paternal grandparents‟ history 

of osteoporosis; history of clinically documented breast cancer; and history of clinically 

documented fractures. The final section of the questionnaire pertained to past and present 

weight bearing and non-weight bearing physical activity. Each subject was asked to 

provide information concerning which activities they participated in and during what 

time periods they participated. Time periods assessed were the same as in the lifestyle 

and reproductive history sections. Subjects were asked to determine if they participated in 

the activity for the majority of each year. If they did participate in the activity for the 

majority of the year, they were asked to determine if they participated in each activity for 

the majority of the week. From this information, a complete history of weight bearing and 

non-weight bearing activity during the 3 time periods were obtained for each subject. 

Variables included in the analyses included: 1) Weight-bearing activity 

(running/walking) during age at menarche-21 years time period [WT1]; 2) Weight-

bearing activity during ages 22-34 years [WT2]; 3) Weight-bearing activity during age 
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35-current age time period [WT3]; 4) Non-weight-bearing activity (swimming/cycling) 

during age at menarche-21 years time period [NWT1]; 5) Non-weight-bearing activity 

during ages 22-34 [NWT2]; and 6) Non-weight-bearing activity during age 35-current 

age time period [NWT3]. 

Height and Weight Procedures 

For height and weight measurements, subjects removed their shoes, excess 

clothing (i.e. jacket, heavy sweatshirt), and any objects in their pockets before 

measurement. Height was measured using a wall stadiometer (SECA Model #222, SECA 

Corporations, Medical Scales and Measuring Systems, Hanover, MD). Each subject was 

asked to stand with their back to the wall, heels together and to look straight ahead. Each 

subject took a deep breath in and held it. The height measurement (in) was converted to 

meters (m) by multiplying by 2.54 and subsequently dividing by 100. Body weight was 

measured using an electronic scale (Health-O-Meter Professional 349KLX, Pelstar LLC, 

Bridgeview, IL) to the nearest 0.5 lbs. Body weight (lbs) was converted to kilograms (kg) 

by dividing by 2.2. 

Quantitative Ultrasound Procedures 

Quantitative ultrasonography data was acquired with the Omnisense 8000S device 

(Sunlight Medical, Ltd., Rehovot, Israel). The technician was trained using the standard 

manufacturer‟s protocols for measurement. The Omnisense was calibrated prior to each 

testing session using standard calibration techniques recommended by the manufacturer. 

Speed of sound (SOS) was measured via one quantitative ultrasonograph along the distal 

third of the radius on each subject‟s non-dominant side per manufacturer‟s 
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recommendations. If the subject had previously broken their non-dominant radius, the 

measurement was taken on the dominant side. The patient‟s forearm (elbow to the tip of 

the longest finger) was measured. The midpoint of this measurement was marked as the 

site of the ultrasound measurement. Ultrasound gel was applied to the appropriate 

measurement probe and 3 scans lasting 20-40 seconds each were completed to obtain an 

SOS (m/s) measure and a computer-generated T-score. 

DXA Procedures 

Each subject‟s BMD and percent body fat were measured using a GE Medical 

Systems (Madison, WI) Lunar Prodigy DXA with software version 11.40.004. The 

technician performing the scans completed a precision study using the DXA equipment 

for total body, lumbar spine, and dual femur scans. The Lunar Prodigy was calibrated 

prior to each testing session using standard calibration techniques recommended by the 

manufacturer. Each subject was instructed to remove their shoes and all metal objects, 

such as jewelry, pants with rivets, etc. prior to the scan. Standard procedures were 

followed for the total body, lumbar spine, and dual femur scans in accordance with the 

manufacturer‟s recommendations. The first DXA scan assessed total body percent fat and 

BMD. The second DXA scan assessed BMD at the lumbar spine (L1-L4). Specifically, for 

the lumbar spine scan, each subject‟s legs were propped up on a foam block. The 

crosshairs of the laser light were positioned 5 cm below the navel to capture the L1-L4 

vertebrae in the scan. Subsequently, each subject‟s legs were repositioned for the third 

scan of the dual femur, which assessed BMD at the left and right femoral necks. For this 

scan, the subject‟s legs were internally rotated and strapped to a triangular device 
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provided by the manufacturer. The crosshairs of the laser light were positioned on the 

medial side of the midline of the thigh at a distance of 20 cm from the top of the iliac 

crest. For post-menopausal subjects, T-scores ≤ -1 were classified as osteopenic. For pre-

menopausal subjects, Z-scores ≤ -1 were classified as osteopenic. 

Activity Assessment Devices 

 The Actigraph model GT1M accelerometer was used to assess activity. Based on 

an independent evaluation of commercially available accelerometers, data indicates the 

Actigraph is the most accurate commercially available device to assess daily physical 

activity (32). The GT1M was used to assess activity counts (a measure of physical 

activity intensity) and step counts of each subject. Activity counts were reported in 60-

second epochs. Each subject‟s Actigraph accelerometer data was processed and assessed 

via STATA release 10 (College Station, TX) for data validation purposes. For the 

Actigraph data to be considered valid, the Actigraph had to be worn for at least 600 

minutes/day (10 hours/day) for at least 4 days/week, which included a minimum of one 

weekend day. STATA analysis of accelerometry data reported 38 different activity 

assessment variables. However, only the following variables were analyzed: 1) average 

daily minutes of inactivity [IN Minutes] (< 260 counts/min); 2) total moderate to 

vigorous activity counts accumulated in bouts ≥ 10 minutes in duration  [MV BCounts] 

(≥ 1952 counts/min); 3) total moderate to vigorous activity counts accumulated in bouts < 

10 minutes in duration [MV NBCounts] (≥ 1952 counts/min); 4) average daily moderate 

to vigorous activity counts/minute accumulated in bouts ≥ 10 minutes in duration [MV 

MBCounts] (≥ 1952 counts/min); 5) total vigorous activity counts accumulated in bouts ≥ 
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10 minutes in duration [VIG BCounts] (≥ 5725 counts/min); and 6) total vigorous activity 

counts accumulated in bouts < 10 minutes in duration [VIG NBCounts] (≥ 5725 

counts/min).  

Statistical Analysis 

 Data analysis was performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, 

IL). Binary logistic regressions were performed with the 5 ORACLE-comparable 

variables (age, BMI, previous fracture, current HRT use, and SOS) to determine if the 

group of variables was a significant predictor of low BMD. All logistic regressions were 

analyzed in relation to femoral neck and lumbar spine bone status (T- or Z-score ≤ -1 

[osteopenia] = 1, T- or Z-score > -1 [normal] = 0). All logistic regressions were analyzed 

for both the femoral neck and lumbar spine. Similarly, binary logistic regressions were 

performed with the group of accelerometry variables alone as well as in combination with 

relevant osteoporosis risk factors and subjective physical activity variables to determine 

if the two groups of variables were significant predictors of bone status. The following 

variables were combined with accelerometry variables in logistic regression analyses: 

age, BMI, steps/day, adequate calcium consumption during age at menarche to age 21 

years time period (≥ 1,300 mg/day), presence of menopause, and lifetime weight-bearing 

[WT] and non-weight-bearing [NWT] activity at 3 distinct time periods – age at 

menarche to 21 years, age 22 to 34 years, and age 35 to current age.  

Pearson correlation coefficients (r) were calculated to determine the degree of 

relationships among various osteoporosis risk factors and between risk factors and 

femoral neck/lumbar spine bone status. Cross tabulation was used to compare diagnosis 
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of osteopenia/osteoporosis with QUS T-scores and DXA T- and Z-scores at the femoral 

neck and at the lumbar spine. Each site was analyzed separately. Similarly, cross 

tabulation was used to compare diagnosis of osteopenia with QUS T-scores and DXA T- 

and Z-scores scores when the cohort was divided into 2 groups: BMI < 25 kg/m
2
 and 

BMI ≥ 25 kg/m
2
. Fisher‟s exact tests were used to determine significance. Sensitivity and 

specificity values were calculated for all cross tabulation analyses. Sensitivity values 

were calculated by dividing the number of true positive subjects by the number of true 

positive and false negative subjects. Specificity values were calculated by dividing the 

number of true negative subjects by the number of true negative and false positive 

subjects. In these analyses, a true positive subject is one who was assessed as having a T-

or Z-score ≤ -1 on both the QUS and DXA. Similarly, a true negative subject is one who 

was assessed as having a T- or Z-score > -1 on both the QUS and DXA. For all statistical 

tests, p < 0.05 was considered to be statistically significant. 

Results 

Subject characteristics are reported in Table 1. All 56 subjects were Caucasian. 

Thirty-eight (67.8%) subjects were premenopausal. Of the 56 subjects included in this 

study, 12 (21.4%) were classified as osteopenic at the lumbar spine, femoral neck, or both 

(T- or Z-score ≤ -1) using DXA. Of these 12 osteopenic subjects, 3 (25.0%) were 

osteopenic at the lumbar spine only; 7 (58.3%) were osteopenic at the femoral neck only; 

and 2 (16.7%) were osteopenic at both the lumbar spine and femoral neck. Overall, 6 of 

38 (15.8%) pre-menopausal subjects and 6 of 18 (33.3%) post-menopausal subjects were 
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osteopenic at the femoral neck, lumbar spine, or both. None of the subjects were 

classified as osteoporotic (T-score < -2.5).  

ORACLE Variables 

 Logistic regression analysis revealed that the set of ORACLE variables (age, 

BMI, previous fracture, current HRT use, and SOS) was not significantly related to either 

femoral neck (χ
2 

= 4.544, df = 5, p = 0.474) or lumbar spine osteopenia (χ
2
 = 7.467, df=5, 

p = 0.188). Additionally, none of the individual variables were significant predictors of 

osteopenia. Table 2 reports β-coefficients and p-values for each of the variables in 

relation to the femoral neck and spine.  

Physical Activity and Bone Mineral Density Status 

 Logistic regression analyses were performed involving objective (accelerometry) 

physical activity variables alone at the femoral neck and lumbar spine to determine if the 

group of variables were significant predictors of osteopenia. Chi-square values for the 

regressions were unable to be calculated due to the close associations between the 

parameters measured by the accelerometry variables (e.g. MV MBCounts and MV 

BCounts). However, it is unlikely that the regressions would have been significant 

predictors of osteopenia because none of the individual accelerometry variables were 

significant predictors of osteopenia at the femoral neck or lumbar spine (Table 4). Daily 

inactive minutes [IN Minutes] approached significance (p = 0.159), indicating that higher 

levels of inactivity tend to increase risk of osteopenia at the femoral neck. Moderate to 

vigorous ( ≥ 1952 counts/minute) total non-bout activity counts [MV NBCounts] 

approached significance at p = 0.081 at the lumbar spine, indicating that more bouts of 
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moderate to vigorous activity < 10 minutes in duration may lower risk of osteopenia at 

the spine in this population.  

 Physical activity variables from the osteoporosis screening questionnaire (WT1-3 

and NWT1-3), accelerometer variables, and additional variables (age, BMI, steps/day, 

estimated calcium consumption during age at menarche to age 21 years time period, 

presence of menopause, lifetime weight-bearing and non-weight-bearing activity) were 

combined in a logistic regression model to determine significant contributors to low 

BMD at the femoral neck and lumbar spine. Since accelerometry variables were used in 

these analyses, chi-square values for the regressions were unable to be calculated. 

Regression model results are presented in Table 5. At the femoral neck, current non-

weight-bearing activity (NWT3) approached significance (p = 0.143), indicating that 

current non-weight-bearing activity may trend towards affecting BMD at the femoral 

neck but is not a significant predictor of low BMD. At the lumbar spine, age and 

menopause were significant predictors of low BMD in the logistic regression model. 

Similar to the accelerometry logistic regression analyses, the moderate to vigorous total 

non-bout activity counts [MV NBCounts] accelerometry variable approached 

significance (p = 0.081) at the lumbar spine. 

Pearson correlation coefficients (r) were calculated to determine the degree of 

relationships among non-accelerometer risk factors. Notable statistically significant 

correlations included: BMI and steps/day; steps/day and current activity; and non-weight-

bearing activity [NWT1] and weight-bearing activity [WT1] during age at menarche-age 

21 time period. When Pearson correlation coefficients were calculated to determine the 
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relationships between accelerometry and non-accelerometry variables and osteopenia, no 

significant correlations were found between any of the non-accelerometer variables and 

femoral neck osteopenia. However, age and presence of menopause were found to be 

significantly correlated to osteopenia at the lumbar spine. Correlations are presented in 

Table 5. 

Comparison of QUS Measures to DXA 

 Cross tabulation was used to assess the ability of QUS to determine low bone 

mass at both the femoral neck and lumbar spine. Results are reported in Tables 6 and 7. 

There were no significant relationships between QUS and DXA T- and Z-scores at either 

the femoral neck DXA site (Fisher‟s exact test, p = 0.329) or the lumbar spine DXA site 

(Fisher‟s exact test, p = 0.552) for all subjects. For femoral neck osteopenia diagnosis, 

sensitivity and specificity of QUS was 0% and 83.0%, respectively. For lumbar spine 

osteopenia diagnosis, sensitivity and specificity of QUS was 20% and 86.3%, 

respectively. It appears that at both the femoral neck and lumbar spine, low sensitivity 

levels indicate that few subjects who had diagnostic T-scores with QUS were actually 

osteopenic via DXA, the gold standard for osteopenia/osteoporosis diagnosis. 

Conversely, higher specificity values at both the femoral neck and spine indicate that a T-

score indicating normal BMD with QUS is likely to yield a T- or Z-score indicating 

normal BMD at the femoral neck or lumbar spine via DXA. 

 When the subject cohort was divided into two groups for analysis based upon 

BMI, 28 subjects were included in the normal BMI group (BMI < 25.0 kg/m
2
) and 28 

subjects were included in the overweight/obese BMI group (BMI ≥ 25.0 kg/m
2
). There 
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was little difference between the utility of QUS in the different groups based upon BMI 

at either the femoral neck or the lumbar spine. Sensitivity and specificity values were 0% 

and 83-85%, respectively, at the femoral neck and lumbar spine in the normal BMI 

group. Sensitivity and specificity values were 0-33% and 83-88%, respectively, at the 

femoral neck and lumbar spine in the overweight/obese BMI group. 

Discussion 

 The ORACLE screening tool has previously been validated as an effective 

screening tool for post-menopausal women (34). However, the group of ORACLE 

variables (age, BMI, SOS, previous fracture, and hormone replacement therapy use) was 

not found to have significant predictive ability to determine low BMD at the femoral 

neck or lumbar spine in the current population of mixed menopausal stage women. A 

distinguishing feature of the original ORACLE screening tool is its use of QUS measures 

to improve specificity and sensitivity of the screening tool. In addition to not improving 

prediction ability of the ORACLE model, the independent use of SOS measures from the 

Omnisense were not found to accurately predict the need for further DXA screening in 

the current population, regardless of BMI.   

It is possible that the variables in the ORACLE are most effective risk predictors 

for post-menopausal women. Although the ORACLE shares risk factors (i.e. age, 

BMI/body weight) with other common osteoporosis screening questionnaires such as the 

SCORE, OST, and NOF, each of these questionnaires was developed and validated in 

later post-menopausal populations (≥ 60 years of age) (7, 8). The prevalence of 

osteopenia in these populations was between 45.0-68.3%. In the current study cohort, the 
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prevalence of osteopenia among post-menopausal women was 33.3%, which is slightly 

lower than other questionnaire development cohorts. However, lower prevalence of 

osteopenia can be attributed the fact that few of the post-menopausal women have been 

post-menopausal for greater than 10 years. In this study cohort, the prevalence of 

osteopenia among pre-menopausal women was 16.7%, which is comparable to U.S. 

population estimates of 15% prevalence of osteopenia in pre-menopausal women (25). As 

previous research supports, the prevalence of osteopenia is clearly higher in post-

menopausal women in this cohort (16, 33). The overall prevalence of osteopenia in the 

current mixed-menopausal stage population was 21.7%, which is comparable to 27.3% in 

a similar population of 5896 perimenopausal Caucasian women (mean age 50.1 ± 2.3 

years) (36) and slightly higher. In this study cohort, 67.9% of the population was 

premenopausal. The results of this study indicate that these specific risk factors for low 

bone mass in pre-menopausal women are not as well established as for post-menopausal 

women.  

In the current study, the prevalence of some of the ORACLE risk factors, such as 

hormone replacement therapy use (5.4%), was low. Since recent surveys estimate that 

32% of U.S. post-menopausal women have used hormone replacement therapy for any 

length of time (5), the low overall prevalence of HRT use is most likely due to the higher 

percentage of pre-menopausal women in the current cohort. Within the current cohort, 

prevalence of HRT use in post-menopausal women was 16.7%, while none of the pre-

menopausal subjects had used HRT. Low prevalence of HRT use lends to difficulty in 

attaining statistical significance in the current small cohort. It is possible that by 
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eliminating this variable from the ORACLE analyses, the regression outcomes would 

have been more likely to attain significance in this population. 

Low QUS measures, the distinguishing risk factor of the ORACLE, was also not 

found to be a significant predictor of low BMD in the current population. Although this 

result is contrary to the study hypothesis, it does not contradict all previous research with 

the Omnisense. Although several studies have found the Omnisense able to determine 

both pre- and post-menopausal subjects with low BMD (23, 40), others have found a 

diminished ability of the Ominsense distal radius ultrasound measures to determine axial 

BMD (10, 12). Cook et al (10) found that in a population of 208 women between the ages 

of 29-87 years, sensitivity and specificity values of distal radius Omnisense SOS 

measures were 65% and 54%, respectively, for femoral neck DXA. In comparison, 

sensitivity and specificity values of the Omnisense in the current study were also low, 

with sensitivity values and specificity values of 0% and 83%, respectively, in relation to 

the femoral neck. Similarly, sensitivity and specificity values of 20% and 86%, 

respectively, were attained with the Omnisense in relation to the lumbar spine. The 

extremely low sensitivity values for QUS in the current study indicate that in this mixed 

menopausal stage population, QUS tends to refer more women on for further DXA 

screening than necessary. Knapp et al (23) suggests that Omnisense SOS values begin to 

decline at a faster rate than femoral neck and lumbar spine BMD around age 45. The 

mean age of the current study‟s cohort was 46.1 years of age, possibly explaining the 

over-referral to further DXA testing seen in this population. It has been suggested that the 

discrepancy between DXA and QUS decline rates during the menopausal transition may 
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be due differences in the measurement variables of the two devices. DXA measures areal 

BMD of the cortical bone and the medullary cavity (g/cm
2
), while QUS SOS measures 

are related to the density of the cortical bone and the thickness of the cortex (23). 

Therefore, it is possible that SOS measures decrease earlier due to a deterioration of the 

cortical bone structure before actual changes in areal BMD are apparent.  

Several researchers have suggested that a higher BMI or excessive tissue along 

QUS measurement sites may have a detrimental effect on the sensitivity and specificity 

of QUS measures (12, 18, 31). However, much of the research performed regarding this 

concept has been performed in diseased populations or with other QUS devices. Pfeil et 

al (31) evaluated the association between Omnisense and DXA measures. The 68 

subjects were rheumatoid arthritis patients with varying levels of disease state, divided 

into a normal weight group (BMI ≤ 25 kg/m
2
) and an overweight group (BMI > 25 

kg/m
2
) as well as low and high disease states. The coefficient of variance for inter-

observer reproducibility between the normal and overweight subjects at the distal radius 

site varied by more than 0.5% (1.43% variance for overweight subjects vs. 0.90% for 

normal subjects). Therefore, a higher degree of variance for overweight subjects implies 

that Omnisense measures for overweight/obese subjects are less reliable predictors of low 

BMD. In the current study, having a low BMI did not improve sensitivity and specificity 

of the instrument as previously suggested. However, the ACSM Guidelines for Exercise 

Testing and Prescription state that BMI is not necessarily the best estimate of body fat or 

distribution of fat, with standard estimates of error of ± 5% (41). Commonly, waist and 

hip circumferences are measured to determine fat distribution (41). Therefore, in lieu of 
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the utility of waist and hip circumferences, it may be more pertinent to measure wrist 

circumference to determine how accurately the Omnisense QUS will identify an 

individual with low BMD. A maximal wrist circumference cut-off point could be 

developed to determine whether or not measurement with the Omnisense is effectively 

useful for an individual. Overall, further research is needed to determine the utility of 

QUS in populations of pre- and early post-menopausal women. 

Another ORACLE variable, age, was not found to be a significant predictor of 

low BMD at either the femoral neck or lumbar spine. With the predominantly pre-

menopausal population, it is most likely that age did not play an important role in 

predicting low BMD due to the presence of estrogen. Only small declines in BMD are 

seen with aging at the femoral neck in pre-menopausal women (<0.04% per year), 

whereas 3-4 years after onset of menopause, significant decreases in BMD are seen at 

both the femoral neck (5.3%) and lumbar spine (10.5%) (20, 33).  

In the current study, BMI was not found to be a significant risk factor for low 

BMD at either the femoral neck or lumbar spine, which is contrary to many studies that 

have reported low BMI and body weight as a risk factor for low BMD in both pre- and 

post-menopausal women (13, 17, 30). Hawker et al‟s research reported in pre-

menopausal women (mean age 27.4 ± 5.5 years) that current low body weight (< 50 kg, 

BMI 19.5 ± 1.5 kg/m
2
) was the most significant variable, with a positive predictive value 

of 92% with DXA (17). There are several potential explanations for this result. First, only 

10 subjects (17.9%) were less than 127 lbs (57.7 kg), which is criterion for low body 

weight for post-menopausal women (3). Based on Hawker et al‟s criterion for low body 
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weight for pre-menopausal women, only 3 subjects (5.4%) were in the low body weight 

category. None of the subjects were classified as underweight according to ACSM 

criterion of < 18.5 kg/m
2 

(41). Therefore, low body weight was not highly prevalent in 

this population, which may have contributed to BMI‟s lack of predictive ability in this 

population. Several of the subjects in the current study with low BMD were in the 

overweight/obese category based upon BMI. However, peak bone mass is generally 

attained between the ages of 18.5-32 years (28, 38). It is possible that some of the 

subjects had a low BMI during the time period surrounding peak bone mass accrual, 

resulting in low peak BMD. They may potentially have gained weight with age, resulting 

in a high current BMI with low BMD in the current assessment. A higher BMI was 

significantly correlated with older age in this study (p = 0.280), but the implications of 

this relationship are limited due to the cross-sectional nature of the study and the lack of 

lifetime weight history and BMD measures. Additionally, the ability of BMI to positively 

affect BMD cannot completely overrule menopausal state, and 2 women in the current 

study with a high BMI and low BMD were also post-menopausal.  

In addition to current low body weight, Hawker et al‟s research regarding low 

BMD (Z-score ≤ -1) in premenopausal women indicated that other significant risk factors 

were onset of menstrual periods after age 15 years and self-reported inactivity as an 

adolescent (17). In the current study, it was similarly hypothesized that higher levels of 

past and current physical activity would be positively related to higher BMD. However, 

results of the regression analyses did not indicate any subjective or objective physical 

activity variables as predictors.  
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When subjective physical activity variables were examined, it was expected that 

low levels of weight-bearing physical activity and/or higher levels non-weight-bearing 

activity during the age at menarche to 21 years of age would be related to current low 

BMD (11, 21, 39). Non-weight-bearing (NWT1) and weight-bearing (WT1) activities 

during the age at menarche to 21 years of age were significantly correlated (r = 0.28), 

indicating that perhaps those who participated in weight-bearing activities during that 

adolescent time period also were active in non-weight-bearing activities. This may imply 

that those subjects were more active overall, confounding the effects of the other variable 

on predicting BMD status.  

Subjective measures of physical activity are often limited by their recall 

methodology. In the current physical activity questionnaire, current weight-bearing 

activity was significantly correlated with steps/day assessed using the Actigraph (r = 

0.31), indicating that the questionnaire characterized current activity to a degree. 

However, due to the cross-sectional nature of the current study, similar comparisons 

could not be made to earlier physical activity. Currently, there are few simple assessment 

tools to measure past and current physical activity in regard to bone stress. The BPAQ, a 

recently developed assessment tool, found a similar correlation (r = 0.25) between 

pedometer assessment and current bone stressing physical activity assessed using the 

questionnaire developed from ground reaction force data (39). However, the correlation 

was non-significant and the current study‟s correlation was only moderate. There is 

clearly a need to continue developing a simple, effective questionnaire for assessing 

lifetime bone-stressing activity. 
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Objective accelerometry variables measured were based upon current, weight-

bearing physical activity. Within the regression analyses of accelerometer variables to 

low BMD, moderate to vigorous total non-bout activity counts [MV NBCounts] 

measured with the Actigraph GT1M approached significance (p = 0.081) at the lumbar 

spine as a predictor of low BMD. Although the correlation between MV NBCounts at the 

lumbar spine was non-significant, the direction of the correlation (r = -0.047) implies that 

as MV NBCounts increase, risk of osteopenia decreases. This is consistent with scientific 

evidence that short-duration, high intensity activities, such as plyometrics, with high 

levels of ground reaction forces induce higher osteogenic effects (39). Similarly, the 

ACSM Position Stand on Physical Activity and Bone Health suggests that for 

maintenance of bone health for adults, endurance (bouts ≥ 10 minutes in duration) or 

jumping-based (bouts < 10 minutes in duration) weight-bearing activity of moderate to 

high intensity (in terms of bone-loading force) or resistance training (bouts < 10 minutes 

in duration) is recommended (24). However, similar accelerometer variables of vigorous 

bout and non-bout activity counts did not approach significance in this population as 

predictors of low BMD. Bassey et al‟s (4) research implies that there may be differential 

effects of vigorous activity upon changes in BMD at the lumbar spine and proximal 

femur in pre- and postmenopausal women (pre-menopausal: 38.4 ± 7.4 years; post-

menopausal: 55.8 ± 3.3 years). Changes in BMD as a result of 20 weeks of vertical jump 

training were compared between pre- and postmenopausal women. In premenopausal 

women, significant changes in BMD occurred at the femoral neck (+2.8%). However, in 

postmenopausal women, BMD was either maintained (lumbar spine) or declined (femoral 
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neck,-0.009 ± 0.003 g/cm
2
). Since the mean age of the current population (46.1 ± 6.3 

years) falls between Bassey et al‟s age groups, it is possible that vigorous activity may 

have had some effect on BMD, but the majority of the current population is more likely 

to be approaching the menopausal transition. At the femoral neck, inactive minutes [IN 

Minutes] and current non-weight-bearing activity [NWT3] variables both approached 

significance (p = 0.159 and 0.143, respectively) within the regression analysis as 

predictors of low BMD. This trend supports previous research stating that low levels of 

bone stressing activity tend to negatively impact both BMD accrual and maintenance (11, 

37). 

Limitations of the Study 

 A limitation of the study was the low prevalence of osteopenia (21.4%) and 

osteoporosis (0%) in the population studied. The NHANES III reports that 50% of U.S. 

women over 50 have osteopenia and 18% have osteoporosis (29). This was in part due to 

the higher percentage of premenopausal women studied as well as the exclusion 

requirements, which eliminated many subjects who had known conditions that would 

have predisposed them to osteopenia. A second limitation of the study is the recall 

methodology of the physical activity history and calcium intake. The recall of current 

physical activity and calcium intake is likely more accurate for most subjects than recall 

of physical activity and calcium intake during earlier time periods. 

Conclusions 

This study was the first to examine the group of ORACLE variables‟ ability to 

determine low BMD at the femoral neck or lumbar spine in a cohort of mixed 
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menopausal stage women. The group of ORACLE variables was found to be an 

ineffective predictor of low BMD in this population. In addition, none of the individual 

variables (age, BMI, use of HRT therapy, previous fracture, SOS) were found to be 

significant predictors of low BMD. Notably, SOS measures from the Omnisense QUS 

were not found to have a strong positive predictive ability, with sensitivity values ranging 

between 0-20% at the femoral neck and lumbar spine and sensitivity values ranging 

between 81-86% at the femoral neck and lumbar spine. When the cohort was divided into 

normal and overweight/obese groups, sensitivity and specificity was not improved in the 

normal BMI group as expected. 

The use of physical activity variables to predict low BMD was limited in this 

study, but some relationships trending towards significance as predictors of low BMD 

support previous research. Notably, within the regression of accelerometry variables to 

low BMD, moderate to vigorous total non-bout activity counts (p = 0.081) at the lumbar 

spine approached significance as a predictor of low BMD. At the femoral neck, inactive 

minutes [IN Minutes] and current non-weight-bearing activity [NWT3] variables both 

approached significance (p = 0.159 and 0.143, respectively) within the regression 

analysis as predictors of low BMD. 

As osteoporosis prevention becomes a stronger focus of national and worldwide 

organizations, more screening will be focused upon women who are premenopausal or in 

early stages of menopause. Future research should be directed toward assessment of 

physical activity habits in relation to younger, premenopausal women near peak bone 
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accrual time periods with both subjective (questionnaire) and subjective (accelerometry) 

assessment in order to prevent future low BMD. 
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    Table 1.  Subject Characteristics (n = 56) 

 

Continuous variables   Mean ± SD 

 

Age (y)    46.1 ± 6.3 

Height (m)    1.64 ± 0.06 

Weight (kg)    69.5 ± 13.6 

BMI (kg/m
2
)    26.0 ± 4.8 

Steps/day              8436 ± 2404 

Age at menarche (y)   12.7 ± 1.5 

No. of pregnancies     2.1 ± 1.5 

Age at menopause (y)
a
  46.8 ± 5.0 

Femur BMD (g/cm
2
)                      1.019 ± 0.136 

Lumbar spine BMD (g/cm
2
)             1.221 ± 0.150 

Femur T-score
a
    0.1 ± 1.2 

Femur Z-score    0.3 ± 1.0 

Lumbar spine T-score
a
  0.1 ± 1.7 

Lumbar spine Z-score   0.5 ± 1.0 

QUS SOS (m/s)             4166 ± 112   

QUS T-score      0.1 ± 1.1 

 
a 
For 18 post-menopausal subjects 

 

 

Categorical variables         N           % of cohort  

 

Premenopausal        38    67.9               

Postmenopausal        18    32.1 

Normal BMD (all sites)       44    78.6 

Osteopenia (any site)              12    21.4 

    Spine only           3      5.4 

    Femur only          7               12.5 

    Spine + Femur                    2                  3.6 

Osteoporosis (all subjects)             0                    0 

Personal history of fracture        7    12.5 

Family history of osteoporosis     13    23.2 

HRT use at any age         3      5.4 

Birth control use at any age      43    76.8 

Adequate calcium intake 

             Age at menarche-age 21      23    50.0 

 

 

 



 

 

 

 

Table 2.  Logistic regression analyses of ORACLE variables in relation to low BMD (All Subjects) 

          Femoral Neck
a
  (n=56)         Lumbar Spine

b 
 (n=56) 

 

                    β-coefficient             P-values            β-coefficient     P-values 

       SOS (m/s)               .002        .547        .004        .502 

                   Age (years)      -.024        .719        .238        .097 

                   BMI (kg/m
2
)      -.137        .259        .104        .328 

                   Current HRT use          -18.782        .999   -20.020        .999 

                   Previous fracture      1.105        .268        .328        .801 

 

  
a
 χ

2 
= 4.544, p = 0.474 

b
 χ

2
 = 7.467, p = 0.188 
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Table 3. Logistic regression analyses of accelerometry variables in relation to BMD at the femoral neck and lumbar spine 

 

      Femoral Neck          Lumbar Spine 
 

                    β-coefficient         Significance            β-coefficient  Significance 
 

IN Minutes    1.988      0.159      0.049        0.826    

MV BCounts    0.001      0.982      0.517        0.472 

MV NBCounts   0.045      0.832      3.044        0.081 

MV MBCounts   0.280      0.597      0.097        0.756 

VIG BCounts    1.058      0.304      0.091        0.762 

VIG NBCounts   0.098      0.560      1.099        0.295 

 

χ
2
 values unable to be calculated due to due to the close interrelations between the parameters of accelerometry variables 

 

IN Minutes = average daily minutes of inactivity (< 260 counts/min) 

MV BCounts = total moderate to vigorous activity counts accumulated in bouts ≥ 10 minutes in duration  (≥ 1952 counts/min) 

MV NBCounts = total moderate to vigorous activity counts accumulated in bouts < 10 minutes in duration (≥ 1952 counts/min)  

MV MBCounts = average daily moderate to vigorous activity counts/minute accumulated in bouts ≥ 10 minutes in duration  

                             (≥ 1952 counts/min)  

VIG BCounts = total vigorous activity counts accumulated in bouts ≥ 10 minutes in duration (≥ 5725 counts/min)  

VIG NBCounts = total vigorous activity counts accumulated in bouts < 10 minutes in duration (≥ 5725 counts/min)  

 

 

 

 

 

 

 

9
3
 



 

 

Table 4. Logistic regression analyses of objective and subjective physical activity variables and osteoporosis risk factors  

in relation to BMD at the femoral neck and lumbar spine 

 

      Femoral Neck          Lumbar Spine 
 

                    β-coefficient         Significance            β-coefficient  Significance 

IN Minutes    1.988       0.159       0.049          0.826 

MV BCounts    0.001       0.982       0.517          0.472 

MV NBCounts   0.045       0.832       3.044          0.081 

MV MBCounts   0.280       0.597       0.097          0.756 

VIG BCounts    1.058       0.304       0.091          0.762 

VIG NBCounts   0.098       0.754       1.099          0.295 

Age     0.985       0.321       3.978          0.046* 

BMI     1.523       0.217       1.723          0.189 

Steps/day    0.591       0.442       0.364          0.546 

Calcium    0.397       0.529       0.659           0.417 

WT1     0.213       0.645       1.920          0.166 

WT2     0.088       0.766       0.082          0.774 

WT3     0.279       0.597       0.071          0.790 

NWT1     1.699       0.192       0.377          0.539 

NWT2     0.861       0.354       0.111          0.739 

NWT3     2.142       0.143       0.111          0.739 

Menopause    0.045       0.832       6.400          0.011* 

 

*=p < 0.05; χ
2
 values unable to be calculated due to the close interrelations between the parameters of accelerometry variables 

Menopause = presence of menopause; Calcium = adequate calcium consumed during age at menarche-21 years time period;  

WT1 = weight-bearing activity (running/walking) during age at menarche-21 years time period; WT2 = weight-bearing activity 

during ages 22-34 years; WT3 = weight-bearing activity during age 35-current age time period; NWT1= non-weight-bearing 

activity (swimming/cycling) during age at menarche-21 years time period; NWT2 = non-weight-bearing activity during ages 22-

34; NWT3 = non-weight-bearing activity during age 35-current age time period 
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Table 5. Simple correlations between osteoporosis risk factors and osteopenia  

(T- or Z-score ≤ -1) at the femoral neck and spine 
 

   Osteopenia at femoral neck Osteopenia at lumbar spine 
 

Age (years)   -0.13    0.27* 

BMI (kg/m
2
)   -0.17    0.18 

Menopause    0.03    0.34* 

Calcium   -0.08    0.11 

Steps/day    0.10              -0.08 

WT1    -0.06              -0.19 

WT2    -0.04              -0.04 

WT3     0.07              -0.04 

NWT1     0.17     0.08 

NWT2     0.12              -0.04 

NWT3     0.20              -0.04 

IN Minutes    0.19    0.03 

MV BCounts   -0.01              -0.10 

MV NBCounts   0.03              -0.23 

MV MBCounts          0.14              -0.05 

VIG BCounts   -0.14    0.04 

VIG NBCounts   0.04              -0.14 

 

* p < 0.05; see Tables 3 and 4 for variable definitions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Table 6. Cross-tabulation analyses of osteopenia with QUS and DXA (n= 56) 

 

      Femoral Neck (FN)         Lumbar spine (LS) 

 

      DXA       DXA 

               Subjects with           Subjects with  Subjects with             Subjects with 

 normal BMD  osteopenia   normal BMD   osteopenia 

QUS   Assessed as 

normal BMD        39           9    44           4 
 

  Assessed as 

 osteopenic           8           0    7           1 

 

FN sensitivity = 0%, specificity = 81.3%, Fisher‟s exact test, p = 0.329           

LS sensitivity = 20%, specificity = 86.3%, Fisher‟s exact test, p = 0.552 

 

Sensitivity =        True positives  Specificity =   True negatives 
 

           True positives + False negatives                       True negatives + False positives 
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Table 7. Cross-tabulation analyses of osteopenia with QUS and DXA based upon BMI 

 

      Femoral Neck (FN)     Lumbar spine (LS) 

 

      DXA             DXA 

               Subjects with           Subjects with  Subjects with             Subjects with 

 normal BMD  osteopenia   normal BMD   osteopenia 

   Assessed as 

QUS   normal BMD        19           5    22           2 

BMI < 25 

(n = 28) Assessed as 

 osteopenic           4           0    4           0 

 

   Assessed as 

QUS  normal BMD        20           4    22           2 

BMI ≥ 25 

(n = 28) Assessed as 

 osteopenic           4           0    3           1 

 

BMI < 25: Sensitivity = 0% (FN), 0% (LS); Specificity = 82.6% (FN), 84.6% (LS) 

      Fisher‟s exact test p > 0.99 (FN & LS) 

 

BMI ≥ 25: Sensitivity = 0% (FN), 33.3% (LS); Specificity = 83.3% (FN), 88.0% (LS) 

        Fisher‟s exact test p > 0.99 (FN), p = 0.382 (LS) 
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Chapter V 

 

 

Summary and Conclusions 

 With the prevalence of osteoporosis increasing in the United States and 

worldwide, a stronger emphasis has been placed upon screening for the disease and 

prevention. Currently, most of the commonly used osteoporosis screening tools (NOF, 

OST, SCORE) have been developed in populations of post-menopausal women. In the 

case of the ORACLE, QUS was used in combination with common risk factors to 

increase sensitivity and specificity of screening. Since some osteoporosis risk factors, 

such as physical activity, are modifiable, both assessment of physical activity and use of 

alternative screening tools such as QUS have been targeted as means to improve 

screening in younger populations.  

The primary purpose of this research study was to cross-validate the risk factors 

in the ORACLE as a screening tool in a population of healthy U.S. women at various 

menopausal stages. The secondary purpose of this study was to develop a screening tool 

that incorporates physical activity history and appropriate osteoporosis risk factors to 

effectively determine current bone status for a mixed menopausal population. An 

additional purpose of this study was to compare Omnisense QUS and DXA diagnostic 

values of osteopenia/osteoporosis based upon T-scores.
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There were 56 female subjects (46.1 ± 6.3 years) at various menopausal stages 

included in the data analyses. The present study showed no significant relationships 

between the ORACLE variables and low BMD in the study cohort as a whole. In subjects 

with T- or Z-scores ≤ -1, the ORACLE variable of BMI was significant at the femur. 

Similarly, the ORACLE variable of age was significant at the spine in the same select 

population. QUS, the distinctive factor in the ORACLE, was not found to have a strong 

positive predictive ability, with sensitivity values ranging between 0-20% at the femoral 

neck and spine and sensitivity values of SOS measures ranging between 81-86% at the 

femoral neck and spine. When the cohort was divided into normal and overweight/obese 

groups, sensitivity and specificity was not improved in the lower BMI group as expected.  

The use of physical activity variables to predict low BMD revealed some 

relationships trending towards significance support previous research. Through the use of 

regression analyses in relation to low BMD, the individual accelerometry variable of 

moderate-vigorous non-bout activity counts (p = 0.081) at the lumbar spine approached 

significance as a predictor of low BMD.  A significant correlation (0.31) between 

steps/day and current weight-bearing activity support the validity of the physical activity 

recall method for current physical activity. 

 The results of this study suggest that in a mixed menopausal stage population of 

women, traditional risk factors such as age, BMI, and low QUS measures are not 

significant predictors of low bone mass. More longitudinal research with both objective 

and subjective physical activity assessment is needed to determine the role that current 
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and past physical activity plays in optimizing BMD status in women during the 

menopausal transition time period.  

Recommendations for Further Study 

 In the current study, the BMD parameters of Caucasian women at various 

menopausal stages were examined. However, it appears that different risk factors are 

evident dependent upon menopausal stage. Therefore, it would be prudent to more 

thoroughly examine risk factors predisposing premenopausal women to low bone mass. 

One risk factor to be further examined is body mass and body composition. The current 

study did not demonstrate a significant relationship between BMI and low BMD. Future 

research should address cyclic weight gain and loss in regard to peak BMD attainment 

and premenopausal BMD. Additionally, longitudinal research examining the effects of 

lifetime physical activity habits and BMD changes should be investigated further. 

 With regard to prevention of osteoporosis, further research should be directed 

toward the development of a more standardized physical activity screening tool for 

reliable assessment of bone-stressing physical activity history. Targeted populations 

should include females within the time frame of peak BMD accrual, preferably between 

18-35 years of age. Similarly, future research should also be directed towards validating 

the use of accelerometry variables with regard osteogenic ground reaction forces. Very 

little research regarding the relationship between ground reaction forces and Actigraph 

GT1M measures of moderate/vigorous activity has been performed in adults. 
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Subject #       Age (y)    Height (m) Weight (kg) BMI (kg/m
2
) Regional fat (%) 

2 41 1.63 55.7 20.9 33.3 

3 55 1.63 93.9 35.3 46.5 

4 51 1.68 66.8 23.7 31.1 

5 42 1.66 68.8 24.9 38.5 

7 35 1.54 68.4 28.9 37.9 

8 52 1.66 58.4 21.2 29.6 

9 41 1.66 75.0 27.2 44.3 

10 49 1.61 56.4 21.8 39.7 

12 43 1.57 68.6 27.9 42.3 

13 55 1.66 121.8 44.1 57.3 

14 50 1.62 52.7 20.1 30.2 

15 41 1.59 55.9 22.1 31.9 

16 53 1.67 81.6 29.2 46.1 

17 49 1.57 69.1 28.1 40.3 

18 37 1.61 70.5 27.2 43.5 

19 52 1.69 76.4 26.7 41.0 

20 50 1.57 81.4 33.1 45.8 

21 52 1.68 85.2 30.2 45.9 

22 47 1.70 64.1 22.2 33.7 

23 37 1.66 68.6 24.9 37.5 

24 38 1.71 73.0 25.0 41.7 

26 38 1.64 69.8 25.9 44.3 

27 43 1.74 77.0 25.4 29.6 

28 35 1.58 53.6 21.4 29.2 

30 54 1.62 54.1 20.6 26.6 

31 45 1.61 65.0 25.1 29.8 

32 45 1.65 61.8 22.7 36.5 

33 43 1.77 80.0 25.6 41.6 

36 55 1.55 75.2 31.3 44.7 

37 43 1.66 79.3 28.7 42.7 

38 46 1.65 53.2 19.6 26.9 

39 55 1.68 62.3 22.1 36.7 

40 52 1.44 62.5 30.2 39.1 

41 36 1.70 63.0 21.8 29.4 

42 48 1.65 74.1 27.2 40.5 

43 54 1.66 61.1 22.1 31.2 

45 50 1.65 63.2 23.2 32.8 

46 35 1.55 67.3 28.0 44.2 

47 40 1.56 54.1 22.3 41.8 

48 55 1.57 58.6 23.8 37.1 
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Subject #      Age (y)     Height (m)    Weight (kg)  BMI (kg/m
2
)    Regional fat (%) 

49 54 1.68 65.7 23.3 34.1 

50 42 1.64 62.0 23.0 31.9 

51 50 1.57 65.9 26.8 40.2 

52 55 1.56 80.9 33.3 50.8 

53 42 1.66 64.3 23.3 32.9 

54 48 1.57 54.1 22.0 31.0 

56 43 1.77 105.5 33.7 46.8 

58 47 1.58 59.1 23.6 40.7 

59 45 1.73 63.6 21.3 36.1 

60 50 1.64 81.8 30.4 43.2 

61 50 1.65 104.5 38.4 47.5 

62 35 1.73 67.3 22.5 20.6 

63 48 1.66 68.2 24.7 33.7 

64 49 1.59 72.7 28.7 38.0 

65 42 1.60 55.5 21.7 35.9 

67 40 1.70 73.2 25.3 43.4 
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Subject # SOS (m/s)       Total Body  Total Body      Spine BMD 

         BMD (g/cm
2
)   BMC (kg)          (g/cm

2
)__ 

2 4183 1.120 2.114 1.234 

3 4173 1.315 3.192 1.407 

4 4186 1.256 2.597 1.280 

5 4181 1.247 2.645 1.260 

7 4293 1.227 2.375 1.293 

8 4281 1.158 2.475 1.127 

9 4166 1.308 3.180 1.369 

10 4048 1.352 2.876 1.267 

12 4067 1.220 2.576 1.282 

13 3816 1.176 2.427 1.155 

14 4270 1.150 2.225 1.132 

15 4089 1.073 2.103 1.128 

16 4146 1.241 2.956 1.378 

17 4233 1.261 2.543 1.467 

18 4114 1.234 2.450 1.166 

19 4185 1.179 2.799 1.127 

20 4312 1.115 2.297 0.918 

21 4062 1.247 2.658 1.205 

22 4182 1.091 2.457 1.146 

23 4143 1.195 2.611 1.160 

24 4274 1.124 2.427 1.121 

25 4186 1.243 2.599 1.252 

26 4169 1.178 2.451 1.181 

28 4195 1.145 2.262 1.245 

30 4202 1.117 2.096 0.946 

31 3992 1.417 3.324 1.567 

32 4238 1.069 2.174 1.161 

33 4106 1.377 3.349 1.279 

36 4167 1.258 2.540 1.056 

37 4247 1.161 2.663 1.277 

38 4400 1.307 2.808 1.466 

39 4046 1.161 2.581 1.143 

40 4077 1.227 2.192 1.148 

41 4225 1.238 2.574 1.174 

42 4083 1.171 2.366 1.198 

43 4109 1.188 2.397 1.240 

45 3992 1.281 2.459 1.190 

46 4157 1.118 2.183 1.168 

47 4222 1.139 2.224 1.322 
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Subject # SOS (m/s)       Total Body  Total Body      Spine BMD 

         BMD (g/cm
2
)   BMC (kg)          (g/cm

2
)__    

48 4103 1.084 1.875 0.937 

49 3970 1.278 2.577 1.352 

50 4184 1.273 2.866 1.304 

51 4236 1.238 2.572 1.377 

52 3959 1.169 2.709 0.931 

53 4178 1.245 2.609 1.209 

54 4204 1.109 2.165 1.130 

56 4265 1.300 3.612 1.380 

58 4276 1.181 2.323 1.145 

59 4196 1.196 2.582 1.114 

60 4170 1.284 2.872 1.253 

61 4031 1.504 3.065 1.635 

62 4417 1.196 2.618 1.192 

63 4153 1.415 3.336 1.489 

64 4068 1.168 2.325 1.172 

65 4229 1.048 2.012 0.921 

67 4416 1.158 2.581 1.211 
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Subject # L Femur BMD     L Femur BMC  R Femur BMD       R Femur BMC 

        (g/cm
2
)                  (g)                      (g/cm

2
)          (g) 

2 0.920 24.2 0.916 25.0 

3 1.298 41.2 1.254 42.1 

4 1.001 31.9 0.995 31.6 

5 1.081 31.7 1.052 31.8 

7 0.987 29.1 1.005 30.0 

8 0.818 26.0 0.871 27.4 

9 1.255 36.8 1.226 35.3 

10 1.048 33.2 1.051 32.4 

12 1.096 32.3 1.128 35.5 

13 1.096 34.7 0.993 31.9 

14 0.952 28.2 0.906 27.2 

15 0.882 28.9 0.879 28.6 

16 0.992 30.4 0.970 30.4 

17 1.217 35.9 1.202 36.1 

18 1.024 32.3 1.022 31.9 

19 0.932 30.6 0.912 30.5 

20 0.916 29.6 0.900 30.8 

21 1.077 35.4 1.030 33.8 

22 0.897 29.8 0.871 27.7 

23 1.044 36.0 1.047 36.0 

24 0.933 26.6 0.983 29.9 

25 1.053 32.8 1.078 34.3 

26 0.876 27.2 0.880 27.6 

28 0.925 28.0 0.926 27.0 

30 0.847 25.0 0.831 24.4 

31 1.210 36.9 1.218 38.1 

32 0.998 28.0 1.023 29.4 

33 1.260 39.6 1.278 39.9 

36 1.074 31.0 1.094 32.2 

37 0.977 32.9 0.967 33.8 

38 1.140 35.3 1.192 36.9 

39 0.949 27.9 0.983 30.4 

40 1.089 30.8 1.100 30.8 

41 1.115 36.5 1.084 36.1 

42 0.938 28.8 0.858 26.6 

43 0.898 28.7 0.915 29.2 

45 1.075 29.8 1.064 30.4 

46 0.882 24.9 0.867 24.5 

47 0.801 23.6 0.802 23.4 
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Subject # L Femur BMD     L Femur BMC  R Femur BMD       R Femur BMC 

        (g/cm
2
)                  (g)                      (g/cm

2
)          (g)_____ 

48 0.812 24.3 0.856 26.4 

49 1.122 33.5 1.129 35.1 

50 1.232 38.6 1.183 37.8 

51 0.938 26.3 0.910 25.4 

52 0.919 29.9 0.939 31.6 

53 1.085 33.7 1.139 34.3 

54 0.900 27.5 0.852 26.0 

56 1.087 42.0 1.047 39.8 

58 0.993 27.1 0.977 27.6 

59 1.062 33.3 1.046 30.3 

60 1.075 33.3 1.080 33.7 

61 1.372 41.2 1.429 43.7 

62 1.065 31.3 1.102 33.3 

63 1.276 40.7 1.286 43.7 

64 1.002 32.1 0.973 30.1 

65 0.770 22.4 0.786 23.6 

67 0.853 26.8 0.929 29.1 
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Subject # QUS        Total Body Total Body        Spine       Spine 

           T-score          T-score     Z-score__       T-score      Z-score 

2 0.3 -0.1 0.3 0.5 0.8 

3 0.2 2.4 1.7 1.9 1.7 

4 0.3 1.6 2.0 0.8 1.3 

5 0.2 1.5 1.4 0.7 0.6 

7 1.3 1.3 1.1 0.9 0.8 

8 1.2 0.4 1.2 -0.4 0.4 

9 0.1 2.3 1.9 1.6 1.3 

10 -1.1 2.8 3.5 0.7 1.4 

12 -0.9 1.2 1.0 0.9 0.7 

13 -3.3 0.6 -0.2 -0.2 -0.5 

14 1.1 0.3 1.2 -0.4 0.5 

15 -0.7 -0.6 -0.2 -0.4 -0.1 

16 -0.1 1.4 1.2 1.7 1.8 

17 0.7 1.7 1.8 2.4 2.6 

18 -0.4 1.4 1.1 -0.1 -0.3 

19 0.3 0.7 0.7 -0.4 -0.2 

20 1.5 -0.1 -0.5 -2.2 -2.3 

21 -0.9 1.5 1.1 0.2 0.1 

22 0.2 -0.4 -0.2 -0.3 0.0 

23 -0.1 0.9 0.7 -0.2 -0.3 

24 1.1 0.0 -0.4 -0.5 -0.8 

26 0.1 0.7 0.5 0.0 -0.1 

27 1.6 1.8 1.2 2.8 2.4 

28 0.4 0.2 0.7 0.5 0.9 

30 0.4 -0.1 1.0 -1.9 -0.8 

31 -1.6 3.7 3.7 3.2 3.3 

32 0.8 -0.7 -0.5 -0.2 0.0 

33 -0.5 3.2 2.5 0.8 0.3 

36 0.1 1.7 1.8 -1.0 -0.6 

37 0.9 0.5 -0.2 0.8 0.3 

38 2.4 2.3 2.9 2.4 2.9 

39 -1.1 0.4 1.2 -0.3 0.6 

40 -0.8 1.3 1.9 -0.3 0.5 

41 0.7 1.4 1.6 -0.1 0.1 

42 -0.7 0.6 0.4 0.1 0.1 

43 -0.5 0.8 1.6 0.5 1.4 

45 -1.6 1.9 2.3 0.1 0.6 

46 0.0 -0.1 -0.2 -0.1 -0.2 

47 0.6 0.2 0.7 1.2 1.6 
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Subject # QUS        Total Body Total Body        Spine       Spine 

           T-score          T-score     Z-score__       T-score      Z-score 

48 -0.5 -0.5 0.4 -2.0 -1.0 

49 -1.8 1.9 2.5 1.4 2.2 

50 0.3 1.9 2.0 1.0 1.1 

51 0.8 1.4 1.7 1.6 2.1 

52 -1.9 0.5 0.5 -2.1 -1.8 

53 0.2 1.5 1.5 0.2 0.3 

54 0.5 -0.2 0.5 -0.4 0.2 

56 1.1 2.2 0.7 1.7 0.5 

58 1.2 0.7 1.1 -0.3 0.1 

59 0.4 0.9 0.9 -0.5 -0.5 

60 0.1 2.0 1.8 0.6 0.6 

61 -1.2 4.7 3.6 3.8 3.1 

62 2.5 0.9 0.8 0.1 0.0 

63 0.0 3.6 3.7 2.6 2.8 

64 -0.9 0.5 0.5 -0.1 0.0 

65 0.7 -1.0 -0.5 -2.2 -1.8 

67 2.5 0.4 0.1 0.3 0.0 
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Subject #  L Femur        L Femur  R Femur      R Femur  

    T-score_        Z-score_   T-score_        Z-score_ 

2 -0.7 -0.2 -0.7 -0.3 

3 2.3 2.3 2.0 1.9 

4 -0.1 0.4 -0.1 0.4 

5 0.6 0.8 0.3 0.5 

7 -0.2 -0.1 0.0 0.0 

8 -1.5 -0.8 -1.1 -0.4 

9 2.0 2.0 1.7 1.7 

10 0.3 1.0 0.3 1.0 

12 0.7 0.9 1.0 1.1 

13 0.7 0.5 -0.1 -0.3 

14 -0.4 0.3 -0.8 0.0 

15 -1.0 -0.5 -1.0 -0.6 

16 -0.1 0.1 -0.3 -0.1 

17 1.7 2.0 1.5 1.9 

18 0.1 0.2 0.1 0.2 

19 -0.6 -0.3 -0.8 -0.5 

20 -0.7 -0.6 -0.9 -0.8 

21 0.5 0.6 0.2 0.3 

22 -0.9 -0.5 -1.1 -0.7 

23 0.3 0.4 0.3 0.4 

24 -0.6 -0.6 -0.2 -0.2 

26 -1.0 -1.0 -1.0 -0.9 

27 0.4 0.4 0.6 0.6 

28 -0.5 0.0 -0.7 -0.1 

30 -1.3 -0.4 -1.4 -0.5 

31 1.6 1.9 1.7 2.0 

32 -0.1 0.3 0.1 0.5 

33 2.0 1.9 2.1 2.1 

36 0.5 0.9 0.7 1.1 

37 -0.2 -0.3 -0.3 -0.4 

38 1.0 1.7 1.5 2.1 

39 -0.5 0.3 -0.2 0.5 

40 0.6 1.3 0.7 1.4 

41 0.9 1.1 0.6 0.9 

42 -0.6 -0.4 -1.2 -1.0 

43 -0.9 -0.1 -0.7 0.0 

45 0.5 1.0 0.4 1.0 

46 -1.0 -0.9 -1.1 -1.0 

47 -1.6 -1.2 -1.6 -1.2 
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Subject #  L Femur        L Femur  R Femur      R Femur  

    T-score_        Z-score_   T-score_        Z-score_ 

48 -1.5 -0.7 -1.2 -0.4 

49 0.9 1.5 1.0 1.6 

50 1.8 2.1 1.4 1.7 

51 -0.5 -0.1 -0.8 -0.3 

52 -0.7 -0.4 -0.5 -0.3 

53 0.6 0.9 1.0 1.3 

54 -0.9 -0.2 -1.2 -0.6 

56 0.6 0.1 0.3 -0.2 

58 -0.1 0.4 -0.2 0.3 

59 0.4 0.7 0.3 0.6 

60 0.5 0.7 0.6 0.8 

61 2.9 2.5 3.3 3.0 

62 0.5 0.6 0.7 0.8 

63 2.1 2.5 2.2 2.6 

64 0.0 0.2 -0.3 0.0 

65 -1.9 -1.4 -1.8 -1.3 

67 -1.2 -1.2 0.0 0.3 
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Subject #    IN Minutes           MV BCounts         MV NBCounts 

2                               802.5                          116641 265033 

3 759.5 0 215475 

4 664.4 0 631348 

5 703 294188 487404 

7 866.71 77051 616456 

8 839.57 145852 422044 

9 729.8 0 182357 

10 815.86 36215 393331 

12 887.86 0 343581 

13 865.57 0 172809 

14 921.57 667541 714306 

15 736 367568 543549 

16 792.67 37300 114469 

17 565.33 461475 624007 

18 670.83 0 550251 

19 900.67 286414 947850 

20 642.29 302021 261799 

21 744.86 0 542268 

22 921.14 0 404932 

23 573.17 1300014 1315592 

24 750.14 0 871485 

26 743.33 70915 227162 

27 738.8 234259 299788 

28 805.17 56433 289103 

30 775 1003890 392206 

31 786.86 495722 455440 

32 755 579487 112254 

33 742.29 70206 738343 

36 818.86 23034 64706 

37 699.25 67927 257736 

38 821.6 0 311302 

39 812 166902 385895 

40 744.57 405475 1220411 

41 754.29 271617 531763 

42 866.83 818694 1351945 

43 719.5 0 397672 

45 933.71 0 166616 

46 782 0 1176868 
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Subject #    IN Minutes           MV BCounts         MV NBCounts 

47 715.6 0 322817 

48 860.67 286972 351028 

49 785.33 0 614845 

50 846.29 937766 1308624 

51 745.43 0 275020 

52 717.71 0 122091 

53 727.57 192015 1287280 

54 773 476417 444200 

56 786.67 0 422908 

58 634.8 73894 362912 

59 724 297874 1208979 

60 671 43822 855809 

61 815.14 0 308578 

62 859.57 195660 920165 

63 830.86 203520 1536188 

64 604.71 734435 714737 

65 860.86 0 590313 

67 832.14 94054 303193 
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Subject #  MV MBCounts           VIG BCounts VIG NBCounts 

2 3069.5 0 0 

3 0 0 0 

4 0 0 0 

5 6537.51 177007 62266 

7 2334.88 0 12181 

8 4704.9 0 0 

9 0 0 0 

10 3621.5 0 0 

12 0 0 0 

13 0 0 0 

14 5855.62 490212 371756 

15 4836.42 0 0 

16 2869.23 0 0 

17 4569.06 0 11786 

18 0 0 0 

19 4274.84 0 406412 

20 7023.74 290275 0 

21 0 0 0 

22 0 0 0 

23 4868.97 0 100906 

24 0 0 0 

26 5909.58 0 64007 

27 5324.07 103780 57928 

28 4030.93 0 0 

30 5368.4 82650 639275 

31 4590.02 135335 5835 

32 6231.04 325925 172945 

33 3900.33 0 0 

36 2303.4 0 0 

37 2342.31 0 0 

38 0 0 0 

39 4070.78 0 0 

40 3620.31 0 6380 

41 7988.74 196305 35087 

42 4961.78 0 363991 

43 0 0 27170 

45 0 0 0 

46 0 0 51774 
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Subject #  MV MBCounts           VIG BCounts VIG NBCounts 

47 0 0 6400 

48 3679.13 0 26731 

49 0 0 49120 

50 4665.5 0 211588 

51 0 0 0 

52 0 0 0 

53 6621.21 182983 925026 

54 6710.1 99402 383796 

56 0 0 0 

58 3078.92 0 0 

59 4025.32 0 148490 

60 3130.14 0 6464 

61 0 0 5761 

62 4076.25 0 185846 

63 3768.89 0 60806 

64 4962.4 400511 250199 

65 0 0 0 

67 3918.92 0 0 
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APPENDIX B  

 

 

 

STUDY SCREENING QUESTIONNAIRE 
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Date/Time contacted:________________    Subject # _____ 

Hello, my name is____________________. I am calling from the Human Performance 

Laboratory. You had expressed interest in participating in the osteoporosis screening 

study. Basically, this study involves two visits to the Human Performance Laboratory. 

During the first test, you would complete an osteoporosis screening questionnaire, have 

your height and weight measured, and would have a one QUS measurement on your 

wrist. I would then give you an accelerometer to wear every day for the next week. After 

one week, you would return to the Human Performance Laboratory for your second visit. 

You would bring the accelerometer and log sheet back on your second visit. At the 

second visit, you would have one total body DXA scan and one dual hip/spine DXA scan 

performed. Do you have any questions regarding the study?  

Can I ask you few questions about some different variables that will help us determine 

whether or not we can include you in the study? Please answer to the best of your 

knowledge. 

Screening Questionnaire 

If ALL of the following variables apply to you, please state “YES”. If one or more 
of these variables DOES NOT apply to you, please state “NO”.  

Are you: 

 Currently between ages of 35-55, Caucasian, weigh less than 300 lbs, and are 
able to sit/stand and lie on your back for an extended time period (> 10 minutes)?  
   YES    NO 

If you currently have any of the following diseases or conditions or previously 

have had any of these diseases or conditions, please state “YES”. If you have not 

had any of these diseases or conditions, please state “NO”.  

 Clinically treated osteoporosis, other known bone disease (excluding 

osteopenia),  or cancer affecting bone 

YES    NO 

 One or more ovaries removed, hip fracture or replacement, or lumbar vertebrae 

fusion 

YES    NO  

 

 Rheumatoid arthritis, kidney disease or impairment, or epilepsy 

 

YES    NO  

Cleared to schedule visit:       YES  NO 
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APPENDIX C 

 

 

 

OSTEOPOROSIS SCREENING QUESTIONNAIRE 
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Osteoporosis Screening Questionnaire 

Section I – Demographics 

1.1 Date of birth (month/date/year):___________ 

 

1.2 Race (circle one) : 

White  Hispanic         Asian       Black   American Indian  Other      

Section II – Lifestyle Factors 

2.1 Have you ever smoked (circle one)?       YES  NO          (if NO, go to question 2.2) 

 If YES, how much did you smoke on an average day during the following time periods? 

 Age of onset of menstruation to 21 years  _______packs/day for ______years 

 

 Ages 22-34     _______packs/day for ______years 

 

 Age 35-current age    _______packs/day for ______years 

 

 

2.2  Do/did you drink any alcoholic beverages on a weekly basis?      YES      NO     

      (if NO, go to question 2.3) 

 If YES, how much did you drink during an average week during the following time periods? 

 Age of onset of menstruation to 21 years  

   Beer____ (cans)     Wine_____ (glasses)      
 

 Ages 22-34 
 

   Beer____ (cans)     Wine_____ (glasses)      
 

 Age 35-current age 
 
 Beer____ (cans)     Wine_____ (glasses)      
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2.3 How many servings of milk or calcium-fortified products did you consume on an average day 

during the following time periods? 
 Examples of one serving: 1 glass of milk, 1 cup of yogurt, 1 glass of calcium-fortified
 orange juice or ½ cup of calcium-fortified cereal such as Total Raisin Bran 

 

 Age of onset of menstruation to 21 years:      None 1-2     3-4          5+ 
 
 

 Ages 22-34           None 1-2     3-4          5+ 
 

 

 Age 35-current age          None 1-2     3-4          5+ 
 

        2.4  Have you ever taken a calcium supplement?        YES   NO        (if NO, go to question 2.5) 

If YES, during which time periods did you take the calcium supplement?  

Please circle all that apply. For those you circle, please complete the additional information below. 

 

 Age of onset of menstruation to 21 years     Ages 22-34  Age 35-current age 

 

Dose(mg) or  

times taken/day:___________   _____________  _______________ 

 

# of years taken:___________   _____________  _______________ 

 

Name of  

supplement:      ____________   _____________  _______________ 

    (if known) 
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 2.5 Have you ever taken any other vitamin supplements?      YES       NO  (if NO, go to question 2.6) 

Example: vitamin D 

If YES, during which time periods did you take the vitamin supplement(s)?  

Please circle all that apply. For those you circle, please complete the additional information below. 

 

 Age of onset of menstruation to 21 years     Ages 22-34  Age 35-current age 

 

Dose(mg) or  

Times taken/day:___________   _____________    _______________ 

 

# of years taken:___________   _____________    _______________ 

 

Name of  

Supplement(s):  ____________   _____________    _______________ 

  (if known) 

 

       2.6 During which time periods did you spend at least 15 minutes outdoors on an average day? 

  Please circle all that apply. 

 

Age of onset of menstruation to 21 years     Ages 22-34         Age 35-current age              NEVER 

 

Section III - Reproductive History 

 

3.1 How old were you when you had your first menstrual period?    years old 

 

3.2 Since turning 35 years old, have you ever had irregular (9 or fewer menstrual cycles in 1 year)and/or an    

absence of menstrual cycles (excluding pregnancy)?               YES  NO   

 If YES, at what age did you begin to have irregular and/or an absence of menstrual cycles? _____years old 
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3.3 Have you ever used birth control pills or oral contraceptives?  YES  NO 

If YES, during which time periods did you use birth control pills or oral contraceptives? (Circle all that apply) 

 

  Age of onset of menstruation to 21 years           Ages 22-34  Age 35-current age 

3.4 How many times have you been pregnant?    
 
How many of these pregnancies resulted in at least one live birth (count twins and triplets as 1)?   

 

3.5 Have you ever used hormone replacement therapy (ex. Premarin, Provera)?         YES  NO 
 
       If YES, during which time periods did you use hormone replacement therapy on a regular basis? 
 
 

Age of onset of menstruation to 21 years            Ages 22-34        Age 35-current age 

 

3.6 Is there a history of clinically diagnosed osteoporosis in your family?  YES  NO 

 If YES, indicated who was affected:   

____Mother              ____ Maternal grandmother              ____Maternal grandfather               ____Sister 

____Father               ____Paternal grandmother      ____Paternal grandfather      ____Brother 

 

3.7 Have you ever been diagnosed with breast cancer?      YES  NO 

 If YES, at what age were you diagnosed? _________ 

 

3.8 Have you ever fractured your: 

  _____ hip    _______wrist 

  _____ femur    _______NONE of the above



 

 

Section IV – Physical Activity 

3.1 During which time periods did you walk or run for exercise (outdoor, treadmill)? Circle all that apply.  

For each of the time periods you circle, please circle additional information below each time period. 

 

  Age of onset of menstruation to 21 years         Ages 22-34   Age 35-current age   NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     6 months/year              6 months/year            6 months/year  6 months/year      6 months/year          6 months/year 
 

 

 

 4 or more          Less than    4 or more Less than         4 or more         Less than 

      days/week        4 days/week               days/week           4 days/week       days/week        4 days/week 
 

3.2 During which time periods did you participate in aerobics (ex. group exercise classes such as step aerobics) or weight training? 
 

 Age of onset of menstruation to 21 years                                    Ages 22-34                Age 35-current age  NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     6 months/year              6 months/year            6 months/year  6 months/year      6 months/year          6 months/year 
 

 

 

 2 or more          Less than    2 or more Less than         2 or more         Less than 

      days/week        2 days/week               days/week           2 days/week       days/week        2 days/week 

 

1
3
1
 



 

 

3.3 During which time periods did you participate in gymnastics or jumping events in track & field? 

 

      Age of onset of menstruation to 21 years                                Ages 22-34                 Age 35-current age  NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     3 months/year              3 months/year            3 months/year  3 months/year      3 months/year          3 months/year 
 

 

 

 4 or more          Less than    4 or more Less than         4 or more         Less than 

      days/week        4 days/week               days/week           4 days/week       days/week        4 days/week 

 

3.4 During which time periods did you participate in team sports such as volleyball, basketball, or soccer? 

 

    Age of onset of menstruation to 21 years                       Ages 22-34                Age 35-current age  NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     3 months/year              3 months/year            3 months/year  3 months/year      3 months/year          3 months/year 
 

 

 

 3 or more          Less than    3 or more Less than         3 or more         Less than 

      days/week        3 days/week               days/week           3 days/week       days/week        3 days/week 

 

 

1
3
2
 



 

 

3.5 During which time periods did you participate in lifetime activities such as tennis or golf? 
 

 Age of onset of menstruation to 21 years                                   Ages 22-34              Age 35-current age  NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     3 months/year              3 months/year            3 months/year  3 months/year      3 months/year          3 months/year 
 

 

 

 2 or more          Less than    2 or more Less than         2 or more         Less than 

      days/week        2 days/week               days/week           2 days/week       days/week        2 days/week 

 

3.6 During which time periods did you participate in activities such as swimming or cycling? 
 

 Age of onset of menstruation to 21 years                    Ages 22-34               Age 35-current age  NONE 

 

 

 
 

        More than   Less than  More than    Less than         More than             Less than   

     6 months/year              6 months/year            6 months/year  6 months/year      6 months/year          6 months/year 
 

 

 

 4 or more          Less than    4 or more Less than         4 or more         Less than 

      days/week        4 days/week               days/week           4 days/week       days/week        4 days/week 

 

Please list any other sports or physical activities you have participated in that were NOT previously addressed in the space below. 

_________________________________________________________________________________________________________________________ 

1
3
3
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APPENDIX D 

 

 

 

ACCELEROMETER LOG SHEET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



135 

 

 

 


