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5.4.2 PERFORMANCE ACCORDING TO QUARTILES OF 

MEASUREMENTS AND ROC CURVES 

Measurements from the four skeletal measures were converted into 

quartiles and the distribution of the incident vertebral fractures was studied 

amongst the quartiles (Figure 5.1). For all four measures the highest 

incidence was in the lowest strength quartiles and lowest incidence in the 

highest strength quartiles (P<0.05 for all measures by Chi-square test). 

Figure 5.1. Incident vertebral fractures according to quartiles of 

measurements for each skeletal measure (Quartile 1 = lowest). 
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Receiver Operating Characteristic (ROC) curves were plotted using SPSS 

software to assess and compare the sensitivity and specificity of the 

skeletal measures in predicting incident vertebral fractures (Figure 5.2). 

The area-under-the curve (AUC) was highest for lumbar spine BMD (0.66), 
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but th is was more or less similar to that of OXR-MCI (0.65) . The AUC's for 

hip BMO and OXR-BMO were slightly lower (0.64 for both). 

Figure 5.2. Receiver Operating Characteristic (ROC) curves for 

incident vertebral fracture based on the four skeletal measures. 
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5.4.3 GRADIENTS OF RISK OF INCIDENT FRACTURE FOR 1 SO 

DECREASE IN MEASUREMENTS 

The absolute values of the skeletal strength measures were converted to 

standard deviation (SO) units. These values were entered into univariate 

regression models to derive the gradients of risk for incident vertebral 

fracture for 1 SO decrease in the measurements expressed as odds ratios 

(OR, 95%CI , Table 5.2) . The point estimates of the gradients of risk per 

1 SO decrease were similar for lumbar spine BMO and OXR-MCI (1 .82 and 
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1.81 respectively), and these were slightly higher than that for total hip 

BMD and DXR-BMD (1 .46 and 1.56 respectively). 

Table 5.2. Gradients of risk for incident vertebral fracture for 1 SO 

decrease in measurement (Univariate analysis, odds ratio, 95% 

confidence intervals). 

Odds Ratio , 95% CI P 

L2-L4 sBMD 1.82, 1.37-2.43 <0.001 

Total hip sBMD 1.46,1.16-1.85 0.001 

DXR-BMD 1.56,1 .23-1 .96 <0.001 

DXR-MCI 1.81 , 1.37-2.39 <0.001 

Figure 5.2A. OR's (point estimates) and 95% CI (high and low lines) 

from Table 5.2 plotted as a graph. 

2 .5T---------------------------------------~ .. 
.p" 

2 •• . . 
- I • r-

• 0 
~ 

I 0 

~ 1.5·· - I~ 
II) •• • 10 

D:: 
0 •• ... 

1 . . • . . . 
L2-L4 sBMD Total hip sBMD DXR-BMD DXR-MCI 

0.5 



Metacarpal Radiographic Indices In Bone Assessment 85 

5.4.4 INDEPENDENT PREDICTORS OF FUTURE FRACTURE 

RISK 

All the variables found to be significant in univariate analyses, including all 

the four skeletal strength measures, were entered into mUltivariate 

regression models (Table 5.3). In a forward conditional logistic regression 

model, lumbar spine BMO, OXR-MCI, and a history of prior vertebral 

fracture at baseline were found to be independent predictors of future 

vertebral fracture (P<O.05 for a" three). Of the three, prior history of 

vertebral fracture had the strongest association with future vertebral 

fracture risk with an OR of 6.84. 
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Table 5.3. Multivariate analysis (forward-conditional regression): 

Independent predictors of future vertebral fracture (odds ratio, 95% 

confidence interval). 

Odds Ratio, 95% CI P 

Age (yrs) 1.01,0.96-1.05 0.84 

Height (cm) 1.01,0.96-1.06 0.78 

L2-L4 sBMO (1S0 decrease) 1.56, 1.17-2.07* 0.003 

Total hip sBMO (1 SO decrease) 1.03,0.74-1.45 0.85 

OXR-BMO (150 decrease) 0.80, 0.43-1.50 0.48 

OXR-MCI 1.47,1.04-2.07* 0.027 

Prior vertebral fracture 6.84,3.66-12.78* <0.001 

*Independent predictors 

5.4.5 ASSOCIATION BETWEEN SKELETAL MEASURES 

The strength of association between any two skeletal measures was 

studied using Pearson correlation coefficients (Table 5.4). As expected 

correlation was highest between the two OXA measures (0.61), and 

between the two DXR measures (0.89). Although they had similar 

predictive ability for future vertebral fracture in univariate analysis, the 

correlation was the least between lumbar spine BMO and OXR-MCI (0.34). 

However, all correlations were statistically significant (P<0.001). 
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Table 5.4. Correlations amongst the various skeletal measures 

(Pearson coefficients, all P<O.001). 

T.hip sBMD DXR-BMD DXR-MCI 

L 1-L4 sBMD 0.61 0.37 0.34 

T. hip sBMD - 0.53 0.51 

DXR-BMD - - 0.89 

5.5 DISCUSSION 

In this study, low values of two DXR indices, DXR-BMD and DXR-MCI, 

were found to be associated with a significantly increased future risk of 

vertebral fracture. Their predictive abilities were similar to that of hip BMD 

and lumbar spine BMD respectively. DXR-MCI was able to predict 

vertebral fractures independently of other skeletal strength measures, 

including lumbar spine BMD. 

5.5.1 COMPARISONS AT BASELINE 

Women in the new-fracture group were significantly older than those in the 

non-fracture group in this analysis. This is consistent with what is already 

known regarding the relationship of vertebral fracture with age: for 

example, in a Finnish cohort, Santavirta and colleagues reported that in 

both sexes, the prevalence of thoracic vertebral fractures increased with 

age - after 40 years of age in men and after 55 years of age in women 

(Santavirta, Konttinen et at. 1992); and data from the European 

Prospective Osteoporosis Study (EPOS) also confirmed the rise in 
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incidence with age (EPOS 2002). However, the question of whether or not 

age is a risk factor for prevalent or incident vertebral fracture independent 

of BMD was not addressed in these two studies. In the current analysis, in 

multivariate regression models, age was not found to be a significant 

independent predictor of fracture risk suggesting that any association is no 

more than a reflection of lower bone density noted with older age. 

Although the mean body weight was lower in the new-fracture group, this 

was not statistically significant. The mean height was also somewhat lower 

in the new-fracture group (154.6cm vs. 156.5cm, P=0.015), but this could 

probably be a reflection of the fact that a significantly greater proportion in 

this group had a vertebral fracture at baseline (84.4% vs. 37.3%, 

P<0.001), and probably had already lost some height by the time of the 

baseline measurement. In fact, the mean BMI of both groups was nearly 

identical (24.6 vs. 24.9). This is similar to the analysis from EPOS in which 

Roy and colleagues reported a trend in both men and women, where 

increasing body weight and body mass index were associated with a 

reduced risk of vertebral fracture, although, apart from body mass index in 

men, the confidence intervals embraced unity (not significant) (Roy, O'Neill 

et al. 2003). In the current analysis, those with prevalent vertebral fracture 

at baseline had a much higher risk of new vertebral fracture than those 

without a baseline vertebral fracture (relative risk = 6.6). This is in keeping 

with previously published studies where prevalence of vertebral fracture 

was found to be a risk factor for not only future vertebral fracture (Ross, 

Genant et al. 1993; Lunt, O'Neill et al. 2003) but also non-vertebral 

fracture (McCloskey, Vasireddy et al. 2008). 
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The non-fracture group had significantly greater mean values (P<0.001) 

than the new-fracture group in all 4 skeletal measurements with 

differences in the lumbar spine BMD (0.68 g/cm2 vs. 0.62 g/cm2 

respectively, 9.7% difference), and DXR-MCI (0.34 vs. 0.31 respectively, 

9.7% difference), being of greater magnitude than the differences in total 

hip BMD (0.65 g/cm2 vs. 0.61 g/cm2 respectively, 6.6% difference), or 

DXR-BMD (0.44 g/cm2 vs. 0.42 g/cm2 respectively, 4.8% difference). The 

magnitude of the difference between the two groups is similar in DXR­

BMD and hip BMD, with both the differences being lower than with spine 

BMD; this is probably because both are 'remote' measurements with 

respect to the vertebral site. However, the difference between the two 

groups in mean DXR-MCI values (which is also a 'remote' index for the 

vertebral site) was as high as that with the spine BMD, suggesting that 

DXR-MCI may capture a component of skeletal strength not accounted for 

by the other measures. In the nested case-control analysis reported by 

Bouxsein and colleagues, mean lumbar spine BMD, DXR-BMD and DXR­

MCI were similarly higher in the control group (0.869 g/cm2
, 0.495 g/cm2 

and 0.374 respectively) compared to the vertebral fracture group (0.753 

g/cm2
, 0.459 g/cm2 and 0.340 respectively). Although these values are not 

directly comparable to the current analysis, as the cohort characteristics 

and the measuring devices including the Pronosco system (Version 1) 

were different, there was no comment made regarding the magnitude of 

the differences in the various measures between the vertebral fracture and 

control groups (Bouxsein, Palermo et al. 2002). 
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5.5.2 FRACTURE RISK BY UNIVARIATE ANALYSIS 

The finding that spine BMO is somewhat more specific than hip BMO for 

predicting risk of fracture at the vertebral site (site specificity) is as 

expected based on the previously published meta-analysis by Marshall 

and colleagues where a 1 SO reduction in spine bone density 

measurement was associated with a relative risk of 2.3 (1.9-2.8) for 

vertebral fracture (Marshall, Johnell et al. 1996). Bouxsein et ai, however, 

reported a slightly higher predictive ability of femoral neck BMO over 

lumbar spine BMO for vertebral fracture in their analysis (age-adjusted 

OR's 2.5 and 2.3 respectively) (Bouxsein, Palermo et al. 2002). In the 

current analysis, lumbar spine BMO and OXR-MCI fared equally well, the 

OR's being 1.8 for both measures. OXR-BMO achieved a gradient of risk 

somewhat lower than that for spine BMO or OXR-MCI. In fact, the gradient 

of risk was similar to the other remote index, total hip BMO (OR's 1.6 and 

1.5 respectively). In contrast, Bouxsein et al reported lower predictive 

ability of OXR-BMO and OXR-MCI (OR's 1.9 and 1.8 respectively) 

compared to OXA measures (above), although these are not directly 

comparable as the cohorts and measures were different to the current 

analysis, and OR's for all four measures were already age-adjusted in 

their report (Bouxsein, Palermo et al. 2002). Bach-Mortensen et al also 

reported an OR of 2.0 for 1 SO reduction in OXR-BMO for vertebral 

fracture, although no other skeletal measures were compared in their 

analysis of post-menopausal women from the Copenhagen City Heart 

Study (Bach-Mortensen, Hyldstrup et al. 2006). There is some evidence 

that bone geometry, particularly for compact skeletal segments, is a 
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determinant of its strength at least as important as bone density (Gluer, 

Wu et al. 1993; Gatti, Sartori et al. 2001). While DXR indices might capture 

a component of bone strength determined by other areal properties of 

bone, the similar OR's for DXR-MCI and lumbar spine DXA are more likely 

to be a statistical quirk in view of the relatively modest number of incident 

fractures studied, as the point estimates are within the CI's of the other 

two measures. 

5.5.3 INDEPENDENT PREDICTORS ON MULTIVARIATE 

ANALYSIS 

In multivariate regression models, hip BMD and DXR-BMD were not 

independently related to fracture risk with OR's of 1.0, 0.7-1.4; and 0.8, 

0.4-1.5 respectively. In fact, in a forward-conditional logistic regression 

model only spine BMD, DXR-MCI and baseline history of prior vertebral 

fracture were significantly and independently associated with fracture risk 

(P<0.001). Bouxsein and colleagues did not report any analysis for 

independent predictors for fracture among the skeletal measures they 

studied. The finding of lumbar spine BMD as an independent predictor in 

the present study is as expected, as it is the local index of skeletal 

strength. History of prior vertebral fracture has also been shown to be a 

risk factor for future fracture in previous stUdies and is therefore an 

expected result in the current analysis. It is difficult to provide a biological 

explanation for the similar predictive abilities of DXR-MCI and lumbar 

spine BMD, apart from the suggestion above that DXR-MCI captures a 

component of skeletal strength determined by bone geometry or other 

attributes inaccessible to DXA, particularly as the correlation of DXR-MCI 
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with lumbar spine BMD was the least amongst the skeletal measures in 

this analysis (Pearson correlation coefficient 0.34). 

5.5.4 POTENTIAL LIMITATIONS 

The relatively small number of fractures studied meant that while the point 

estimates of the various OR's reached statistical significance, the 

confidence intervals were relatively wide. The setting of this study was a 

controlled trial of clodronate, and the selection of subjects was based on 

this, rather than a population-based cohort, which could probably have 

provided a more robust basis for evaluation of DXR. When this project was 

conceived, and analyses were completed and published as abstracts 

(Abstracts 4 and 6 listed at the beginning of the thesis), the randomisation 

information of the trial had remained undisclosed. Subsequent publication 

from the study confirmed the efficacy of clodronate in reducing the 

vertebral fracture incidence by 46% (McCloskey, Selby et al. 2004). This 

fracture-reducing effect of clodronate will need to be taken in to account in 

assessing the gradients of risk for fracture of the various measures, and it 

would be interesting to study if there is any effect on odds ratios when 

adjusted for clodronate treatment in multivariate regression analysis. One 

possibility is that, in an untreated population the gradients of risk could be 

greater than the findings presented here. For example, the OR for lumbar 

spine BMD for vertebral fracture risk in our study (OR 1.6, 1.2-2.1) was 

lower than the relative risk previously reported by Marshall and colleagues 

in a meta-analysis of untreated patients (RR 2.3, 2.0-3.5) (Marshall, 

Johnell et al. 1996), or indeed the OR reported by Bouxsein and 

colleagues (OR 2.3, 1.8-2.9) discussed earlier, where the subjects were 
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from the Study of Osteoporotic Fractures which had no treatment 

intervention (Bouxsein, Palermo et al. 2002). 

It is also possible that the spinal and peripheral skeletal strength are 

altered differently with clodronate treatment affecting the gradients of risk 

for the various skeletal measures differently. However, in the timescales 

similar to this study (3 years), any treatment such as clodronate is likely to 

have only a relatively small impact on a comparison of techniques within 

the same population as in the current study. It is intended that these 

issues will be addressed when preparing the analyses for publication in 

the near future when randomisation data will be available and added to the 

database and processed appropriately. 

5.6 CONCLUSIONS 

In this study, DXR-BMD and DXR-MCI were found to be comparable to hip 

or lumbar spine BMD as indicators of future vertebral fracture risk in 

osteoporotic women. In addition, DXR-MCI may capture a component of 

skeletal strength, and risk for vertebral fractures that is not accounted for 

by the other measures of skeletal strength studied. These simple 

measures may have wide applicability (especially where DXA is not 

available) since hand radiographs and DXR are relatively inexpensive. 
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6.1 ABSTRACT 

Introduction: The assessment and management of osteoporosis and 

fractures is expensive for national health systems. To improve fracture 

prediction in a cost-effective manner, effective utilisation of existing 

techniques will need to be supplemented by introduction of more 

affordable and widely available newer techniques. Metacarpal cortical 

index (MCI) is known to predict future fracture risk. In this study a new, 

rapid semi-automated technique to derive MCI from hand radiographs 

using a digitising tablet was evaluated. 

Methods: Subjects were 4929 women aged 75 years or older participating 

in the MRC HIPS study which was designed to evaluate risk factors for 

fracture combined with a placebo-controlled trial of oral clodronate 

(Bonefos®) for fracture prevention. Bilateral hand radiographs were 

obtained at baseline and the measurements were captured using a 

transparent cross-hair cursor with the films placed on a backlit digitising 

tablet and stored automatically in an electronic database. The length, total 

bone width and cortical thicknesses of the second to fourth metacarpals of 

both hands were measured. The MCI was calculated for both hands 

separately and an average value was also derived (AMCI). 

Results: During a median follow-up of 4 years, 792 women sustained at 

least one fracture; of these 180 sustained hip fractures and 658 sustained 

non-hip fractures. At baseline, these women had Significantly lower total 

hip BMD, forearm BMD and AMCI (all PSO.001). In univariate analysis the 

gradient of risk of fracture (odds ratio, 95% CI) for 1 standard deviation 

decrease in AMCI was 1.42, 1.22-1.65 for hip fractures; and 1.30, 1.20-
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1.40 for all fractures. The corresponding ORs for total hip BMD were 2.09, 

1.80-2.43 and 1.61, 1.49-1.74 respectively, and for forearm BMD were 

1.79, 1.52-2.11 and 1.47, 1.35-1.59 respectively. The gradients of risk with 

AMCI were either similar or higher than with unilateral MCI. However, 

SMCM indices were not significantly predictive of incident clinical vertebral 

fractures. After adjusting for significant extra-skeletal variables, AMCI 

remained significantly associated with both hip fractures and all fractures. 

However, after adjusting for total hip BMD, AMCI was not significantly 

predictive of fracture risk. 

Conclusions: AMCI computed using this rapid technique is an indicator of 

future fracture risk in elderly women in the community. As hand 

radiographs are inexpensive and easy to access, this technique could 

have wide applicability in screening and management of osteoporosis in 

the community, especially where access to DXA is limited. 
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6.2 INTRODUCTION 

Osteoporotic fractures cause significant morbidity and their management 

is a significant expense in the health systems of developed countries and 

is likely to become so in developing countries (Genant, Cooper et al. 

1999). The prevention of osteoporotic fractures by anti resorptive treatment 

and other measures is also a considerable expense and this has made 

identification of those at highest risk of fracture a priority for cost-effective 

prevention (NICE 2008; Tosteson, Burge et al. 2008). Despite the need, 

however, availability of, or access to diagnostic services is poor in several 

parts of the world (Genant, Cooper et al. 1999). 

A number of risk factors including low bone mineral density (BMD) 

predispose to osteoporotic fractures. The currently accepted definition and 

diagnosis of osteoporosis is based on T score derived from measurements 

of BMD by dual-energy x-ray absorptiometry (DXA) (Kanis 1994). 

However, setting up and running a bone densitometry service using DXA 

requires considerable resources including space and this may be an 

important limiting factor in providing diagnostic services in resource 

deprived areas. DXA may also have some limitations as an only 

assessment tool for osteoporotic fractures (Nielsen 2000). There is some 

evidence to suggest that composite measures of skeletal strength may be 

of more value in fracture prediction than single measurements (Gluer, Wu 

et al. 1993; Gatti, Sartori et al. 2001). Therefore, to improve fracture 

prediction and prevention in a cost-effective manner, a combined 

approach is needed involving effective utilisation of existing techniques 
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and knowledge of risk factors, and also introducing affordable and 

potentially more widely available techniques. 

Metacarpal morphometry (MCM) from hand radiographs (radiogrammetry) 

was one of the earliest methods described for systematic skeletal strength 

assessment and diagnosis of osteoporosis (Barnett and Nordin 1960). 

Traditional radiogrammetry, involved tedious and time consuming 

measurements of metacarpal dimensions using callipers and subsequent 

manual calculations. It therefore never gained mainstream recognition, 

especially with the advent of newer automated technologies such as single 

energy x-ray absorptiometry (SXA) and later DXA with the capability of 

measuring BMD at central sites. More recently, with the renewed interest 

in less expensive and potentially more widely available technologies, 

semi-automated techniques for MCM have been described which improve 

on the time and effort involved in obtaining measurements by traditional 

MCM (Matsumoto, Kushida et al. 1994; Yamamoto, Yuu et al. 1994). A 

fully automated system of digital x-ray radiogrammetry (DXR) has also 

been described since (Jorgensen, Andersen et al. 2000) and has been 

commercially available. 

A rapid, semiautomated MCM (SMCM) technique was developed in-house 

at the WHO Collaborating Centre in Sheffield, involving a back-lit digitising 

tablet. This technique was compared to a commercially available MCM 

technique (Bonalyser®, Teijin Corporation, Japan) in a cohort of 178 

osteoporotic women (mean age 70 years), and both were found to have 

similar intra-observer reproducibility of metacarpal cortical index (MCI) of 

the second metacarpal, which is a principal measure of MCM (Dey, 
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McCloskey et al. 2000). Although in that study, it was shown to be 

significantly associated with prevalent vertebral fracture, SMCM has not 

been tested for prospective incident fracture predictive ability previously. In 

this study was aimed at an evaluation of this technique in a large 

prospective setting, including comparisons with DXA and DXR. 

6.3 METHODS 

6.3.1 SUBJECTS 

MRC Hip Fracture Prevention Study (HIPS): HIPS was the largest single 

centre osteoporosis study in elderly women based at Sheffield, UK. The 

study aimed to identify risk factors associated with hip fracture and 

determine the efficacy of clodronate (Bonefos®, Leiras Oy, Finland.), an 

oral bisphosphonate, in fracture prevention. 5212 community-dwelling 

caucasian women aged 75 years or over were recruited to the study. 

6.3.2 DESIGN 

The study was conducted as a randomised, double-blind placebo 

controlled trial of clodronate. All subjects received either oral clodronate 

800mg daily or identical placebo for 3 years and were followed for up to a 

further 2 years. Extensive baseline data were collected at recruitment and 

this included height, weight, fracture and medical history and all had 

baseline measurements and investigations including hand radiographs. 

This particular analysis included 4929 subjects (94.6% of HIPS cohort) 

who had analysable SMCM measurements from baseline hand 
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radiographs. From the same radiographs, a subgroup of 654 subjects also 

had DXR measurements of the non-dominant hand. 

6.3.3 SEMI-AUTOMATED METACARPAL MORPHOMETRY 

This new technique was developed at Sheffield to derive the MCI from 

hand radiographs. A backlit digitising tablet and a transparent cross-hair 

cursor with click-buttons were developed to measure distances between 

two points. For example, the distance between points A & B were 

measured by clicking on point A and moving the cursor over the digitising 

tablet to point B and clicking a second time. A software program was 

developed to automatically record the distance between the two clicks. 

The program algorithm allowed for a set sequence of clicks to record 

several measurements in sequence automatically without any further 

operator input. 

The length, diameter (bone width) and the cortical thicknesses of the 

second to fourth metacarpals of both hands were captured using the 

cross-hair cursor on films placed on the digitising tablet and stored 

automatically in an electronic database. The data were subsequently 

transferred to the SPSS statistical package and processed. 

6.3.3.1 Metacarpal Cortical Index 

The cortical index of a tubular bone has traditionally been calculated as 

follows: CI= medial+lateral cortical thickness/bone width. 

The MCI was calculated as a weighted average of the middle 3 

metacarpals as follows: MCI = (CI2+Cb+0.5CI4)/2.5. 
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MCI was coded and analysed by non-dominant and dominant sides 

(NDMCI & DMCI). Average MCI was then computed as follows: AMCI = 

(NDMCI+DMCI)/2. 

6.3.4 DXA MEASUREMENTS 

Baseline BMD by DXA was performed for the hip on a Hologic QDR4500A 

scanner (Hologic Inc., Bedford, USA), and for the forearm using an 

Osteometer DTX200 (Osteometer Inc., Hawthorne, USA). 

6.3.5 DXR MEASUREMENTS 

In the smaller subgroup of 654 patients, the following DXR measurements 

were obtained using the Pronosco X-posure System Version 2.0 (Sectra 

Pronosco, Denmark). 

6.3.5.1 DXR-MCI: 

The cortical index (CI) of a tubular bone is calculated as: CI = 2t I W, 

where t = cortical thickness and W = bone width of said bone. DXR-MCI is 

computed in an automated sequence as a weighted average of the crs of 

the middle 3 metacarpals: MCI = (C/2+C/3+0.5C/4)) / 2.5 (Bouxsein, 

Palermo et al. 2002; Thodberg and Rosholm 2003) .. 

6.3.5.2DXR-BMD: 

This is computed using the formula for tubular bones as: DXR-BMD = e 7r t 

(1 - t IW), where 'e' is a constant representing the average mineral mass / 

unit volume of bone (Rosholm, Hyldstrup et al. 2001). 
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6.3.6 FRACTURES 

All subjects were followed up every 6 months by study nurses. Data 

collected included incident fracture history. All incident fractures which 

were clinically reported were confirmed independently and classified by 

reviewing the relevant x-ray or x-ray report. 

6.3. 7 STATISTICS 

The primary HIPS data and the initial data captured from SMCM were 

collected on databases derived from Microsoft Access. Data were 

transferred and final processing and statistical analysis was performed 

using the SPSS Version 11.x statistical package. Baseline characteristics 

of the whole cohort and fracture subgroups were studied using ANOVA. 

MCI measurements between left/right and nondominantldominant side 

subgroups were compared using paired t-tests. Gradients of risk for 

incident fracture for 1 standard deviation decrease in measurement of 

skeletal strength were studied using univariate and multivariate 

regression. Correlations between the various skeletal measures were 

studied using Pearson correlation coefficients. A P value of <0.05 was 

considered statistically significant. 

6.4 RESULTS 

The median follow up period for the study was 4 years. In the analysed 

cohort, 792 (16.1%) women sustained at least one fracture during the 

study. Of these, 180 (3.7%) sustained at least one hip fracture, and 658 
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(13.3%) sustained at least one non-hip fracture. The non-dominant side for 

the majority (96%) was the left side as expected. 

6.4.1 BASELINE CHARACTERISTICS 

At baseline, the fracture groups had significantly lower weight, hip and 

forearm BMD, and MCI indices (all P<0.05) (Table 6.1). The hip and axial 

(non-vertebral) fracture subgroups were also Significantly older (mean 81.0 

and 80.2 yrs respectively vs. 79.5 yrs for study cohort, P<0.001), while 

there was no significant difference in the appendicular fracture group. At 

baseline there was no difference in AMCI between the clodronate and the 

placebo groups (0.49±0.07 for both). Clodronate treatment had no 

Significant effect on incident hip or other fracture types other than on 

incident appendicular fracture, where there was a statistically significant 

decrease. 

MCI SUbtypes: The mean NDMel was significantly higher compared to the 

DMCI in the study cohort as a whole (0.51 and 0.47 respectively, paired t­

test P<0.001). Mean bone width was higher on the dominant side (8.14 vs 

8.04, P<0.001), but this was off-set by lower mean cortical thickness (1.93 

vs. 2.07, P<0.001), producing a lower mean DMCI compared to NDMC!. 

Similarly, mean NDCI2 was higher compared to DCb (0.52 and 0.49 

respectively, P<0.001). These trends were noted in the individual fracture 

groups as well with the non-dominant side values being higher than the 

dominant side. 
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Table 6.1. Baseline characteristics (mean ± SO). 

Study Hip fractures Appendicular Vertebral Axial (non-vert) All fractures 

cohort 

Number (%) 4929a 1BO(3.7) 449 (9.1) 77 (1.6) 1B9 (3.B) 792 (16.1) 

Age (years) 79.5±3.9 B1.0±4.6* 79.3±3.B 79.9±3.B BO.2±4.0** 79.9±4.1** 

Height (cm) 155.9±6.1 154. 9±6.1 ** 156.2±6.1 154.9±506 155.5±6.4 155.8±6.1 

Weight (kg) 65.1±12.0 59.3±10.3* 64.1±10.B 62±9.5** 62.2±12.7* 63.0±11.2* 

Body mass index 26.B±4.6 24.7±4.0* 26.3±4.1** 25.8±3.9 25.7±4.7** 25.9±4.3 

T. hip BMD (gcm-z) 0.75±0.14 0.65±0.13* 0.71±0.14* 0.70±0.13* 0.70±0.15* 0.70±O.14* 

Fern neck BMD (gcm-Z) 0.65±0.12 0.56±O.09* 0.61±O.11* O.61±0.12** 0.60±0.11* 0.60±0.11* 

Forearm BMD (gcm-z) 0.34±0.08 0.30±0.07* 0.32±0.07* 0.32±0.07** 0.31±0.O8* O.32±0.07* 

AMCI O.49±0.07 0.47±0.07* 0.4B±0.06* 0.49±0.OB 0.47±0.07* 0.4B±0.07* 

NDMCI 0.51±0.08 0.49±0.08* 0.49±0.07* 0.51±0.09 0.49±0.07* 0.49±0.07* 
I 

DMCI 0.47±0.OB 0.45±0.07* 0.46±0.07** 0.47±0.OB O.45±0.07* 0.46±0.07* 

NDClz 0.52±0.09 0.49±0.09* 0.50±0.09* 0.51±0.1 O.50±0.08* 0.50±O.09* 

DCb 0.49±0.09 0.47±0.OB* O.4B±O.OB** 0.50±0.O9 0.47±0.08* O.48±0.08* 

Clod ron ate treated (%) 2466 (50) 84 (47) 200 (45)* 34 (44) 97 (51) 367 (46)** 
- L- ___ _ __ 

a94.6% of HIPS cohort; ANOVA and Chi-square test (clodronate treatment): *P::;O.001; **P<O_OS. 
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6.4.2 PERFORMANCE ACCORDING TO QUARTILES OF 

MEASUREMENTS AND ROC CURVES 

Total hip BMD, forearm BMD and AMCI measurements were divided into 

quartiles of skeletal strength (1 =Iowest) and cumulative incidence of all 

fractures in each quartile for the three measures are shown in Figure 6.1. 

This shows the steepest distribution in hip BMD quartiles, suggesting it to 

be the most discriminating measure. Incidence in quartiles of forearm BMD 

was similar to AMCI. 

Figure 6.1. Cumulative incidence (Ufo) of all fractures in quartiles of 

hip BMD, forearm BMD and AMCI (1=lowest). 
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Receiver operating characteristics (ROC) curves were produced for total 

hip BMD, forearm BMD and AMCI to study their performance in the overall 

identification of incident fractures (Figures 6.2 and 6.3). The areas-under-

the-curve (AUC's) suggest that all 3 measures performed moderately well 
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in all-fracture identification (Table 6.2) . Hip BMD was however somewhat 

superior when individual fracture types were studied, while the AUC of 

AMCI for vertebral fracture identification was insignificant. 

Figure 6.2. Receiver operating characteristics (ROC) curves for 

skeletal measures at baseline: performance in identification of 

incident hip fracture. 
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Figure 6.3. Receiver operating characteristics (ROC) curve for 

skeletal measures at baseline: performance in identification of any 

fracture (cumulative all-fracture incidence). 
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Table 6.2. Performance of skeletal measures in incident fracture 

identification: areas-under-the-curve (standard error) based on ROC 

curves. 

Hip Appendicular Vertebral Axial (non- All fractures 

fractures vertebral) 

Total hip 0.71 (0.02) 0.60 (0.01) 0.61 (0.03) 0.62 (0.02) 0.63 (0.01) 

BMD 

Forearm 0.65 (0.02) 0.58 (0.01) 0.59 (0.03) 0.61 (0.02) 0.60 (0.01) 

BMD 

AMCI 0.61 (0.02) 0.57 (0.01) 0.51 (0.04) 0.58 (0.02) 0.58 (0.01) 
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6.4.3 GRADIENTS OF FRACTURE RISK FOR 1 STANDARD 

DEVIATION DECREASE IN MEASUREMENT 

All measurements were converted into standard deviation units compared 

to the mean. These were put through regression analyses to obtain 

gradients of risk for each SO decrease in measurement expressed as 

odds ratios (OR's) and 95% confidence intervals (Table 6.3) . In univariate 

regression analysis hip BMD and its subtypes were the strongest 

predictors of both hip and non-hip fracture with the highest OR's followed 

by forearm BMO. The OR's for SMCM indices were lesser for hip, 

appendicular and axial (non-vertebral) fractures with AMCI , NOMCI, and 

NDCI2 faring better than DMCI and DCI2. None of the SMCM indices were 

significantly predictive of incident clinical vertebral fractures. 

After adjustment for significant extra-skeletal variables, hip, appendicular 

and axial (non-vertebral) fracture prediction remained significant with all 

the measures (Table 6.4). In all cases, trends noted in univariate analyses 

were preserved with hip BMD remaining the strongest predictor of hip and 

other fractures. 
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Table 6.3. Gradients of fracture risk for 1 SO decrease in baseline measurement expressed as odds ratios, 95% confidence 

intervals. 

Hip fractures Appendicular Vertebral Axial (non-vert) All fractures 

Total hip BMO 2.09,1.80-2.43 1.42, 1.29-1 .52 1 .47, 1. 18-1 .84 1.54, 1.34-1.78 1 .61 , 1 .49-1 .74 

Femoral neck BMO 2.47, 2.07-2.97 1.42, 1.28-1 .58 1.45, 1.13-1 .85 1.53, 1.31 -1.80 1.64, 1.51-1 .79 

Forearm BMO 1.79, 1.52-2.11 1.33, 1.20-1.47 1.43, 1.13-1 .82 1.52, 1.30-1 .78 1.47, 1.35-1 .59 

AMCI 1.42, 1.22-1.65 1.24, 1.12-1 .37 1.06, 0.84-1 .32 1.33, 1.14-1 .53 1.30, 1.20-1.40 

NOMCI 1.38, 1.19-1 .61 1.27, 1.15-1.40 1.08, 0.86-1 .35 1.28, 1.11-1.48 1.30, 1.20-1.40 

OMCI 1.38, 1.19-1 .60 1.17, 1.06-1 .29 1.03, 0.82-1.28 1.32, 1.14-1 .52 1.24, 1.15-1 .34 

NOCI2 1.41 , 1.22-1 .64 1.21 , 1.09-1 .33 1.15, 0.92-1.44 1.28, 1.11-1.49 1.26, 1.17-1 .36 

OCI2 1.41 , 1.21-1 .64 1.15, 1.04-1 .26 0.98, 0.78-1 .23 1.32, 1.14-1 .53 1.22, 1.13-1 .31 
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Table 6.4. Gradients of fracture risk for 1 SO decrease in measurements adjusted for extra-skeletal variables significant in 

univariate analysis: age, height and weight for hip fracture; BMI and clodronate treatment for appendicular fractures; and 

age and weight for axial (non-vertebral) fractures (forward-conditional regression). Odds Ratios, 95% confidence intervals. 

Hip fractures Appendicular Axial (non-vert) All fractures 

Total hip BMO 1.81 , 1.53-2.16 1.42,1.28-1 .56 1.54, 1.34-1.78 1.61 , 1.49-1 .74 

Forearm BMO 1.40, 1.15-1 .70 1.33, 1.20-1.47 1.52, 1.30-1 .78 1.46, 1.35-1 .59 

AMCI 1.21 , 1.03-1.42 1.24, 1.12-1.37 1.27, 1.09-1 .48 1.26, 1.16-1 .36 

NOMCI 1.19, 1.01-1 .40 1.27,1. 15-1 .40 1.23, 1.06-1.43 1.26, 1.17-1 .36 

NOCI2 1.22, 1.04-1.44 1.20, 1.09-1 .33 1.23, 1.06-1.43 1.22, 1.13-1 .33 
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6.4.4 INDEPENDENT PREDICTORS OF FUTURE FRACTURE 

All variables significant at baseline were entered into multivariate logistic 

regression models to derive independent associations with fracture risk. 

Total hip BMD was an independent predictor for all fractures (Table 6.5). 

In addition, age and weight were independent predictors of hip fracture. 

Forearm BMD was an independent predictor of axial (non-vertebral) 

fracture but not of other types. Clodronate treatment was independently 

associated with reduced appendicular fracture risk. Although independent 

of age, weight and clodronate treatment as mentioned previously, AMCI 

was no longer significantly associated with either hip or other fracture type 

after adjustment for hip BMD. 
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Table 6.5. Independent predictors of future fracture: mUltivariate regression analysis. 

Hip fractures Appendicular Axial (non-vert) All fractures 

Age (yrs) 1.04,1.01-1.08* - 1.02, 0.98-1.05 1.00, 0.98-1.02 

Height (cm) 1.02, 0.99-1.05 - - -

Weight (kg) 0.98,0.97-1.00* - 1.00, 0.98-1.02 1.00,1.00-1.01 

Total hip BMO (1 SO decrease) 1.81,1.53-2.16* 1.42, 1.29-1.57* 1.36, 1.12-1.64* 1.50, 1.35-1.66* 

Forearm BMO (1S0 decrease) 1.00, 0.78-1.27 1.06,0.92-1.23 1.24, 1.01-1.51* 1.12,1.01-1.25* 

AMCI (1S0 decrease) 1.01, 0.83-1.23 1.07, 0.95-1.21 1.05, 0.88-1.27 1.05, 0.95-1.16 

Clod ron ate rx - 0.79,0.65-0.96* 1.07, 0.86-1.43 0.83,0.71-0.98* I 

*Forward-conditional regression, P<O.05. 
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6.4.5 ASSOCIATIONS BETWEEN DXA AND SMCM INDICES 

The correlation between hip and forearm BMO and SMCM indices was 

studied using scatter plots (Figures 6.4, 6.5 and 6.6) , and Pearson 

coefficients (Table 6.6). AMCI had somewhat better correlations with both 

OXA indices than NOMCI although all correlations were significant. AMCI 

had stronger correlation with forearm than hip BMD. 

Figure 6.4. Scatter plot showing correlation between AMCI and total 

hip BMD by T scores . 
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Figure 6.5. Scatter plot demonstrating correlation between AMCI and 

DXR-MCI. 
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Figure 6.6. Scatter plot demonstrating correlation between AMCI and 

forearm BMD. 
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Table 6.6. Correlations between DXA and SMCM indices (Pearson 

coefficients, all P<O.001). 

Forearm BMO AMCI NOMCI 

Total hip BMO 0.65 0.41 0.38 

Forearm BMO - 0.56 0.51 

AMCI - - 0.93 

6.4.6 COMPARISONS AND ASSOCIATIONS BETWEEN DXR 

AND SMCM INDICES 

In the study group, 654 subjects also had OXR indices measured from the 

non-dominant hand. Of the MCM indices, OXR-BMO correlated best with 

AMCI (0.73) in this subgroup (Table 6.7). There were significant 
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differences (t-tests P<0.001) between mean OXR-MCI (O.32±0.05) and 

mean values of AMCI, NOMCI and OMCI (0.49±0.07, 0.51±0.08 and 

0.47±0.08 respectively). Although mean OXR-MCI was closest to mean 

DMCI, correlation was best with AMCI (0.85) and less with NDMCI and 

DMCI (0.81 and 0.79 respectively). 

Table 6.7. Correlations between DXR and SMCM indices (Pearson 

coefficients, all P<O.001) . 

DXR-MCI AMCI NOMCI OMCI 

DXR-BMD 0.90 0.73 0.68 0.67 

DXR-MCI - 0.86 0.81 0.79 

6.4.7 DIAGNOSIS OF OSTEOPENIA AND OSTEOPOROSIS BY 

AMCI 

Using the WHO definitions of osteopenia and osteoporosis based on total 

hip BMD (T scores <-1 and <-2.5 respectively) ROC curves were produced 

to illustrate the diagnostic ability of AMCI (Figures 6.7 & 6.8). The areas 

under the curve (AUC's) for diagnosis of both osteopenia and 

osteoporosis were similar (0.70, SE 0.01). Based on the ROC curves, 

three thresholds were chosen to derive sensitivity, specificity, positive 

predictive value and negative predictive value for both diagnoses and 

findings are summarised in Table 6.8. These suggest that an AMCI > 

0.535 rules out osteoporosis with a high negative predictive value (92.1 %) 
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and an AMCI < 0.485 suggests a diagnosis of osteopenia/osteoporosis 

with a high positive predictive value (81.2%). 

Figure 6.7. ROC curve illustrating performance of AMCI in diagnosing 

osteoporosis (T. hip T score < -2.5). 
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Figure 6.8. ROC curve illustrating performance of AMCI in diagnosing 

osteopenia or osteoporosis (T. hip T score <.1). 
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Table 6.8. Performance of various AMCI thresholds in diagnosing osteopenia/osteoporosis (T. hip T score <-1) 

and osteoporosis (T. hip T score <-2.5). PPV=positive predictive value & NPV=negative predictive value. All 

values as percentages. 

AMCI Osteopenia Osteoporosis 

threshold Sensitivity Specificity PPV NPV Sensitivity Specificity PPV NPV 

<0.485 54.3 73.1 81.2 41.3 69.5 59.5 27.5 89 

<0.507 67.8 60.6 78.9 45.2 80.3 54.2 24.7 90.4 

<0.535 82.0 44.8 76.4 52.1 90.0 29.9 22.2 92.1 

--
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6.5 DISCUSSION 

In this study the ability of a new SMCM technique in predicting fracture risk 

was analysed and compared with other measures of skeletal strength. Hip 

and forearm BMO were significantly lower in all fracture groups. SMCM 

indices were significantly lower in hip, appendicular and axial (non­

vertebral) fracture groups at baseline but not in the clinical vertebral 

fracture group. AMCI had slightly higher predictive ability for various 

fracture types than NOMCI or OMCI, but this was lower than that of hip 

and forearm BMO. None of the SMCM indices were significantly predictive 

of clinical vertebral fracture risk. 

6.5.1 HAND DOMINANCE AND MCI 

Although MCM has been traditionally performed on the non-dominant side, 

there have been few papers commenting on the effect of handedness, 

with particular reference to fracture risk assessment. In our study, NOMCI 

was significantly higher than OMCI across the whole cohort. This is in 

contrast to a recent report of significantly higher MCI on the dominant side 

in right handed people (0.62 vs 0.61, P==0.02), but no significant difference 

in left handed people (Vehmas, Solovieva et al. 2005). However, this study 

included only 543 subjects, the MCI was calculated from the 2nd 

metacarpal alone, and the difference was small although statistically 

significant. 

In another study comparing the structure of the 2nd metacarpal based on 

hand dominance, Roy et al found that overall cortical thickness did not 

show significant side-related differences for either handedness although 
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significant periosteal and endosteal expansion of the second metacarpal 

cortex was noted on the dominant side, in both left- and right-handers 

(Roy, Ruff et al. 1994). Similarly, as noted earlier, in the present study 

mean bone width was higher on the dominant side, but this was off-set by 

lower mean cortical thickness, producing a lower mean DMCI compared to 

NDMC/. A greater loss of metacarpal cortical thickness in women 

compared to men after the 5th decade has been reported previously (Plato 

and Purifoy 1982). However, the mechanism for a differential loss 

producing a lower cortical thickness in either hand compared to the other 

is unclear. 

6.5.2 PREDICTING FUTURE FRACTURE RISK 

The performance of total hip and femoral neck BMD in predicting hip 

fracture (OR's 2.09 and 2.47 respectively) was somewhat lower than that 

reported by Bouxsein and colleagues for femoral neck BMD (relative 

hazard 3.0), but they used a case-cohort approach using a smaller, 

fracture-rich study group (Bouxsein, Palermo et al. 2002). Our results were 

closer to those reported in a meta-analysis of prospective studies where 

the relative risk for hip fracture was 2.6 for measurement at the hip 

(Marshall, Johnell et al. 1996). 

The SMCM indices performed similarly in predicting future fracture risk in 

our study with AMCI performing slightly better than the other indices. A 

fairly large intra-observer reproducibility error (CV=9.37%) was reported 

previously with the SMCM technique in acquiring unilateral MCI from a 

single (right second) metacarpal (Dey, McCloskey et al. 2000). AMCI is a 

composite measurement from six metacarpals rather than a single 
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metacarpal. This may have reduced the confounding effect of 

measurement error providing a more accurate skeletal strength 

assessment resulting in the somewhat better performance noted in 

fracture prediction compared to the single metacarpal measures (DCb and 

NDCb). 

SMCM indices did not predict clinical vertebral fracture risk although non­

vertebral axial fracture risk was predicted. In three previous studies 

metacarpal indices have been shown to predict vertebral fracture risk 

(Dey, McCloskey et al. 2000; Bouxsein, Palermo et al. 2002; Bach­

Mortensen, Hyldstrup et al. 2006). The first two of these studies used non­

prospective approaches on smaller cohorts using patients known to have 

(and therefore essentially prevalent) vertebral fractures and comparing 

them to controls. The prospective study reported by Bach-Mortensen et al 

had a longer mean follow-up of 6.1 years (compared to mean of 4 years 

for the present study), and while they reported an OR of 2.0 for vertebral 

fracture with 1 SO decrease in DXR-BMD, DXR-MCI was not reported on 

for any of the fracture types studied. In the present study only clinically 

reported and confirmed vertebral fractures were included prospectively, 

and regular radiological screening of the whole cohort was not undertaken 

to confirm all incident vertebral deformities. However, it is known that the 

majority of vertebral fractures are silent (Ziegler, SCheidt-Nave et al. 1996; 

McKiernan 2009). The incidence of vertebral fracture has been reported 

as 10.7/1000 per year in European women over 50 years (EPOS 2002). In 

fact, in the HIPS cohort itself, at baseline the prevalence of vertebral 

fracture was 14.5% by vertebral fracture analysis of densitometer acquired 
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images (McCloskey, Vasireddy et al. 2008). The cumulative incidence of 

radiological vertebral fractures is therefore likely to have been higher than 

the clinically reported fractures (1.6%, Table 6.1) in the present study. It 

may be speculated that SMCM indices may have been predictive if all 

radiologically detectable vertebral deformities were included in the 

analysis, particularly, as noted in Table 6.3, there was a trend for NDCI2 

for predicting vertebral fractures with an OR of 1.15 for 1 SO decrease, 

although the confidence intervals embraced unity. Another possibility may 

be that perhaps, SMCM measures are more geometric, structural indices 

rather than density indices, and the latter may be of more value in 

predicting vertebral fractures. However, this explanation seems less likely, 

as DXR-MCI in the VaT cohort (Chapter 5), also calculated similarly, not 

only significantly predicted incident morphometric vertebral fractures 

(cumulative incidence 16.7% over a similar follow-up period) with a 

performance similar to lumbar spine BMD, but it was also independent of 

spine BMD in its predictive ability in multivariate analysis. 

6.5.3 ASSOCIATIONS AMONGST THE VARIOUS SKELETAL 

MEASURES 

Of the SMCM indices AMCI had the strongest correlations with hip and 

forearm BMD. In fact, AMCI also had better correlations with DXR indices 

than NDMCI, although the DXR indices were also measured only from the 

non-dominant side. This is again possibly because AMCI is a composite 

measurement from six metacarpals reducing the measurement error and 

regressing it more towards true skeletal strength. However, there was high 

correlation between AMCI and NDMel (r=0.93) and this was better than 
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that with DXR-MCI for either (r=0.86 and 0.81 respectively). The 

correlation between forearm BMD and AMCI (r=0.56) was slightly better 

than that reported previously between forearm BMD and MCI by the Teijin 

Bonalyzer® (r=0.50) (Dey, McCloskey et al. 2000), but somewhat worse 

than that reported by Bouxsein et al between distal radius BMD and DXR­

BMD (r=0.68) (Bouxsein, Palermo et al. 2002), and that reported earlier in 

Chapter 4 between forearm BMD and OXR-BMO, and between forearm 

BMD and DXR-MCI from the HIPS cohort (r=0.71 and 0.68 respectively, 

Table 4.7). 

The mean OXR-MCI was significantly lower than the mean NDMCI 

measured from the same side despite the correlation being high. This is 

most likely because the difference is systematic, and similar to the 

systematic discrepancy noted previously with MCI by SMCM and the Teijin 

Bonalyzer® (mean, 0.44 and 0.36 respectively, P<0.001) (Dey, McCloskey 

et al. 2000). This is likely to be because the measurements are acquired 

somewhat differently by different methods. DXR cortical thickness and 

bone width measurements are averaged over much longer regions of 

interest (ROI). For example, the measurement ROlon the shaft of the 

second metacarpal is 2.0 cm long (Bouxsein, Palermo et al. 2002). 

Anatomically, the thickest part of the cortex of a tubular bone is in the mid­

shaft or diaphysis, gradually thinning out towards the metaphysis, while 

the bone width is lowest at middle of the diaphysis and gradually increases 

towards the metaphysis. Therefore, the longer segments measured in 

DXR are likely to give, on averageing, lower cortical thickness and higher 
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bone width, compared to the midshaft measurements of SMCM, resulting 

in lower DXR-MCI. 

6.5.4 POTENTIAL LIMITATIONS 

The setting for the study was a trial of clodronate, which could have 

affected the fracture predictive ability of baseline measures. However, 

clodronate had no significant effect on hip and axial fractures. Although 

there was a protective effect on appendicular fracture and overall fracture 

incidence, DXA and SMCM measures remained significantly predictive of 

fracture risk after adjustment for clodronate treatment in logistic regression 

models. 

The median follow up was relatively short (4 years). Bouxsein et al 

reported that metacarpal measures were predictive of fracture over a 

similar follow up period (Bouxsein, Palermo et al. 2002), and Bach­

Mortensen et al reported predictive ability over a somewhat longer mean 

follow up of 6.1 years (Bach-Mortensen, Hyldstrup et al. 2006). The ability 

of MCM in predicting longer term fracture risk is unknown, but this is likely 

to be similar to that of other peripheral measures such as forearm BMD 

with which it correlates well. For example, forearm BMD has been shown 

to be predictive of fracture risk over a 25 year period (Duppe, Gardsell et 

a\. 1997). 

As mentioned previously, a fairly large intra-observer reproducibility error 

with SMCM has been reported previously for MCI from a single metacarpal 

which may compromise its utility in a clinical setting (Dey, McCloskey et al. 

2000). However, AMCI, a six-metacarpal measure, seems to have 
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improved correlation with other established skeletal measures without 

compromising the fracture predictive ability. 

6.6 CONCLUSIONS 

In this prospective study, we found that a new, rapid, semi-automated 

MCM technique predicts future risk of fracture. Although forearm BMD and 

AMCI were similarly predictive of appendicular fractures, the fracture 

predictive ability of hip and forearm BMD by DXA remained superior 

overall for all fractures, including clinical vertebral fractures where SMCM 

indices were not predictive. 

The results suggest good evidence for the use of AMCI by SMCM as an 

alternative peripheral measure of skeletal strength especially where other 

measures of skeletal assessment are not available. It may also have a 

screening role in identifying those who might be referred for axial DXA. 
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7 EFFECTS OF PRE-EXISTING MEDICAL 

CONDITIONS ON METACARPAL RADIOGRAPHIC 

INDICES 
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7.1 ABSTRACT 

Introduction: Several medical conditions may affect the peripheries, but 

their effect on peripheral bone strength measurements has been poorly 

studied. In this study, the distribution of measurements with dual-energy x­

ray absorptiometry (DXA) , a semi-automated metacarpal morphometry 

(SMCM) technique, and digital x-ray radiogrammetry (OXR) were studied 

in elderly women with respect to medical history. 

Methods: The MRC HIPS study was a community based study of risk 

factors for hip fractures in elderly women, combined with a placebo 

controlled trial of cJodronate (Bonefos®). Self-reported medical history was 

recorded at study entry. Baseline measurements included hip and forearm 

OXA and hand radiographs for SMCM and OXR. 4929 participants had 

non-dominant hand and average-of-both-hands metacarpal cortical indices 

(NO-Mel & AMCI) measured using a locally developed SMCM technique. 

687 randomly selected participants also had OXR bone mineral density 

(OXR-BMO) & OXR-MCI measured. 

Results: 

SMCM cohort: Compared to the whole cohort, hip & forearm OXA and 

AMCI & NO-MCI were lower in rheumatoid arthritis (RA), current 

glucocorticoid (GC) use, and RA+GC use (P<0.05), and were higher in 

type 2 diabetes (P<0.01). Hip & forearm OXA were slightly higher in 

hypothyroidism, while AMCI & NO-MCI were slightly lower with a history of 

stroke (P<0.05). When the measures were converted to standard deviation 

units (cohort Z scores) the largest magnitude for the measures (in either 

positive or negative direction) was seen with RA+GC use (hip DXA -0.53, 
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forearm DXA -0.82, AMCI -1.14, NO-MCI -1.09) and least with OA 

(+0.04, +0.04, -0.01 & -0.01 respectively). 

DXR cohort: RA, CS use, and RA+GC use had lower forearm DXA and 

DXR indices (P<0.05). Trends in other conditions were similar to that in 

the larger cohort but did not reach significance. Cohort z-scores were 

similarly largest for all measures with RA+GC use, and least in OA. When 

changes were converted to standard deviation units with respect to peak 

bone mass (T scores), the whole cohort's mean T scores were hip OXA-

1.64, forearm OXA -2.66 and DXR-BMD -2.97. Changes were largest 

with RA+GC use (-2.4, -4.15 & -5.09 respectively), and least for hip OXA 

with stroke (-1.49), for forearm DXA with hypothyroidism (-2.5), and for 

DXR-BMO with Parkinson's (-2.68). 

Conclusions: In this study, there was a trend for disproportionately 

greater bone loss with age at the metacarpal site compared to the hip and 

forearm. In some medical conditions there is an even greater discrepancy 

in the MCM measures suggesting a disease related bone loss or gain 

compared to the mean at the periphery. The trends were significant with 

forearm and metacarpal indices in RA where, in fact, forearm BMO was 

the strongest predictor of all fracture risk, while hip BMO was the strongest 

predictor of all fracture risk in the whole cohort. These factors will need to 

be taken into account when reporting and interpreting MCM indices, 

especially when they are likely to be used as stand alone services. 
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7.2 INTRODUCTION 

Although a significant proportion of osteoporosis in the community is post­

menopausal or senile in etiology, it often occurs as a consequence of, or is 

accelerated by other conditions such as medical diseases or drug 

exposures (Johnson, Lucasey et al. 1989). Medical conditions have also 

been shown to be associated with fracture risk itself independent of bone 

mineral density (SMO). Rheumatoid arthritis (RA) has been shown to be 

associated with osteoporosis in early and late disease (Gough, Lilley et al. 

1994; Shenstone, Mahmoud et al. 1994). Increased hip and vertebral 

fracture risk in RA has been reported previously, particularly when treated 

with glucocorticoids (Cooper, Coupland et al. 1995; Peel, Moore et al. 

1995). Increased bone loss, with resulting osteoporosis and increased 

fracture risk, has also been documented with corticosteroid therapy 

independent of underlying disease (van Staa, Leufkens et al. 2002). 

A significant proportion of patients with stroke have been shown to be 

osteoporotic at stroke-onset (Watanabe 2004). Stroke has also been 

shown to be associated with accelerated bone loss post-stroke with 

increased fracture risk (Poole, Reeve et a!. 2002). Type 1 diabetes 

mellitus (OM) is associated with modest bone loss while type 2 OM is 

associated with increased BMD (Schwartz 2003). However, more recently 

both type 1 and type 2 OM have been shown to be associated with 

increased fracture risk (Nicodemus and Folsom 2001; Schwartz, 

Sellmeyer et al. 2001). In hyperthyroidism an increased fracture risk has 

been reported as a result of bone loss and osteoporosis, while in 

hypothyroidism an increased fracture risk has been reported despite 
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normal or increased bone density (Vestergaard, Weeke et al. 2000; 

Lakatos 2003). 

Measurement of BMD by dual-energy x-ray absorptiometry (DXA) at the 

spine or hip has been the reference standard for the diagnosis of 

osteoporosis and estimation of fracture risk (Kanis 1994). However, setting 

up and running a full-fledged DXA service can be a significant expense, 

and this has been a limiting factor in the provision of osteoporosis services 

in many parts of the world. Therefore, technologies with cost, space and 

portability advantages are being developed for the assessment of 

osteoporosis and prediction of fracture and are becoming more widely 

available. Metacarpal morphometry (MCM) was one of the earliest 

methods described for systematically assessing bone strength from hand 

radiographs (Barnett and Nordin 1960). However traditional MCM was 

tedious and time consuming involving several measurements with callipers 

and manual calculation of metacarpal cortical index (Mel) and did not 

achieve mainstream recognition. More recently, a semiautomated MCM 

(SMCM) technology which was developed in-house in Sheffield at the 

WHO Collaborating Centre has been described previously (Dey, 

McCloskey et al. 2000), and its performance in fracture prediction was 

described in Chapter 6. A commercial digital x-ray radiogrammetry (DXR) 

system has also recently been available which uses fully automated MCM 

to derive MCI and DXR-BMD (Jorgensen, Andersen et al. 2000), and its 

performance in fracture prediction has been described in Chapters 4 and 

5. 
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With greater availability, peripheral bone strength assessing technologies 

including those based on MCM are beginning to be used more frequently 

in the provision of osteoporosis services. Several medical conditions such 

as those discussed above may affect the peripheries, but their effect on 

peripheral bone strength measurements, and consequently on fracture 

prediction, has been poorly studied. Measurements with DXA at the hip 

and forearm, an in-house SMCM technique, and a commercially available 

DXR system in elderly women with respect to medical history were 

compared in this study. 

7.3 METHODS 

7.3.1 SUBJECTS 

This analysis was carried out on the data from participants in the MRC Hip 

Fracture Prevention Study (HIPS). This was a Sheffield, UK, based study 

of risk factors for hip fracture in elderly women, combined with a double­

blind placebo-controlled trial of the oral bisphosphonate, clodronate 

(Bonefos®). 5212 community dwelling women aged 75 years or over were 

recruited to the study. They received either oral clodronate 800 mg daily or 

identical placebo daily for 3 years and were followed for up to a further 2 

years. At baseline extensive data were collected including self-reported 

medical history. 
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7.3.2 DESIGN 

The current analysis was performed on 4929 women from the HIPS cohort 

who had SMCM measurements (described below) from hand radiographs. 

687 participants from the HIPS who were pre-selected for other nested 

case-control analyses also had DXR measurements from the hand 

radiographs, and analysis of DXR indices from this subgroup also is 

presented. 

7.3.3 MEASUREMENTS I INVESTIGATIONS 

All subjects had height and weight measured, and had baseline hand 

radiographs taken at study entry. 

7.3.3.1DXA 

Total hip and distal forearm BMD was measured on the non-dominant side 

by Hologic QOR4500A (Hologic Inc., Bedford, USA), and Osteometer DTX 

200 (Osteometer, Hawthorne, USA) respectively. 

7.3.3.25emi-automated metacarpal morphometry 

An in-house technique developed in Sheffield and described previously 

was used (Dey, McCloskeyet al. 2000). A transparent cross-hair cursor 

with click buttons and a back-lit digitising tablet were developed for 

capturing measurements automatically on to an electronic database. The 

hand radiograph was placed on the digitising tablet and the cursor was 

moved on the regions of interest. The distance between any two points 

was measured by clicking the cursor on the first pOint and dragging it over 

the digitising tablet to the second point and clicking a second time, the 
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distance between the two clicks being recorded electronically in the 

database. The software program algorithm allowed for a set sequence of 

measurements to be taken with a series of clicks without any further 

operator input. 

Measurements of length, medial and lateral cortical thicknesses and total 

bone width of the second, third and fourth metacarpals were captured from 

both hands. The data were subsequently transferred to the SPSS version 

11 statistical package for processing and analysis. 

The cortical index (CI) of a tubular bone is calculated as follows: CI :: 2t1W, 

where 'f is the cortical thickness and 'W' is the bone width. The 

metacarpal cortical index is calculated as the weighted average of the 

cortical indices of the middle 3 metacarpals as follows: MCI:: 

(CI2+CI3+0.5CI4)/2.5. 

The MCI's for both the dominant (OMCI) and non-dominant (NOMCI) 

hands were calculated and an average MCI was calculated as follows: 

AMCI=(OMCI+NOMCI)/2. 

7.3.3.30XR measurements 

DXR measurements were obtained from the non-dominant hand in the 

hand radiograph using the Pronosco X-posure System® version 2.0 

(Sectra-Pronosco, Denmark). This system uses a high resolution scanner 

for scanning the hand radiograph and the data are processed in a 

dedicated computer. The software automatically identifies the regions of 

interest for measurement and the output indices are DXR-MCI which is 

computed as above, and OXR-BMD which is computed as follows: OXR­

BMO:: C 1T t (1 - t /W), where 't' is the average cortical thickness, 'W'the 
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average bone width and 'c' is a constant representing the average mineral 

mass I unit volume of compact bone (Rosholm, Hyldstrup et al. 2001). 

7.3.4 STATISTICS 

The primary data from HIPS as well as the metacarpal radiographic data 

were collected initially on Microsoft Access based databases. The data 

were processed and analysed using the SPSS® version 11.x statistical 

package. Baseline measurements were compared using ANOVA and Chi­

square tests. Measurements were also converted to standard deviation 

(SO) units and the magnitude of variation amongst the skeletal measures 

in each medical condition was studied using paired t-tests and Wilcoxon 

signed rank tests. Gradients of risk for future fracture with 1 SO decrease 

in measurement were calculated using regression models. Correlations 

between various measures were expressed as Pearson coefficients. A P 

value of <0.05 was considered significant. 

7.4 RESULTS 

SMCM measurements were compared to OXA measurements in various 

conditions in the larger cohort and are presented first. OXR measurements 

available in the smaller subgroup were compared with OXA and are 

presented separately below. 

Medical conditions considered included any history of RA, OA, current 

glucocorticoid use (CS use) for any reason, stroke, Parkinson's disease 

(PO), type 1 diabetes, type 2 diabetes, hypothyroidism, and 

hyperthyroidism. 
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7.4.1 SMCM COHORT: SMCM AND DXA INDICES 

7.4.1.1 Baseline characteristics 

Compared to the rest of the cohort, total hip BMO, forearm BMO, and 

AMCI were lower in RA, CS use, and RA+GC use (all P<O.05), and were 

higher in OA and type 2 diabetes (P<O.01) (Table 7.1). Hip and forearm 

BMO were slightly higher in hypothyroidism, while AMCI was slightly lower 

with a history of stroke (P<O.05). There were also statistically significant 

differences in one or more extra-skeletal variables (age, height and 

weight) in RA, RA+GC, OA, type 2 OM and hypothyroidism when 

compared to the rest of the cohort. 
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Table 7.1. SMCM cohort: DXA & SMCM indices in various clinical conditions (mean ± SO). 

No. Age Height Weight T. hip BMD Forearm BMD AMCI 

(yrs) (cm) (kg) (gcm-2 ) (gcm-2 ) 

Total cohort 4929 79.5±3.9 155.9±6.1 65.1±12.1 0.75±0.14 0.34±0.OB 0.49±0.07 

RA 9B 79.5±4.0 155.4±6.3 62.3±11.7a O.70±O.14b O.32±O.OBb O.44±O.09b 

Current GC use 164 7B.9±3.3 155±6.0 63.B±13.2 O.72±O.14b 0.32±O.OBb 0.46±O.OBb 

RA+GC 29 79.1±3.B 154±6.4 59.1±B.5a O.6B±O.12a 0.2S±O.06b O.41±O.09b 

OA 3435 79.7±4.0b 155.7±6.1a 66.1±12.3b O.76±O.14b 0.34±0.OSb 0.49±0.07 

Stroke 122 SO.2±4.1a 155.5±6.6 66±13.1 0.73±O.16 0.33±0.OB 0.4B±0.07a 

Parkinson's 43 79.6±3.7 153.6±7.1a 62.6±15.4 O.74±O.16 0.33±0.OB 0.4B±O.09 

Type 1 DM 40 7B.8±3.7 157.2±6.6 72.B±14.2b 0.77±O.18 0.36±0.09 O.48±0.OB 

Type 2 DM 222 79.S±4.0 155.6±6.5 6B.B±12.7b 0.81±O.15b 0.37±0.OSb O.51±0.07b 

Hypothyroidism 416 79.3±4.0 156.3±6.0 6B.1±13.0b 0.77±0.14a 0.35±0.08b O.50±0.07 

Hyperthyroidism 47 SO.1±4.0 156.4±6.2 62.4±10.0 O.72±0.14 0.32±0.OB O.4B±O.07 
- --

ap<0.05, and bp::::;0.001 by ANOVA compared to rest of cohort. 



Metacarpal Radiographic Indices In Bone Assessment 138 

The differences in the mean skeletal measures in these conditions were 

studied in linear regression to determine significance with respect to extra-

skeletal variables (Table 7.2). After adjustment for significant extra-skeletal 

variables, Beta coefficients for hip BMD, forearm BMD and AMCI in RA, 

and for forearm BMD and AMCI in RA+GC remained significantly lower 

compared to the total cohort. Similarly, in type 2 DM, Beta coefficients 

remained significantly higher for all three skeletal measures compared to 

mean cohort values after adjustment for significant extra-skeletal 

variables. Beta coefficients were no longer significant in OA and 

hypothyroidism after adjustment for extra-skeletal variables. 

Table 7.2. Differences in mean skeletal measures in selected 

conditions compared to mean cohort values expressed as Beta 

coefficients in linear regression: Unadjusted (univariate) and 

adjusted (multivariate) for significant extra-skeletal variables (one or 

more of age, height and weight as appropriate). 

Hip BMD Forearm BMD AMCI 

Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted 

RA -0.056b -0.041b -0.026a -0.017a -0.055b -0.052b 

RA+GC -0.075a -0.041 -0.063b -0.043b -0.080b -0.073b 

OA 0.017° 0.001 0.01° 0.001 - -

Type 2 OM 0.062b 0.04b 0.035b 0.023b 0.021b 0.017b 

Hypothyroidism 0.017a 0.001 0.014b 0.003 - -

a 01 P<0.05 and P<0.001. 



Metacarpal Radiographic Indices In Bone Assessment 139 

7.4.1.2Comparison of cohort Z scores in various medical 

conditions 

When the measurements were converted to standard deviation units 

(cohort Z scores) the largest magnitude (either positive or negative) in the 

scores was seen with RA+GC use (hip DXA -0.53, forearm DXA -0.82, & 

AMCI -1.14) and least with OA (+0.04, +0.04, & -0.01 respectively) (Table 

7.3). AMCI Z scores were significantly lower than hip Z scores in RA and 

RA+GC subgroups, and significantly lower than forearm Z scores in RA, 

type 1 OM and type 2 OM subgroups (paired t tests, P<0.05). Similar 

findings were noted with OA, but the magnitude of the scores themselves 

was smallest compared to the other medical conditions as mentioned 

above, suggesting the statistical significance is secondary to the large 

numbers of patients rather than a clinically relevant difference. Although 

there were some trends towards lower AMCI Z scores in other medical 

conditions, they were not statistically significant. 
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Table 7.3. SMCM cohort: comparison of cohort Z scores [mean 

(standard error of mean)) of skeletal measures in prevalent medical 

conditions. 

Hip BMO Forearm BMO AMCI 

RA -0.39(0.10) -0.34(0.10) -0.77(O.13)a,b 

Current GC -0.26(0.08) -0.28(0.08) -0.41 (0.09) 

RA+GC -0.53(0.16) -0.82(0.16) -1.14(0.23)a 

OA 0.04(0.02) 0.04(0.02) -0.01 (0.02)a,b 

Stroke -0.16(0.11) -0.1 (0.1 0) -0.21 (0.09) 

Parkinson's -0. 11 (0. 18) -0.2(0.15) -0.21 (0.19) 

Type 1 OM 0.11(0.21) 0.22(0.19) -0.25(0.18}b 

Type 2 OM 0.42(0.07) 0.44(0.07) 0.29(0.07}b 

Hypothyroid ism 0.11 (0.05) 0.16(0.05) 0.07(0.05) 

Hyperthyroid ism -0.24(0.14) -0.21 (0.14) -0.21(0.15) 

. a • 01 Paired t-tests. P<O.05 compared to hip BMD, P<O.05 compared to forearm 

BMD. 

7.4.1.3Gradients of risk for incident fracture in SMCM 

cohort, and RA and type 2 OM subgroups (Table 7.4) 

To assess whether the significant differences amongst the three skeletal 

measures in RA were reflected in prediction of fracture risk, gradients of 

risk for incident fracture for 1 SO decrease in measurement were 

computed for the whole SMCM cohort and for the RA subgroup of the 
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SMCM cohort with adjustments for age, weight and clodronate treatment 

status. 

In the whole cohort, total hip BMD was the strongest predictor of all (any) 

fractures with the odds ratios (OR's) for t. hip BMD, forearm BMD and 

AMCI being 1.61, 1.47 and 1.26 respectively (all P<0.05). In the RA 

subgroup, forearm BMD was the strongest predictor of all fractures with 

the OR's for the three measures for all fractures being 1.63, 1.85 and 1.17 

respectively (P<0.05 for forearm BMD only). In type 2 DM, hip BMD was 

the strongest predictor with the OR's for the three measures being 1.99, 

1.81 and 1.29 respectively (P<0.05 for hip and forearm BMD only). 

Similar trends were noted for prediction of appendicular fracture. The OR's 

for appendicular fracture in the whole cohort were 1.47, 1.38 and 1.29 for 

total hip BMO, forearm BMD and AMCI respectively (all P<O.05). The OR's 

for appendicular fracture in the RA subgroup were 1.35, 1.84 and 1.15 

respectively (none significant). In type 2 OM, hip BMD remained the 

strongest predictor of appendicular fracture as well, with the OR's for the 

three measures being 1.82, 1.0 and 1.15 respectively (P<0.05 for hip BMD 

only). 
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Table 7.4. SMCM cohort: Gradients of risk for incident fracture for 1 SO decrease in skeletal measurement in whole cohort, 

and RA and type 2 OM subgroups (adjusted for age, weight and clodronate treatment; n=number of fractures). 

All fractures Appendicular fracture 

SMCM cohort RA subgroup Type 2 OM SMCM cohort RA subgroup Type 2 OM 

(n=792) (n=21) (n=32) (n=449) (n=14) (n=15) 

T. hip BMO 1.61,1.48-1.74a 1.63, 0.92-2.90 1.99, 1.35-2.92a 1.47,1.33-1.63a 1.35,0.71-2.59 1.82, 1.1 0-3.02a 

Forearm BMO 1.47, 1.35-1.59a 1.85, 1.04-3.29a 1.81,1.20-2.72a 1.38,1.24-1.53a 1.84, 0.86-3.91 1.0, 0.51-1.96 

AMCI 1.26,1.16-1.36a 1.17,0.76-1.78 1.29,0.88-1.90 1.29,1.17-1.44a 1.15, 0.70-1.86 1.15,0.68-1.95 
- - - - - L _ 

aForward-conditional regression, P<0.05. 

7.4.1.4Correlations amongst the skeletal measures in SMCM cohort and RA subgroup 

AMCI had similar correlations with hip BMO in the whole SMCM cohort and in RA and type 2 OM subgroups (Pearson coefficients, 

r= 0.41,0.44 and 0.40 respectively, all P<0.001). AMCI had similar correlations with forearm BMO also in the SMCM cohort and RA 

and type 2 OM subgroups (r=0.56, 0.57, and 0.60 respectively, all P<0.001). However, the correlation between hip and forearm 

BMO was better in the whole SMCM cohort than in the RA subgroup, but was similar to that in type 2 OM subgroup (r=0.65, 0.51 

and 0.66 respectively, all P<0.001). 
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7.4.2 DXR COHORT: DXR AND DXA INDICES 

7.4.2.1 Baseline Characteristics 

Compared to the rest of the cohort mean forearm BMD, DXR-BMO and 

OXR-MCI were lower with RA, CS use and RA+GC use (P<O.05 for all) 

(Table 7.5). Although total hip BMD was also somewhat lower with RA, CS 

use, RA+GC use and type 10M. this did not reach significance. There 

were no significant trends with the other disorders. Although there were 

some differences in extra-skeletal variables (age, height and weight) in the 

various conditions compared to the rest of the cohort, none were 

statistically significant. 
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Table 7.S. DXR cohort: DXA measures and DXR indices in various clinical conditions (mean ± SO). 

No. Age Height Weight T. hip BMD Forearm BMO OXR-BMO OXR-MCI 

Total cohort 687 79.7±4.0 156±6.4 64.4±12.3 0.74±0.15 0.34±0.08 0.43±0.O6 O.32±O.O5 

RA 14 79.1±3.8 157.7±7.3 64.B±10.7 0.71±0.15 0.2B±0.OBb 0.40±0.07a 0.27±0.05b 

Current GC use 21 79±2.4 155.7±5.6 64.B±12.9 0.70±0.12 0.30±O.05a 0.40±O.06b 0.29±0.06b 

RA+GC 4 76±0.8 15B.2±7.1 66.7±3.0 0.65±0.O4 0.25±0.02a 0.33±0.04b 0.23±0.04b 
I 

OA 479 79.B±4.0 155.B±6.5 64.9±11.9 0.75±0.15 0.34±0.OBa 0.43±0.05 0.32±0.05 

Stroke 15 79.7±2.8 155.6±4.8 63.7±9.9 O.76±0.16 0.33±0.07 0.42±O.O4 O.30±0.O4 

Parkinson's 7 BO±3.6 155.6±5.0 60.9±7.4 0.76±0.10 0.33±0.07 0.45±0.06 0.32±0.05 

Type 1 OM 4 80. B±4. 8 155.6±5.5 69.2±24.0 0.66±O.20 O.37±O.14 O.44±0.O7 0.31±0.O9 

Type 2 OM 25 BO.B±4.2 155±6.5 68.3±13.9 0.75±0.12 O.34±O.07 0.42±0.05 0.31±0.05 

Hypothyroidism 61 BO.1±4.7 156±7.1 66.7±13.4 0.75±O.16 O.35±O.OB 0.44±0.O5 O.32±0.05 

Hyperthyroidism 8 77.4±2.3 157.3±6.7 65.3±10.2 0.75±O.O6 O.35±O.05 0.44±0.05 0.32±0.05 
~- ----- -- - -- L _______ -----~-~~- - - -- -- -- - - ----

ap<O.05, and bp<O.01 by ANOVA compared to rest of cohort. 
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7.4.2.2Comparison of cohort Z scores in various medical 

conditions 

Like in the SMCM group, cohort Z scores in the DXR group were of the 

largest magnitude for all measures with RA+GC use (total hip -0.64, 

forearm -1.13, DXR-BMD -1.79 and DXR-MCI -1.64); and least in OA 

(0.04, 0.05, 0.01, and 0.03 respectively) (Table 7.6). When Z scores for all 

4 indices were compared within each medical condition subgroup, forearm 

and DXR-MCI Z scores were significantly lower than total hip Z score in 

the RA subgroup (paired t-test P<0.05). Differences within other conditions 

were not significant. 

Table 7.S. DXR cohort: comparison of cohort Z scores [mean 

(standard error of mean)] of different skeletal measures in prevalent 

medical conditions. 

T. hip Forearm DXR-BMD DXR-MCI 

RA -0.21(0.28) -0.7(0.26)a -0.64(0.33) -0.8(0.28)a 

Current GC -0.31(0.18) -0.45(0.13) -0.62(0.22) -0.56(0.25) 

RA+GC* -0.64(0.15) -1.13(0.15) -1.79(0.36) -1.64(0.36) 

OA 0.04(0.05) 0.05(0.04) 0.01(0.04) 0.03(0.04) 

Stroke 0.12(0.28) -0.07(0.24) -0.28(0.18) -0.34(0.20) 

Parkinson's* 0.13(0.26) -0.14(0.33) 0.25(0.40) 0.11(0.36) 

Type 1 diabetes* -0.55(0.70) 0.41(0.91) 0.11 (0.63) -0.12(0.83) 

Type 2 diabetes 0.04(0.16) 0.1(0.19) -0.14(0.18) -0.11 (0.18) 

Hypothyroid ism 0.03(0.14) 0.12(0.14) 0.17(0.12) 0.08(0.13) 

Hyperthyroidism* 0.09(0.15) 0.24(0.25) 0.14(0.28) 0.13(0.32) 

* ap<O.05 compared to t. hip Z score by paired t-tests. Wilcoxon signed rank test. 
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7.4.2.3Comparison of T scores in various medical 

conditions 

T scores (standard deviation units compared to peak bone mass in young 

adult) were computed from manufacturer's normative databases for hip 

and forearm BMO, and from previously determined normative data with 

peak measurements for OXR-BMO (peak value for OXR-BMO occurred at 

age 38, mean = 0.598 g/cm2, standard deviation = 0.034 g/cm2) (Black, 

Palermo et al. 2001). The magnitude of the scores was largest for all three 

measures (hip BMO, forearm BMO and OXR-BMO) with RA+GC use (-2.4, 

-4.15 and -5.09 respectively); and least for hip OXA with stroke (-1.49); for 

forearm DXA with hypothyroidism (-2.5); and for OXR-BMD with 

Parkinson's (-2.68) (Table 7.7). For the whole group, forearm and OXR­

BMO T scores were significantly lower compared to hip T score (P<O.05), 

and this trend was repeated significantly with each medical condition 

except type 10M. Overall, OXR-BMO T score was also significantly lower 

than forearm T score for the whole cohort (-2.97 vs -2.66 respectively, 

P<0.05); similar trends were noted in most of the medical conditions but 

were significant only in OA, stroke, type 2 OM and hypothyroidism (all 

P<0.05). The RA subgroup within the OXR cohort was too small (n=14) 

with small fracture numbers (n=4) to meaningfully compare the 

performance of the various measures in fracture prediction. 
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Table 7.7. OXR cohort: comparison of mean T scores of skeletal 

measures (deviation from mean peak bone mass in SO units, paired 

t-tests). 

Hip BMD Forearm BMD DXR-BMD 

Whole cohort -1.64 -2.66a -2.97 a, b 

RA -1.9 -3.58a -3.73a 

Current GC -2.01 -3.26 a -3.7 a 

RA+GC -2.4 -4.15 a -5.09 a 

OA -1.6 -2.59 a -2.95 a, b 

Stroke -1.49 -2.75 a -3.3 a, b 

Parkinson's -1.49 -2.84 a -2.68 a 

Type 1 OM -2.3 -2.11 -2.84 

Type 2 OM -1.59 -2.52 a -3.13 a, b 

Hypothyroidism -1.61 -2.5 a -2.77 a, b 

Hyperthyroidism -1.53 -2.34 a -2.8 a 

. 0 
a P<0.05 compared to t.hlp T score, P<O.OS compared to forearm T 

score. 

7.4.2.4Correlations amongst the skeletal measures in the 

DXR cohort and RA subgroup 

There were significant correlations amongst the various measures. DXR-

BMD and DXR-MCI had somewhat poorer correlation with hip BMD in the 

whole DXR cohort compared to the RA subgroup (r=0.S7 and 0.69 

respectively for DXR-BMD, both P<0.01; r=0.54 and 0.61 respectively for 
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DXR-MCI, both P<0.001). Similarly, DXR-BMD and DXR-MCI had 

somewhat poorer correlation with forearm BMD in the whole cohort than in 

the RA subgroup (r=0.71 and 0.81 respectively for DXR-BMD; r=0.68 and 

0.78 respectively for DXR-MCI, all P<0.001). The difference was more 

marked in the correlations between forearm BMD and hip BMD in the 

whole DXR cohort and the RA subgroup (r=0.67 and 0.86 respectively, 

both P<0.001). Correlations between DXR-BMD and DXR-MCI however 

were similar in the whole cohort and the RA subgroup (r=0.90 and 0.96 

respectively, both P<0.001). 

7.5 DISCUSSION 

In this study the effect of medical history on peripheral bone strength 

measurements was studied and compared with the effect on hip BMD. 

Compared to the whole cohort, the deviations of bone strength 

measurements (Z scores) in the studied disorders were largely in the 

same direction irrespective of the skeletal measure used. However, there 

was a trend for the magnitude of the Z scores to be greater with peripheral 

(forearm and metacarpal) measures than with central (hip) measures. The 

trends were statistically significant with RA where in fact, forearm BMD 

was the strongest predictor of fracture risk while hip BMD was the 

strongest predictor of fracture risk in the whole cohort. 
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7.5.1 MEDICAL HISTORY 

Women with a history of RA (especially RA+GC) weighed significantly less 

at baseline and had lower bone strength measures than the rest in the 

SMCM cohort. However, even after adjusting for weight in linear 

regression, RA remained significantly associated with lower skeletal 

measures. BMD loss at the spine and at the hip in RA was reported 

previously as being related to the disease activity (Gough, Lilley et al. 

1994). More recently, DXR-BMD has been reported as being significantly 

correlated with markers of inflammation in RA (Jensen, Klarlund et al. 

2004). Bottcher et al also reported a significant reduction of DXR-BMD as 

well as DXR-MCI dependent on the severity of RA and found that DXR 

"surpassed multisite quantitative ultrasound as a promising diagnostic tool" 

for peripheral bone status in RA (Bottcher, Pfeil et al. 2006). Our finding 

that RA has a detrimental effect on skeletal measures independent of 

weight is in keeping with these previous findings. Women with a history of 

OA and hypothyroidism had one or more skeletal measures Significantly 

greater than the rest of the SMCM cohort, but this was no longer 

significant after adjustment for body weight in linear regreSSion. This 

suggests that the differences in skeletal measures were a reflection of 

associated overall body habitus rather than any independent direct effect 

of OA or hypothyroidism on bone strength. This is in contrast to the small 

study reported by Kemper et ai, where young women with cogenital 

hypothyroidsm treated with thyroxine were found to have somewhat lower 

spine BMD than controls (but comparable femoral neck BMD) (Kempers, 

Vulsma et al. 2006). However, higher skeletal measures noted in type 2 
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OM remained significant after adjustment for weight suggesting a direct 

effect on bone. This is consistent with the previous report that 

hyperinsulinemia of type 2 OM in women may be associated with raised 

BMD independent of obesity (Barrett-Connor and Holbrook 1992). 

7.5.2 T SCORES, COHORT Z SCORES AND FRACTURE RISK 

PREDICTION WITH VARIOUS SKELETAL MEASURES 

T scores in the DXR cohort suggest a trend for greater loss of bone mass 

from the forearm and metacarpal sites than at the hip with age irrespective 

of any associated medical condition. The concept of disproportionate bone 

loss at different skeletal sites has been reported previously, with the 

finding of a preferential reduction in bone mineral content at long bone 

ends compared to diaphyseal sites (femur and radius) with age (Sievanen, 

Uusi-Rasi et al. 1999). Disproportionate bone loss would also explain the 

lower mean cohort Z scores at the forearm and possibly metacarpal sites 

compared to the hip in both the cohorts. The greater loss at the peripheral 

sites is reflected in their lower fracture predictive ability with both forearm 

and metacarpal indices faring less well than hip BMD in the SMCM cohort 

as a whole. This is in keeping with a previous report that the sites with the 

strongest relationship to hip fracture (hip and the heel) showed the least 

age-related T score decline (Faulkner, von Stetten et al. 1999). 

In the RA subgroup there was an even greater statistically significant loss 

at the metacarpal site, which is probably directly related to the disease 

process itself as well as to reduced physical use of the hands. Similar 

findings have been reported previously (Jensen, Klarlund et al. 2004). This 

disproportionate loss is reflected in the lower fracture predictive ability of 
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AMCI in the RA subgroup. The higher fracture predictive ability of forearm 

BMO compared to hip BMO in RA may partly be explained by the fact that 

a somewhat greater proportion of the sustained fractures were 

appendicular fracture than that in the whole cohort. 

In type 2 OM, hip and forearm BMO had somewhat higher point estimates 

of OR's for all fractures, which is probably in keeping with their higher 

mean values compared to the rest of the cohort. AMCI on the other hand 

had a similar point estimate to the rest of the cohort despite a somewhat 

higher mean value. A greater rate of bone loss despite initial higher BMO 

in older adults with type 2 OM has been suggested as a possible 

mechanism in fracture risk (Schwartz, Sellmeyer et al. 2001). This may be 

a mechanism whereby all three skeletal measures provide similar or 

higher point estimates of risk for 1 SO decreases in measurement despite 

higher BMO at baseline compared to the rest of the cohort. 

7.5.3 POTENTIAL LIMITATIONS 

The medical history was self-reported in this study, and was not 

independently corroborated from medical records. However, a previous 

study suggested good to moderate correlation in self-reported history and 

medical records, except in some areas such as prior thyroid disease, and 

corticosteroid and anti-convulsant use (Beard, Melton et al. 1990). 

Although prior glucocorticoid use history was also available, this analysis 

included current glucocorticoid use only where reportage is likely to have 

been of higher accuracy. The rest of the medical conditions studied were 

chronic conditions, where the accuracy of history is likely to have been 

high in simply indicating the presence or absence of the condition. 
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The relatively small number of fractures studied meant that where the 

point estimates of the various OR's reached statistical significance, the 

confidence intervals were relatively wide. Although the DXR cohort had a 

similar proportion of the medical conditions as the SMCM cohort, numbers 

of subjects with the various conditions in the DXR cohort were probably 

too small to provide adequate statistical power for the current analysis. 

Some trends seen in the DXR cohort may have reached significance with 

a larger number of subjects. The setting for this analysis was a controlled 

trial of clodronate which has a bone protective effect affecting fracture 

incidence. However, this effect was minimised by adjusting for clodronate 

treatment in regression models used. 

7.6 CONCLUSIONS 

There is a trend for disproportionate bone loss at the metacarpal site 

compared to the hip as well as forearm with age. This is irrespective of any 

associated medical conditions, and this is reflected in general in the lower 

fracture predictive ability of MCM measures compared to DXA measures. 

In some medical conditions there is an even greater discrepancy in the 

MCM measures suggesting a disease related bone loss or gain at the 

periphery. However, this trend was significant only in RA demonstrating 

lower mean scores, and in type 2 OM demonstrating higher mean scores 

compared to the rest of the cohort, and this is reflected in the differences 

in fracture predictive abilities of the measures when compared to the 

whole cohort. These factors will need to be taken into account when 

reporting and interpreting MCM indices, especially when they are likely to 

be used as stand alone services. 
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8 SUMMARY & OVERALL CONCLUSIONS 
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The findings from the various projects are summarised below, with 

reference to the objectives for the study stated in Chapter 3. The final 

conclusions are included based on these findings, and address the 

hypothesis for the study stated in Chapter 3. 

8.1 DXR IN FRACTURE PREDICTION 

8.1.1 HIP FRACTURES 

154 

• In univariate analyses from the HIPS study (Chapter 4), the odds ratios 

(DRs) for hip fracture per 1SD decrease in DXR-BMD and DXR-MCI 

were 1.79, 1.47-2.19 and 1.72, 1.41-2.11 respectively. 

• Both were similar to the OR calculated for forearm BMD of 1.90, 1.55-

2.34 but less than the OR calculated for total hip BMD of 2.33, 1.87-

2.90. 

• Following adjustment for clinical predictors (age and body weight), 

DXR indices remained significant predictors of hip fracture (1.46, 1.17-

1.81, and 1.43, 1.15-1.76, respectively). They were comparable to that 

of forearm BMD (1.51, 1.19-1.91) but were lower than that for total hip 

BMD (1.98, 1.56-2.50). 

• The point values of the OR's for both DXR indices and DXA measures 

were somewhat higher for the trochanteric fracture subgroup compared 

to the femoral neck fracture subgroup. 

• In multivariate analyses, DXR indices were not independent of forearm 

BMD or hip BMD in predicting hip fracture. 
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8.1.2 VERTEBRAL FRACTURES 

• In univariate analysis from the Vertebral Osteoporosis Trial (Chapter 

5), the gradients of risk per 1 SO decrease (DRs, 95%CI) for incident 

vertebral fractures were similar for lumbar spine BMO and DXR-MCI 

(1.82,1.37-2.43 and 1.81, 1.37-2.39 respectively). 

• These were somewhat higher than that for DXR-BMD and total hip 

BMD (1.56,1.23-1.96, and 1.46, 1.16-1.96 respectively). 

• In multivariate analysis, the baseline presence of vertebral fracture, 

lumbar spine BMD and DXR-MCI were all Significant independent 

predictors of future vertebral fracture with DRs of 6.84, 3.66-12.78 for 

prevalent vertebral fracture; 1.56, 1.17-2.07 for lumbar spine BMO; and 

1.47, 1.04-2.07 for OXR-MCI. 

8.2 SMCM IN FRACTURE PREDICTION 

8.2.1 ALL (ANY) OSTEOPOROTIC FRACTURES 

• In univariate analysis from the HIPS study (Chapter 6), the gradient of 

risk for all (any) fractures (odds ratio, 95% CI) for 1 SO decrease in 

AMCI (6 metacarpal index) was 1.30, 1.20-1.40. 

• The corresponding OR for total hip BMO was 1.61, 1.49-1.74, and for 

forearm BMO was 1.47, 1.35-1.59, both being higher than that with 

AMCI. 

• The gradients of risk with AMCI were either similar or higher than with 

unilateral MCI. 
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• After adjusting for significant extra-skeletal variables, AMCI remained 

significantly associated all fractures. 

• SMCM indices were not significantly predictive of incident clinical 

vertebral fractures. 

• After adjusting for total hip BMD, AMCI or the other SMCM indices 

were not significantly predictive of all fracture risk. 

8.2.2 HIP FRACTURES 

• In univariate analysis from the HIPS study (Chapter 6), the gradient of 

risk for hip fracture for 1 SD decrease in AMCI was 1.42, 1.22-1.65. 

• The corresponding OR for total hip BMD was 2.09, 1.80-2.43, and for 

forearm BMD was 1.79, 1.52-2.11, both somewhat higher than that 

with AMCI. 

• After adjusting for significant extra-skeletal variables, AMCI remained 

significantly associated with hip fracture risk. 

• After adjusting for total hip BMD, AMCI or the other SMCM indices 

were not significantly predictive of hip fracture risk. 

8.3 CORRELATIONS BETWEEN VARIOUS SKELETAL 

MEASURES 

8.3.1 DXR INDICES 

• In the hip fracture analysis from the HIPS cohort (Chapter 4), DXR­

BMD had significant correlations with total hip BMD and forearm BMD 

(r=0.57 and 0.71 respectively). DXR-MCI also had similar correlations 

with total hip and forearm BMD (r=0.54 and 0.68 respectively). 
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• In the vertebral fracture analysis from the VOT cohort (Chapter 5), 

DXR-BMD had significant correlations with total hip BMD and lumbar 

spine BMD (r=0.53 and 0.37 respectively). DXR-MCI also had similar 

correlations with total hip and lumbar spine BMD (r=0.51 and 0.34 

respectively). 

• The correlations between DXR-BMD and DXR-MCI were very similar in 

the HIPS and VOT studies (r=0.90 and 0.89 respectively). 

8.3.2 SMCM INDICES 

• In the analysis from the HIPS cohort (Chapter 6), AMCI had significant 

correlations with total hip BMD and forearm BMD (r=0.41 and 0.56 

respectively). 

• AMCI also had Significant correlations with DXR-BMD and DXR-MCI 

(r=0.73 and 0.86 respectively). 

8.4 PRE-EXISTING MEDICAL CONDITIONS AND MCM 

8.4.1 RHEUMATOID ARTHRITIS 

• In multivariate analyses of the SMCM cohort of HIPS (Chapter 7), in 

the RA subgroup forearm BMD was found to be significant independent 

predictor of all fractures (1.85, 1.04-3.29), but total hip BMD and AMCI 

were not independent predictors (1.63, 0.92-2.90 and 1.17, 0.76-1.78 

respectively) . 

• In the SMCM cohort, compared to other medical conditions, the 

RA+current glucocorticoid (RA+GC) subgroup had the lowest mean 
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cohort Z scores for hip BMD (-0.53), forearm BMD (-0.82) and AMCI (-

1.14, P<0.05 compared to mean hip BMD Z score). 

• In the DXR cohort, compared to other medical conditions, the 

RA+current glucocorticoid (RA+GC) subgroup had the lowest mean T 

scores for hip BMD (-2.3), forearm BMD (-4.15, P<0.05 compared to 

mean hip BMD T score) and OXR-BMD (-5.09, P<0.05 compared to 

mean hip BMD T score). 

8.4.2 TYPE 2 DIABETES MELLITUS 

• In multivariate analyses of the SMCM cohort of HIPS (Chapter 7), in 

the type 2 OM subgroup total hip BMO and forearm BMO were found to 

be significant independent predictor of all fractures (1.99, 1.35-2.92, 

and 1.81, 1.20-2.72 respectively), but AMCI was not an independent 

predictor (1.29, 0.88-1.90). 

• In the SMCM cohort, compared to other medical conditions, the Type 2 

DM subgroup had the highest mean cohort Z scores for hip BMD 

(+0.42), forearm BMD (+0.44) and AMCI (+0.29, P<0.05 compared to 

mean forearm BMD Z score). 

• In the DXR cohort, the type 2 DM subgroup's mean T scores showed a 

disproportionate bone loss in the peripheral measures, with the mean 

scores being, for hip BMD -1.59, forearm BMD -2.52 (P<0.05 

compared to mean hip BMD T score) and DXR-BMD -3.13 (P<0.05 

compared to mean hip and forearm BMD T scores). 
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8.4.3 OTHER MEDICAL CONDITIONS 

• In the analyses from the HIPS cohort (Chapter 7), in the other medical 

conditions studied there was a general trend for disproportionately 

greater bone loss with age at the metacarpals (by MCM measures) 

compared to the hip or forearm by DXA. 

8.5 OVERALL CONCLUSIONS 

In the described projects, both DXR and SMCM indices were found to be 

predictive of future osteoporotic fracture risk in general, even after 

adjusting for extra-skeletal risk factors, and had moderate to good 

correlation with DXA measures. Specifically, DXR indices were shown to 

be predictive of incident hip and vertebral fractures, with DXR-MCI being 

an independent predictor of vertebral fracture. However, overall, 

metacarpal radiographic (MCM) indices were not superior to DXA 

measures in fracture prediction, and the gradients of risk for all fractures, 

and hip and vertebral fractures were higher for the DXA measures 

compared to the MCM indices. 

Although DXA has largely replaced other bone strength assessing 

technologies in health systems of developed countries, it is still relatively 

expensive. The MCM technologies studied here are compact, easy to set 

up and run, and are also relatively inexpensive compared to a full-fledged 

DXA scanner. A role for these systems could be justified: 1) in 

epidemiological studies of osteoporosis; 2) as a clinical service where DXA 

services are unavailable, and 3) in some clinical conditions affecting the 
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spine and pelvis where spine and hip DXA measurements might be 

uninformative or less informative such as ochronosis, Paget's disease, 

previous orthopaedic surgery etc. 

However, when interpreting and reporting measurements from these MCM 

technologies, the trend found in this study for disproportionately greater 

bone loss at the metacarpals compared to hip and even forearm DXA will 

need to be taken into account. especially when there are also medical risk 

factors associated such as rheumatoid arthritis etc. 
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