
Background

The occurrence of fragility fractures are increasing with an 

ageing population in Australia1 and globally2 and although 

efficacious lifestyle and medical interventions are available 

to slow the rate of bone loss with ageing or increase bone 

mass, determining who should receive these medications is 

difficult.3 Many fragility fractures occur in those who do not 

meet the gold-standard bone mineral density (BMD) T-score 

based criteria for osteoporosis.4,5 BMD captures information 

about bone mass, but tools and techniques for assessing 

other factors related to bone fragility, including bone 

microarchitecture, material properties and geometry have 

yet to make their way into the clinic.

Hip structural analysis (HSA) is a technique for assessing the 

geometric structure of the proximal femur using DXA hip 

scans.6 A number of parameters are derived from the scan at 

three main regions: narrow neck, intertrochanter and shaft 

(see Image 1). Previous data indicate that HSA parameters 

correlate well with quantitative computed tomography 

parameters at the hip,7 and can discriminate between 

patients with and without a hip fracture.8 It has also been 

shown to correlate with incident hip fracture in elderly 

women over short follow-up periods9,10, but the capacity for 

HSA to predict fracture over a considerable length of time 

has yet to be elucidated.

Aims and Objectives

The aim of this study was to assess which HSA parameters 

were associated with incident risk of fracture in women 

across approximately 20 years of follow up, independent of 

femoral neck BMD.

Results

A total of 529 fractures were identified in 348 participants. Participants 

were followed for a period of 21,996 person years (any fracture) or 23,377 

person years (MOFs). The fracture rate of any fracture was 15.82 (95%CI 

14.2-17.6) fractures per 1000 person years at risk. The fracture rate for 

MOFs was 9.28 (95%CI 8.1-10.6) fractures per 1000 person years at risk. 

Fractured participants were older, shorter and had lower mobility (Table 

1).

Cross-sectional area, cross-sectional moment of inertia, section modulus 

and buckling ratio were associated with any low trauma fracture in 

regression modelling (see Figures 1 and 2). Buckling ratio at the 

intertrochanter and shaft maintained significance after adjustment for 

femoral neck BMD. Similar trends were seen in a sensitivity analysis of 

MOFs only (see Figures 3 and 4), but results were attenuated with the 

addition of femoral neck BMD.

Figure 1: Forest plot summarising hazard ratios and 95% CIs for any low trauma fracture 
by each HSA parameter. Hazard ratios are adjusted for age (yr), BMI (kg/cm2), prior low 
trauma fracture, high alcohol consumption (> 2 standard drinks per day), mobility and 
glucocorticosteroid use. Significant parameters are indicated with a star.
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Methodology

This study included 1412 women (aged 20-94yrs) as part of 

the Geelong Osteoporosis Study (GOS), a population-based 

longitudinal cohort study drawn from South-Eastern Australia 

and not selected on the basis of disease.11 

BMD T-score was calculated for the femoral neck (Lunar DPX-

L) using Australian women’s reference ranges.12 HSA was 

conducted using the Hip Structural Analysis Program with 

markers positioned at the narrow neck, intertrochanter and 

shaft regions to calculate a large array of output variables. 

Incident low trauma fractures were ascertained from 

radiological reports from the radiology centres in the study 

region13 and were included from time of first DXA scan to end 

of study period (31/12/2016). ICD-9E codes 885, 886, 887, 888 

and 927 were used to classify fractures as low trauma. All 

fracture sites excluding the digits and skull were included in 

this analysis, with a secondary analysis considering only major 

osteoporotic fractures (MOFs), defined as fractures of the 

distal radius, proximal humerus, hip and spine.

Time-updated Cox proportional hazards models were 

developed from first hip DXA scan to first fracture, death or 

31/12/2016, testing for potential confounders (age, prior 

fracture, height, weight, alcohol consumption, smoking, 

mobility, antiresorptive use, steroid use and femoral neck 

BMD). Forest plots were used to illustrate hazard ratios for 

different parameters.

Conclusion

Buckling ratios of the intertrochanter and shaft are associated with 

incident low trauma fracture over a long follow-up period, independent 

of BMD. These parameters have the potential to be utilised from DXA 

scans in conjunction with BMD to improve the prediction of fragility 

fracture.
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All (n=1412) Any low trauma 

fracture (n=348)

Any fracture-

free (n=1064)

p-value Major osteoporotic 

fracture (n=217)

Major osteoporotic 

fracture-free (n=1195)

p-value

Age (yr) 53 (37-71) 67 (50-77) 49 (34-67) <0.001 72 (61-81) 50 (35-67) <0.001
Height (cm) 1607 1597 1617 <0.001 1587 1617 <0.001
Weight (kg) 66 (58-76) 64 (57-74) 66 (59-77) 0.046 64 (57-71) 66 (59-77) 0.009
Femoral neck BMD T-score -0.901.32 -1.461.28 -0.711.28 <0.001 -1.711.26 -0.751.28 <0.001
Alcohol consumption* 47 (3.3) 14 (4.0) 33 (3.1) 0.405 7 (3.2) 40 (3.4) 0.927
Smoking status 213 (15.1) 48 (13.8) 165 (15.5) 0.438 26 (12.0) 187 (15.7) 0.165
Low mobility# 471 (33.4) 144 (41.4) 327 (30.7) <0.001 106 (48.9) 365 (30.5) <0.001
Prior fracture 216 (15.3) 91 (26.2) 125 (11.8) <0.001 67 (30.9) 149 (12.5) <0.001
Antiresorptive use 5 (0.4) 2 (0.6) 3 (0.3) 0.425 2 (0.9) 3 (0.3) 0.126
Glucocorticoid use 24 (1.7) 11 (3.2) 13 (1.2) 0.015 9 (4.2) 15 (1.3) 0.002
*Alcohol consumption >2 standard drinks per day.

#Mobility measured on a 7-point scale and dichotomised to ”low” (inactive, sedentary, bed/chair ridden, bed bound) or “high” (active, very active). 

Table 1: Descriptive characteristics of participants at first visit by low trauma fracture and major osteoporotic fracture respectively. Continuous variables listed as meanSD or median (IQR) as appropriate; 
categorical variables listed as n(%). 

Figure 3. Forest plot of hazard ratios and 95% CIs for major osteoporotic fracture by 

each HSA parameter. Hazard ratios are adjusted for age (yrs), BMI (kg/cm2), prior low 

trauma fracture, high alcohol consumption (greater than 2 standard drinks per day), 

mobility and glucocorticosteroid use. Significant parameters are indicated with a star.

Figure 2: Forest plot summarising hazard ratios and 95% CIs for any low trauma fracture 
by each HSA parameter. Hazard ratios are adjusted for age (yr), BMI (kg/cm2), prior low 
trauma fracture, high alcohol consumption (> 2 standard drinks per day), mobility, 
glucocorticosteroid use and femoral neck BMD. Significant parameters are indicated 
with a star.

Figure 4. Forest plot of hazard ratios and 95% CIs for major osteoporotic fracture by 

each HSA parameter. Hazard ratios are adjusted for age (yrs), BMI (kg/cm2), prior low 

trauma fracture, high alcohol consumption (greater than 2 standard drinks per day), 

mobility, glucocorticosteroid use and femoral neck BMD. Significant parameters are 
indicated with a star.

Image 1: Diagram of acquisition sites for hip structural analysis parameters5
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