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Significance of hip structure analysis in the prediction of osteoporotic hip fracture
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Abstract: Objective To examine the clinical significance of geometric parameters of the hip (GPH) of post-menopausal women
in the prediction of osteoporotic hip fractures. Methods The femoral neck bone mineral density (FN-BMD) of 216 post-
menopausal women, including 70 cases of hip fractures and 146 cases of normal controls, were measured. Based on the dual energy
X-ray absorptiometry (DXA) image of the hip, hip strength analysis (HSA) software was used to analyze the GPH, including
section modulus (SEM), cross-sectional moment of inertia (CSMI), cross-sectional area (CSA), buckling ratio (BR), cortical
thickness of femoral neck (FNCT) and neck shaft angle (NSA). The performance of HAS software in the prediction of hip fractures
was analyzed using receiver operator characteristics (ROC) curve. Results Fracture group showed significantly lower FN-BMD,
CSA, CSMI, FNCT, SEM (P<0.05), older age, and significantly higher BR than control group (P<0.05). The logistic regression
analysis of the factors affecting the fracture incidence (including age, BMI, FN-BMD, CSA, CSMI, FNCT, SEM and BR)
confirmed that FN-BMD and FNCT were the most important risk factors related to the hip fracture incidence of post-menopausal
women. FN-BMD, CSA, CSMI, FNCT, SEM were negatively correlated with age, while CSA, SEM were positively correlated
with FN-BMD (»=0.945 and 0.763, respectively; P<0.001); BR was negatively correlated with FN-BMD (r=-0.854, P<0.001),
but moderately positively with age; neck shaft angle didn't showed any correction with FN-BMD, age and age at menopause.
The area under ROC curve for the logistic regression probability model incorporating GPH and FN-BMD was 0.860, larger than
that predicted by GPH and FN-BMD, separately (P=0.000), and the differences in the area under ROC curve were statistically
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significant (P<0.05). Conclusion The bone strength of the hip in post-menopausal women is not only influenced by bone loss,
but also by the changes of geometric structure of the hip, therefore both the GPH and FN-BMD should be considered in the

prediction of fragility fracture of the hip in order to reduce the fragility fracture incidence of the hip.
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DXA: Dual energy X-ray absorptiometry
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Fig.1 Geometric parameters of the hip (GPH) obtained from DXA scanning image
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Tab.1 Comparison of age and geometric parameters of hip between the fracture group and non—fracture group

Parameter Non-fracture group Fracture group P value
Age (years) 62.76+7.55 75.63£9.15 0.000
Age at menopause (years) 49.79+4.19 48.66+3.52 0.052
FN-BMD/g"c¢m” 0.63+0.11 0.48+0.10 0.000
CSA/em’ 2.38+0.39 1.91+0.40 0.000
CSMI/cm* 1.96+0.45 1.68+0.51 0.000
FNCT/cm 0.16+0.11 0.12+0.02 0.002
SEM/cm’ 1.09+0.23 0.87+0.21 0.000
BR 12.55+3.38 17.49+4.59 0.000
NSA/° 128.54+4.56 129.49+5.01 0.169

FN-BMD: Femoral neck bone mineral density; CSA: Cross-sectional area; CSMI: Cross-sectional moment of inertia;

FNCT: Cortical thickness of femoral neck; SEM: Section modulus; BR: Buckling ratio; NSA: Neck shaft angle
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Tab.2 Comparison of geometric parameters of the hip and fracture incidence in different bone mineral density groups

Variables Group A (T=-1.0 SD) Group B (-1.0 SD>T>-2.5 SD)  Group C(T<-2.5 SD) P, Py P, P
Tot. No. in group 20 88 108 - - - -
No. of F 1 11 58 - - - -
No. of controls 19 77 50 - - - -
Fracture rate 5.0% 12.5% 53.7% <0.010 - - -
Age (years) 57.845.54 62.14+7.06 72.53+9.61 - 0.037  0.000  0.000
FN-BMD/g-cm” 0.83+0.06 0.65+0.05 0.48+0.07 - 0.000  0.000  0.000
CSA/en’ 3.03+£0.36 2.45+0.22 1.90+0.29 - 0.000  0.000  0.000
CSMI/cm* 2.24+0.72 2.02+0.43 1.67+0.39 - 0.047  0.000  0.000
FNCT/cm 0.21+0.02 0.17+0.15 0.12+0.02 - 0.141  0.000  0.000
SEM/cm’ 1.33+0.28 1.11+0.21 0.88+0.16 - 0.000  0.000  0.000
BR 8.12+1.30 11.9342.13 17.07+4.07 - 0.000  0.000  0.000
NSA/° 129.25+4.46 128.38+5.03 129.16+4.51 - 0456 0251  0.936

Py: Comparison between each of them; P;: Comparison between group A and B; P.: Comparison between group B and C; P;: Comparison between

group A and C. Tot No. in group: The total number of subjects in different bone mineral density groups; No. of F: The number of fracture; No. of con-

trols: The number of controls
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Tab.3 Correlation analysis among age, FN-BMD and GPH

Variables Age (r/P) FN-BMD (7/P)
BR 0.491%/0.000 -0.854*%/0.000
CSA -0.589%/0.000 0.945%*/0.000
CSMI -0.384*/0.000 0.521%/0.000
FNCT -0.279*/0.000 0.490%/0.000
SEM -0.512%/0.000 0.763**/0.000
FN-BMD -0.618%/0.000 1.000/-
NSA/° 0.116/0.088 -0.088/0.196

*: Correlation; **: Significant correlation
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Tab.4 Area under ROC curve (AUC) of the correlated variables
to predict the hip fractures

Variables AUC SE P value
BR 0.841 0.029 0.000
FNCT 0.832 0.029 0.000
CSA 0.805 0.034 0.000
SEM 0.777 0.037 0.000
CSMI 0.698 0.041 0.000
Five GPH 0.848 0.028 0.000
FN-BMD 0.837 0.029 0.000
Combination of FN-BMD

0.860 0.027 0.000
and GPH

ROC: Receiver operator characteristic curve; SE: standard error
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Fig.2 AUC comparison of GPH and FN-BMD to predict the hip fractures
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Fig.3 AUC comparison among FN-BMD, GPH, and the combination of FN-BMD and GPH to predict the hip fractures
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