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Innovation of osteoporosis screening and treatment by fracture risk assessment
including 3D structural strength indices of the proximal femur

Iki, Masayuki

4,900,000
X (DXA)
JPOS Baseline 40 1872 3004
3D-Shaper 3D-Shaper Medical 76
ROC 0.723 (0.680)
DXA
Humbert X (DXA)

The performance of a 3D bone index derived from 2D bone density images of

the proximal femur by dual X-ray absorptiometry in assessing fracture risk was tested.
A total of 1872 subjects aged 40 years or older at baseline of the JPOS cohort study were included,
and a total of 3004 subjects were analyzed by repeated measurements of predictors. 3D bone indices
at the proximal femur were obtained with 3D-Shaper (3D-Shaper Medical). During the follow-up period,
76 patients developed a hip fracture. The area under the ROC curve of the integral volumetric bone
density of the greater trochanter for predicting hip fracture (0.723) was significantly greater than
that of the reference femoral neck areal bone density (0.680).

The predictive performance of the 3D bone indices obtained from proximal femur areal bone density
images was superior to that of the original areal bone density.
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Figure 1. Measurement method of 3D bone structure strength indices from DXA images
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Table 1. Basic characteristics of participants with and without incidence hip fracture.
without hip fracture with hip fracture
N=1796 N=76
Mean SD Mean SD p-value
Age (years) 59.7 11.6 71.8 7.1 0.0000
Height (cm) 151.2 6.2 146.6 5.6 0.0000
Weight (kg) 53.8 8.4 51.1 8.8 0.0068
BMI 235 35 23.7 35 0.5906
aBMD at total hip (g/cm?) 0.797 0.132 0.663 0.097 0.0000
aBMD at femoral neck (g/cmz) 0.696 0.122 0.584 0.083 0.0000
aBMD at trochanter (g/cm?) 0.590 0.112 0.478 0.071 0.0000

aBMD: areal bone mineral density
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Table 2. 3D bone indices of participants with and without incidence hip fracture.

without hip fracture with hip fracture

Mean SD Mean SD p-value

Integral vBMD at total hip 283.0 61.0 224.0 421 0.0000
Integra IvBMD at femoral neck 319.2 78.9 250.7 53.8 0.0000
Integral vBMD at trochanter 222.3 57.6 165.1 38.3 0.0000
Trabecular vBMD at total hip 1571 31 1159 279 00000
Trabecular vBMD at femoral neck 195.2 63.5 139.0 39.4 0.0000
Trabecular vBMD at trochanter 128.6 41.7 88.1 28.2 0.0000
Cortical VBMD at total hip 7848 1014 7059 833 00000
Cortical vBMD at femoral neck 768.5 92.0 696.0 73.2 0.0000
Cortical vBMD at trochanter 660.5 95.6 579.1 715 0.0000
Cortical SBMD attotal hip 1381 244 148 180  0.0000
Cortical sSBMD at femoral neck 117.2 23.6 98.0 17.4 0.0000
Cortical sSBMD at trochanter 143.8 28.4 117.5 20.2 0.0000
vBMD: volumeric bone mineral density (mg/cm?)
sBMD: surface bone mineral density (mg/cmz)
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Figure 2 AUC ROC

Table 3. Comparisons of predictive ability of 3D bone indices with areal BMD for incident hip fracture

p for AUC

AUC 95% Cl difference NRI p for NRI
aBMD at femoral neck 0.680 (0.625, 0.735)  reference - reference
Integral vBMD at total hip 0.717 (0.663, 0.771) 0.003 0.143 0.007
Integral vBMD at femoral neck 0.698 (0.644, 0.751) 0.098 0.083 0.113
Integral vBMD at trochanter 0.723 (0.671, 0.775) 0.001 0.134 0.015

" Trabecular vBMD at total hip 0715  (0.663,0768) 0007 0120 0017
Trabecular vBMD at femoral neck 0.702 (0.65, 0.754) 0.042 0.056 0.208
Trabecular vBMD at trochanter 0.717 (0.664, 0.769) 0.006 0.134 0.011
Cortical vBMD at total hip 0.646 (0.587, 0.705) 0.052 -0.089 0.121
Cortical vBMD at femoral neck 0.652 (0.593, 0.71) 0.057 -0.050 0.406
Cortical vBMD at trochanter 0.670 (0.614, 0.726) 0.552 -0.029 0.614

" Cortical SBMD at total hip 0694 (0.638,0.751) 0241 0045 0358
Cortical sSBMD at femoral neck 0.666 (0.609, 0.723) 0.181 -0.082 0.093
Cortical sBMD at trochanter 0.693 (0.637, 0.748) 0.275 0.022 0.682

AUC: area under receiver operating characteristics curve

95% CI: 95% confidence interval for AUC
NRI: net reclacification improvement
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Figure 2. Predictive performance of integral volumetric bone mineral density (BMD) at the greater
trochanter for incident hip fracture compared with areal BMD at the femoral neck.
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