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Changes in bone energy dissipation in osteoporosis
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[ Abstract] Objective To investigate whether the reduction of bone strength is related to its microscopic energy dissipation in case
of osteoporosis. Methods Femoral head specimens from 24 patients undergoing hip arthroplasty in the Orthopaedics Department of the
Chinese PLA General Hospital between January 2016 and December 2016 were subjected in this study. Bone mineral density (BMD)
and bone strength were measured for all the samples, and the samples with similar BMD but significant different mechanical properties
were used to investigate the change of bone strength by Young’s modulus. SPSS statistics 23. 0 was used to perform the statistical
analysis. One way ANOVA was employed for comparison between groups. Results The samples No. 1 and No. 3 were selected as the
objectives, and their BMD value was 322. 29 and 327. 12 mg/cm’, and the energy required for fracture was (1.05+0.09) and
(0.44+0.04) J, respectively. Their BMD values were quite similar, but the difference of energy required for fracture was statistically
significant between the 2 samples (P<0.01). The Young's modulus value of sample No. 1 distributed in a scattered manner, while
that of the other sample distributed relatively uniform in the both side of a central vertical line as axis, and the modulus value at upper
part was lower, and at lower part is higher. The Young’'s modulus value was (12. 17+£0.94) and (13.55+0.72) GPa, respectively,
for the samples No. 1 and 3. Conclusion Osteoporosis may lead to nanoscale heterogeneity changes in bone, and thus change energy
dissipation and affect bone strength.
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Table 1 BMD, equivalent density and work of fracture of patients

Age Diameter BMD Equivalent density Work of fracture
Number Gender

(years) (mm) (mg/cm®) (mg/cm®) [@)) :

1 Female 60 38 322.29 1275.53 1.05+0.09 :
2 Female 63 42 470.74 1374.76 0. 64+0.01
3 Female 78 39 327.12 1278.76 0.44+0.04 i
4 Male 67 42 367. 10 1305. 50 0.83+0.01 é
5 Female 70 39 396. 10 1324.89 0.66+0.01 ;
6 Male 63 40 408.53 1333.20 1. 14£0.02
7 Female 72 38 383.67 1316.58 0.37+0.01
8 Female 78 40 360. 14 1301.07 0.28+0.01 E
9 Female 83 42 372.49 1309. 10 0.21+0.01 i
10 Female 71 39 338.10 1286. 10 0.38+0.01
11 Female 68 36 351.36 1294.97 1.05+0.03 é
12 Male 83 45 415.26 1340. 50 0.69+0.01 E
13 Male 62 45 341.00 1288. 04 0.76+0. 01 i
14 Female 76 39 335.20 1284.17 0.61+0.01
15 Male 69 34 420. 96 1341.52 0.81+0.02 é
16 Male 77 45 357.16 1298. 85 0.72+0.02 ;
17 Female 79 41 367. 10 1305.50 0.29+0. 00
18 Male 75 41 429.24 1347.06 0.88+0.02 |
19 Female 66 40 345.56 1291.09 0.44+0.01 i
20 Male 80 42 458.24 1366. 45 0.41+0.01 i
21 Male 75 40 437.53 1352.60 0.02+0.01
22 Female 85 37 359.23 1300. 23 0.43+0.01 E
23 Female 71 42 382.01 1315.47 0.63+0.02 E
24 Female 68 36 470. 67 1374.76 0.60+0. 01 i

BMD: bone mineral density.
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Figure 2 Results of Young's modulus
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