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Relationship between femoral stress—electrical properties and microstructure // GAO Jun', ZHAO Yan—tao’", PENG Bao—ying',
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Abstract: [Objective] To explore the relationship between the mechanical-electrical properties and the microstructure of the femoral
bone tissue. [Methods| Six right femurs of rabbits were selected as samples. The micro—structural parameters of the bones in six volume of
interest (VOI) were obtained by micro computed tomography (Micro—CT) on the samples. Then, a concentrated force load was applied to the
samples, and electrodes were attached to the surface of the diaphysis to measure the potential curves. The potential curves were fitted using
the known expansion index law, and the fitting parameters of each curve were obtained. The potentials among the six VOIs were compared,
and the relationship between the fitting parameters of each potential curve and the microstructural parameters was analyzed. [ Results| The
differences in bone volume (BV) among VOI1 to VOI6 [mm’, (21.40+3.35) vs (22.81+1.77) vs (23.71+4.94) vs (15.87£3.65) vs (22.60+5.61) vs
(21.65+3.89), P=0.031], the average thickness of cortical bone (Ct.Th) [mm, (0.81+0.09) vs (0.82+0.05) vs (0.91+0.19) vs (0.63+0.20) vs
(0.94+0.20) vs (0.87+0.25), P=0.047], and the relative bone surface/bone volume (BS/BV) [(3.60+0.43) vs (3.51+0.13) vs (3.49+0.58) vs
(5.47+2.42) vs (3.64+0.78) vs (3.52+0.52), P=0.025] were statistically significant. When subjected to vertical load, the potentials among
VOII to VOI6 [mV, (2.53+1.05) vs (2.14£1.51) vs (1.99£0.87) vs (=2.75£1.52) vs (0.56+2.32) vs (—=0.57+1.31), P<0.001] and the normal
stress [MPa, (3.72+0.47) vs (4.28+0.28) vs (3.18+0.49) vs (=5.96+0.54) vs (=6.76+0.48) vs (—=6.20+0.35), P<0.001] were statistically signifi-

cant. According to the different signs of normal stress, VOI1 to VOI3 and VOI4 to VOI6 were divided into two groups for Pearson correlation
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analysis of fitting parameters and microstructural parameters. It was found that Ka was significantly positively correlated with BV and Ct. Th

(r=0.75, r=0.59, P<0.05), and Ka was significantly negatively correlated with BS/BV (r=—0.71, P<0.05), additionally the Tc was significantly

positively correlated with bone mineral density (BMD) (r=0.52, P<0.05). [Conclusion]| Measuring the surface potential of bone under load

can predict the microstructure of different parts of the bone.

Key words: femur, microstructure, mechanical—electrical properties, piezoelectric potential, stress relaxation
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Table 1. Comparison of measurement results of 6 parts of 6 rabbit femurs ( % s)

et VOIl VOI12 VOI3 VolI4 VOI5 VOI6 P1A
MicroCT
BMD (g/cm’) 1.27+0.04 1.29+0.03 1.32+0.02 1.26+0.10 1.31+0.03 1.31+0.01 0.113
BV (mm’) 21.40+3.35 22.81x1.77 23.71+4.94 15.87+3.65 22.60+5.61 21.65+3.89 0.031
BS (mm’) 75.91£5.33 80.06+5.88 80.87+12.12 79.45£12.56 79.02+9.02 74.62+4.26 0.792
Ct.Th (mm) 0.81+0.09 0.82+0.05 0.91+0.19 0.63+0.20 0.94+0.20 0.87+0.25 0.047
BS/BV 3.60+0.43 3.51+0.13 3.49+0.58 5.47+2.42 3.64+0.78 3.52+0.52 0.025
BN S (MPa) 3.72+0.47 4.28+0.28 3.18+0.49 -5.96+0.54 -6.76+0.48 -6.20+0.35 <0.001
FL O IEEE (mV) 2.53+1.05 2.14+1.51 1.99+0.87 -2.75+1.52 0.56+2.32 -0.57+1.31 <0.001
UGS
K 0.52+0.17 0.59+0.11 0.39+0.26 -0.64+0.31 0.07+0.49 -0.11+0.24 <0.001
Ta 2.07+0.86 2.08+1.24 2.03+0.93 2.63+1.04 3.09+1.48 2.60+0.87 0.486
Bi 1.79+1.09 1.41+0.86 1.14+1.34 1.04£0.55 2.43+1.98 1.38+0.53 0.357
T. 2.02+0.29 2.34+0.32 2.30+0.52 1.92+0.56 2.50+0.54 2.04+0.43 0.242
B: 0.96+0.18 0.93+0.16 0.90+0.19 1.04+0.21 0.94+0.23 1.01+0.20 0.821
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Table 2. Correlation coefficient between microstructure and voltage fitting parameters of the convex side

UESH
11%%%%%& K. Ta ,B/ Te Bz
r{d P r{d P r{d P {E r i P e r i PAH
BMD/(g/cm’) 0.300 0.226 0.419 0.083 -0.057 0.821 0.517 0.028 -0.560 0.016
BV/mm’ 0.752 <0.001 0.335 0.174 -0.323 0.192 0.606 0.008 —-0.460 0.055
BS/mm® 0.428 0.076 0.343 0.164 -0.028 0.912 0.446 0.063 -0.205 0.414
Ct.Th/mm 0.586 0.011 0.317 0.200 -0.445 0.064 0.498 0.035 -0.618 0.006
BS/BV -0.742 <0.001 -0.177 0.483 0.508 0.031 -0.476 0.046 0.470 0.049
3. BREMM VOI4~VOI6 R 5 R G SH 2 BRI MM HEX T
Table 3. Correlation coefficient between microstructure and voltage fitting parameters of the concave side
MESEL
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r i PAH r{d P1iH r{8 P{H r{E PAE r{H PAE
BMD/(g/cm’) 0.402 0.099 -0.141 0.091 0.194 0.441 0.675 0.002 -0.066 0.794
BV/mm’ 0.830 <0.001 0.011 0.965 0.014 0.957 0.149 0.555 -0.329 0.183
BS/mm* -0.076 0.766 0.338 0.169 -0.031 0.903 -0.480 0.044 0.093 0.714
Ct.Th/mm 0.799 <0.001 -0.068 0.788 -0.002 0.995 0.237 0.344 —-0.384 0.116
BS/BV -0.712 <0.001 0.081 0.749 -0.005 0.984 -0.409 0.092 0.302 0.222
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Figure 1. Rabbit femur test. la: Position of volume of interested on the sample; 1b: Test device of mechano—electric potential; 1c: Load

and voltage variation law; 1d: Sample convex side normal stress; 1f: Sample concave side normal stress.
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