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ABSTRACT Objective: To explore the influence of distinct moisture percentages and loading conditions on the nanoindentation
measurement in human cortical bones. Methods: Elastic modulus and hardness of human cortical bones that contain different moistures
(20%o, 30%o, 40%0, 50%o0 and 60%o0) were measured with the Hysitron nano indentation tester in different loading modes (peak loads of
300, 400 and 500 nm respectively, loading rates of 6, 8 and 10 nm/s respectively). Results: Under the same load condition, for specimens
of different moisture percentages, the values measured rose and elastic modulus and hardness values lowered with the increasing moisture
percentages (P<0.01); the three different loading modes had little influence on values measured in the specimen with 20%o moisture
percentage, but significant influence on values measured in the specimen with 60%o moisture percentage (P<0.02). Conclusion: When
micromechanical properties of bones were measured with the nanoindentation tester, the values measured were affected by the moisture
percentage of the specimen itself; in addition, when the test conditions were changed, the test results of moist specimens were completely
different, which showed that the mechanical properties obtained from the specimens generally undergone dehydration and encapsulation
treatment with nanoindentation technique were not comprehensive enough for our understanding about the mechanical properties of
human bones under moist physiological environment at the micro level.
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Fig.1 Preparation of the specimens required for experiment
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Fig.2 Comparison of the specimens between before(a)and after(b) heating
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Fig.3 Before(c) and after(d)the nanoindentation test
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Table 1 Positive and negative standard deviations of the mean values of elastic moduluses and hardness of cortical bones with different moisture

percentages
Moisture content Peak load(nm) Moisture content Elastic modulus(GPa) Hardness(MPa)
20 500 10 20.22 £ 1.05 548.76x 12.19
30 500 10 18.76+ 1.17 451.52+ 11.58
40 500 10 15.52+ 1.18 390.99+ 8.62
50 500 10 9.36+ 1.22 225.25% 27.87
60 500 10 6.74+ 1.27 176.3+ 24.47

AR L AE T R Z [ S M B BE (R 22 5 38 (P<<0.05), HIJREHE SR B30, A fE I N 4. ).

Compact bone Compact bone
—_ 25- = 8004
& - 20 E - 20
g 20- = ) 2 600 po
@ 4
=2 - 40 o -+ 40
g 154 - 50 B -~ 50
E - 0 I 400- gy ==
E 104 5
= ®  200-
- 3
o =
£ 0 T T T T T - 0 2‘0 3‘0 4'0 5‘0 6‘0
20 30 40 50 60
Specimen moisture content(%.
Specimen moisture content(%.) P )
4 AEEIRERAIEEEEE 5 AEEBRERANEEE
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Table 2 Positive and negative standard deviations of the mean values of elastic modulus of cortical bones with 20%o and 60%o0 moisture percentages in

three distinct loading modes

Moisture content Peak load(nm) Loading rate(nm/s) Elastic modulus(GPa) Hardness(MPa)
20 300 6 20.06% 1.41 540.3+ 37.74
20 400 8 20.65% 1.67 535.2%37.33
20 500 10 21.29+ 1.58 568.3 £ 27.66
60 300 6 4.48+ 0.79 105.3%+ 11.59
60 400 8 5.4+ 0.86 139.1 £ 18.65

60 500 10 9.26x 0.97 188.7 + 14.09
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Fig.6 The elastic modulus of cortical bones with 20%o and 60%o moisture

percentages in three distinct loading modes
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