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Mechanical properties of human enamel based on resonant

ultrasound spectroscopy

FENG Dan-dan, FAN Fan, WANG Rui, ZHANG Qiang, NIU Hai-jun( School of Biological
Science and Medical Engineering, Beihang University, Beijing 100191, China)

Abstract; Objective To investigate the mechanical properties of human enamel based on resonant ultrasound
spectroscopy (RUS). Methods The rectangular parallelepiped specimens of human enamel were processed.
The theoretical resonant frequencies of specimens were estimated and paired with the experimental resonant fre-
quencies measured from RUS experiments. An iterative procedure was used to adjust elastic constants of enamel
until the theoretical frequencies corresponded to the experimental frequencies based on minimum mean-squared
error criterion. In addition, elastic modulus, shear modulus and Poisson’ s ratio were calculated respectively.
Results The elastic modulus, shear modulus and Poisson’ s ratio ranged from 61. 52 to 80.46 GPa, 21.51 to
51.86 GPa and 0. 18 to 0. 43, respectively. Eliminating the effect of large specimen variances, the average of
elastic modulus, shear modulus and Poisson’ s ratio was 72.84 GPa, 31.94 GPa and 0.27, respectively. Conclu-
sions RUS performs a feasibility of measuring the mechanical properties of human enamel with repeatable and
nondestructive advantages. All the elastic constants and mechanical parameters can be estimated through a sig-
nal experiment. The results provide references for the development of biomimetic dental restoration materials.
Key words: Enamel; Elastic constant; Mechanical parameter; Resonant ultrasound spectroscopy ( RUS);
Resonant frequency
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Fig.1 Flow chart of RUS

1.1 FEWR%

B R G 3 FR AT AR B S e PR Bh
OOk SRRSO TR . Hob
R Sk Sy B8 A 5T ) I £5 3k ( VIS4RM, Panametrics
Inc. , &) A5 5 HORS B0 73 32 2528 v o
HR A (HQA-15M-10T, Femto Messtechnik GmbH , 7%
E) & & M % 2 #7 {1 ( Bode 100, Omicron
electronics GbH, BUAHITE ), 344U A1 12 2
FotA et AL LT[ WA 2(a) ],
1.2 BXRH&

5 U A REA, SRAERE g i AF Aok, AR IR (26 +
1) % BAME MR 1 PR,

®1 FHRERER

Tab.1 Size and quality of the enamel specimens

HASS KE/mm  SEEE/mm JEEE/mm FidE/mg
1 3.443 3.353 1.653 52
2 3.683 3.040 1.660 51
3 3.070 1.980 1.867 31
4 3.240 2.120 1.647 30
5 2.956 1.880 1.672 24
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Fig.2 Platform of RUS and sampling of specimen

(a) Experiment of RUS, (b) Sampling of enamel specimen
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Fig.3 Typical resonance spectrum of the enamel specimen
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Tab.2 Pair comparison of experiment frequencies with calculated frequencies after optimization

USRI R/ kHz BRI HERIR / kHz MR REE% SLIHARAR/kHz BESSRIR Kz MR 2E%

1 341.927 343.036 0.324 13 905.234 904.520 -0.079
2 571.081 570.524 -0.097 14 947.591 950. 057 0.260
3 599.219 601.952 0.456 15 962.266 963. 896 0.169
4 646.927 645.204 -0.266 16 1 018.75 1 014.89%4 -0.378
5 666. 641 667.028 0.058 17 1 038.784

6 701.501 18 1 086.09 1 084.817 -0.118
7 720.755 717.074 -0.511 19 1102.53 1 109.526 0.634
8 749.492 752.085 0.346 20 1116.24 1 123.475 0.648
9 796.523 21 1173.934

10 814.831 810.449 -0.538 22 1178.478

11 830.566 832.903 0.281 23 1201.41 1196.124 —-0.440
12 887.279 884.137 -0.354 24 1238.77 1240.120 0.109
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Tab.3 Elastic constants of the enamel specimens

FeA C,,/GPa  C,/GPa  C,;/GPa  Cy;;/GPa  C,/GPa
1 88.50 49.62 58.01 69.67 55.94
2 92.04 26.30 32.68 94.13 29.65
3 96.72 43.46 23.41 72.32 51.86
4 96.63 30.53 31.89 83.57 32.61
5 84.80 41.79 29.56 93.78 27.33
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Tab.4 Mechanical parameters of the enamel specimens
B4 E, /GPa Ey;/GPa vy, vy  G;3/GPa G,,/GPa

1 40.16  20.95 0.03 0.81 55.94 19.44
2 77.92  76.08 0.18 0.28  29.65 32.87
3 74.69 64.50  0.40 0.19  51.86 26.63
4 80.46 67.57 0.22 0.30  32.61 33.05
5 61.52  79.98  0.43 0.18  27.33 21.51
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