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AR R n DU A B C D E
Mean 91.55 93.08 93.86 85.95 90.02
. SD 6.71 4.82 12.30 4.70 2.08
19.8mm/min 15
Max 97.39 98.46 107.88 93.25 94.36
Min 73.14 84.24 75.48 77.80 87.58
Mean 93.67 94.00 93.60 89.62 91.89
SD 7.05 471 9.97 2.28 3.45
22.7mm/min 15
Max 100.11 100.86 104.51 93.66 96.97
Min 77.42 85.80 73.03 85.38 86.80
Mean 96.12 94.79 94.63 87.52 93.03
, SD 5.10 3.89 9.15 5.03 2.47
25.6mm/min 15
Max 102.24 102.36 108.81 96.53 97.61
Min 79.83 89.74 79.87 76.03 89.55
ANOVA 45 p=0.154 p=0.322 p=0.937 p=0.066 p=0.015%
(*p <0.05)
= . RBEI AR AT PR A - MRS E R PR 2 E R - EAH
i . B C Db p ANOWA RIMPLAER ; E BB EYUR & E RIS 2
"o test /N AIREfE IS R ME SR S Y s B R BRI AR » 2
Mean 61.9 50.9 54.6 53.4 66.9 Atk B8 B B RE S AT E AR K o JRR A Y
B Sb 73 11.8 75 12 85 p=0.020% BT REM A R E MR RE B K - fEAR
(Mpa) ™ Max 715 704 64.7 544 78.8 R S TETH B T [5] PRAE SH F  0R F SER E R /)
Min 52.4 40.9 442 513 570 {EERIR70 MPa - Fr DATE A S N AN 2 U RE
*p<0.05 TR PE TS IE o
=R~ R8I EIE ERET
n  PUEE A B C D E ANOVA test
Mean 3048.6 2875.6 2868.1 2671.5 2859.0
SD 135.2 43.1 285.3 61.6 118.9
E(MPa) 5 P=0.02*%
Max 32775 2919.2 3150.3 2706.2 3000.9
Min 2951.0 2815.3 2390.1 2562.4 2682.0
Mean 3400.8 3210.4 3209.8 3002.6 3217.5
E from cross-head SD 158.0 46.2 315.1 65.1 127.5
5 P=0.03*
(MPa) Max 3664.0 3261.4 2680.7 3070.7 3374.5
Min 3257.1 3147.5 3523.8 2896.2 3026.5
Mean 89.7 89.6 89 89.0 88.9
E/E cross-head (%) 5 P=0.066
SD 0.0061 0.0033 0.0028 0.0066 0.0045
E& E cross head p-value  0.00001 *  0.00000 *  0.00001 * 0.00000*  0.00000 *

*p <0.05
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ISO 5833.

The Study in PMMA Bone Cement Mechanical Analysis

KUAN LAO, YOU-NING HSU, NAI-YUAN NIEN, SHOU-CHIEH HUANG,
YU-PEN CHEN, LIH-CHING CHIUEH AND DANIEL YANG-CHIH SHIH

Division of Research and Analysis, FDA

ABSTRACT

In order to meet “Guidance for Pre-clinical Testing of Poly (methyl methacrylate) (PMMA) Bone
Cement.” announced by Taiwan Food and Drug Administration (TFDA) on January 5, 2012, the procedures
of mechanical analysis for PMMA bone cement were established. Five samples of PMMA bone cement were
collected from medical device dealers from April to November in 2012, 2 made in USA, 2 from Germany, and
1 from UK. We followed the international standard ISO 5833 and ASTM F451 to establish the compressive
strength test, bending strength test and bending modulus test. Furthermore, the impact of various experimental
parameters on the material test was compared. In the compressive strength test, the compressive strength was
analyzed using different compressive velocity (19.8, 22.7 and 25.6 mm/min).The displacement gage and cross
head distance were used to measure the bending strength and modulus respectively. The results revealed that
average compressive strength of different velocity were greater than 70 MPa and the average bending strength
were greater than 50 MPa and the average bending modulus were greater than 1800 MPa. The bending modulus
calculated using the cross head distance was higher than that using displacement gage. The coefficient of

determination was calculated by the linear regression equation with the regression coefficient (r*) of 0.992.

Key words: PMMA bone cement, compressive strength, bending strength, bending modulus



