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ABSTRACT : It has been widely used ultra high molecular weight polyethylene (UHMWPE) for the biomaterials
due to its excellent mechanical properties and biocompatibility. In the case of blend of UHMWPE with another
polymeric biomaterials, however, UHMWPE might have low blend compatibility due to surface inertness. In this
study, in order to improve the mechanical properties of poly(methyl methacrylate) (PMMA) bone cement by means
of the impregnation of UHMWPE powder, we developed the novel surface modification method by the mixture of
methyl methacrylate (MMA) and xylene. We investigated the variation of composition of MMA/xylene. It was
confirmed by the analysis of Fourier transform infrared-attenuated total reflectance, scanning electron microscope,
universal transverse mercator, and digital thermometer. The maximum mechanical strength of surface modified
UHMWPE powder impregnated PMMA bone cement compound was observed the ratio of 1 : 1 (v/v%)
MMA/xylene. Also its curing temperature decreased from 103 C to 58~73 C. The mechanism of surface
modification of UHMWPE powder by the mixture of MMA/xylene has been proposed.
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Table 1. List of Samples Prepared for Optimal MMA
Precoating Process by Different (a) MMA and (b)
Xylene Amount onto the Surface of UHMWPE
Powders

(a)
samples MMA xylene UHMWPE PMMA  BPO hydroquinone
contents(mL)  (mL)  powder(g) powder(g) (wt%)  (ppm)
Al 30 50 025 0.15 0.5 90
B-1 40 50 025 0.15 05 %0
C-1 50 50 025 0.15 05 90
(b)
samples MMA  xylene UHMWPE PMMA  BPO hydroquinone
monomer(ml) (mL) powder(g) powder(g) (wt%)  (ppm)
A2 50 10 0.25 0.15 0.5 90
B-2 50 10 03 0.15 0.5 90
C2 50 10 0.35 0.15 0.5 90
D-2 50 20 0.25 0.15 0.5 90
E-2 50 20 03 0.15 0.5 90
F2 50 20 0.35 0.15 0.5 90
G2 50 30 0.25 0.15 0.5 90
H2 50 30 03 0.15 0.5 90
12 50 30 0.35 0.15 0.5 90
12 50 40 0.25 0.15 0.5 90
K2 30 40 0.3 0.15 0.5 90
L2 50 40 035 0.15 0.5 90
M-2 50 50 0.25 0.15 0.5 90
N-2 50 50 0.3 0.15 0.5 90
0-2 50 50 0.35 0.15 0.5 90
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Figure 1. Process of sample preparation for measurement of
tensile strength.
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Figure 2. SEM microphotographs of (a) virgin UHMWPE
powder, (b) MMA/xylene surface-modified UHMWPE pow-
der, and (c) MMA precoated UHMWPE powder.
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Figure 3. Schematic diagram of (a) mechanical interlocking and (b) chemical bonding of MMA/xylene surface-modified

UHMWPE powder.
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Figure 4. (a) FTIR-ATR of virgin UHMWPE powder (1) and
PMMA powder(2) and (b) Method of measuring intensity

values I and I for calculations of absorbance ratio.
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Figure 5. A representative topographical FTIR-ATR scanning of different (a) amount of MMA and ({(b), (c), and (d)) amount of

xylene surface-modified UHMWPE powders.
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Figure 6. The value of absorbance ratio of different (a) amount of
MMA and (b) amount of xylene surface-modified UHMWPE
powders.
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Table 2. Comparison of the Interfacial Strength
among the Bone Cements Impregnated Different (a)
Amounts MMA and (b) Amount Xylene Surface-
modified UHMWPE Powders

(@)
MMA/xylene 30 mL 40mL 50 mL
treated UHMWPE MMA  pvalue MMA  pvalue  MMA
contents (%) (MPa) (MPa) (Mpa) Al
0 44.5+1 1 44.5+1 1 44.5+1 1
3 3174264 ¢ 448£131 * 50.1£176 ¥
5 35t146 007 405134 * 432+134 %
10 3362244 009  349+044 007 363145 0.06
*p < 0.05 compared than control.
(b)
xylene 025g 030g 035g
contents (mL) UHMWPE pvalue UHMWPE pvalue UHMWPE p value
(MPa) (MPa) (MPa)
standard 1° 44 5+1 1 44 511 1 44541 1
standard 2’ 33825 0.08 338125 008 33.8%249 008
10 4448+178 ¢ 4424378 ¢ 408f140 ¢
20 4474278 % 44342 4081284
30 4561107 ¢ 446%187 o 432£209 %
40 46.6+153 * 441159 0+ 432%148 ¢
50 5012175 ¢ 4714153+ A3T7£166 ¢

‘The tensile strength of commercial PMMA bone cement.
e tensile strength of bone cement containing virgin UHMWPE powders.
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Figure 7. The change of tensile strength of new bone cements
impregnated different (a) amount of MMA and (b) amount of
xylene surface-modified UHMWPE powders.
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Figure 8. The curing temperature of the bone cements
containing different amount of MMA/xylene surface-modified
UHMWPE powders.
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