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ABSTRACT 

Nowadays, implant material become an attractive attention for the researchers to look for alternative materials that 
better than the previous material. Several complaints have been found due to the use of titanium and steel as implants in the 
knee. Composite is the main option and being the center of attention and nanomaterials are a promising new 
breakthroughs. This study offers a new solution for the knee implant in the form of ZnO-Al2O3 nanocomposite as knee 
implant material. Before being applied to the world of orthopedics, the nanocomposite has been tested using a mechanical 
testing using hydraulic press machine and has done the compressive strength and shear simulated using software 
simulation with Catia Version 5 Release 17 (V5R17) and ANSYS. The results of the compressive strength of composites 
with different percentage comparisons showed that 50% ZnO and 50% Al2O3 has the highest compressive strength 
compared to other composition ratio (80-20 and 65-35). Based on simulation data, ZnO-Al2O3 nanocomposite has the 
highest strength on the composition ratio of 50% ZnO and 50% Al2O3 which has the ability to withstand a compressive 
stress of 3 GPa, equivalent to 300 x 107 N / m2. 
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INTRODUCTION 

Technology is defined as a technology towards 
the materials in the dimension and tolerance ranging from 
0, 1-100 nm (from the size of atom equal to the length of 
light wave [1]. Nanotechnology states to one of advances 
in material science and engineering that at recent has been 
rapidly developing coincided with the development of 
knowledge and understanding of human in material 
chemistry and physics, advance in management method 
and availability of modern equipments to conduct a 
research [2].  

Zinc Oxide (ZnO) is a unique material mostly 
used by researchers for any various and wide applications. 
It possesses a variety of types of morphology and sizes 
that, in turn, will determine the appropriateness in its 
application. This material is usually used as additives for 
paint, ceramic materials, catalyst, electronic devices, 
optoelectronics, or semiconductor. The unique form of 
nanostructure of ZnO shows that ZnO is the richest 
material in the family of nano material both in structure 
and in properties. The properties of nanoparticles of ZnO 
are relied highly on their morphological characters and 
nanostructure determined from the synthesis method used 
[3]. Thus, from the description of the material 
characteristics of ZnO it is expected that by using the 
application of nanotechnology ZnO, in addition to its 
singularity to have a typical color as white as the natural 
color of teeth, a better power can be produced in 
comparison to the previous dental implant material [4].   

Alumina (Al2O3) has much application as 
nanocomposite dopped by zinc oxide for photocatalytic 
[5], mix with zinc oxide using sol gel method [6] and solid 
state reaction using ball milling. One of successful 

application on nanocomposite ZnO-Al2O3 was dental 
implant material [7]. 
 
METHODOLOGY 

The method of this research was using software 
CATIA Version 5 Release 7 (VSR 17) to calculate the 
compressive strength of nanocomposite ZnO-Al2O3. 
ANSYS software use to determine the Von Misses stress 
result. Parameters for the simulation were calculated in 
previous research which includes modulus young, yield 
strength and poison ratio. 
 
RESULT AND DISCUSSIONS 

Results of this research consist of design knee 
bone implant (tibia pad and femur pad) as shown in Figure 
1 and Figure-2. 
 

 
 

Figure-1. Tibia pad. 
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Figure-2. Femur pad. 
 

At the femur pad, the stress that occurs is the 
compressive stress on the inner and outer sides. Surface 
tension on the outer side of the friction depends on the 
grounding of the tibia. This means that the compressive 
strength and shear strength of nanocomposite need to be 
considered. In femur pad, it was found that the highest 
compressive stress is 2.7 x 107 Nm2 while the lowest is 2.7 
x 106 Nm2 (Figure-3). 
 

 
 

 
 

Figure-3. Stress distribution on femur pad. 

 
 

 
 

Figure-4. Stress distribution on tibia pad. 
 

Figure-4 shows that the highest compressive 
stress on tibia pad is 1 x 106 Nm2 and the lowest is 5.14 x 
103 Nm2. Compressive stress of ZnO and Stainless steel in 
10%, 25%, 50%, 75% and 90% rupture was examined 
using the graph as shown in Figure-5.  

Figure-5 shows that the compressive stress that 
occurs in stainless steel implant is greater than ZnO-Al2O3 
implant on percentages of 10%, 25%, 50%, 75% and 90%. 
The greatest stress in this study for the percentage of 
implant 10%, 25%, 75% and 90% occurred in the implant, 
while the percentage implant 50% occurred in the middle 
of implant. 

The greatest stress on the implant with a large 
percentage of 75% occurs on ZnO-Al2O3 nanocomposite 
at 55 x 107 N/m2, whereas in the case of stainless steel 
implant the  highest stress is 56.4 × 107 N/m2. As for the 
smallest stress occurred in the implant with implant 
percentage of 50%, occurs on ZnO-Al2O3 implant of 3.72 
x 107 N/m2 and stainless steel implant of 3.85 x 107 N/m2. 
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Figure-5. Comparison of ZnO-Al2O3 nanocomposite as 
Implant Material. 

 
Figure-6 shows that the Von misses analysis of 

implant material has the higher value of 0.95 MPa, while 
titanium implant has the higher value of 0.15 MPa.  

The big difference in the stress of both ZnO-
Al2O3 and titanium implant is because of differences in 
elastic modulus and Poisson's ratio of the material. These 
differences affect the resistance of the material receives a 
load and distribute the load. It is characterized by the 
difference in stress that occurs in both implant material 
and color differences in the extent of distribution 
(distribution stress) that occurs in the second implant. 

This research shows that the distribution of the 
colors (stress distribution) that occurs in implant stainless 
steel implant wider than ZnO-Al2O3. Large yield strength 
owned by ZnO-Al2O3 nanocomposite at 3 GPa or equal to 
300 x 107N/m2. This shows that the ZnO-Al2O3 
nanocomposite capable of withstanding stress on chewing 
process. 
 

 
 

 

 
(A) 

 

 
 

 
(B) 

 

Figure-6. Von Misses analysis of ZnO-Al2O3 
nanocomposite as Implant Material (A) Nanocomposite 
ZnO-Al2O3, (B) Titanium 
 
CONCLUSIONS 

ZnO-Al2O3 nanocomposite suitable for implant 
material which showed from the result that the highest 
compressive stress is  55 x 107 N/m2  for 75% implant, 
while the yield strength is 3 GPa or 300 x 107 N/m2. The 
Von Misses analysis shows that nanocomposite implant 
has higher shear strength compared to the titanium 
implant.  
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