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Abstract 

Acetabular reconstruction cage is applied to patients with bone defect because of long-term 

use. The metal materials are used for the conventional cage, however, the lack of mechanical 

biocompatibility of metal is a serious problem, because the high rigidity causes the 

phenomenon of stress shielding which suppresses bone remodeling. Therefore, we aimed to 

develop the acetabular reconstruction cages made of CFRP. We investigated the superiority 

of CFRP cage by estimation of mechanical behavior of bone and cage. 

 

 

1. Introduction  

 

A hip joint is a part of human body which has a role of weight support, and the largest load is 

provided. Therefore, the disease at hip joint causes serious problems at social activity and 

daily life. Owing to the aging of population, it is expected that the increase in bone and joint 

disease, and the number of patients in the world which was about 1.5 million in 1990 will be 

over 3 million by 2025[1]. A total hip arthroplasty (THA) is one of the medical treatments for 

serious disease of a hip joint. THA is to replace diseased hip joint by artificial hip joint. 

An artificial hip joint is usually composed of cup, liner, head and stem. In the situation of 

huge acetabular bone loss such as revision surgery, an acetabular reconstruction cage is 

additionally needed to reconstruct the hip joint. In this study, we focus on an acetabular 

reconstruction cage which is replaced between a cup and bone. The metal materials like 

titanium alloy or cobalt-chromium alloy are used as the conventional cage mainly. The 

conventional cage as ‘Burch-Schneider Cage’ is shown in Fig.1. However, the lack of 

mechanical biocompatibility[2,3] of metal is a serious problem because the high rigidity[4] 

causes the phenomenon of stress shielding which suppresses bone remodeling. 

We aim to develop the acetabular reconstruction cage made of Carbon Fiber Reinforced 

Plastic (CFRP). Poly Ether Ether Ketone (PEEK) is applied as one of the super engineering 

plastic for matrix. PEEK has already been used in a clinical manner with carbon fiber. 

Therefore, it is convenient to use CF/PEEK, because its excellent performance on chemical 

resistance and corrosion resistance [5,6]. In addition, the CFRP has the mechanical properties 

of high fatigue strength. Furthermore, in order to develop the tailor-made artificial hip joint 

that is optimum for each patient, the effects of various design parameter, such as the shape of 
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cage and stacking sequence on the mechanical behaviors of the cage and bone have to be 

investigated. To consider the effects of the design parameters of acetabular reconstruction 

cage on the mechanical behaviors at hip joint are very important in designing acetabular 

reconstruction cage. 

The purpose of this study is to develop the numerical modeling method for acetabular 

reconstruction cage, and to estimate the mechanical behaviors for bone and cage with the 

developed numerical model. 

 
Figure 1. Burch-Schneider Cage (ready-made). 

 

2. Numerical modeling of cage and bone 

 

2.1. Cage and bone parts 

 

It’s possible to design the artificial hip joint that is optimum for each patient by using CFRP 

which can provide various design parameters. However, the numerical analysis with three 

dimensional model of real geometry demands an enormous amount of time. Therefore, we 

develop a numerical modeling method of the basic design model for quick medical supply for 

patients. When the Burch-Schneider Cage is applied, the protrusion is inserted in the ischium, 

and cage is fixed to the pelvis with screws and the application of bone cement depends on the 

situation of the patient. The cage is inserted to the ischium and fixed to the bone with the use 

of cement. The numerical model consists of two parts which are the cage and the bone. 

 

2.2. The part of acetabular reconstruction cage 

 

The external form of acetabular reconstruction cage is shown in Fig.2. The cage is constituted 

by dome part at the center and fin part at the outside. The fin part is constituted by four 

quadratic curve. Figure 3 shows the numerical model, which is created by setting nodes 

radially from center O. At the ischium side, the cage is fixed by inserting in the ischium, and 

the situation of inserting was simulated by replacing bone elements. 

The elements between cage and bone is regarded as bone cement at dome part. At the ischium 

side, the interfacial elements are not used. At the other part, the cage isn’t fixed to bone, and 

the interfacial elements with very low elastic modulus is used. Figure 4 shows the cross 

section of the numerical model that is constituted by these parts. 

 

 
 

(a) Front view (b) Cross section 
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Figure 2. External form line of acetabular reconstruction cage. 

 

 

(a) Front view (b) Side view 

Figure 3. Numerical model of acetabular reconstruction cage. 

 

 

 
 
Figure 4. The part of acetabular reconstruction cage (cross section). 

 

2.3. The part of bone 

 

The numerical model of bone has the shape of the cylinder 50[mm] long, 70[mm] radius. The 

acetabulum is simulated by the depression of the hemispherical at the center the size of which 

is the same as the cage. In order to simulate the actual pelvis, different material properties are 

applied to the model: the cortical bone at the surface, bone graft at the bone defect, and the 

sponge bone at the other part. Figure 5 shows the numerical model of the bone part by setting 

nodes radially from center as the cage. At the bone defect, the pour bone cement after filling 

up bone graft is considered, and the elastic modulus is changed as mixture of bone graft and 

bone cement. 

 

 
 

(a) Sponge bone (b) Cortical bone 

 

 
(c) Bone graft (d) Whole bone 

Figure 5. Numerical model of bone. 
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2.4 The numerical model 

 

In this study, the load transfers to the cage as the contact pressure through the thighbone and 

the cup. Therefore, in the numerical model, the rigid body element is created in the cage, and 

the load is applied to the cage, in the directions of counterforce of weight, by the rigid body 

which is controlled by the node. 

Figure 6 shows the proposed numerical model. 

 

 
 

(a) Bird view (b) Cross section 

Figure 6. The numerical model. 

 

3. Estimation of the mechanical behaviors for bone and cage 

 

3.1 The purpose of numerical analysis 

 

This section evaluates the mechanical behavior of bone and cage due to difference in material 

property. Two estimation is made. One is the deformation of the cage, second is strain energy 

density (SED) at the sponge bone. These are the indexes for restraint of bone growth and 

restraint of bone atrophy, respectively. 

First, the deformation of the cage is treated as index that evaluates the micro-movement 

occurrence. The micro-movement is the distance between implant and bone, which should be 

controlled under 0.05[mm].[7,8] 

Next, the strain energy density at sponge bone is treated as the index for restraint of bone 

atrophy. Huiskes’s and others study, it was treated as influence factor for relief of stress 

shielding and promotion of bone remodeling[9]. The strain energy density at elastic 

deformation is given by equation (1), which is the sum of the product of strain and stress in 

each direction. 

 

𝑈 = ∑
1

2
𝜎𝑖𝑗𝜀𝑖𝑗𝑖,𝑗     

 

As the strain energy density is numerical value of per unit volume, so it is possible to estimate 

not to depend on the element volume. In this study, it is used as the index for estimation. And 

the design for more strain energy density at sponge bone with the basis is investigated under 

the conditions that the stress of sponge bone is within the limits of elastic deformation. 

 

3.2 Numerical conditions 

 

For the load condition, the rigid body element is created in the cage, and the load is applied to 

the cage, in the directions of counterforce of weight, by the rigid body which is controlled by 

the node. Figure 7 shows the relation of the cage and the load direction. Table 1 shows load 

value of weight (BW) ratio, x direction is moving direction, y direction is transverse direction 
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and z direction is vertical direction under the condition of walking[10]. As restriction 

condition, the full restraint is applied to the nodes of side and bottom of bone model. 

Table 2 shows material properties. Three materials are used in this study: Ti-6Al-4V is widely 

used. CF/PEEK(Quasi-Isotropic) is composed by Quasi-Isotropic carbon fiber and PEEK. 

CF/PEEK(Short fiber) is composed of short fiber by carbon fiber and PEEK. As the bone 

defect part is filled by the mixture of bone graft and bone cement is surgery, the elastic 

modulus in simulation is changed accordingly. The shape of the cage is 50[mm] in inside 

diameter and 2.5[mm] of board thickness. 
 

 

 

(a) x-y plane (b) x-z plane 

Figure 7. The relation of the cage and load direction. 

 

 Fx[%BW] Fy[%BW] Fz[%BW] 

Load value 120 25 300 
Table 1. Load value of weight ratio[12]. 
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ZL 6.06E-2 
(a) Material properties of cage 

 
 Sponge bone Cortical bone Bone cement Bone graft Contact part 

Young’s 

modulus 

[GPa] 

1.33E-1 1.80E+1 2.00 

1.50 

~ 

1.50E-1 

1.00E-4 

Shear 

modulus 

[GPa] 

5.10E-2 1.70E+1 7.40E-1 

5.56E-1 

~ 

5.56E-2 

3.80E-5 

Poison’s 

ratio 
3.00E-1 3.00E-1 3.00E-1 3.00E-1 3.00E-1 

(b) Material properties of the other parts 

Table 2. Material properties 

 

 

 

 

 

x 

 x 

y 

z 
y 

z 



ECCM16 - 16TH EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Seville, Spain, 22-26 June 2014 

 

6 

 

3.3 Deformation of the cage 

 

Figure 8 shows the distribution of deformation of the cage. In spite of the difference of 

materials, the deformation amount at the ischium side is small, because of the connection of 

sponge bone, but the deformation amount at the ilium side is large because of the load 

influence. However, at fin of the ilium side, CF/PEEK(Quasi-Isotropic) and Ti-6Al-4V of 

elastic modulus is higher than cortical bone, so they are hard to be affected from cortical bone 

and their deformation amount are large. On the other hand, CF/PEEK(Short fiber) of elastic 

modulus is smaller than cortical bone, and the deformation is restrained and the deformation 

amount is smaller than the others. 

 

  
(a) CF/PEEK(Quasi-Isotropic)  (b) CF/PEEK(Short fiber) 

 

 
(c) Ti-6Al-4V  

Figure 8. Distribution of deformation of the cage. 

 

The deformation of the cage shown in Figure 10 is evaluated by two ways: the deformation of 

path A which is the boundary of fin and dome, and the path B-C along the load direction as 

shown in Figure 9. 

The deformation of CF/PEEK(Quasi-Isotropic) with high in-plane rigidity was comparable as 

Ti-6Al-4V. The deformation of CF/PEEK(Short fiber) is a little different from the others 

because the lower rigidity. 

 

 
Figure 9. Elements for estimation 
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(a) At boundary of fin and dome (b) At load direction  

Figure 10. Deformation amount of acetabular reconstruction cage. 

 

3.4 Strain energy density of sponge bone 

 

Figure 11 shows the distribution of strain energy density of sponge bone. The difference in 

the materials was also caused of the difference in load transfer.The load transfer decreases 

with the increasing of elastic modulus of sponge bone. As a result, the strain energy density in 

case of CF/PEEK(Short fiber) was the highest, and CF/PEEK(Quasi-Isotropic) was the same 

as Ti-6Al-4V. Finally, CF/PEEK has more strain energy density than Ti-6Al-4V widespread, 

CF/PEEK is more excellent for restraint of bone atrophy and promotion of bone remodeling. 

 

  
(a) CF/PEEK(Quasi-Isotropic)  (b) CF/PEEK(Short fiber)  

  
(c) Ti-6Al-4V  

Figure 11. Distribution of strain energy density at peri-acetabulum 

 

4. Summary 

 

In this study, we aimed to develop acetabular reconstruction cage made of CF/PEEK, the 

numerical modeling method and estimation of mechanical behavior for bone and cage are 
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0.10 

Strain Energy Density 

[kJ/mm3] 
3.00 

0.05 

1.00 

2.00 

0.00 

0.00 

D
ef

o
rm

at
io

n
 a

m
o

u
n

t[
m

m
] CF/PEEK 

(Quasi-Isotropic) 

CF/PEEK 

(Short fiber) 

Ti-6Al-4V 

Deformation amount 

[mm] A 

0.15 

0.15 

0.10 

0.05 

0.00 

0.20 

B C 

  

 

x x 

x 

y y 

y 

z z 

z 



ECCM16 - 16TH EUROPEAN CONFERENCE ON COMPOSITE MATERIALS, Seville, Spain, 22-26 June 2014 

 

8 

 

strain energy density of CF/PEEK(Short fiber) is higher than Ti-6Al-4V, however the 

deformation of CF/PEEK(Short fiber) was larger than Ti-6Al-4V, therefore CF/PEEK(Short 

fiber) is not the most excellent for acetabular reconstruction cages. As the results, it was 

concluded that the demands for development of acetabular reconstruction cage trade-off 

relationship, which means the optimization exists is needed which will be evaluated in the 

future. 
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