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Abstract:  Bone remodelling around a femoral prosthesis is 

one of the main reasons of aseptic loosening of the implant’s 

stem. The difference in stiffness between the bone tissue and 

the prosthesis leads to unload the periprosthetic bone and 

thus to decrease the bone mineral density (BMD), which is 

known as stress shielding. This paper represents a compari-

son between measured changes in (BMD) in a periprosthetic 

Femur with a cementless Bicontact stem by prospective dual-

energy X-ray absorptiometry study (DEXA)and calculated 

changes of the (BMD) using a finite element method (FEM). 

As a result, it is determined that the total deviation between 

the two investigations is about 18%. 
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Introduction 

The total hip arthroplasty (THA) is a standard treatment 

for many cases of severely and degeneratively changed 

hip joints [1]. However, the stiffness of the prosthesis is 

much higher than the stiffness of the bone surrounding it, 

thus the hip forces would be transferred more through the 

body of the prosthesis than the bone tissues. These chang-

es in loading distribution lead to decrease or increase the 

bone mineral density (BMD). This phenomenon is called 

strain adaptive bone remodelling [2]. Stress shielding is 

one of the main factors that cause aseptic loosening of the 

prosthesis in the femur [3]. Several clinical studies as well 

as numerical investigations try to measure or estimate the 

bone remodelling after implanting different type of pros-

theses. But a comparison between them is rarely done. 

Recently a DEXA study on a group of 25 patients with 

cementless Bicontact long stem system (AESCULAP AG, 

Tuttlingen, Germany) [4]. This paper represents a com-

parison between this study and the estimated bone remod-

elling of a periprosthetic femur with the same kind of 

prosthesis using the finite element method (FEM) [5, 6, 

,7]. 

Methods 

25 patients with cementless Bicontact system implanted 

in their femurs participated in the clinical study. The prox-

imal part of the prosthesis has a rough microporous pure 

titanium plasmapore coating with hydroxyapatite, while the 

distal end of the prosthesis‘s stem is smooth. The patients 

were scanned using HOLOGIC Discovery A S/N 80600 

device (Hologic Inc.,Waltham, MA, USA) perioperative 

one week, 6 months, one year and two years postopera-

tive. The hip of every patient individually is virtually 

divided into seven regions of interest (ROIs) (Fig. 1 (a)) 

in order to achieve an accurate measuring of the BMD 

and its changings during the study period [4]. 

      

Figure 1: Region of interests on femur with the Bicontact® 

prosthesis in clinical study (a) [4] and (b) in FE-Model 

The FE-model of the periprosthetic femur used at IFUM in 

[5, 6, 7] is used in this comparison applying the same condi-

tions and constraints with the same muscle forces and hip 

contacts but with the following restrictions: 

1. The elements of the upper part of the femur are grouped 

in seven separated sets as stated in the clinical study in 

[4] (Fig. 1(b)). 

2. The subroutine used in the FE calculation is modified in 

order to calculate the changes in bone density in each set 

individually. 

Results 

In order to be able to compare the calculated with the meas-

ured bone remodelling, the changes of the BMD from the 

DEXA investigation and the changes of the bone density 

calculated using the FE model in each ROI are given in 

percentage and then subtracted from each other. 

The following table summarises the results of this compari-

son (Tab. 1): 

Table 1: Calculated and measured changes in bone density 

(Minus means decrease). 

RIO DEXA [%] FEM [%] Deviation 

[%] 

R1 - 12.94 - 23.5 10.5 

(a) (b) 
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RIO DEXA [%] FEM [%] Deviation 

[%] 

R2 - 6.28 - 9.1 2.8 

R3 - 0.56 - 8.8 8.2 

R4 + 1.06 - 3.3 4.3 

R5 - 4.7 - 1.8 2.9 

R6 + 4.25 - 23.2 27.5 

R7 - 8.3 - 76.0 67.7 

mean   17.7 

In Regions R2, R3, R4, R5 the difference between the meas-

ured and calculated bone density is around 5%, while this 

percentage increases to 10% in R1. The deviation between 

the FE calculation and DEXA investigation is especially 

noticed in R7 und R6, where supposedly a strong decrease of 

the bone density should take place in response to the unload-

ing of periprosthetic bone tissues expected in these regions 

(Fig. 2). The overall deviation in all regions is about 18%, 

which can be considered as a good result taking into account 

that the stress shielding is one of many biological and me-

chanical factors affecting the growth of periprosthetic bone 

tissues. 

 

Figure 2: Bone remodelling calculated using FEM a) at the 

initial state and b) at the final state.  

Discussion 

In order to understand this difference, the physiological 

influences of the proximal hydroxyapatite coating and mi-

croporous structure of the prosthesis surface should be con-

sidered. These proximal properties of the Bicontact encour-

age the bone ingrowth in the microporous layer, which miti-

gates the stress concentration and thus un- as well as over-

loading ratio of the bone tissue [8]. The proliferation of the 

bone cells would be increased as another consequence of 

these coating properties [9]. Both effects might be reasons 

why the bone in R1, R6 and R7 does not lose its density as in 

FE-Modell expected. 

In other words, the bone remodelling as a reaction of the 

unloading would be first activated by higher unloading ratio 

in regions, where bone tissue grows in the microporous 

prosthesis surface with hydroxyapatite coating. 

In general, it can be stated that the numerical model used in 

[5, 6, 7] is able to anticipate the bone remodelling with an 

acceptable deviation.  
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