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Abstract 

In this study, we deal with a description and evaluation of remodeling changes after implantation of the short stems. First postoperative 

image was used to create 2D model of the proximal femur with the implant. It serves as a geometry in a boundary value problem 

describing mechanical interaction between bone tissue and stem of the implant. The problem was formulated by means of finite 

element method (FEM). To evaluate remodeling changes, FEM results were compared to two-years postoperative image. The com-

parison was based on changes in stress field and changes in principal stress directions. The results suggest, that short stem Proxima 

helps to restore the orientation of the main groups of trabeculae in the proximal femoral area and reduces the stress shielding effect 

after THA. 
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1. Introduction 

Our body is exposed to randomly changing external me-

chanical conditions during its whole life. For the bone tis-

sue it is typical that it changes its internal structure to 

maintain internal integrity, stability, strength, and mineral 

homeostasis. The way how the bone adapts to changes in 

these conditions is referred to as functional adaptation or 

strain adaptation [2]. 

Predicting the remodeling processes and understand-

ing the adaptation properties of living bone are essential 

prerequisite for designing successful prosthetic devices 

that are connected with bone tissue after the surgery. 

Total hip arthroplasty (THA) is one of the most com-

mon type of surgery that is offered to patients with chronic 

hip disease where conservative therapy is no longer effec-

tive. Unfortunately, prosthetic devices may significantly 

change stress fields in adjacent bone tissue. However, 

such conditions are significantly different to their physio-

logical states. This deviation will trigger the strain-con-

trolled adaptation process and the bone will remodel to 

accomplish the homeostatic state. When this process is 

manifested mainly by bone density reduction, it is referred 

to as stress shielding. One way how to reduce the stress 

shielding effect in patient’s femur after total hip replace-

ment is the implantation of so-called short stems [3]. 

Short stems of the total hip replacement have been de-

veloped to improve load transfer in the proximal femoral 

area, as well as to reduce an amount of resected bone tis-

sue. Other benefits include: reducing the convalescence of 

the patient, possibility of using mini-invasive surgical 

procedures or reduction in overall postoperative pain. 

1.1 Background 

1.1.1. X-ray set 

This study is based on series of X-ray images taken in pa-

tients who have been implanted with a short hip stem 

Proxima. The series include preoperative images as well 

as postoperative images. To evaluate remodeling changes 

after implantation, two X-ray images were compared – 

first postoperative and two-years postoperative. 
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Fig. 1. First postoperative X-ray image 

 

Fig. 2. Two-years postoperative X-ray image 

1.1.2. Wollf’s Law 

The description and evaluation of remodeling changes is 

based on the concept of Wolff’s law stating, that the main 

groups of trabeculae are oriented parallel to the principal 

stress directions [2], [4]. 

2. Finite Element Methods 

2.1. Input geometry and material parameters 

The first postoperative image was used to create 2D model 

of proximal femur with the implant. It serves as a geome-

try for a boundary value problem describing mechanical 

interaction between bone tissue and stem of the implant. 

The problem was formulated by means of finite element 

method. To evaluate remodeling changes, FEM results 

were compared to two-years postoperative image.  

      Both materials (hip implant and bone tissue) were 

considered as homogenous, isotropic and linearly elastic. 

2.2. Boundary and loading conditions 

Displacements in nodes of the distal end of the femur were 

assigned to be zero which expresses a fact that the bone is 

fixed at this place. 

    With regard to the loading condition, it was assumed 

that the action force, which acts in the center of the head 

of the hip joint, is approximately 2,5x higher than body 

weight and its magnitude is determined according to eq. 

(1). 

                        𝐹 = 2,5 ∙
𝑚∙𝑔

𝐷
  (1) 

Here 𝐹 is the force in hip joint, 𝑚 is the body weight of 

the patient, 𝑔 is the gravitational acceleration and 𝐷 is the 

diameter of femoral head.  

     Equality of displacements was assigned at the border 

between bone tissue and stem which expresses an assump-

tion of the osseointegration of the implant to the bone. The 

whole model was meshed using 6-node elements CPS6M 

[1]. 

 

 

Fig. 3. Boundary and loading conditions 

 

2.2. Point of interest 

As has been said, prosthetic devices may significantly 

change stress field in adjacent bone tissue. The main idea 

of this study is an evaluation of the FEM results and com-

parison with long-term postoperative image. The compar-

ison was based on changes in stress field and changes in 

principal stress directions. 

3. Results 

In this contribution, results obtained in two FEM models 

are presented. Each model corresponds to another patient. 

One with desirable and one with undesirable position and 

size of an implant. 

     For qualitative evaluation of the results, an attention 

was focused on the distribution of equivalent stress (von 

Mises) as well as on the distribution of maximum modu-

lus of principal stresses. Furthermore, components of the 

stress tensor computed in each node were used to calcu-

late the principal stress directions (the eigenvector prob-

lem). Examples are shown in Figures 4, 5, 6. 
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Fig. 4. Distribution of equivalent stress (von Mises) – desirable 

size and position 

 

Fig. 5. Distribution of equivalent stress (von Mises) – undesir-

able size and position 

 

Fig. 6. Orientation of principal stress 

4. Conclusion 

The results suggest, that short stem Proxima helps to re-

store the orientation of the main groups of trabeculae in 

the proximal femoral area and reduces the stress shielding 

effect after THA assuming appropriate implant size and 

position. On the other hand, by inappropriate implantation 

unfavorable conditions associated with stress shielding 

(such as hypertrophy) may occur due to higher concentra-

tion of the stress. 
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List of symbols 

𝐹 applied force in the center of the femoral head 

𝑔 gravitational acceleration 

𝐷 diameter of femoral head 

𝑚 patients body weight 
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