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Abstract. Femoroacetabulare impingement (FAI) is a mechanical mismatch be-
tween femur and acetabulum. It would bring abnormal contact stress and poten-
tial joint damage. This problem is more common on people with high level of 
motion activity such as baler dancer and athletics. FAI causes pain in hip joints 
and consequently would lead to reduction in range of motion. This study inves-
tigates whether changing the kinematics parameters of hip joint with impinge-
ment can improve range of motion or not. Hip joint model is created in finite 
element environment, and then the range of motion was detected. The original 
boundary conditions are applied in the initial hip impingement model. Then 
gradually the gap between femur and acetabulum in the model was changed to 
evaluate the changing kinematics factors on range of motion.  

Mimics (Materialise NV) software was used to generate the surface mesh of 
three-dimensional (3D) models of the hip joint from computerised tomography 
(CT) images of the subject patients diagnosed with FAI. The surface mesh models 
created in Mimics were then exported to Abaqus (Simulia Dassault Systems) to 
create a finite element (FE) models that will be suitable for mechanical analysis. 
The surface mesh was converted into a volumetric mesh using Abaqus meshing 
modules. Material properties of the bones and soft tissues were defined in the FE 
model. The kinematic values of the joint during a normal sitting stance, which were 
obtained from motion capture analysis in the gait lab, were used as boundary con-
ditions in the FE model to simulate the motion of the hip joint during a normal sit-
ting stance and find possible contact at the location of the FAI. The centre of rota-
tion for a female hip model with impingement was changed and range of motion 
was measured in Abaqus. The results were compared to investigate the effect of 
centre of rotation on range of motion for hip with femoroacetabular impingement. 
There was a significant change on range of motion with changing the gap between 
femur and acetabulum. Decreasing the distance between femur and acetabulum de-
creases the range of motion. When the distance between femur and acetabulum 
changes the location of impingement shifted. Increasing the distance between fe-
mur and acetabulum, there is no noticeable change in the location of impingement. 
This study concludes that changing the kinematics of hip with impingement 
changes the range of motion. 
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1 Introduction 

Femoroacetabular impingement (FAI) is deformability of femur or acetabulum which 
causes pain and decreasing range of motion [6]. In fact, the aetiology of osteoarthritis 
of the hip has long been considered secondary to congenital or developmental defor-
mities or primary whilst presuming some underlying abnormality of the articular car-
tilage [4]. However, recent information supports the hypothesis that the so-called  
primary osteoarthritis is also secondary to subtle developmental abnormalities. 

Two types of impingement have been distinguished based on the origin and the 
mechanism of impingement commonly referred as pincer and cam [5], [9]. Cam im-
pingement results in deterioration of the hip joint [11]. This is triggered by chondral 
avulsion, damage of the acetabular cartilage and labural detachment and degeneration 
[11]. The effects of pincer impingement are similar to those caused by cam impinge-
ment. The difference in its effect lies in the characteristic of the damage and the fail-
ure mechanism. In this study, we focused on cam impingement. During cam  
impingement, the labrum remains uninvolved over a rather long period [4]. 

Various articles reported about the location and angle of impingement [3, 7, 10]. In 
this study, we investigated about the effect of the distance/gap between the femur and 
acetabulum on the hip impingement of a 35 years old female patient with a height of 
180 cm and weight of 86.04 kg at the time of surgery. 

It was hypothesised that: the impingement would occur at the anterosuperior rim of 
the acetabulum, the risk of impingement would be affected by varying the gap be-
tween the femur and acetabulum with a subsequent change in the kinematics. The 
femur was moved 3 mm, 2mm and 1 mm both inward and outward the acetabulum. 
The effect of the kinematics on the FAI contact zone of the six different cases were 
compared with that of the patient’s hip at the time of surgery.  

2 Methodology 

Mimics software was used to read the Digital Imaging and Communications in Medi-
cine (DICOM) files of the patient. Segmentation and editing tools allow the manipula-
tion of data to select the bone and soft tissue. After generating the 3D model it was 
surface meshed using triangular elements. The surface mesh was then exported to 
Abaqus and converted to a volume mesh (tetrahedral elements) prior to post 
processing. 

2.1 Methods for the 3D Modelling 

The anthropometrical data of a 35 years old female patient with a height of 180 cm 
and weight of 86.04 kg at the time of surgery with bone abnormalities indicative of 
cam-type deformity at the anterosuperior head-neck junction of her right hip was 
acquired using GE Medical systems/Light speed VCT computed tomography scan. 
The patient was scanned from the pelvic girdle to the distal end of the femur in the 
supine position. The scans were made up of 1027 cross-sectional slices with a slice 
distance of 0.625 mm and a field of view (FOV) of 380 mm. The DICOM images 
generated during the CT scan were processed using Mimics software to obtain the 
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primary 3D model using density segmentation techniques. 1027 image slices in the 
DICOM format were selected and automatically imported to Mimics.  

The image slices were then stacked and converted to be displayed in the coronal, 
sagittal and axial views. However, the orientation of each view was defined before 
continuing. Once the 3D model of the hip joint was obtained, the mesh discretisation 
process was carried out in Mimics and subsequently material constitutive, loads and 
boundary conditions, and kinematics constraints were defined in Abaqus software. 

Thresholding. Thresholding based on the Hounsfield scale was used to separate both 
the cortical bone of the femur and acetabulum from the surrounding muscles and tis-
sues. CT images are a pixel map of the linear X-ray attenuation coefficient of tissue 
[11, 8]. Mimics software allows changing the predefined threshold to the required 
threshold by choosing compact bone of an adult from a drop down menu. Therefore, a 
lower limit of 662 Hounsfield units (HU) and upper limit of 1652 HU were defined in 
order to select only the cortical bones from the surrounding tissues (Figure 1). 

 

Fig. 1. (a) Hounsfield threshold value for bone. (b) corresponding histogram which shows the 
separation of bone from soft tissue.  

Region Growing. The femur and the pelvic girdle were then selected separately and 
assigned different masks through region growing operation.  

Segmentation Mask. The region growing has split the segmentation into separate 
entities. This enables to generate separate geometrical files and subsequently the 3D 
model. Noisy pixels and artefacts were eliminated manually. Cavity filling operation 
was performed in order to produce density masks of both the femur and the pelvic 
girdle. A 3D computation was then carried out on both the density masks. Both the 
3D models were wrapped and conservatively smoothened using a smooth factor of 0.4 
in order to have a good surface topography without affecting the anthropometrical 
data of the patient. 

b
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2.2 Generating 3D Model 

The 3D models were separately divided into triangular elements and nodes (surface 
meshing) in Mimics remesher module. A quality threshold of 0.3 was defined for the 
triangular elements. The height/base parameter was used to measure the ratio between 
the height and the base of a triangle. 

Operations for the Quality Improvement of the Triangular Elements. The aim 
was to improve the quality of the triangular elements through different operations 
prior to autoremeshing of the 3D models. The amount of detail of the femur was re-
duced by conservatively smoothening it without compromising the faithfulness of the 
model. 

Surface Mesh to Volumetric Mesh. The head of the femur and the osseous bump at 
the head-neck junction was manually refined with the triangles smaller than 2.5 mm 
in order to get an accurate result at the contact interface. The head of the femur was 
acting as the slave surface mesh whereas the acetabulum was behaving as the master 
surface mesh in order to respect the master and slave formulation in Abaqus. 
Moreover, the head of the femur was smoothened and refined relative to the pelvic 
girdle in order to prevent any sharp corners in the model that might cause conver-
gence problems and to prevent any penetrations of master nodes into the slave surface 
from going undetected [1].  

When the surface meshes of the femur and pelvic girdle satisfactorily passed the 
mesh quality test, they were saved as ‘inp’ files format and exported to Abaqus sepa-
rately. There, the triangular elements were converted to tetrahedral elements. The 
femur and the pelvic girdle consisted of 125 376 and 169 483 tetrahedral elements, 
respectively. 

2.3 Load and Boundary Conditions 

The femur was then instanced with the pelvic girdle using part/model instance option 
in Abaqus. In this study, a sphere was wrapped around and fitted on the femur to ap-
proximately locate the hip joint centre which was defined as a reference point. 

Material property of the finite element (FE) model: the bone was assumed to be-
have as nonlinear elastic and an isotropic Poisson’s ratio of 0.3 was used which is 
sufficient for the study of stress and strain [4]. An equivalent bone material property 
was defined for the finite element (FE) model with an average value of elastic mod-
ulus of 750 MPa and an average density of 1.281 g/cm3. 

Contact Algorithm and Boundary Conditions. In this study, the general automatic 
contact algorithm was defined in Abaqus. The contact between the acetabulum and 
the femur was assumed to be ideally frictionless with no bonding. As the acetabulum 
and femur comes into contact, the penetrations are detected and the contact con-
straints are applied according to the penalty constraint enforcement method [1].  
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The medial pelvic wall was pinned in the x, y and z directions. The pelvic bone 
support of the acetabulum was non-rigid [12, 2]. 

The centre of rotation of the femur was coupled with the whole section of the femur.  

3 Results and Discussion 

Seven different cases were defined to examine the effect of kinematics on the FAI as 
shown in Table 1. Case 4 was fixed as a control which centre of rotation was same as 
centre of femur. Cases 1, 2 and 3 represented the condition when the centre of rotation 
was moved toward acetabulum  whereas cases 5,6 and 7 centre of rotation was moved 
outward the acetabulum as shown in Figure 2.    

Table 1. Seven different location of centre of rotation were introduced between femur and 
acetabulum to examine the effect of kinematic on the FAI 

Cases Centre of rotation according to the centre of femur 

1 -1 mm 
2 -2 mm 
3 -3 mm 
4 0 mm 
5 +1 mm 
6 +2 mm 
7 +3 mm 

 
 
 

 

Fig. 2. Schematic of centre of rotation displacement a) toward (-) and b) outward (+) the aceta-
bulum 

 
 
 
 

a b
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The impingement was applied to measure the impingement angle for all of the 
models. Figure 3 illustrates the flexion, adduction and internal rotation for all cases at 
the contact point. 

 
 

 

Fig. 3. Flexion, adduction and internal rotation for different cases 

 
When the centre of rotation was moved outward the acetabulum, flexion, adduction 

and internal rotation increased correspondingly resulting to lower risk of impinge-
ment. While varying the centre of rotation between the femur and the acetabulum 
changed the angle at which impingement happened.  

Figure 4 shows the contact area of the hip impingement for all of the cases.  
When the centre of rotation was moved inward the acetabulum (cases 1, 2 and 3), 

the location of impingement shifted. The impingement occurred earlier on the rim of 
the acetabulum as shown in Figure 4c and Figure 4d as compared to Figure 4a. How-
ever, when the centre of rotation was moved outward the acetabulum, there was no 
noticeable change in the location of impingement as shown in Figure 4e to 4g. From a 
clinical point of view, this can be beneficial to patients as the impingement would 
occur at a higher range of motion without the need of removing any osseous bumps 
provided that the congruency or conformity of the joint is not compromised. Chang-
ing the kinematic can be done by pins or microstructure layer between femur and  
acetabular.  
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Fig. 4. Femoroacetabular impingement location and contact area on the acetabulum 

4 Conclusion 

Our investigation demonstrates that the changing the centre of rotation affects the 
kinematics of a hip joint with cam-type FAI. It is observed that by moving the centre 
of rotation outward the acetabulum causes a significant reduction in the risk of im-
pingement with an increase in the range of motion.    
 
 

a) Centre of 
rotation is 
centre of fe-
mur,

b) Centre of 
rotation moved 
1mm toward 
acetabulum,

c) Centre of 
rotation moved 
2mm toward 
acetabulum,

d) Centre of 
rotation moved 
3mm toward 
acetabulum,

e) Centre of 
rotation moved 
1mm outward 
acetabulum,

f) Centre of 
rotation moved 
2mm outward 
acetabulum,

g) Centre of 
rotation moved 
3mm outward 
acetabulum.
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