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Abstract  

 Hip impingement is a hip associated abnormality and it reduces the 

activity of those affected and also it can result in osteoarthritis. Current 

clinical methods in detecting hip impingement known as FADIR test.  This is 

a manual method and relies heavily on surgeons experience and the method 

is prone to error.   The use of computational programmes are known to be 

more accurate and reliable as the kinematic of contact can easily be studied 

using the digitised bones of the hip joint assuming that the impingement is 

determined by bone to bone contact kinematics.  Current impingement 

studies assume that the kinematics of hip joint can be studied by assuming 

the centre of rotation is fixed for hip joint.  For highly conforming joints this 

assumption is acceptable but for cases where conformity is poor the presence 

of soft tissue and soft tissue loading becomes very important.  The important 

need in orthopaedics field is to develop a model without too much 

simplification. All previous work on detecting impingement has ignored the 

factor of soft tissue. 

In this paper for the first time the complete computational model of hip with 

soft tissue has been used to detect the impingement in a specific patient.  

In this paper the femur, acetabulum, cartilage and ligaments of specific 

patients were modelled in MIMICs using both MRI and CT scan.  3D hip 

models with and without soft tissues of normal hip, hip with impingement 

and hip with impingement after reshaping were modelled. The hip models 

were imported to detect impingement zone and impingement angle. 

Our results show that the soft tissue in hip model affects hip impingement 

angle and hip biomechanics.  This finding also shows that, if the boundary 

condition is closer to the real hip, then the results of computer-aided program 

will be more reliable. 
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Introduction 

 Various studies have reported ROM preoperatively and 

postoperatively using 3D model of hip (Tannast, Kubiak-Langer, Langlo, 

Puls , Murphy , & Siebenrock , 2007), (Kubiak-Langer, Tannast , Murphy , 

Siebenrock , & Langlotz , 2007), (Bedi, et al., 2011), (Bedi, Dolan, Magenn, 

Lipman, Buly, & Kelly, 2012), (Beaulé, Zaragoza, Motamedi , Copelan , & 

Dorey, 2005).  Results of computer simulation showed that range of motion 

can be improved after arthroscopic osteoplasty (Tannast, Kubiak-Langer, 

Langlo, Puls , Murphy , & Siebenrock , 2007), (Kubiak-Langer, Tannast , 

Murphy , Siebenrock , & Langlotz , 2007), (Bedi, et al., 2011), (Bedi, Dolan, 

Magenn, Lipman, Buly, & Kelly, 2012).  The measurement of only alpha 

angel is not alone enough for detecting the benefits of arthroscopy (Bedi, et 

al., 2011), (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 2012).  Reduction 

in motion is one of the impingement affect that can help to diagnosis the 

impingement (Bagwell, et al., 2016). The identification of impingements and 

preoperative assessment can assist surgeons in making decisions to ascertain 

operative treatments (Kubiak-Langer, Tannast , Murphy , Siebenrock , & 

Langlotz , 2007). Entire dislocation for observing patho-mechanism is not 

necessary, as the causes of impingement can be found preoperatively 

(Lavigne , Parvizi , Beck, Siebenrock , Ganz, & Leuning, 2004).  Some 

invasive approaches like arthroscopy can be used for carrying out surgical 

procedure of FAI, only if amount of bone to be removed is established 

preoperatively (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz 

, 2007).  

 Some research articles have shown bespoke software can be an 

effective tool in identifying impingement diseases preoperatively (Kubiak-

Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007), (Hu , Langlotz , 

Lawrence , Langlotz , & Nolte , 2001), (Kang , Sadri, Moccozet, & 

Magnenat-Thalmann , 2002).   

 The CT based models can assist surgeons to detect the impingement 

zone accurately and in less invasive method (Tannast , Langlotz , 

Siebenrock, Wiese, Bernsmann , & Langlotz , 2005), (Brunner , Horisberger, 

& Herzog , 2009), (Monahan & Shimada , 2008), (Pearle, Kendoff , & 

Musahl , 2009), (Rivkin & Liebergall , 2009).  The collision detection 

algorithms based on CT was able to calculate the range of motion, establish 

volume of resection and offered right information on pre and post-operative 

locations of FAI as well as impingement angle (Bedi, et al., 2011), (Bedi, 

Dolan, Magenn, Lipman, Buly, & Kelly, 2012).  It has been found that 

surgical measures for treating FAI are more beneficial to patients and 

surgeons both. Hip joint’s dislocation is surgically not essential for observing 

patho-mechanicsm of hip joint’s diseases (Kubiak-Langer, Tannast , Murphy 

, Siebenrock , & Langlotz , 2007). 
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 The lesions on impingements and damaging in soft tissues reduce 

range of motion.  CT based computer models can identify the regions of 

impingements within symptomatic-patients (Bedi, et al., 2011), (Bedi, Dolan, 

Magenn, Lipman, Buly, & Kelly, 2012).  The osteoplasty surgery in 

impingement regions enhance range of motion and reduce the intermittent 

collisions and chondral injuries in FAI zone (Bedi, et al., 2011), (Bedi, 

Dolan, Magenn, Lipman, Buly, & Kelly, 2012). On the basis of some clinical 

research, it was reported that FAI limits adduction, internal-rotation and 

flexion (Jäger , Wild , Westhoff , & Krauspe, 2004), (Leunig, Podeszwa , 

Beck , Werlen , & Ganz, 2004), (Siebenrock , Schöniger , & Ganz , 2003). 

 Table 1 presents ROM which has been shown by some researchers 

with the use of computer based programmes.  
Table 1: Range of motion for normal hip, hip with impingement and hip with impingement 

after reshaping (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007) 

Parameter Normal hip FAI (preoperative) 
FAI (after 

reshaping) 

Flexion 122°±16.3° 105.2°±12.2° 125.4°±9.7° 

Extension 56.5°±20.1° 61.1°±31.8° 71.1°±26.4° 
Abduction 63.3°±10.9° 51.7°±12.2° 63.6°±7.5° 

Adduction 32.7°±12.3° 34.6°±12.3° 35.8°±15.3° 

Internal rotation in 90° 

flexion 
35.2°±6.9° 11.1°±6.9° 35.8°±15.3° 

External rotation in 90° 

flexion 
102.5°±14.2° 83°±33.7° 93.9°±32.7° 

 

 The non-invasive type of assessment is necessary for 

recommendation of suitable treatments and detecting impingement (Tannast, 

Kubiak-Langer, Langlo, Puls , Murphy , & Siebenrock , 2007).  Reliable and 

correct simulation is quite important (Tannast, Kubiak-Langer, Langlo, Puls , 

Murphy , & Siebenrock , 2007).  The computer based analysis is matched 

with the clinical analysis data on range of motion in impingement (Eijer , 

Myers , & Ganz , 2001), (Jäger , Wild , Westhoff , & Krauspe, 2004), 

(Leunig, Podeszwa , Beck , Werlen , & Ganz, 2004), (Siebenrock , 

Schöniger , & Ganz , 2003), (Strehl & Ganz , 2005), (Wettstein & Dienst , 

2006).  

 Tannast et al. (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & 

Siebenrock , 2007) developed non-invasive 3D assessment of FAI called 

“Hip Motion” (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & 

Siebenrock , 2007).  This computer simulation detects impingement angle 

and impingement zone and also measures ROM of hip joint (Tannast, 

Kubiak-Langer, Langlo, Puls , Murphy , & Siebenrock , 2007).  They had 

two groups of 3D model; normal and impingement (Tannast, Kubiak-Langer, 

Langlo, Puls , Murphy , & Siebenrock , 2007).  They validated their 

computer simulation method with cadaver samples. The bespoke program 
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overestimated ROM compared to the cadaver samples (Tannast, Kubiak-

Langer, Langlo, Puls , Murphy , & Siebenrock , 2007).  One of the main 

limitations of his method “Hip Motion” program is not applicable for largely 

dysplastic hips with a shallow acetabulum where an unambiguous centre of 

rotation cannot be found (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , 

& Siebenrock , 2007).  In addition, it cannot be used for hips with advanced 

osteoarthritis because joint space narrowing leads to a change in the femoral 

head centre relative to the acetabulum, resulting in a nonconcentric joint 

morphology” (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & 

Siebenrock , 2007). 

 Kiubic Langer et al. (Kubiak-Langer, Tannast , Murphy , Siebenrock 

, & Langlotz , 2007) used “Hip Motion” program to measure ROM of 

normal, FAI after and before operation.  They claimed that there is 

significant reduction of flexion, adduction and internal rotation in hip 

diagnosed with FAI (Kubiak-Langer, Tannast , Murphy , Siebenrock , & 

Langlotz , 2007).  Also their findings showed that there is 5°-8° 

improvement in internal rotation, 15°-20° improvement in flexion and 1°-4° 

improvement in adduction after operation. However impingement zone 

remained the same (Kubiak-Langer, Tannast , Murphy , Siebenrock , & 

Langlotz , 2007).  They claimed that information obtained by using “Hip 

Motion” program combined with arthroscopy can replace hip dislocation 

which is a major hip operation (Kubiak-Langer, Tannast , Murphy , 

Siebenrock , & Langlotz , 2007).  

 Tannast et al. (Tannast, Goricki, Beck, Murphy, & Siebenrock, 2008) 

used “Hip Motion” program to find impingement locations for several 

patients and compared the results with hip dislocation (Tannast, Goricki, 

Beck, Murphy, & Siebenrock, 2008).  Their results showed that the hip 

impingement zone is the same for FAI hips in both methods: computer 

simulation and hip dislocation surgery (Tannast, Goricki, Beck, Murphy, & 

Siebenrock, 2008). 

 Chegini et al. (Chegini, Beck, & Ferguson, 2009) studied the effect of 

hip morphology on stress distribution on hip cartilage during daily activities 

in patients with hip impingement.  They used CAD program to make 3D 

model of hip with different CE angle and then they analysed stress 

distribution in FEA (Chegini, Beck, & Ferguson, 2009).  Their finding 

showed that higher CE angles cause higher contact peak pressure.  However, 

the place of peak pressure remains the same for all CE angles (Chegini, 

Beck, & Ferguson, 2009).  They also found that stress in hip cartilage are 

higher when walking than standing also stress level on hip cartilage are 

higher when seating than walking.  The stress in seating is higher as needed 

to have higher rotation (Chegini, Beck, & Ferguson, 2009).   They concluded 
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that stress and peak pressure on hip cartilage depends on joint geometry, 

motion and load (Chegini, Beck, & Ferguson, 2009). 

 Asheesh bedi et al. (Bedi, et al., 2011), (Bedi, Dolan, Magenn, 

Lipman, Buly, & Kelly, 2012) developed computer-assisted 3D modelling of 

hip to measure ROM of hip.  Their computer-assisted model did not have 

centre of rotation and that small load on head of the femur controls hip 

rotation.  Their finding showed that ROM improved in FAI patients after 

surgery (Bedi, et al., 2011), (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 

2012).  

 It follows, therefore, there are many limitations which can be 

specified for previous studies;  

 a) Soft tissues were not used in the hip models studied 

computationally for impingement detection (Hu , Langlotz , Lawrence , 

Langlotz , & Nolte , 2001), (Kang , Sadri, Moccozet, & Magnenat-Thalmann 

, 2002), (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 

2007), (Bedi, et al., 2011), (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 

2012). Mantovani et al. mentioned that hip joint centre has main effect on 

motion analysis (Mantovani, et al., 2016). Soft tissue affects surgical 

interventions and even post-surgical muscular reconditioning.  The 

impingement has been found as a bone to bone contact.  

 b) Effects of rotation centres are not validated by these previous 

researchers and they thought that rotation centres are fixed and these are at 

the centre part of femur (Kubiak-Langer, Tannast , Murphy , Siebenrock , & 

Langlotz , 2007).   

 c) Previous researchers do not provide enough information on the 

measurement technique deployed and the accuracy of current methods are 

not considered (Kennedy , Lamontagne, & Beaulé , 2009). 

 

Method 

Case studies 

 The CT and MRI of two patients were taken. The patient with 

impingement had two sets of data before and after operation. 

 Case 1: A male with age of 42 and diagnosed with Cam impingement 

on his left hip.  The height of 1.75m and weight of 74Kg were reported.  The 

CT and MR images were taken after and before reshaping operation so two 

sets of data were available for this volunteer. Case 1 had two CT and MRI 

data before and after surgery. 

 Case 2: A male with age of 38 and diagnosed with normal hip.  The 

height of 1.8m and weight of 78Kg were reported.  The CT and MR images 

were taken.  
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Boundary condition 

  After tacking the CT and MRI from cases then 3D hip models of hip 

with and without soft tissue (Figure 1) was created in MIMICs.  The 3D 

models was imported in Abaqus. The boundary condition was applied 

according to the previous articles (Russell, Shivanna, Grosland, & Pedersen, 

2006), (Philips , Pankaj , Howie , Usmani , & Simpson, 2007).  Three angles 

which are measured in FADIR test are measured in FEA for normal hip, hip 

with impingement and hip with impingement after reshaping operation. 

 

 

 

 

Figure 1: Assemble of hip model a) without soft tissues b) with soft tissues 

 

Impingement angle (FADIR test) 

 Angle of impingement evaluation used in this thesis is based on 

FADIR test.  FADIR test are included with 3 different angles: Flexion, 

Adduction in 90° flexion and Internal Rotation in 90° flexion. These three 

angles are measured and reported as impingement angle.    

 The flexion angle is the maximum flexion that hip can have.  The 

adduction angle in 90° flexion is the maximum angle of adduction while hip 

is in 90° flexion.  To measure the adduction in 90° flexion, first hip flexed 

until 90° and then adducted until maximum angle.  The maximum angle is 

the adduction angle.  The internal rotation angle in 90° flexion is the 

maximum angle of internal rotation while hip is in 90° flexion.   

b 

a 
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 In this paper to calculate impingement angle the hip joint centre was 

chosen as a centre of coordinate.  The Z axis was chosen parallel to the femur 

shaft.  The X axis was chosen parallel to the horizontal hip line.  The Y axis 

was automatically changed perpendicular to the X and Z axis. 

 Impingement angle which is presented in this study is comprised of 

three angles.  The impingement angles are the angles measured in FADIR 

test.  FADIR test was simulated in this study.  The first angle was maximum 

flexion which was the rotation of femur around X axis called UR1 in Abaqus. 

The femur was rotated around X direction to obtain the first angle of 

impingement.  The second angle was the maximum adduction in 90° flexion 

which was the rotation of femur around Y axis called UR2 in Abaqus.  The 

femur was rotated around X axis 90° then was rotated around Y direction to 

obtain the second angle of impingement.   The third angle was the maximum 

internal rotation in 90° flexion which was the rotation of femur around Z axis 

called UR3 in Abaqus.  The femur was rotated around X axis 90° then was 

rotated around Z direction to obtain the third angle of impingement.   

 

Impingement zone (clock method) 

 The impingement zone which is used is based on the clock method.  

This method is based on the place of impingement in acetabulum according 

to the clock.  The clock method is based on a clock fixed on acetabulum 

from 1 to 12 and the place of impingement is reported by the time shown in 

the clock.  The place of impingement in acetabulum according to Ganz et al. 

(Ganz, Parvizi, Beck, Leunig, Nötzl, & Siebenrock, 2003) is the place of 

internal rotation in 90° flexion.  This is when impingement pain in the hip is 

felt by the patient.  The place of impingement on the acetabulum is also 

called impingement zone. Anterior view of acetabulum shows time 3 and in 

the clock method and posterior view of acetabulum shows time 9 in the 

acetabulum.   

 

Collision detection of impingement 

 One simple way of studying the location of impingement is to 

perform collision detection by applying joint motion and extending it until it 

collides.  Many articles (Hu , Langlotz , Lawrence , Langlotz , & Nolte , 

2001), (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007), 

(Bedi, et al., 2011), (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 2012), 

(Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & Siebenrock , 2007) 

studied the range of motion for hip with impingent to help surgeons using 

collision detection methods.  Collision detection involves determining when 

one object penetrates another.  It is clearly an expensive proposition as this is 

performed in an incremental fashion, particularly when large numbers of 
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objects are involved and objects have complex shape (Moore & Wilhelms, 

1988). 

 The goal of collision detection in a FEA software (also known as 

interference detection, contact determination, or impingement detection) is to 

automatically report a geometric contact when it is about to occur or has 

actually occurred (Lin & Manocha, 1995).  There are two classes of collision 

detection methods.  The first kind determines whether the surfaces of objects 

intersect (Moore & Wilhelms, 1988).  In the first model, surfaces are 

modelled as a grid of points connected to form triangles.  Collision between 

surfaces are detected by testing for penetration of each vertex point through 

the planes of any triangle not including that vertex.  The surface are assumed 

to be initially separate. For each time step of animation, the positions of 

points at the beginning and the end of the time step must be compared to see 

if any point went through a triangle during that time step.  If so a collision 

has occurred (Moore & Wilhelms, 1988).  The second is based on the 

calculation of distances between objects, because two objects are separate if 

they have a positive distance from each other (Lin & Manocha, 1995).  The 

heart of their collision detection algorithm is a simple and fast incremental 

method to compute the distance between two polyhedral.  It utilizes 

convexity to establish some local applicability criteria for verifying the 

closest feature to constant size and thus guarantee expected constant running 

time for each test (Lin & Manocha, 1995). 

 The method developed in this paper for collision detection is based 

on the stress-impingement angle diagram.  When two objects in the space 

have not impinged, the contact stress between them is zero.  As soon as two 

objectives are impinged, the contact stress starts to increase.  In the diagram 

of stress-impingement angle the point where stress starts to increase from 0, 

is the impingement angle. As soon as the impingement happen the stress is 

not zero so that angle is claimed as an impingement angle. 

 Abaqus was used to detect impingement angle and impingement area.  

Flexion, adduction, and internal rotation were defined for each model.  

Femur rotates around fixed centre and hit the acetabular in the certain 

impingement angle.  Flexion is defined to vary between 0-180 which 0 is 

when femur is in position of 0⁰ of flexion 180 was the maximum flexion.   

 

Adjustable goniometer 

 The ROM test (Flexion, adduction in 90°of flexion, internal rotation 

in 90°of flexion) was measured by adjustable goniometer for volunteer 

without impingement.  A simple long-arm goniometer with 360° scale was 

used in this study. The volunteers go under the FADIR test to measure 

flexion, adduction in 90°of flexion and internal rotation in 90°of flexion.  

Figure 78a shows how flexion was measured by goniometer.  One arm of the 
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goniometer was aligned with femur in the supine position in the lateral view 

and the other one was fixed in the maximum flexion.   One arm of the 

goniometer was aligned with femur in 90° of flexion in the anterior view and 

the other one was fixed in the maximum adduction in 90° of flexion to 

measure adduction. One arm of the goniometer was aligned with fibula in the 

90° of flexion in the anterior view and the other one was fixed in the 

maximum internal rotation in 90° of flexion to internal rotation.   

 

Results  

 In this section all experiments conducted on the model with and 

without tissues are repeated with tissues attached.  The simulation results of 

FEA for fixed centre of rotation hip models, different centre of rotation hip 

models, free centre of rotation hip models and hip models with soft tissues 

are presented for all three hip models (normal hip, hip with impingement and 

hip with impingement after reshaping).  Figure 2a shows the normal 

volunteer hip model flexion when the centre of rotation is fixed. Figure 2b 

presents the normal volunteer hip model flexion when centre of rotation is 

free. Figure 2c shows the normal volunteer hip model flexion when the soft 

tissues are included in the hip model. 

 Table 2 presents the range of motion regarding flexion, adduction and 

internal rotation after reshaping, and compared to the impinged hip. The 

results are consistent with the findings of Kubiak-Langer et al. (Kubiak-

Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007) who stated that 

the range of motion improves after a surgical operation (Table 1).  The 

results of our collision detection findings and previous work (Kubiak-

Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007) and our results 

are similar to those found in these articles (р≤ 0.001).  This outcome 

confirms that our results are in line with previously published literature.   

 Table 2 gives the range of motion for normal, impinged and reshaped 

hip when the centre of rotation is free.  Table 2 indicates the results of 

impingement angle when the centre of rotation is not defined for normal, 

impinged and reshaped hip.  Table 3 shows the comparison of our free centre 

of rotation results with previous studies (Bedi, et al., 2011) (Bedi, Dolan, 

Magenn, Lipman, Buly, & Kelly, 2012). 
Table2: Results of different boundary conditions 

 Flexion Adduction Internal Rotation 

 Normal Imping Reshape Normal Imping Reshape Normal Imping Reshape 

Fixed centre of 

rotation 
115 105 120 27 24 29 30 24 36 

Free centre of 

rotation 
105 91 120 32 36 47 8 10 15 

Hip with soft 
tissues 

139 120 146 40 23 45 30 19 33 
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Table 3: Range of motion in free centre of rotation models according to the previous articles 

(Bedi, et al., 2011) (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 2012) 
 Flexion Internal Rotation 

Hip with impingement 107±11 19±13 

Reshaped hip 111±11 28.4±12 

 

 Figure 2 also confirms that impingement zone is at 11 o’clock for 

free and fixed centre of rotation.  However, for the free centre of rotation 

there is also impingement at 6 o’clock. This may occur because of free 

motion of the femur in all direction. 

Normal reshape Impingement 

  
 

 
 

 

  
 

 
 

 

Figure 2: Comparison of impingement zone for normal, impingement and reshaped hip a) 
free centre of rotation b) fixed centre of rotation c) soft tissue (lateral view of left hip) 

 

 Boundary conditions are important in computer-aided programmes.  

The closer the boundary conditions are to the real hip, the more accurate are 

the results and the information is closer to the reality.  Furthermore, there is a 
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need for computer aided programme for a hip model without simplifications.  

Table 2 presents the results of flexion, adduction and internal rotation of the 

hip model with soft tissues.  Table 2 presents the impingement angle when 

soft tissue was added to hip models.  Further, Figure 2 shows that 

impingement happens at the 11 o’clock position for both hip models, with 

and without the soft tissues.   
Table 4: The comparison of the normal hip ROM for computer-aided programme and 

experimental results 

Conditions Flexion Adduction Internal Rotation 

Fixed centre of rotation 115 27 30 

Free centre of rotation 105 32 8 

Hip with soft tissue 139 40 30 

Experiments results 142 43 32 

 

 Table 4 contains comparisons of obtained results for both the 

experimental and computational hip models for the normal individual.  

Those obtained from the hip model with soft tissues are close to the 

experimental results.  As can be observed from Table 3, the experimental 

flexion result is closer to the model with the soft tissues connected to it.  In 

addition, it is observed that the experimental model and the hip model with 

soft tissues register the flexion angle as being approximately 140˚.  However, 

the model with no soft tissues has a considerably lower flexion angle, around 

115˚.  These differences can also be seen regarding adduction and internal 

rotation. Moreover, adduction and internal rotation for the hip model with 

the soft tissues and the experimental model are approximately the same. 

 The results obtained from the two hip models are significantly 

(р≤0.005) different.  This difference shows that the soft tissues could exert a 

massive effect with respect to the impingement angle.  By including soft 

tissues in the model, the results are closer to the experimental results than 

without soft tissues and these have a large impact on the hip model.  The 

impingement zone for both hip models is approximately the same at 11 

o’clock.  Soft tissues do not have effect on impingement zone. 

 

Discussion 

 Previously, many researches have worked on the impingement zone 

and angle (Bedi, et al., 2011), (Bedi, Dolan, Magenn, Lipman, Buly, & 

Kelly, 2012), (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 

2007), (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & Siebenrock , 

2007).  They have used the patient’s CT scan to create their 3D model.  

However, none have included soft tissues as the researchers contended that 

impingement is an outcome of bone to bone contact.  

 As observed from the obtained results, in Table 2, having soft tissues 

attached to the model also has an effect on obtaining bigger angles.  Because 
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the ligaments connect the bones together and constrain the range of motion 

of the bone, the ligaments could act as lever arm which increase the angle.  

In addition, the cartilage affect the kinematics of the hip. 

 The boundary condition of the hip model is very important when 

studying the biomechanics of the hip.  Moreover, as shown above in Table 2, 

the centre of rotation is an important parameter in hip mechanics.  Previously 

(Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007) the 

centre of rotation was fixed at the centre of the femur in computer aided 

programs in order to detect impingement.  The method used in this work to 

find the impingement angle (flexion, adduction in 90° flexion and the 

internal rotation in 90⁰ flexion), is quite similar to that adopted in previous 

studies (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 2007) 

where the centre of rotation is fixed.  According to our findings, hip 

arthroscopy can help patients with impingement and increase their ROM. 

 Our results for the free centre of rotation, as shown in Table 2, are the 

same as those found in previous articles (Bedi, et al., 2011), (Bedi, Dolan, 

Magenn, Lipman, Buly, & Kelly, 2012) and Tables 1 and 3 show that the 

impingement angles are similar to previously reported findings.  The results 

in this instance are slightly lower (about 10° in flexion, about 10° in internal 

rotation) than for the fixed centre of rotation.  The adduction remains the 

same for the both models.  The impingement zone remains the same, being 

positioned at 11 o’clock. However in this case there is also an impingement 

at the 6 o’clock point, which may appear to be the consequence of the free 

centre of rotation, as the hip moves freely in any directions. 

 The complete model of the hip with soft tissues is closer to the real 

biological counterpart. This model with cartilage and ligaments is a complete 

model obtained from a specific patient.  In this model, the impingement 

angles are higher (about 20° in flexion, about 10° in adduction) than the 

model without soft tissues.  The internal rotation remains the same for both 

models.  The impingement zone remains at the 11 o’clock point. 

 The important message in this study is that the centre of rotation is an 

important factor when attempting to detect the impingement angle.  As the 

results of this work, it becomes clear that the soft tissues play an important 

role in kinematics and this might affect the impingement angle.  All previous 

studies (Kubiak-Langer, Tannast , Murphy , Siebenrock , & Langlotz , 

2007), (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & Siebenrock , 

2007), (Bedi, et al., 2011) (Bedi, Dolan, Magenn, Lipman, Buly, & Kelly, 

2012), assumed that the centre of rotation was fixed with the centre of femur 

and in addition these studies (Kubiak-Langer, Tannast , Murphy , Siebenrock 

, & Langlotz , 2007), (Tannast, Kubiak-Langer, Langlo, Puls , Murphy , & 

Siebenrock , 2007), (Bedi, et al., 2011) (Bedi, Dolan, Magenn, Lipman, 

Buly, & Kelly, 2012), did not consider the complete hip model with 
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cartilage, ligaments and muscles, for impingement evaluation.  Some 

researchers claimed that the method chosen regarding fixing the centre of 

rotation affects the results of the computational modelling of the hip (Arbabi, 

schmid, Boulic, Thalman, & Thalman , 2012).  Our results show that the 

point selected for the centre of rotation can change the impingement angle 

for the hip.  Moreover, having a fixed centre or free centre of rotation has an 

important impact on the impingement angle.  

 Many computer-based simulations are used to speed up and improve 

the accuracy of the detection of diseases and to cure them (Arbabi, schmid, 

Boulic, Thalman, & Thalman , 2012).  But it should be noted that when 

different methods are applied to selecting the centre of rotation in hip models 

different values for the same hip model can be obtained (Arbabi, schmid, 

Boulic, Thalman, & Thalman , 2012).  Some researchers have also obtained 

range of values for motion when the centre of rotation is changed (Arbabi, 

schmid, Boulic, Thalman, & Thalman , 2012). 

 

Conclusion 

 Most of the computational models have assumed that the centre of 

rotation is fixed. The finding of this chapter demonstrates that the centre of 

rotation can have a considerable effect on impingement angle.  The need in 

clinical study is a complete hip model without simplification and the 

geometry of the hip.  The model should be as faithful to the true geometry as 

possible.  

 Changing the boundary conditions, changes the simulation results. 

One of the main boundary conditions is the centre of rotation which changes 

the angles obtained in the FADIR test. 

 Our complete hip model with soft tissues and with free centre of 

rotation shows slight differences in hip impingement angle in comparison to 

the hip model with fixed centre of rotation.  However, in all cases the 

impingement zone remains the same.  The soft tissues have an impact on 

impingement angle.  

 The ROM of hip improves after reshaping in any boundary 

conditions.  The ROM of impinged person is lower than the ROM of normal 

person in any boundary conditions.  Computer assistant programming 

including FEA could not accurately mimic the human movement and human 

motion analysis since the results depend on boundary condition. It is 

necessary to include soft tissues on hip modelling in order to have accurate 

kinematic results. 

 The limitation of the study is that the hip model needs to be 

completed by adding muscles to it which is possible by using accurate MRI 

and carrying out some image processing on the MR images.  As threshold 
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values for soft tissues are quite similar, image processing can be used to 

distinguish the soft tissues.  
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