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ABSTRACT

The dynamic study of the hip joint after implardatiof Modular Total Hip Prosthesis (THP) has allawes to verify
the exactness of the quasi-static model used bpadng our results with literature, this study confed that the tailor
modular THP is an ideal solution to replace thetd®ged natural joint of the hip. The realizationtailored femoral
stem prosthesis starting by femoral modular carzs been the subject of various studies; the mdfardince between
this works is how each author reconstructs the dehmmodules. The approach to reconstruction of riedular
channel of our patient is via a simple and feasiinten a time perspective and programming, it relesinly on the
cloud points obtained after the segmentation of @M images. Also, the automatic positioning of theduatar
prosthesis in the patient femur gives a more réalimodel. After validating the simulation resultsthe THP module
with the literature, there has been proud that deetabular cup UHMWPE (ultrahigh molecular weigllyethylene)
is the component that undergoes the greatest def@m Because the acetabulum is directly relaedhe femoral
head in our model, it is therefore necessary tolyeathe dynamics of THP without the standard sockéMWPE
because the same constraints on the contact imeidaetabulum-femoral head in our model.

KEY WORDS:; total hip prosthesis (THP), dynamic modeling, DIC@ivages, FEA.

1. INTRODUCTION motion of the hip. These mechanical stresses résult
reactive hip pain related to activities that tyfica

The hip joint is the articulation of the proximawer require movement of the hip into the flexed positio

limb. In terms of biomechanics, its role is to sopghe resulting in abnormal engagement between the fdmora

weight of the body. It transfers the efforts, myitiiose head and acetabulum (Bedi and al, 2011).

of gravity, for lower limb. This transfer is widestudied There are three parts to the artificial hip joiRiglre 1),

in the literature (Daniel et al, 2006), (Kayabasida the metallic femur head, the UHMWPE layer and,

Ekici, 2007). Indeed, the distribution of body weids sometimes, the metallic cup covering the UHMWPE

very different depending on whether one is standing layer for better fixation on the pelvis (Hai-bo riig

both feet and one bears unipodal. Understanding how2007). The characterisation of hip joint contactcés

this transfer takes place in different situationgssential  provides essential information for prosthetic jadiesign

to treat various diseases of the hip joint and theand testing (Stansfield and Nicol, 2002).

development of a prosthesis performance. In terms of angle, the neck-shaft angle and femoral

Over the last 40 years, total hip Arthroplasty (TH#as anteversion angle play an important role in the

been a highly successful operation, with documentedtransmission of forces (Kaku and al, 2004).

benefits of significant reduction in pain and They showed that the tilt of the pelvis in the tain

improvement in quality of life (Martin and al, 2011 plane is also essential for optimal transfer wtithe
The loose sitting of total hip prosthesis givesainpto orientation of the acetabulum forwards in the gabit
the patient (Kayabasi and Erzincanli, 2006). plane has very little influence.

The finite element method (FEM) is an advanced The magnitude and distribution of stress and
simulation technique that has been used in orthoped displacement during walking are important to unterd
biomechanics. It is an important tool used in tlesign the working of the artificial joint dynamic modegjns

and analysis of total joint replacements and otherthe success key of innovative prosthesis.

orthopedic devices. FEM modeling and analysis prtiese The present paper reports a new result for dynamic
a non destructive design approach for bone imgigmt  modeling from innovative design of total hip pretls.
prosthesis (Kayabasi and Ekici, 2007). The results help the orthopedic surgeon to iderttigy
Dynamic factors result in abnormal stress and abnta ideal points of joint implantation. This resultcindes
between the femoral head and acetabular rim withthe activities of walking.
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2. MATERIALSAND METHODS
2. 1. 2Mode design

The file of cloud points generated by the algorithm

. . . L shown in figure 2 is used for the reconstructiothef 3D
The innovative model of total hip prosthesis is tesult model of hip joint. We have also used ScanTo3D

of long design joblIn this search, the reverse engineering . X S .
phase involves scanning bone samples in order to(Sodeorks) to filter the noise in cloud pointsdato

determine the geometric range of different modeld a generate curves of .the §ectional_ model .geor.netﬁes 0
form the basic surfaces to extract the new implént both femur and pelvis. With the aid of spline fuons,

objective is to determine three-dimensional hip iorot the loft function was used to generate the CAD geioyn

with respect to readily identifiable bone landmar&sd of hip joint.
to use the data to design the external joints tkéres.
First, geometrical properties of the hip were dataed
and used to define the axis system. Second, theomot
of normal hips was measured with respect to thineef
axes. Third, a computer graphics program was wriibe
design external joints with certain parametersmijzid
(Walker and al, 1985). To create a geometrical otle
bones (hip joint) a magnetic resonance imaging data
(MRI) provided by central hospital of Algiers, wased.

a b
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Figure 1: Main components of an artificial hip join
(Mattei and al, 2011)

2. 1. 1 Data acquisition

Figure 2 illustrates the main steps of this methddhe
input data are images in DICOM format with a scar
interval of 0.3 mm, (obtaining 581 images at a ¥B12

pixel of resolution 400 x 400 nfn /
Input f
® Image
o xivi xf yf (
v
Initialisation H
B «— . cocing oftheimases 3DICAD model Assemblles
\ 'r‘"_ ¢ framing the interest zone F|gure 3: Model DeS|gn
v 2. 2 Behavior during walking

Detect Contour

® Enter the threshold *S”

» Call the Edge (jm, canny, s)
» Adjust the threshold “s”

Walking is a complex and difficult activity; usugall
humans walk without thinking about the executiorhef

v

Development
» Storage of the pixels of contour

® Evaluation of the coordinats
(xv.2)

— Output
# File (* txt) of the contour
coordinates (x, v, z)

Figure 2: Flowchart of the algorithm proposed
(Benabid and al, 2011)

movement. Found among mammal’s bipedal walkers
that Man is the only one to adopt the attitude texbas

its natural position. During its evolution, bipedah
Vertical of Man makes it available for new actiggi
receiving and effectors (Briand and Bonnel, 1994).
When human walking cycle, there are two phasescsta
phase (figure 4 -1 to 8) and oscillating phaseuig - 9

to 10).
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Newton (or theorem of the dynamic resultant) anteEu

(or dynamic moment theorem) are applied successivel
to the contact point of the foot on the platforrert
ankle, and knee, and finally the hip (Figure 5)e Alnus
determined the forces and moments inter-segmental

(articular) induced at each joint to balance theemal

mechanical actions (gravity, inertia forces, at mp
reactions) (Siegler and Liu, 1997)ndeed, the torser
exerted by the dynamic distal segméht; is known,
one can deduce the torser exerted by the dynamic

Flgure4 The gait cycIe 1/attacks heel; 2/doubherier proximal segmentSi+; by applying the fundamental

support of reception;3-4-5/bearing unilateral suppcs- ~ Principle of dynamics: just write, every moment,
7/double posterior support of dash;9-10/oscillaphase equality between the torsor external mechanicabact
(D'angeli-Chevassut, Gaviria, 1994) torsor system and dynamics of this system.

Applying the fundamental principle of the dynamic

2.3 Kinematic modeling segmentS; (Equation 1 and 2) (Pustoc’h, 2007):

By definition, the kinematics is the study of matio

without reference to the forces that generate this ZFexHSL Msi'V(Gsl) 1)
movement; it describes the temporal and spatiatcsp d(Is. (Gs. )0)
of movement characterized by the relative position ZMext—nS‘l =‘d—tl (2)

angles, velocities and accelerations of body setgnen

and joints during locomotion. To determine the
kinematics of the movement, the human body is d¢bat

as a kinematic chain consisting of rigid body links
connected by perfect joints, each with one to three
rotational freedom degrees (Pustoc’h, 2007).

Several concepts are used in the field of biomeckan
kinematic modeling we choose is using the basic
sequence of rotations of the model because itisrthst
developed in the middle of the current biomechanics
Three-dimensional ranges of motion are calculatdgu .
the method of elementary sequences around moving L
axes. The rotation sequence chosen is the one "2

Hip reactioniH)
F 3
Eq.: Thigh

Knee reactiofe)
r 3
Eq.ileg

©
Ankle reactione)

M ey 00t

»
. | Foot

Y

Ry X,

Eq
recommended by the ISB (Wu and al, 2002) and many Moo (K) : Reaction around/foot
other authors (Doriot and Cheze, 2004) (Cappozzb an Foraunaron meagured

al, 2005). Figure 5: Modeling inverse dynamics of the lowerbi
during the stance phase of walking. The external
2. 4 Kinetic modeling mechanical action torsor reduces the contact poist
known. The kinetic properties of the segments (fteaf,
The kinetic modeling aims to determine the mass andand thigh) are estimated from anthropometric tafilas
inertial parameters associated with each body segme inter-segmental mechanical actions (H: hip, G: keee
In this context there are several works that hagenb C: ankle) are calculated by inverse dynamics (datsi
made to estimate the mass and position of center of view-sagittal plane) (D’angeli and Gaviria ,1994).
gravity and moments of inertia of the segments.nfro
anthropo-metric ~ measurements  (lengths  and |n practice, the dynamic model is reduced to qstetic
circumferences of body segments), the regressionat every moment of the movement. This dynamic
equations developed by (Seluyanov and Zatsiorsky,approach is the method implemented to achieve the

1983), to assess the mass and inertial paramédtbrsly  dynamic modeling of walking(D'angeli and Gaviria
segments such as the mass of the segments, th®posi  1994).

of the gravity center G of each segment and thdi@e

matrix associated (Pustoc’h, 2007). 2. 6 Determination of the articular contact reaction
on thelevel of the hip
2. 5 Determination of dynamic torsor reduced at the

hip joint When the muscular efforts are determined, the respo

- . _ , of articular contacR_H) can be calculated by applying the
The principle of the dynamic method is used toa!  yhoqrem at every moment of the resultant dynamics

successively each body segment of the articulated applied to the system S = {foot-leg-thigh} (Equaio3
chain, the more distal than proximal. Knowing the gnd 4):

dynamic torsor at the platform forces, the theorerhs
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SEX FEMALE

AGE 27Years

SIZE 165 cm
WEIGHT 53 kg

Tablel: Different characteristics from patient

Y Fexins = Msi ¥(Gy) (3)
Z ﬁ + Pfoot + E + Pthlgh + Pground—»foot + R—H)
= Msfoot 'y(GSfoot) +
Msleg 4 (Gsleg) + Msthigh Y (Gsthlgh) (4)

The mass of the foot segment is negligible compéoed
the mass of other segments; the response of articul

Rycontact at the hip is expressed as foIIO\R_s,Ez

Msleg v (Gsleg) + Msthigh Y (Gsthlgh) - Zﬁ - Teg) -
)

Pthlgh - Pground—»foot

By projecting this relation on each axis, the three

stance phase. This is not the angle (Figure 7)dmvi5
and 20 ° in our subject (Pustoc’h, 2007).

£ 15°
i

M I Walking line

Step length ||

Step widta I

| 1Step |

1 cycle

Figure 7: Spatial characteristics of walking: theps
width, step length and step orientation generajlya¢ to
15 ° (Pustoc’h, 2007)

2. 7 Deter mination of muscular effort

The muscular effort for the 14 muscles to the six
movements of the hip are determined from the litesa
so that every effort be enabled or disabled duthmg
entire gait cycle. And developing a dynamic modkl o
human walking will be based primarily on the quasi-
static approach. We will focus on efforts to redtice
level of the hip joint. For this we use the dynammodel
described above and then use the parameters debanib
the literature (Pustoc’h, 2007).

2. 8 Deter mination of the reaction of articular contact

components of the reaction of articular contact are The reaction of articular contact is calculatednfro
determined at each time step during the stanceephas muscle strain by applying to every moment of tlanst

In general, the kinematic measurements give a cstepl

phase of the theorem resulting dynamics describg@ i

description of the segmental movements in terms of2.5). Figure 8 presents the results of the resujtint

positions, velocities and angular accelerationsthed
joints. Different characteristics on the subjecte ar
presented in Table 1, these characteristics asethsed
in the literature (Pustoc’h, 2007) and we will dater in
our study to validate our results.

Our study concerns the analysis of the stance pbhse
walking (Figure 6). The average cycle of the wal& w
will adopt for our patients is 1.15 + 0.05 seconidss
consistent with the average described in the fiteea

the range of 1.11-1.39secondes.
g r ¥ [ ¥ ¥ [
ST EREYER!
1 1 b By
.'!'“m I ; H i
| : ] ] ] | I
=
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Figure 6: Definition of the stance phase and swihase
in the cycle of walking (Pustoc’h, 2007)

exerted by the femur on the pelvis determined duitire
gait cycle (Wu and al, 2002).

Figure 8: Orientation of the reaction of articutantact
in the local anatomical landmark linked to the femu
(Wu and al, 2002)

2. 9 FEM study of the hip joint after implantation of
modular THP

In the simulation by the finite element method gsm
simplified dynamic model, using a quasi-static aggh
that allows us to calculate the effect of body weig

Concerning the evolution of the average transversereduces our patient at the center of the hip joiren we

angle, it is almost constant throughout the duratibthe

make a simulation software ANSYS, the forces applie
to the patient's body during a gait cycle are tbpter
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point of application of the femoral head prosthesis 3. RESULTSAND DISCUSSION
Figure 9 and the components shown in Figure 8.

The prosthesis is implanted in an automatic wayhin
bone of the patient with an adequate design of the
acetabulum UHMWPE according to clinical parameters,
using a design factor of the femoral head and the
creation of modular femoral stem from the channel
modular patient. The subject of dynamic study isetst

the resistance of the THP module to work due to the
V. weight of the patient during the gait cycle.

d Thus, the results of the dynamics of THP module
implanted in the patient's body are illustrated-igure

15, it appears that the most solicited during thié gycle

is the part acetabular UHMWPE (figures 17 and b8},

Cycle through the course of our patientis equdli® +  gespite this it has a maximum total strain of al2fum
0.05 seconds. Thetance phase of walking is dividing in  and  an  elastic  deformation  equivalent to

seven intervals. Curves (Figures 10, 11, 12) desdhe 10-5mm
three components Rx, Ry and Rz of force in Figufers =~ 93%——— (figures 13 and 14), which is totally
6 simulated intervals. Components Rx, Ry and Rz areacceptable the scale of this study was to verifly time
the components of the reaction of articular conita¢he resistance of THP during a single gait cycle.

basin related to the anatomical landmark (Wu and al - :

2002).

1500

Figure 9: Positioﬁing of the origin of our study

> Rx

JER10]0 [0 JEetnstttena———————————————— \

€ 2000 e
g 0w
= 1000 S
o HNvavmkDI\I\OOChm
3

s % phase of support

Figure 10:The componenRy force applied during the
6 simulated interval¢Pustoc’h, 2007)

Figure 13: Distribution of equivalent stress in thain
Ry PTH-bone-cement
4000

2000 O
o U

ON < d 0N AN OUMmONN < o
SN NN TN ONNO0 OO

Value of reaction N

% phase of support

Figure 11:The componenRy force applied during the 6
simulated intervalg{Pustoc’h, 2007)

0.0049572
Rz 0.0033248

0.0016624
||| AR
intfatfil

0 Min
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% phase of support

Figure 12: The componeRz force applied during the 6
simulated intervalgPustoc’h, 2007)

Value of reaction
N

Figure 14: Distribution of the total deformationtire
chain PTH-bone-cement
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Figure 18: Distribution of contact pressure atghegace
of the femoral head in 50% of the stance phaseaiof g
cycle

After implantation of modular THP, it is clear thiie
pressure distribution in the contact area acetabulu

Figure 15: Distribution of the equivalent elastia@ in ~ femoral head is the same as that of the naturajoiip,
the chain PTH-bone-cement this is due to:
- The design tailored of the acetabular UHMWPEtkar

patient;

- The design of the femoral head from the channel

modular, respecting the optimum thickness of 4 ram,

ensure proper distribution of pressure throughduat t

chain: Pelvis-THP-cement-bone this ensures that the

patient's bone undergoes a fracture before THP or

cement (Wroblewski and al);

- Automatic positioning of THP ensures that THRhe

) S correct location (position and orientation), whitlakes

Figure 16: Pressure distribution to 10% of the supbp it replaces the natural femur in order to mainttie
phase of the gait cycle (Pustoc’h, 2007). optimal state of the articulation of the hip.

The main role of the hip joint is to support theigie of

The simulation results for the contact pressureshen  the body during the various phases of the movement.
surface of the cartilage of the femoral head amvshin ~ Thus, itis useful to find a method that allows fireper
Figure 16. These results are from the literaturesg@’h, ~ "eplacement of this joint while preserving its matu
2007), in isolation after the implantation of THiRgre ~ Characteristics  before  implantation  of ~ THP.
remains only the cartilage of the acetabulum UHMWPE The dynamic study allowed us to identify areas niost
Comparing these results with the literature (Pustoc ~demand during the gait cycle, such as the acetabulu
2007), which represents the distribution of confarets- which repres_e_nts the ce_nter of th!s connection. stady
sure in the cartilage during the gait cycle foramal ~ Of the hip joint after implantation of THP may be
hip. The simulation results we obtained for equéwal  reduced to the study simply the prosthesis designed
Von Mises stresses are shown in figures17 and b8. T ignoring that in the contact area of the femorahche
follow-up evaluation of the contact pressure of fae acetabulum gffort_ are the same in both parties,ther
moral head-acetabulum, can detect the most dar@erouac_etabulum_ is dlre_:ctly_ related to the femoral head.
areas during a walk cycle in 1.15 seconds. Theteesti ~ With the aim of simplify the study for the standard
this study will be used later to scale the stangmasthe- ~ Prosthesis, one will make abstraction that only shaly

sis if it does not withstand forces applied durihg gait ~ Of the chains, head femoral — femoral stem, is sea0y
cycle. to determine the distribution of pressure duringralk

cycle after implantation of standard THP.

P, =232 MPa

4. CONCLUSION

The dynamic study of the hip joint after implanbatiof
THP module allowed us to verify the accuracy of the
quasi-static model used by comparing our resulth wi
those of literature; this study confirmed that THP
modular measure is an ideal solution to replace the
natural joint of the hip. The realization of a piegic
femoral stem position by starting on the modulandeal
canal has been the subject of various studies
(PUSTOC'H, 2007), the main difference between this

Figure 17: Distribution of contact pressure atgheace
of the femoral head in 10% of the stance phasaibf g
cycle
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work is how each author reconstructs the modulesBriand D, and

channel.

The approach to reconstruction of the modular cahnn

of our patient is via a simple and feasible frortinae

Bonnel F, 1994. Adaptations
morphologiques a la marche bipéde dans I'échelle
animale. La Marche humaine et sa pathologie
Editions Paris Masson, p. 6-9.

perspective and programming, it relies mainly oe th D'angeli-Chevassut M, and Gaviria M, 1994. La march

cloud points obtained after the segmentation ofioadd
images.

Also, the automatic positioning of the modular pihesis
in the femur of the patient gives a more realisticdel.
After validating the simulation results of the méau

Pustoc’h Audrey.,

humaine : description et repéres sémantiques.
marche humaine et sa pathologigditions Masson
Paris, p. 9-20.

2007 Elaboration d’'un modéle
mécanique de [larticulation de la hanche sous

THP with the literature, we could verify that the vty -
acetabulum UHMWPE is the component that undergoes ~ Sollicitations — dynamiques These de doctorat
the greatest deformation. Because the acetabulum is Université Claude Bernard - Lyon 1, France.

directly related to the femoral head in our modeis Wu GS., Allard P, Kirtley C., Leardini A., Rosenlau
therefore necessary to analyze the dynamics of THP D, and al, 2002. ISB recommendation on definitions
without the standard acetabulum UHMWPE because the  of joint coordinate system of various joints foeth
same constraints on the contact interface acetabulu reporting of human joint motion--part I: ankle, hip
femoral head in our model and spine.International Society of Biomechanjcs
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