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Abstract : 

 

Introduction: Dual Mobility Total Hip Arthroplasty (DM-THA) was invented by Professor 

Bousquet and André Rambert to combine the low wear of the concept of low friction from 

Charnley while providing the solution to the problem of dislocation of PTH. The concept has 

undergone several changes in almost forty years.  

Ultra High Molecular Weight Polyethylene (UHMWPE) has some features that have been the 

subject of various studies and there are also other wear phenomena involved in the survival 

of the arthroplasty.  

Dual Mobility has different components and indications are diverse.  

A clinical long-term study of a PTH-DM first line has identified the benefits and failures of 

this concept. A specific complication is Intra Prosthetic Dislocation (IPD) or wear of the collar 

retaining the polyethylene liner. Different types of IPD can be encountered.  

The main objective of our work was to understand the functioning of the Dual Mobility, that 

is to say, the respective roles of the two mobilities and retention and their wear profiles.  
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Secondary objectives were to understand the failures, loosening of the cup and intra-

prosthetic dislocation and define an optimization of wear.  

Material and Methods:  

Several wear analysis techniques at different scales have been developed. Mechanical 

profilometry was used to study the surface roughness, the scanning electron microscopy 

researched the mechanisms of wear. Coordinate Measuring Machine Mapping (CMM) 

allowed us to understand the shape and waviness parameters. We suggested a new 

technique using a heat color scale to increase the qualitative analysis of wear. The finite 

element analysis would complete these means, which were applied to the explants from a 

library of more than 450 implants removed for various reasons. 3 groups of explants, formed 

by the liners having functioned for over 15 years without IPD, IPD and more recent liners, 

the design and material of the insert having been changed.  

Results:  

The three groups were compared. IPD has been identified as related to wear of the rim, with 

a threshold at 32%. This wear was mainly composed by the wear of the outer side of the rim, 

which was itself related to the properties of the neck of the femoral stem.  

Explants over 15 years showed wear about 45 mm3/year, which was at least comparable, if 

not lower,  to standard Charnley-type metal on polyethylene implants. Standard wear 

analytical methods such as x-rays linear penetration rate could not be applied to the analysis 

of DM-THA.  

The dimensions of the metal back and characteristics of the prosthetic femoral neck were 

the only factors affecting the incidence of IPD.  

Discussion:  

A schematic model of the functioning of DM-THA has been given based on the data of the 

explants. The second mobility, through its role as a reserve of mobility, reduces the overall 

wear and should be encouraged. The retentive rim is also a key point in the design and has a 

role in the implant survival.  

The wear data were still incomplete and there will be further work to improve our work at 

the statistical level. Further investigations were defined to further the ultimate modeling 

goal for design optimization and expansion of the indications of DM-THA to a younger 

population. 
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Résumé : 

Introduction : La Prothèse Totale de Hanche Double Mobilité (PTH-DM) a été inventée par le 

Pr Bousquet et André Rambert pour conjuguer l’usure faible du concept de low friction de 

Charnley tout en proposant la solution au problème de la luxation de PTH. Le concept a fait 

l’objet de plusieurs modifications en presque quarante ans. 

Le PolyEthylène à Ultra Haut Poids Moléculaire (UHMWPE) présente certaines 

caractéristiques qui ont fait l’objet d’études variées et il existe également d’autres 

phénomènes que l’usure jouant sur la survie d’une arthroplastie. 

La Double Mobilité présente différentes composantes et ses indications sont diverses. 

Une étude clinique à long terme d’une PTH-DM en première intention a permis de définir les 

avantages et échecs de ce concept. Une complication spécifique est la Luxation Intra 

Prothétique (LIP) ou usure de la collerette de rétention de l’insert en polyéthylène. 

Différentes formes peuvent être rencontrées. 
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L’objectif principal de notre travail était de comprendre le fonctionnement de la Double 

Mobilité, c’est-à-dire le rôle respectif des 2 mobilités et de la collerette ainsi que leurs profils 

d’usure. 

Les objectifs secondaires étaient de comprendre les échecs, le descellement de cupule et la 

luxation intra-prothétique et de définir des pistes d’optimisation de l’usure. 

Matériel et Méthodes : 

Plusieurs techniques d’analyse d’usure, à différentes échelles ont été élaborées. La 

profilométrie mécanique permet d’étudier la rugosité de surface, la microscopie 

électronique à balayage recherche les mécanismes d’usure. La cartographie Coordinate 

Measuring Machine (CMM) permet d’appréhender les paramètres de forme et d’ondulation. 

Nous proposons une nouvelle technique de caractérisation par échelle de chaleur pour 

augmenter l’analyse qualitative de l’usure. L’analyse par éléments finis complète ces 

moyens, qui ont été appliquées sur des explants issus d’une banque de plus de 450 

prothèses retirées pour des causes diverses. 3 groupes d’explants, constitués par les inserts 

ayant fonctionnés plus de 15 ans sans LIP, les inserts issus de LIP et les inserts récents, le 

dessin et le matériau de l’insert ayant été modifiés. 

Résultats : 

Les trois groupes ont été comparés. La LIP a pu être identifiée comme liée à l’usure de la 

collerette avec un seuil critique à 32 %. Cette usure est majoritairement composée par 

l’usure externe de la collerette, elle-même liée aux propriétés du col de la tige fémorale. 

Les explants de plus de 15 ans ont présenté une usure d’environ 45 mm3/an, ce qui est 

comparable aux implants standard à couple métal-polyéthylène de type Charnley. Les 

méthodes standard d’analyse d’usure radiographique ne peuvent pas être appliquées à 

l’analyse des PTH-DM. 

Les dimensions de la cupule métallique et les caractéristiques du col fémoral prothétique 

étaient les seuls facteurs influant sur l’incidence de LIP.  

Discussion : 

Une ébauche de modélisation de fonctionnement de la PTH-DM a pu être proposée en se 

basant sur les données des explants. La deuxième mobilité, par son rôle de réserve de 

mobilité, permet de diminuer l’usure globale et doit être encouragée. La collerette de 

rétention constitue également un point clé du concept et possède un rôle dans la survie. 
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Les données d’usure étaient néanmoins incomplètes et feront l’objet de travaux ultérieurs 

pour en augmenter la valeur au niveau statistique. Des pistes de poursuite des investigations 

furent définies pour poursuivre l’objectif final étant la modélisation du fonctionnement 

permettant l’optimisation du concept et l’extension des indications à une population de plus 

en plus jeune.  
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Chapitre I. RESUME ETENDU 

L’objectif de ce travail s’est axé sur le sujet de référence de l’équipe de Chirurgie 

Orthopédique et Traumatologie du CHU Saint-Etienne, dirigé par le Pr. Frédéric Farizon : la 

prothèse totale de hanche Double Mobilité. 

Le concepteur de la Double Mobilité a été le Pr. Gilles Bousquet, chef de service au début 

des années 1970. Les inventeurs ont été Pr. G. Bousquet & M. A. Rambert. Le concept était à 

l’époque complètement révolutionnaire, i.e. en dehors des standards en vigueur auprès de 

la communauté des chirurgiens orthopédiques. Le développement du concept a ainsi été 

quasi exclusivement stéphanois jusqu’à la fin du brevet en 1996. Ce point est important car, 

en plus des problèmes de jeunesse de fabrication, il est un des éléments pour expliquer la 

durée nécessaire d’étude. Dans le domaine des implants orthopédiques, il est important de 

prendre conscience que l’appareil locomoteur peut être considéré comme un organe 

mécanique, sur le principe, mais l’influence du corps humain ne peut être occultée, avec 

tous les domaines scientifiques que cela implique : du comportement biologique à la 

corrosion des matériaux. Au début, l’idée de la prothèse Double Mobilité ne prenait pas en 

compte la complexité de la problématique.  

Ainsi la démarche de recherche pourrait être traduite en une première question qui est celle 

d’ailleurs posée par les responsables des sociétés savantes américaines en orthopédie : 

comment la prothèse de Double Mobilité fonctionne-t-elle par rapport au gold standard, la 

prothèse de Charnley ? Il est proposé de répondre à cette question en détaillant chacun des 

points d’investigation entrepris dans ce travail de doctorat. 

Six étapes majeures peuvent être extraites de ce travail, correspondant au plan : 

1- Le suivi clinique, recul de 22 ans, de 240 prothèses de Double Mobilité et l’étude 

épidémiologique de 450 explants 

2- La mesure de l’usure d’explants Double Mobilité, correspondance entre les données 

cliniques et les données tribologiques, 

3- L’étude méthodologique critique des données d’usure et des faciès d’usure : 

expériences et modélisation, 

4- Une nouvelle approche de la description de l’usure, 



 10 

5- L’étude spécifique d’une complication du concept de double mobilité, la luxation 

intra-prothétique et ses données cliniques, 

6- L’étude focalisée sur l’usure des explants double mobilité : influence du design de la 

collerette sur la luxation intra prothétique et l’usure. 

Le document maître, ainsi que les articles, apporteront tous les détails. Dans ce document 

qui se veut suffisant pour la compréhension des points clefs, le lecteur trouvera les 

conclusions majeures mises en évidence dans les six points clefs décrits ci-dessus. Avant de 

décrire ces derniers, en préambule, un travail bibliographique spécifique a été mené sur le 

matériau constituant l’insert en polymère, Ultra High Molecular Weight PolyEthylene 

(UHMWPE), Figure 1. 

Cet élément constitutif de la prothèse totale de hanche Double Mobilité est fabriqué en 

polymère. La maîtrise de la fabrication matériau est détaillée plus précisément dans ce 

document. La première étape est de fabriquer de longues chaînes de polymère, comme un 

plat de spaghettis, qui vont s’entremêler pour former un matériau solide. Les évolutions du 

processus de réticulation montrent qu’il y a toujours eu itération entre les propriétés 

physiques-mécaniques et tribologiques. Dans ce chapitre II.A, toutes les propriétés sont 

décrites. Il est intéressant de noter qu’elles ont été déterminées depuis moins d’une dizaine 

d’années (cristallinité et réticulation notamment). A l’heure actuelle, ce matériau basé sur 

l’UHMWPE offre des perspectives très encourageantes, en termes de constitution massive.  

L’usure, quoiqu’il arrive, ne pourra pas être évitée étant donné que la durée de vie 

d’implantation augmente. Le polyethylène hautement réticulé est une voie intéressante. 

Cependant diminuer l’usure se fait aux dépens des propriétés mécaniques du polymère, qui 

dans le cas de la Double Mobilité peut être inacceptable. L’ajout de vitamine E est une 

perspective qui a été explorée depuis quelque temps, elle fait toujours l’objet de recherche. 

Il apparaît intéressant de noter que le type d’usure, comme certaines conditions spécifiques 

notamment l’edge loading, seraient à étudier spécifiquement. L’influence du design de 

l’insert est, dans cette problématique, un élément clef. Des investigations supplémentaires 

seront menées en collaboration avec le fabricant historique de l’insert Double Mobilité. 
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Figure 1 : Image avec un insert en UHMWPE et un metal back Novae®, www. Serf-

dediennesante.com 

Une étude bibliographique qui se veut exhaustive sur les presque 40 ans de 

développement de la cupule Double Mobilité est ensuite proposée. Le document propose un 

historique. Nous détaillerons dans ce paragraphe principalement l’ouverture à la 

communauté internationale. Le brevet de la société fondatrice est tombé dans le domaine 

public en 1996. Il est intéressant de noter que de nombreuses écoles ont testé ce type 

d’implants et la confrontation des résultats s’avère bénéfique car les méthodes de 

détermination du volume d’usure ont évolué dans le sens de la robustesse des résultats avec 

une étude comprenant l’incertitude de mesure.  

Ce travail se situe donc dans cette perspective : améliorer la robustesse des résultats 

déjà obtenus avec une analyse critique et la focalisation sur des mécanismes 

d’endommagement particuliers de cet implant Double Mobilité. 

 

1- Etude clinique à long terme d'un implant Double Mobilité (d'après Boyer 

et al, Primary THA with Dual Mobility socket to prevent dislocation - An 

average 22 year follow-up of 240 hips, Int Orthop 2012) 

 

Cette étude clinique est basée sur 240 explants de prothèse totale de hanche double 

mobilité. Elle porte sur le couple tige PF™ et cupule/insert original, surnommé tripode 

(CHIM-3P). Du point de vue chirurgical, une étude épidémiologique complète a été menée : 

voies d’abord, score d’activité du patient, etc. Le premier résultat marquant est la courbe de 

survie. A 20 ans, la survie globale est de 74% avec un IC95 à 7%. Ce dernier chiffre s’avère 

tout à fait comparable aux prothèses « simple mobilité », standard, implantées depuis le 

début des années 1980. Le deuxième résultat est qu’aucune luxation n’a été constatée dans 
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cette série. Cette intuition du Pr. Gilles Bousquet se confirme grâce à cette étude. Il est 

intéressant de noter que la nuance de polyéthylène était du Cestilène®, pas encore les 

dernières nuances performantes d’UHMWPE. La perspective de cette étude réside dans 

l’indication d’une PTH Double Mobilité. Les résultats présentés dans cette étude montrent 

qu’une population de patients de plus de 65 ans s’avère la plus adéquate en termes 

d’efficacité. La pratique chirurgicale du service a fait évoluer l’indication de la pose de tels 

implants pour une population de plus de 50 ans, le taux de reprise n’étant pas plus élevé 

entre 50 et 65 ans. L’expérience chirurgicale s’avère confirmer ces premiers résultats 

expérimentaux. Il est à noter qu’il reste à comprendre la luxation intra-prothétique car cette 

occurrence se produit, pour cet implant typique et d’autres séries, à hauteur de 4 % environ. 

S’arrêter à ces conclusions n’est pas suffisant même si elles sont très encourageantes car les 

couples prothétiques datent des années 80 et les progrès n’ont pas cessé d’améliorer les 

performances. 

 

Etude épidémiologique de 450 explants et analyse dimensionnelle de la surface 

externe d’inserts de PTH à double mobilité (d’après 400 Dual Mobility Hip Retrievals: 

Research of risk factors for revision – A. Di Iorio, B. Boyer, J. Geringer, R. Philippot, F. 

Farizon – en cours) 

 

Cette deuxième étude reprend le plan de la précédente. L’objectif a été d’étendre le 

nombre d’explants pour obtenir la plus grande et la plus significative série d’explants de 

Double Mobilité et une des séries de la littérature les plus conséquentes. Il est important de 

noter qu’en voulant augmenter la population, un premier biais est apparu : la combinaison 

des types de tige et de design d’insert, par exemple, s’est avéré un facteur de confusion 

important. Cette étude d’explants donne des résultats conformes à la science des matériaux 

et de la  biomécanique, par exemple les tiges PRO associées aux metal backs Ti6Al4V au 

dessin et aux matériaux les plus délétères présentant un taux de Luxation Intra-Prothétique 

le plus important. Le facteur épidémiologique principal, statistiquement relié à une 

augmentation de la durée de vie des implants était le petit diamètre de tête, la Double 

Mobilité rejoignant ainsi la théorie de low friction de Charnley.  
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2- Développement de techniques d'analyse d'usure d'inserts Double Mobilité 

(d'après Understanding the Dual mobility concept for total hip arthroplasty. 

Investigations on a multiscale analysis - Highlighting the role of arthrofibrosis - 

J. Geringer, B. Boyer, F. Farizon dans Wear 2011) 

 

Toutes les mesures du service, jusqu’en 2007, étaient basées sur des mesures 

radiologiques qui permettaient de déterminer une usure linéaire de l’insert. Sur le plan 

de la comparaison, il était possible de classer les différents types d’explants avec un 

coefficient de corrélation des données proches de 0,2, évidemment trop éloigné de 1. Le 

point 0 de cette étude a été basé sur les 450 explants cités dans la partie précédente. Le 

premier travail a consisté au tri des explants pour aboutir à ceux dont l’origine de 

l’explantation n’était que l’usure de l’insert. Finalement 12 explants ont été sélectionnés 

avec un 13ème qui a été un implant des années 1990 issu de la même série de fabrication 

des explants de cette étude. Ce dernier  a servi de référence. Trois techniques 

expérimentales avaient été étudiées dans cette étude : 

- La profilométrie 3D avec comme objectif de caractériser par des paramètres de 

rugosité les surfaces usées, presque 9 heures de mesures continues pour un explant ; 

- La CMM, Coordinate Measuring Machine, pour avoir accès au volume d’usure ; 

- La Microscopie Electronique à Balayage pour obtenir des informations qualitatives 

sur le type d’endommagement. 

Il s’agissait de la première fois que de tels outils étaient utilisés pour l’analyse d’explants 

Double Mobilité. Cette méthode est maintenant utilisée en routine dans plusieurs 

laboratoires, spécifiquement le fameux HSS de New York.  

Le taux d’usure, i.e. la quantité de matière totale enlevée, a été évaluée à environ 50 

mm3/an. Ce résultat a permis de répondre à la question qu’une grande partie de la 

communauté des chirurgiens orthopédiques se posait : est-ce-que deux surfaces qui frottent 

entraînent deux fois plus d’usure ? Pour certains il était acquis que l’usure était pénalisante 

pour cet implant double mobilité. En comparant avec des cupules simple mobilité, ce taux 

d’usure est comparable à quelques mm3 près. Les paramètres de rugosité ont pu être 

mesurés de manière exhaustive et le résultat fondamental a été le choix des paramètres clef 

pour mettre en évidence spécifiquement les zones usées. Des bandes caractéristiques ont 



 14 

ainsi été mises en évidence permettant de comprendre le fonctionnement de la cupule 

double mobilité in vivo. A 45° environ, en partant du pôle de chacune des cupules, se trouve 

la bande usée. Elle correspond à l’application de la charge cyclique durant la marche 

humaine. Le cupule est inclinée et tourne sur elle-même. Ce résultat a été vérifié dans le 

cadre d’un essai de simulateur de marche avec une cupule Double Mobilité. Les metal back 

en titane ont été étudiés et mettent en évidence un blocage de la seconde mobilité. Il est 

intéressant de noter que ce métal a été proscrit car ses performances tribologiques sont 

mauvaises et dans le but de diminuer les débris d’usure il a été supprimé dans toutes parties 

frottantes d’une prothèse totale de hanche. Il se trouve ainsi que dans le cadre de la 

prothèse Double Mobilité, probablement par des phénomènes d’adhérence, le metal back 

en titane bloque la seconde mobilité, ce qui présente un désavantage en termes de cône de 

mobilité, principal avantage mis en avant par rapport à la simple mobilité. Cependant de 

nombreuses limites ont été mises en évidence dans l’utilisation des méthodes qualitatives, 

profilométrie 3D mécanique, et quantitatives, CMM.  

 

3- Comparaison de différentes mesures de type qualitatives, profilométrie 

3D, et quantitatives, mesure de forme à 3 dimensions (d’après Wear 

analysis of hip explants, dual mobility concept : Comparison of 

quantitative and qualitative analyses Proc IMechE Part J : J Engineering 

Tribology 226(10) 838-853 et Computational Modeling of Biomechanics 

and Biotribology in the Musculoskeletal- Computational modeling of hip 

implants Ed. Zhongmin Jin, Woodhead publishing series in Biomaterials, 

pp. 389-416) 

 

Cette partie vise à répondre à la question : quelle est la meilleure méthode 

d’imagerie de surface, profilométrie 3D mécanique ou optique, pour obtenir les paramètres 

de rugosité les plus pertinents pour mettre en avant les zones usées sur les explants de 

cupule double mobilité ? La deuxième interrogation concerne la méthode de traitement des 

données issues de la CMM. De nombreux algorithmes peuvent être utilisés et l’objectif est le 

choix de celui qui présente les résultats les plus robustes. De plus la troisième question 

relève de l’opportunité d’utiliser la modélisation par éléments finis. Comme présenté dans le 
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manuscrit complet le choix de la méthode d’imagerie de surface ne s’est pas conclu par un 

choix ferme et définitif. Les deux techniques ont leur point fort et leur faiblesse. Il se trouve 

que le profilomètre mécanique présente des avantages lorsque la zone de matériau usée est 

très endommagée. Certains laboratoires de tribologie ont choisi d’utiliser les deux 

techniques et il semble, d’après cette étude, que ce choix s’avère le plus judicieux. Ensuite le 

post traitement des mesures de CMM s’avère un point important pour déterminer les 

valeurs les plus justes. Cinq algorithmes de traitement ont été testés pour aboutir à un 

‘home made’ qui n’est pas celui utilisé en routine avec un logiciel répandu dans l’industrie, 

Méthode 1a. Ce travail sur les méthodes de mesure a permis de trouver des paramètres de 

rugosité et des mesures de volume d’usure les plus robustes, dans la mesure du possible. Au 

final les paramètres de rugosité permettent d’établir la cartographie des zones usées et les 

mesures de CMM de se rendre compte du volume d’usure des éléments prothétiques 

en UHMWPE, i.e. l’insert.  

Les travaux de modélisation ont été abordés dans la cadre de cet assemblage 

spécifique qu’est la prothèse totale de hanche double mobilité. Les questions de design et 

de convergence, à partir du code d’éléments finis Abaqus®, ont été abordées pour trouver 

les conditions les plus stables. Le résultat principal a été la répartition des contraintes lors de 

l’application du maximum de la force normale durant la marche. Cet endroit correspond au 

placement de la bande d’usure isolée dans la deuxième partie. La notion d’asphéricité a été 

abordée sur la répartition des contraintes. Un léger bénéfice a été mis en évidence. Un écart 

subsiste néanmoins avec les objectifs initiaux. Il était prévu de pouvoir prédire, grâce au 

coefficient de frottement, les conditions de glissement entre la cupule double mobilité et la 

tête et le metal back. Malheureusement cet objectif n’a pas été atteint dans le cadre de ce 

travail. Au niveau de la méthode, les étapes clef ont été isolées mais les capacités de calcul 

n’ont pas été à disposition pour aboutir à des résultats exploitables.  
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4- Développement d'une technique d'analyse qualitative de l'usure de 

l'insert avec échelle de chaleur (d'après Understanding the Intra 

Prosthetic Dislocation in Dual Mobility Total Hip Arthroplasty - Explant 

wear patterns - B. Boyer, J. Geringer, R. Philippot, R. Ballas, F. Farizon - 

review en cours) 

 

L’objectif de ce travail a été de créer une image 3D, munie d’un code couleur pour l’altitude, 

à partir des données brutes de CMM. Cette analyse de l’usure est une analyse qualitative et 

non plus quantitative. Elle a pour but de mettre en évidence des processus de 

fonctionnement, ou patterns. Cette analyse complète donc l’analyse quantitative classique 

qui a montré ses limites dans le point 2. Cette présentation pourrait conduire à la conclusion 

d’un travail très technique, certes de bon niveau, mais qui reste très appliqué. En plus de la 

mise en évidence très claire et très didactique de la bande d’usure externe, les premiers 

résultats ont montré que l’usure interne était différente suivant le type de metal back. Un 

effet mèche a été mis en évidence c’est-à-dire que la tête fémorale a creusé dans l’insert en 

polyéthylène suivant un effet qui a été nommé ‘effet mèche’ ou ‘Drill Effect’. Le point le plus 

important est le lien statistiquement fait entre le paramètre clinique qu’est la présence de 

fibrose articulaire et l’usure de la cupule Double Mobilité en raison de cet effet mèche de la 

tête dans l’insert. La Double Mobilité utilise un ROM, Range of Motion, ou cône de mobilité, 

plus important que la PTH simple mobilité. Il est important de noter que la population 

étudiée a été celle évoquée dans la partie III.I. Ce travail a été entrepris à la suite. 

 

Les parties 5. Et 6.  étaient particulièrement focalisées sur la complication observée 

cliniquement : la Luxation Intra-Prothétique. Ce travail est issu de discussions et de 

questions émanant de membres de la communauté des chirurgiens orthopédiques. 

5- Définition des formes de Luxation Intra Prothétique et de ses causes 

(d'après Intra Prosthetic Dislocation, a specific complication of the Dual 

Mobility system, R. Philippot, B. Boyer,  F. Farizon, Clinical Orthopedics 

and Related Research 2013) 

 



 17 

La luxation intra prothétique, LIP, a été observée comme une complication spécifique de 

l’implant particulier double mobilité.  80 cas ont été isolés sur les 1960 arthroplasties 

effectuées dans le service entre 1985 et 1998. Trois classes de LIP ont pu être mises en 

évidence :  

- type I : la grande articulation se trouve bloquée par des facteurs cliniques ; 

- Type II : métallose importante ; 

- Type III : l’usure de la rétentivité s’est produite et la réduction de la grande mobilité 

n’a pas été observée. 

Deux facteurs ont été isolés statistiquement comme liés à une LIP : le jeune âge et la 

grande taille du metal back. Cette étude permet de définir les conditions épidémiologiques 

de survenue de la LIP. De plus il est important de noter le tryptique : matériau (type 

d’UHMWPE)-métal de la tête fémorale et design de la cupule et plus spécifiquement celui de 

la collerette de rétentivité. De nos jours, les efforts portent principalement sur le design de 

la cupule qui est fabricant dépendant. Après cette mise en évidence il apparaît que la 

rétentivité est bien un paramètre clef pour la luxation intra prothétique et ainsi la durée de 

vie globale de l’implant orthopédique Double Mobilité. 

 

6- Luxations Intra-Prothétiques : Evaluation de l'usure de la rétention et 

de la part de celle-ci dans l’usure et le fonctionnement de l’insert dans sa 

globalité (d'après T.Neri, B. Boyer, A. Di Iorio, J. Geringer, R. Philippot, F. Farizon, 

en cours et 2 autres études en cours. 

 

 Le point de cette dernière partie se focalise sur le rôle de la rétentivité, i.e. la 

collerette, sur l’usure totale de l’insert en UHMWPE. L’usure a d’ailleurs été séparée en deux 

composantes : une interne et l’autre externe. Une corrélation existe entre l’usure totale de 

la collerette et le risque de faire une LIP. Le résultat le plus important est que lorsque la 

collerette est usée à plus de 32 % de son volume initial, le risque de faire une LIP est de 100 

%. Le type d’usure a aussi une importance dans la luxation intra prothétique. Trois 

mécanismes ont pu être isolés dans ce cadre. Le premier correspond à une usure qualifiée 

harmonieuse, c’est-à-dire homogène sur toute la surface de cette dernière. Le deuxième cas 

correspond à un blocage de la grande mobilité dû à une ankylose ou une fibrose articulaire. 
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Dans ce cas l’effet mèche isolé et décrit dans la partie IV. était à l’origine d’une usure 

asymétrique. Dans ce cas, l’usure asymétrique peut être aussi due aux particules d’usure 

provenant de combinaison de matériaux spécifiques à chaque type d’implants, ce qui ne 

ressort pas de manière statistiquement significative. Le troisième type correspond à une LIP 

associée à un descellement aseptique. On soupçonne un effet des débris, ou effet troisième 

corps, sur l’usure de la collerette.  

De façon à déterminer des facteurs influençant l’usure de la Double Mobilité et déterminer 

l’influence des modifications de l’insert sur l’usure, trois populations ont été définies. La 

première correspond à des explants de plus de 15 ans, la seconde correspond à la 

population de LIP, la troisième est une population d’inserts récents. La comparaison des 3 

populations est encore en cours d’analyse. Cependant une mesure plus affinée de l’usure de 

l’insert a d’ores et déjà pu être déterminée. Le volume médian a été déterminé à 45 mm3, ce 

qui est dans la fourchette basse de l’usure du couple métal-polyéthylène. Ce volume est 

composé pour moitié de l’usure interne, celle-ci étant souvent sphérique et 

multidirectionnelle, ce qui n’est pas le cas du concept de low friction de Charnley. Plusieurs 

études ayant confirmé que l’usure unidirectionnelle était la raison du succès de la prothèse 

de Charnley, il est probable que la réserve de mobilité offerte par la seconde mobilité 

explique les faibles volumes d’usure d’une configuration interne peu favorable. 

L’autre moitié de l’usure globale est répartie entre l’usure externe et la rétention. 

 Pour conclure, ce résumé étendu risque de poser autant de questions qu’il n’apporte 

de réponses, signe que la démarche de recherche a porté ses fruits. Il est à noter que  

d’autres travaux ont déjà commencés à être abordés. Les inserts ont été modifiés au fil du 

temps. Le premier sujet correspond à l’étude de l’influence de la rétentivité sur l’usure. Le 

deuxième est relatif à l’influence du design de la collerette sur l’usure interne et externe.  

A ce stade, les résultats ont été obtenus et le plus important devient l’évocation des 

perspectives à envisager à la suite de ce travail. Cinq domaines ont été isolés comme des 

points clef à envisager dans les années à venir : 

- Les analyses d’usure sur les trois groupes d’explants seront affinées. 

- L’idée de mesurer la répartition des contraintes lors d’un cycle de marche sur la 

cupule double mobilité est apparue au cours de ce travail de thèse. La concavité 

posait des problèmes importants techniques en 2009 mais, de nos jours, il apparaît 

possible d’effectuer des mesures correctement. 
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- Des premiers travaux ont été entrepris sur la cinématique de l’insert double mobilité, 

en direct, sur un simulateur de marche. 

- Le développement de la méthode par éléments finis est aussi une piste sérieuse de 

perspectives. 

- La poursuite du travail d’Ola Ahmad. Son travail de thèse visait à établir un modèle 

prédictif de l’usure d’un insert en UHMWPE à partir de mesures profilométriques. Ce 

travail pourra être consulté sur demande. 

- La dernière perspective est l’optimisation des dessins pour éviter les problèmes de 

fonctionnement de cet implant double mobilité pour lequel les indications et le 

nombre de pays concernés ne vont qu’en croissant. 
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‘Computational Modeling of Biomechanics and Biotribology in the Musculoskeletal- 
Computational modeling of hip implants’ Ed. Zhongmin Jin, Woodhead publishing series in 
Biomaterials, pp. 389-416. 
Section 5 Applications of computational modeling for joint replacements  

19. Computational modeling of hip implants 

Introduction 

 

 This chapter considers computational modeling related to joint implants. One will 

specifically pay attention to hip joint. First reported scientific publications were presented in 

last decades of 19th century [1-3]. The most relevant was the first hemi-arthroplasty 

improved by J. Barton [1]. Unfortunately hip replacement problem has not been totally 

fixed. Nowadays curing this crippling condition should not only be regarded as a way to 

enhance patients’ comfort and life satisfaction. This issue is a health problem. Moreover the 

economic impact on health policy is widespread. Due to people aging, implants, whatever 

the joint, are the most reliable solution for restoring mobility of patients.  

During last century many new ideas busted in the field of medicine and these novelties have 

hugely improved the overall clinical well-being of patients [4,6]. 250,000 hip prostheses are 

implanted, each year, in the US, and approximately the same number in Europe per year [7]. 

One in every 30 Americans is walking with a hip prosthesis [8].  Therefore developing new 

solutions that would be more effective for younger patients as well as economic for society 

is more and more appealing. Thus, the problem of the hip implant is related to the aging 

people and the economic points. Some innovative materials and designs were launched on 

the market since 19th century. Unfortunately the implant ‘for life’ is not nowadays available. 

The average duration of implants after the first implantation is approximately 15 years, or 80 

% of lifespan at 20 years of implantation. Increasing the lifespan of implants, all organs, is a 

kind of leitmotiv, involving surgeons, researchers and companies associated to implants 

(manufacturers, distributors, etc.). Younger, heavier, more active, and longer-lived patient 

population is placing higher and higher demands on the performance of bearings and on the 

structures. For improving the quality of materials constituting implants, three ways could be 

investigated: 

- Manufacturing implants in collaboration with surgeons, implantation to patients and the 

following of lifespan allows knowing the efficiency of implants; 
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- From experimental investigations (hip walking simulator for instance) some research teams 

could suggest improving implants to surgeons and/or companies, implantation and patients 

survey allows feedback; 

- Research investigations, joining experiments and modeling, are practiced in close 

collaboration with surgeons and implants companies. Thus implants were extracted by 

surgeons and they are delivered to research teams for analyses (wear volume, wear 

mechanisms, etc.) after explantation. A close collaboration between researchers-

manufacturers-surgeons allows feedback and come back to the lab for getting better and 

better implants. 

The third way should improve the design, materials, surface treatments, etc., for 

improving lifetime of implants and, finally, benefits for patients. Unfortunately it needs time.  

This chapter is dedicated to focus on benefits of modeling investigations related to 

artificial hip joint. State of art, related to hip implants, is well described in [4], for instance. 

The history will not be detailed in this text. To be concise, nowadays, three main couples of 

materials are available on the market of hip implants and they were improved by time: Metal 

on Metal (MoM); Metal on Polymer (MoP); and Ceramic on Ceramic (CoC). The couple 

Ceramic on Polymer is not widely implanted and one cannot consider this one as a major 

couple. We are going to pay attention on 2 assemblies. The first one is MoP and the other 

one is CoC. After a presentation of the finite element modeling, a particular MoP assembly is 

suggested: the dual mobility concept. This mechanism will be described and the first 

modeling, according to our knowledge, will be suggested. In this case, the scale is the 

macroscopic one for MoP. Second the CoC couple will be investigated by the way of 

microscopic scale. The topic will be studying the cohesion between ceramic grains thanks to 

the approach of the cohesive zone. Finally outlooks of the modeling will be developed 

specifically to hip implants and different joints.  

 

 

1- Model and methods  

 

The Figure 1 shows hip prosthesis in the actual case. Different assemblies should be 

submitted to contact and/or friction issues: it should be about femoral bone- stem / neck-

head / head-cup / cup-metal back, etc. This work will be dedicated to study the friction of 

the contact head and cup. As mentioned previously, two couples are considered: Metal 
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(head) on Polymer (cup) and Ceramic (head) on Ceramic (cup). Unfortunately, as usually 

expected, final issue on modeling is not established. However it is a very interesting way for 

predicting what is the mapping of stresses on the assembly head and cup. 
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Figure 1: hip prosthesis  

 

 

a. FEM software 

  

 Finite Element method (FEM), a numerical technique for finding an approximate solution to a 

partial differential equation, was first used for solving complex structural analysis problems in Civil 

and Aerospace Engineering. FEM has been developed as improved computer environments. Modern 

FEM packages include thermal, electromagnetic, fluid and structural working environments. In a 

structural simulation, FEM allows producing stiffness and strength visualization as well as minimizing 

weight, materials, and manufacturing costs. However, FEM is applied to an approximation of a 

mathematical model. In order to generate a good finite element model, experience and judgment 

are needed. In a typical FEM, a complex 3D model may require (so) numerous elements for obtaining 

accurate results. Consequently, computation time increases with increasing total number of 

elements. Thus, a powerful computer is needed for reducing computation time. Some research labs 
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have invested in calculation clusters for performing big calculations. Fortunately, computing speed of 

a modern computer has been greatly improved. For this reason, most engineers and scientists agree 

that FEM is an almost essential tool. 

There are numerous commercial software packages including Abaqus®, Adina®, Ansys®, LS-Dyna®, 

Nastran ®, etc. Each commercial software package maintains its own advantages. For instance, 

Abaqus® shows strong ability in contact problems or structural problems. Thus, contact problems in 

hip prosthesis or other joints have been solved with Abaqus®.  

A modern FE analysis consists of three distinct stages: pre-processing, processing, and post-

processing. Each step will be described below: 

 

1) Pre-processing 

 This is the task that should be completed before processing the analysis. The pre-processing 

includes the generation of model geometry, the preparation of information such as nodal 

coordinates, connectivity, loading and boundary conditions as well as materials. Model generation 

may be handled manually or done by importing the geometry built by another drawing program such 

as AutoCAD®. Because meshing the model is very important, it is necessary to spend much effort in 

complete the accurate and efficient meshing. 

 

2) Processing 

 

 The system equations are formed using the data as described in the pre-processing stage. 

And the equations were solved in the processing stage. This stage usually requires huge 

computational resources (computing time and memory space). If some equations are not solved, 

pre-processing should be employed again. The loop should be under survey during the calculation 

time. 

 

 

3) Post-processing 

 If the equations are solved successfully, results are presented in the post-processing stage. 

Usually, (even users could define what to calculate), the deformed configuration, mode shapes, 

temperature, stress/strain distribution are computed and displayed. Of course, useful data can be 

extracted directly. 

 These three stages are usual and common to all cases. Notwithstanding they have to be 

adapted to each specific case. The step of adaptation, the third one, should be analyzed with 

attention and it has to be validated by the modeler, especially depending on design: possible area of 
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discontinuities, chamfers, etc. This powerful tool will be used in this chapter for two topics: the micro 

modeling of ceramic material and the macroscopic modeling of UHMWPE cup against a metallic 

head. About both scales, finite element modeling is a key tool to investigate the wear issue. On the 

macroscopic scale it gives hints on the design changes that could be achieved in order to decrease 

wear. 

 

b. Meshing strategies about multi scales analysis 

 

 In a typical hip replacement model, both the femoral and the acetabular parts are 

represented and meshed, Figure 1. Depending on what authors are interested in, the femoral part 

may be fully or partially included, i.e. only the femoral head or both the femoral head and stem will 

be considered. For instance, if one is interested in the stresses in the femoral neck, one will model 

this part and mesh it more finely to obtain more accurate results. Therefore meshing must be 

adapted to the objectives of the study. Obviously the number of elements is critical to obtain useful 

information. However if the elements number increases; thus the simulation takes more time. The 

best compromise has to be found by the modeler. Obviously the number of elements is critical to 

obtain useful information. However the more elements the longer the simulation takes. As a 

consequence, that number of elements must be optimal as a compromise between the accuracy and 

the computational time. 

Most of the time, one determines that optimal number by performing a convergence study. It is time 

consuming since a lot of numbers of elements are tested while the appropriate parameters are 

observed. When increasing the number of elements the parameters values may change a lot at first. 

Then they should reach a quite constant value. The corresponding number of elements is considered 

optimal since fewer elements would give a less accurate result and more elements would increase 

the computational time considerably compared to the benefit in accuracy. 

Sometimes such a thorough convergence study is not required, if the model is not complete yet for 

instance it would be useless to perform the convergence study at this point. However useful results 

are expected, therefore a simple study could be used instead, as it was done for the dual mobility 

implant example mentioned previously. 

One may look at different number of elements for the insert and the metallic parts, then eliminating 

the responses considered non-physical. The number of elements may be chosen by deciding the 

“global seeds” in Abaqus® for instance. Obviously the notion “non-physical” should be defined 

precisely for each study, depending on what one is interested in. For instance if one is interested in 

the stresses resulting from a contact between the femoral head and the insert, one may look at the 

contact status of nodes, the contact area, the maximal stresses and so forth. An example of a non-
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physical situation could be the fact that there are several non-contacting nodes within an area of 

contacting nodes. It could be all the cases different from what is expected, for instance several 

maxima on the insert surface whereas only one is expected at the center. Another non-physical 

situation is a local maximum corresponding to a stress concentration due to the finite elements. 

After this condition is clearly established regarding the study, one should choose a situation in the 

range of the physically acceptable solutions. Obviously it may not be the optimal number but the 

response is ensured to be physical and accurate enough in a short enough period of time. 

 

To sum up the mesh must be adapted to the objectives of the study; there is an optimal number of 

elements to choose. Besides mesh refinement is possible locally to improve the accuracy without 

impairing the computational time too much. Finally it is worth mentioning that the scale used must 

be adapted to the objectives of the study as well. For example a whole implant model cannot be 

used to study the roughness or lubrication issues given it would require a too elevated number of 

elements to model properly these phenomenon. At that time studying materials, lubrication and 

roughness issues is not a realistic issue on FEM investigations. This aim is reachable with not refined 

meshing process, i.e. simple geometry. The computation efficiency (number of computer cores, 

quality of computer processor, etc.) increases, each year, step by step and these kinds of 

investigations should be probably investigated next decades. 

 

c. Hip joint model, focus on head and cup assembly 

 

 It is known that several types of implants are used, particularly three main types: metal on 

polyethylene (Ultra High Molecular Weight PolyEthylene UHMWPE), MoP, and ceramic on ceramic, 

CoC, and metal on metal, MoM, implants. Obviously the model will be adapted to the kind of implant 

investigated.  In this work, one will pay attention specifically to MoP and CoC couples. MoP will be 

focused on at first sight since they constitute the “gold standard” from Sir J. Charnley. Then the 

promising ceramic-on-ceramic case will be detailed. 

 

i. Metal on Polymer 

 

 A study performed on a commercial dual mobility product, from SERF-Dedienne Santé in 

France, to investigate the feasibility of a design change to decrease wear and improve the implant 

longevity. This study will be used as an example to illustrate the modeling of MoP hip replacement. 

The initial spherical design was known to entail a mobility blocking due to the deformation of the 

insert in UHMWPE. Typically the equator thickened and the insert became thinner at the location of 
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applied load. Therefore we thought that an ellipsoidal shape could compensate that deformation and 

prevent blocking stage. The femoral stem, head and the acetabular part are metallic in MoP 

implants. As a consequence they are very often considered to be rigid bodies [9-13], indeed the 

Young’s modulus of CoCr is about 210,000 MPa, that is much more than the Young’s modulus of 

UHMWPE (about 900 MPa) [9,13,14]. Regarding the insert in UHMWPE, it can be modeled as a 

deformable homogeneous solid part. Consequently only this part will deform significantly, which is 

consistent with what happens. 

The properties are adapted to the implant as well. For a MoP implant the insert might be considered 

elastic, i.e. only the Young’s modulus E of about 900 MPa and thePoisson ratio ν of about 0.4 are 

taken into account [9,14]. 

Then the parts are put in position one regarding the other. Often an angle of 45° for all parts is used 

to be closer to the anatomical situation [10,14],  even though it is still debatable if it has a significant 

influence or not . It may be advised to define a first step to make the head and the acetabular part 

come in contact by imposing a displacement found in a prior simulation. It is not part of the 

simulation but it aims at ensuring convergence since contact is a problematic situation all the more 

as the parts are spherical. Then a step of load application should be defined if one is interested in 

what happen during gait. The common load used is about 3-4 times the body weight [9, 15] given it 

corresponds to what is supported by the hip during walk. The ISO 14242 was established in order to 

reproduce the normal load during gait. One may consider that the damageable load is the maximum 

load and it is equal to 3000N in the UHMWPE case and between 50 and 500 MPa. It is oriented at 12° 

as an average direction of the load resultant in reality since it is known not to be constant [15]. 

The contact definition is a critical step in order to achieve convergence on one hand and to obtain 

consistent results on the other hand. A normal and tangential behavior could be defined. A “hard 

contact” and frictionless contact may be used given the joint was considered well-lubricated [14,16]. 

Others set a penalty friction coefficient of 0.038 to ensure a unique solution. Several authors used 

such a low friction coefficient [11, 14]. A surface-to-surface interaction [17] can be used with metallic 

surfaces as master surfaces. Then, in implicit Abaqus® model, several parameters could be adjusted 

to help convergence, hence a slave adjustment surface and a contact control with an automatic 

stabilization factor of 0.001 were added for each step except the initial step. The stabilization factor 

was chosen to help convergence without having a significant influence on the physics of the process, 

indeed it is only a numerical tool. 

 

ii. Ceramic on Ceramic 
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 About modeling the degradation of bio-ceramics, ceramics dedicated to implants is a 

challenge. Ceramics are constituted by grains; the bulk structure is at the scale of micrometers. The 

mechanical specimen related to the micro-structure is, in this study, a femoral head of 28 mm of 

diameter. Two ceramic materials are used for manufacturing elements of hip implants: pure alumina 

and a composite based on alumina mixed with zirconia. This study will be dedicated on the 

composite. It will be modeled thanks to Abaqus® software. A specific approach will be suggested in 

order to model the microscopic scale. The strategy is described as following. An algorithm from 

model generation to mechanical analysis is investigated. In the field of ceramics, some issues on the 

mechanical behavior are related to the grain boundaries. In order to describe the fracture behavior, a 

cohesive zone law was considered (time-independent). These elements are submitted to stresses and 

the grain boundaries are removed when their failure criterion is satisfied. Thus, under cyclic loading, 

cracks are produced around grains. They reproduce the fracture phenomenon by applying stresses. 

For example the Figure 2 shows two-dimensional finite element modeling for investigating fracture 

and fatigue behaviors of Al2O3-ZrO2 ceramic composite at the microscopic level (i.e. ceramic grain 

scale). On Figure 2 the structure contains a void related to a defect of structure. 
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Figure 2: alumina zirconia structure with void; red line are cracks after applying normal load 

of a) 50 MPa and b) 500 MPa 

 

2- Results 

a.  Contact mechanics on cup, MoP 

 

i. Dual mobility concept 

 

 The concept of dual mobility was invented in 1975 by Pr. Gilles Bousquet, a French 

orthopaedic surgeon, and André Rambert, a French engineer. Pr. Gilles Bousquet wanted to 

mix the “low friction” principle of Charnley, introduced in the 60s, with the stability due to a 

large head used in the Mac Kee Farrar implants. Therefore they made a three-part implant. 

Indeed there is still a metallic acetabular cup fixed in the acetabulum like for simple mobility 

implant. There is a metallic head of 22.2 mm in diameter, which is the head size introduced 

by Charnley to decrease wear. The third part is an insert in UHMWPE between the head and 

the metal back. There are indeed two mobilities since the head is moving within the insert, 

itself moving within the metal back. With a 35 years overview it has been proved to increase 

stability reducing the number of dislocations particularly due to its great range of motion 

[18,19]. The benefit of the dual mobility implants were found for primary or revision 

prosthesis [20-27]. Besides, wear seems similar to what one has with a simple mobility 

prosthesis [28,29] even though it was thought to be higher because of two articulating 

surfaces. Therefore so far the dual mobility implants seem to be promising but are mostly 

used for old people to prevent dislocation. Even though there is not a consensus on the 

friction couple to use, young people are likely to have ceramic-on-ceramic prosthesis known 

to have almost no wear and particles release. Indeed particle release is the main drawback 

of the “gold standard” MoP since polyethylene particles have been proved to enhance 

osteolysis [30,31]. The number of particles released might be linked to the stresses applied 

on the polyethylene insert, consequently it is of interest to avoid stress concentration that 

might promote the particle release. 

 
ii. Stresses map 
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 It is of interest to look at the stresses on the insert surfaces (inner and outer) since it 

gives several types of information (on the deformation, on the location of this deformation, 

on the mechanics of the contact). All these enable to get a better understanding of the 

working principle, on the location of high stresses. Possibly one might have some insights on 

the wear phenomenon occurring during the implant lifetime. Particularly wear is the main 

issue regarding implants since it reduces their longevity and entails particle releasing, a 

phenomenon whose consequences are still not fully understood. The modeling from 

Abaqus® allows establishing the stresses map. In Abaqus® one may look at the stress called S 

calculated at the integration points, thus at every other points it is interpolated. One may 

pay attention on the meshing procedure. Indeed, results depend on the quality of the mesh, 

i.e. the appropriate number and the type of elements. A coarse mesh and linear tetrahedral 

elements C3D4 proposed by Abaqus® together with the free technique were used for the 

model construction. Meshing was a very important issue since all the results depended on 

the quality of the mesh so it was important to think of the appropriate number and type of 

elements. To get reliable results mesh refinement was necessary. It resulted in an insert with 

hexahedral (C3D8R) and wedge (C3D6) elements and the head with both hexahedral 

(C3D8R) and tetragonal (C3D4) elements. Therefore the stress maps are not true at every 

point and one should remain critical regarding thesemaps. In a dual mobility implant the two 

insert surfaces are investigated because they can deform a lot. As a reminder the normal 

load is of 2500N and the applying direction is the vertical one from up to down on the top of 

the metal back. First the inner surface corresponds to the contact between the insert and 

the femoral head. Figure 3 highlights stresses map in this inner part of the dual mobility cup, 

UHMWPE, in contact with the metallic head. On this figure one can see that the head seems 

to keep one central contact point corresponding to the maximum in S (in red) and the other 

circles may represent the contact occurring alternatively during motion, depending on the 

rotation direction of the head. The maximum stress is around 20 MPa. They are located on 

the top of the inner part of the cup. It is worth noting that these results are presented 

without any friction. As the maximum stress is lower than the one related to the yield 

strength of UHMWPE (around 60 MPa) normally the material is safe. However roughness of 

the material could exhibit some grooves (association of peaks and valleys) that involve small 

contact surfaces and obviously high stresses. Thus these high stresses could be the point for 

passing over the yield strength and they can promote wear. 



 63 

 

 

  
 
Figure 3: stresses map (von Mises stresses, MPa) inside the dual mobility cup, normal load of 

2500N. 

 

 Secondly Figure 4 shows the outer surface that corresponds to the contact between 

the insert and the metal back. The maximum stress is 3-4 MPa. It is approximately 6-5 times 

lower than the one corresponding to the inner mobility. Thus one might suggest that the 

exterior face should be less solicited than the inner face related to the first mobility. The 

cross section, Figure 5, indicates the location of maximum stresses in the dual mobility cup. 

The meshing process allows describing zones thatare the most solicited. This statement is 

useful for predicting wear on the cup. One may look at the stresses in a section and see that 

the colors are oriented in the loading direction. As a conclusion, one can say that the stress 

maps, even though they are plotted by Abaqus® extrapolated the data obtained at the 

integration points, they might give useful information regarding the deformation and the 

physics of the contact. Then, this information could be used to perform the design 

optimization of the implant. Moreover investigations in progress will consider the influence 

of friction on the wear for correlating, for example, the wear track from hip walking 

simulator and modeling works. This point will be detailed in the third part. 
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Figure 4: stresses map (von Mises stresses, MPa) outside the dual mobility cup, normal load 

of 3000 N. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: stresses map (von Mises stresses, MPa) on a cross section; the assembly is as 

followed: cone + head + dual mobility cup and metal back; the normal load is equal to 

2500N. The star is related to the Figure 12. 

* 
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b. Micro modelling thanks to FEM, CoC 

 

i. Materials, constitution and properties 
 

Ceramics such as alumina, zirconia, zirconia toughened alumina (ZTA) are significantly 

considered for hip implants. Particularly, alumina is the primary successful material in total 

hip prosthesis so far. Alumina (Al2O3) maintains advantages including good biocompatibility, 

high mechanical strength, great fracture resistance, and so on. However, the ceramic might 

have drawbacks such as the body reaction around the implants. In addition, wear debris 

occurred at contact surfaces leads to bone resorption, consequent inflammatory reaction 

and implant loosening. Bone resorption and aseptic loosening are the main causes limiting 

the lifetime of current implants. Alumina ceramics are available in various purities and their 

mechanical properties depend on the purity. In a biomedical field, high purity, greater than 

99.5 percent, is used. Alumina particle size varies from a few microns to tens ones [32,33]. 

Zirconia (ZrO2) has good material properties like Alumina. Zirconia maintains low 

corrosion, good chemical stability, good mechanical strength, etc. In addition, Young’s 

modulus of zirconia lays in the same order of magnitude of stainless steel alloys. Thus, this 

ceramic has been considered as a good biomaterial. 

Zirconia toughened alumina (ZTA or Al2O3-x % vol ZrO2) is one of promising materials for 

hip implants nowadays. ZTA maintains a variety of advantages such as high mechanical 

properties of Yttria-stabilized zirconia, high inertness of alumina without any of their 

respective drawbacks, great wear resistance, high fracture toughness, high chemical 

inertness for long durability, etc. [34]. ZTA is made with various contents of zirconia particles 

(e.g. 1.5%, 3% or 10%). Mechanical properties of ZTA are various depending on the content 

of zirconia. Zirconia particles are placed among alumina particles. That is, some voids among 

alumina particles disappear and they are filled with zirconia particles. Voids in a ceramic 

could lead to reduction of strength and increase possibility of cracking. Table 1 shows the 

mechanical properties of pure alumina, zirconia and ZTA.  
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Table 1: Mechanical properties of ceramic biomaterials. 

 

 Modulus of elasticity, MPa Poisson’s ratio 

Alumina 374,000 0.21-0.23 

Zirconia (monoclinic)[35] 92,000~244,000 0.22 

Zirconia toughened alumina 360,000 0.23 

 

Poisson’s ratios of three biomaterials are similar, whereas moduli of elasticity are different. 

For micro-modeling; these material properties should be understood.  

 

ii. Cohesive zone law, back ground and case study related to CoC implants 

 

For the purpose of investigating failure behavior of ceramics, various methods 

including fracture mechanics, continuum damage mechanics have been considered. 

Particularly, a method using cohesive zone law is remarkable. The method enables interfacial 

fracture between physical parts, and the characterization of post yield softening with 

bilinear, exponential, power-law, polynomial or trapezoidal form. Moreover, a conventional 

cohesive zone law contains stiffness degradation when reloading is imposed. The stiffness 

degradation allows fatigue modeling. Total number of fatigue cycles sometimes requires 

long computation time and sufficient storage space in implicit analysis [36].  

Originally, a cohesive zone law was proposed for interfacial fracture of concrete and 

cement composites [37]. Nowadays, powerful computers and better knowledge of material 

properties allows extension of the cohesive zone law to other areas. As a result, various 

applications with the development of a cohesive zone law are being introduced. Fatigue 

crack propagation of polymers was simulated with a cohesive failure model [38]. The 

classical Paris failure curve between the crack advance per cycle and the range of applied 

stress intensity factor was used. A cohesive zone law was developed for predicting fatigue 

damage of adhesively bonded joints [39]. Mixed-mode bilinear traction-separation law was 

considered for joints between thick sheets of 7075-T6 aluminum alloys. The sheets were 

bonded each other with toughened epoxy film adhesive. The failure behavior of the epoxy 

film adhesive was described with a cohesive zone law. Intergranular fatigue damage in 
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rolling contacts was described with a cohesive zone law [40]. The low-cycle fatigue life of 

solder joints plastically deformed was investigated with the cohesive zone law [41]. That is, a 

damage evolution law was expressed as a function of accumulated plastic strain accounted 

for gradual loss of stiffness and strength of solder materials under cyclic loading. Creep-

fatigue crack growth of single crystal supper-alloys was described with a cohesive zone law 

[42]. Crack growth processes were described in pure fatigue regime and creep-fatigue 

regime. Exponential cohesive zone behavior was taken into account for energy dissipation.  

These cohesive zone laws described above are implemented in finite element framework. 

In finite element analysis, computation time depends on total number of elements as 

mentioned above. Particularly, in implicit analysis, calculation time increases as the number 

of steps increases. Thus, a conventional cohesive zone law is sometimes ineffective for high-

cycle fatigue modeling. For high-cycle fatigue modeling, some strategies including 

degradation process were proposed [43,44]. A cycle jump strategy was implemented for 

such degradation process in a finite element model. That is, fatigue damage was determined 

by calculating the damage variable after certain number of cycles with the quasi-static 

constitutive equations [43]. The extraction strategy of strain energy release rate from a 

cohesive zone was proposed for analyzing crack propagation under cyclic loading [44]. A 

fatigue damage model using Paris type crack growth laws was developed with explicit finite 

element codes. In the model, strain energy of interface elements was released during cyclic 

loading without stiffness degradation. Meanwhile, in implicit finite element analysis, a 

method using experimental data (S-N curves) was proposed for describing degradation [45]. 

The high-cycle fatigue bending of aluminum alloys was reproduced and compared with 

experimental results. In the method, stiffness degradation and reduction of fracture energy 

were used in the cycle jump strategy.  

A cohesive zone law is being used for modeling of hip prosthesis. A two-dimensional finite 

element model was developed for interfacial fracture of alumina microstructures using a 

bilinear cohesive zone law [36]. Mechanical behavior of a grain boundary was described with 

a bilinear, time-independent cohesive zone law. The mechanical properties of grain 

boundaries were defined on the basis of experimental data. Table 2 shows the mechanical 

properties of a cohesive layer inserted between alumina grain boundaries.  
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Table 2: Mechanical properties of the cohesive layer for alumina  

 

Nominal normal stress Nominal shear stress Displacement at failure 

1000 MPa 400 MPa 0.002 µm 

 

It is necessary to understand traction-separation response in a cohesive zone law. Figure 6 

illustrates traction-separation response in a conventional bilinear cohesive zone law. Normal 

and shear displacements are usually considered in the cohesive law. Figure 6 b) shows 

cohesive behavior under pure tensile deformation. This plot is useful for understanding the 

relationship between normal stress and displacement during loading. Initial normal stress of 

a cohesive zone linearly increases on line (1) when external loads are imposed to the 

cohesive zone. If the stress remains below the maximum strength value (Tn
max), unloading 

leads to stress decrease on line 1 (toward the origin of the normal stress-displacement 

plane). If the stress reaches Tn
max and then decreases along line (3), unloading subsequent to 

damage initiation occurs linearly toward the origin of the stress-displacement plane (line 

(2)). Reloading subsequent to unloading also occurs along the same linear path until the 

softening envelope (line (3)) is reached. Once the normal displacement of an element 

reaches pre-described failure magnitude (
f

nδ ), normal stress in the element become fully 

released. Cohesive behaviour in the shear direction is similar to that in the normal direction.  
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(a) 

 
(b) 

Figure 6: Conventional bilinear cohesive zone law 

 

Ceramic microstructures used for hip prostheses are subjected to normal and shear 

deformation. The maximum value of a displacement in a cohesive element can be defined 

as: 
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deformation initiates damage. In order to quantify the damage of a cohesive element [15], a 

damage variable (D) is used and defined as 

 

)δ(δδ
)δ(δδD 0fmax

0maxf




           (2) 

 

where fδ  denotes the effective displacement at complete failure, and 0δ  is the effective 

displacement when normal stress (Tn) and shear stress (Ts) of a cohesive element satisfy the 

following equation. 
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where 
max
nT  and 

max
sT are maximum values of the nominal normal stress and the nominal 

shear stress, respectively.  

In equation 2, if D of a cohesive element is equal to unity, the cohesive element is fully 

damaged and removed from a model. Whereas, D is zero, it means that the cohesive 

element is non-damaged. 
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Figure 7: Al2O3 microstructure (right) [47] and a finite element model (left) 

 

Figure 7 presents Al2O3 microstructure and a finite element model for white rectangular 

area. The number of grains may be increased so as to generate a bigger model. However, 

computation time will increase with respect to total number of grains. The FE model consists 

of two parts: grains and cohesive layers. In the FE model, a dark line denotes a cohesive layer 

and polygons are grains. Grains only behave elastically under loading. The mechanical 

behavior of the cohesive layer is governed by a pre-described cohesive law described above. 

Once the cohesive elements meet pre-described failure criterion, Figure 8, they are 

removed. It can be suggested that deleted elements are cracks.  

In a hip prosthesis, small parts at contact surface undergo compressive and shear 

deformation. In the generated FE model, such deformation can be made by applying 

compressive and shear loads to the top of the model and by fixing the bottom surface. 

Triangular load wave was applied, ranging from zero to 70 MPa for normal stress (28 MPa 

for shear stress). 

 

   
(a) 
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(b) 

   
(c)  

Figure 8: Crack distribution with respect to number of fatigue cycles: (a) after the first cycle, 

(b) after the 10th cycle, and (c) after the 25th cycle. Grey areas are Al2O3, black lines denote 

cohesive layers, and white ones denote cracks. Triangular load wave was applied, ranging 

from zero to 70 MPa for normal stress (28 MPa for shear stress). 

 

Figure 8 shows crack distribution after various cycles. A single cycle contains loading 

and unloading steps. Commercial software, Abaqus® was used for simulating the model. In 

the plots, grey areas are Al2O3, black lines denote cohesive layers, and white ones denote 

cracks. It is apparent that three small cracks are generated after the initial cycle, and these 

cracks are propagated with increasing number of cycles. After the 15th cycle, many cohesive 

elements in the upper-right side disappeared. One may consider that three grains are almost 

separated from a model. The plot is a good example for application of a cohesive zone law to 

a biomaterial. In the simulation, 15 cycles were conducted. This is not sufficient for high-

cycle fatigue, since alumina in a hip prosthesis is subjected to ten thousand cycles. Cycle 
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jump strategies described above may be used for simulating high-cycle fatigue of alumina 

microstructures. 

 
iii. Crack growth rate 

 

 
Figure 9: Relation between crack velocity (V) and stress intensity factor (KI) for biomaterials 

[3]. KIO denotes fracture threshold and KIC is fracture toughness. 

 

For designing a head and a cup of hip prosthesis, crack growth rate of a material should be 

understood. Crack growth rate is typically measured with pre-existing tensile tests. During a 

test, crack size and applied stress are recorded. Fig. 4 is a notable plot showing crack velocity 

versus stress intensity of Al2O3, ZrO2, and Al2O3-10 % vol ZrO2 [3]. Table 2 shows fracture 

toughness (KIC) of the materials. Fracture toughness of Al2O3-10 % vol ZrO2 is 5.9 MPa m1/2. 

That is, the magnitude is 1.4 times higher than that of Al2O3. 

 

Table 3: Fracture toughness of biomaterials. MPa m1/2 

 

Alumina 

Al2O3 

Zirconia 

ZrO2 

Zirconia toughened alumina 

Al2O3-10 % vol ZrO2 

4.2 5.5 5.9 
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Figure 10: Wear rates of biomaterials. [48]: Steward et al., 2003, [49]: Nevelos et al., 2001.  

 

 

Wear resistance is also important for selecting the material of hip prosthesis, since wear 

occurs between a head and a cup. Approximately every ten years, hip prostheses inserted 

into the human body are replaced. Thus, material showing low wear rate is critical for 

prolonging the durability of hip prosthesis. Figure 10 shows wear rates of biomedical 

materials. Wear rate varies according to experimental conditions. In the experimental 

condition similar to those found at hip prosthesis, wear rate is determined after interrupting 

a variety of wear tests at different cycles. It is identified from the plot that zirconia 

toughened alumina maintains lower wear rate than others. Thanks to low wear rate, Figure 

10, and high fracture toughness of zirconia toughened alumina, Figure 9, ZTA is proven to be 

the most promising material of a head or a cup in hip prosthesis. Nevertheless, ZTA has not 

been practically used for the material of a head and a cup, in this study. For reminder, head 

was ZTA and cup was alumina. Manufacturing cost of ZTA is somewhat higher than those of 

pure alumina and zirconia. Specially, surface finishing of ZTA is expensive, affecting wear 

resistance. In order for ZTA to be practically used, the cost of surface finishing should be 

decreased. 

 

3- Discussion 

 

a. Problems of convergence 
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 Every people which manipulates FEM software was confronted in front of problems of 

convergence. We are going to present some elements part of the strategy for decreasing crash 

modeling. Severe problems should occur during the computing time with a high number of nodes as 

“excessive distortion of elements”, “negative eigenvalues” or “numerical singularities”. While 

running Abaqus® the whole job suffers from severe discontinuities, they were due to openings and 

over-closures. The modeler has to understand warnings and errors and he has to improve a strategy 

in order to solve the problems. The contact is a no-negligible part of the work presented in this study. 

First of all some notions have to be applied related to the mechanical contact: convert SDI, decrease 

time increment, use C3D10M elements, check surface normals, use asymmetric solver, use contact 

controls. Surface adjustment is helpful when using contact and a complex geometry. The option 

“surface adjustment tolerance of zero” to remove penetration was also the one adopted for the 

investigation of the dry contact in the study [50]. On the Figure 5, different interfaces, principally 

metal back-cup and cup head, are submitted to the problem of contact. At the beginning the fact 

that the contact characteristics appeared at the first attempt of the first increment meant that there 

was already contact between the two surfaces. The strategy was then to translate the insert 

outwards and make a simulation to measure exactly when the contact occurred, this displacement 

would be used in a first step to establish the contact. It was also a common practice to add 

stabilization that is a non-physical damping helping for convergence. The choice of the damping 

factor was a tradeoff between the number of increments required for job completion (time cost) and 

sufficiently small ratios ALLSD (energy dissipated by viscous damping)/ALLFD (frictional energy). 

Indeed it was important to check that this artificial damping was negligible; it means that the 

damping factor has no influence on stresses mapping. 

 The second main source of problems was the “rigid body” definition. Indeed the job 

aborted with many warnings “numerical singularities” typical of rigid body motion, another 

warning was “zero pivots” indicating over-constrained problem. Moreover the head went 

through the insert without “seeing” it. It was also due to the rigid body definition. The 

solution was to constrain all the degrees of freedom and to import the head as deformable 

and then use a rigid body constraint. The boundary conditions and loads must be applied to 

the reference points in order to avoid the over-constraints. A contact control was added for 

each step to help prevent rigid body motion and enhance convergence as it is commonly 

suggested for contact problems instead of the stabilization in the step definition. However 
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one has to check it does not have an incidence on the results by checking that the energy 

due to this stabilization is well below the frictional energy.  

 A field of convergence is the optimal number of elements, i.e. the number of elements that 

give the most accurate results in the least time. On the hip joint, as the model was constituted of 

three parts and not much time was left, the study has usually to be simplified. It was decided to look 

at different number of elements in the spherical case for the insert and also for the metallic shell and 

head (the same number was taken for both), eliminate those that did not give a physical response 

and choose a situation in the physically acceptable range. This number would not be the real optimal 

number but it would give a physical response, accurate enough in a short enough time. With 

Abaqus®, the size of mesh, i.e. the number of elements, was defined by the “global seeds” chosen 

during meshing; there were 9 different “global seeds” for the insert and for each of them several 

“global seeds” for the pair metallic shell/head. For each simulation one looked at seven parameters 

thought to be appropriate for this contact analysis, the contact area ( ) at the end of the load 

application, the mean contact pressure (CPRESS), the mean von Mises equivalent stress (S) and their 

maximum on the inner and outer surfaces of the insert. It is worth noting that the von Mises 

equivalent stress must be measured at the integration point of the element whereas the contact 

pressure is measured at the nodes. Finally according to these investigations, an appropriate number 

of elements is each time fixed with the aim of gaining time. Furthermore after fixing this essential 

step, the macroscopic investigations of finite element modeling are focused on the design 

optimization. 

 

b. Design effect on stresses mapping 

 

 The usual design of the cup is spherical. However some advantages should be provided by 

working on the cup design, i.e. an aspherical shape. This topic concerns both MoP and CoC 

assemblies. Meng et al. [50] paid attention on the aspherical design of Metal on Metal. Some 

benefits were highlighted: the lubricant film thickness increased and the hydrodynamic pressure 

decreases with these modifications of geometric parameters in comparison with spherical surface. 

Ceramic on Ceramic assembly was too investigated with a specific attention on the cup rim and 

chamfer design [51]. Especially the radius chamfer has a consequence on reducing the maximum 

tensile stress. Stresses mapping is widely studied and a case study will be suggested on the dual 

mobility cup. The Figure 11 illustrates a rough illustration of the modification of design related to a 

dual mobility cup.  
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Figure 11: Sketch of the spherical insert; the ellipsoïdal shape illustrates the modification of 

design. 

 

 As mentioned in [51], the clearance is a key parameter, i.e. the space between the 

cup and the metal back. Besides by reducing the clearance, identified as a key parameter 

[51], at this point the contact area was increased so the maximum pressure was expected to 

decrease and also not to be concentrated at the center of the contact zone like it was 

observe for another aspherical cup [51], a more uniform pressure distribution was observed 

as well. Obviously without any deformation the contact area is larger for the spherical 

implant at equal clearance but it might be less obvious if the clearance is decreased. Anyway 

one might have thought that since the clearance was smaller and the insert thicker, it would 

deform more and the contact area after deformation would be larger. This would result in a 

lower contact pressure and a reduced wear. It was also of interest to avoid the blocking in 

the equatorial region due to the deformation of the insert. The general idea was that the 

insert would be compressed the most where the load was applied that was at 45°-12°=33° 

since it was positioned at 45° and the load was applied with an angle of 12°. At this location 

the insert was thicker. Hence the outer surface was made ellipsoidal where the inner surface 
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was kept spherical. One may cite a typical case study related to these investigations. The 

spherical insert had the dimensions 22.30 mm for the external diameter which induced a 

clearance of 0.20 mm between the cup and the metal back. For the others the minimal 

radius for the external ellipsoid was chosen to be 22.20, 22.25 and 22.30 mm to see the 

effect of increasing the clearance at the equator where the blocking happened. The major 

radius was 22.305, 22.32, 22.35, 22.40, 22.45, 22.457, 22.46, 22.49 mm which corresponded 

to a clearance of respectively 0.195, 0.18, 0.15, 0.10, 0.05, 0.043, 0.04, 0.01. Jin et al. said 

this clearance must be in the range 0.025mm and 0.14mm when they identified the 

parameters to reduce the peak contact stress in polyethylene [52]. In this chapter one might 

suggest an overview on 2 points: the number of elements and the effect of the excentricity 

(the ellipsoïdal shape of the insert, i.e. the cup). First of all, the number of elements is 

essential. The Table 4 highlights the influence of the number of elements on the time 

calculation and the values of the mechanical parameters at the inner and the outer parts. 

When the number of elements is multiplied by 4.5 the time is multiplied by 12. From few 

1,000 to 77,000 elements, values are quite constant; the system reaches a plateau. Either 

the meshing refinement is so accurate and the time is so long or one should choose a 

compromise for the best efficiency. One can see that the mean pressure contact is around 

30 MPa, in the inner part, and around 12 MPa, in the outer part. It is worth noting that no 

surface roughness is considered in this study. The maximum stress is clearly under the 

ultimate strength of pristine UHMWPE. Notwithstanding, considering the roughness should 

involve to get stresses beyond the ultimate strength. Consequently, UHMWPE should easily 

be submitted to wear. Usually the the number of elements, concerning the insert, is fixed 

around 15,000. 

 

 

Table 4: Time consuming on the modeling and mechanical parameters extracted from 

Abaqus® modeling; S: von Mises stresses. 

 

Nb elements 

Insert 

CAREA 

MB/Insert 

final (U.A) 

CPRESS ext 

max (MPa) 

CPRESS int 

max (MPa) 

 

S ext max 

(aver. 75%) 

(MPa) 

S int max 

(aver. 75%) 

(MPa) 

Time 

hh:min:sec 
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77,924 587 12 25 5.65 21.27 00:19:39 

124,111 596 11 29 6.64 20.88 

21.68 

00:39:01 

194,085 591 12 34 8.90 22.82 

23.27 

01:17:17 

281,160 589 12 31 6.79 25.89 02:30:27 

352,431 578 12 35 9.38 25.89 04:00:32 

 

 

 The effect of the excentricity is evocated in Figure 12. The mean contact pressure of 

the exterior side, Cpress, is represented with a maximum around 12 MPa. 22.30/22.30 is the 

regular sphere: the maximum contact pressure is located on the top of the cup, near the ‘*’ 

mark in the Figure 5. 22.30/22.49 seems to decrease the maximum of stresses of 1-2 MPa. 

The benefit of the aspherical shape is minor concerning UHMWPE cup. On the contrary, the 

benefit on MoM seems to be proved. The aspherical shape and the clearance are relevant 

for decreasing the pressure and for increasing the lubricant film thickness. Unfortunately the 

clearance of the UHWMPE cup, the one investigated in this study, is not delivered by the 

manufacturer. Because UHMWPE is smooth, the repartition of stresses is not significant 

without taking into account the roughness. It could be an interesting perspect  
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Figure 12: CPress values for all modeling related to the aspherical shape; X/Y: X is semi minor 
axis; Y: Y is semi-major axis. 
 

 c) Future developments 

 

 According to the results presented in this chapter, some investigations could be 

planned for taking into account the benefits of Finite Element modeling on lifetime of hip 

implants. First of all experimental results from hip walking simulator, for example, seem to 

be the reference results. The point is that these experimental investigations have to be as 

close as possible to the live conditions, i.e. the conditions of the hip implants in the patients. 

In vitro tests are managed, most of the time, according to ISO standards that have to be 

modified with feedback results and comparison with explants. Hip walking simulators are in 

constant evolution in order to be as close as possible to human gait. One might cite the 

evolution of the actual applied load during human gait. Thus analyzing the explants from in 

vitro tests should be useful for adjusting results from modeling. It is a kind of basic 

requirement for improving the modeling of prosthetic elements. 
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 Results that are presented in this study are focused on the macro scale for UHMWPE 

cup and micro scale for ceramic, few microns. Obviously the link from micro scale to macro 

scales (ceramic) is a lack and vice versa from macro to micro scales (UHMWPE). Due to the 

scale difference, planning the wear behavior at the micro scale cannot be converted to the 

macroscopic scale. For instance, 10,000 elements are necessary at the micro scale related to 

ceramic, i.e. 5 x 5 µm2. For 1 x1 cm2, a factor of 108
 related to the number of elements is 

approximate but realistic. Obviously it is impossible to manage finite element modeling with 

1012 elements.  

 About the modeling process related to ceramic, one might have an idea on the wear 

rate, with the suggested modeling [36], at the microscopic scale. One might extrapolate to 

the macroscopic scale. The order of magnitude is not excessive but many hypotheses involve 

being far from the physical reality. Taking into account wear is a specific challenge in the 

finite elements modeling.  Bevill et al. [53] suggested a FEM model for taking into account 

the creep and wear on UHMWPE. These physical phenomena have a joint effect. However 

the microscopic behavior of polymer cannot be part of the modeling, as suggested 

previously. In [53] and [54], the clearance seems to be a significant factor. One of the 

strategies for linking the micro to the macro scale should be the Russian dolls. This work is 

far to be achieved [55]. Benefits of this approach seem to be on the poroelasticity. 

Notwithstanding this concept might be used for joining the modeling to the micro to the 

macro scale. 

 

4- Conclusion. 

 The modeling is frequently used for investigating the mechanical behavior of 

materials involved in hip prostheses. Some finite element modeling software’s were 

launched on the market. In this work, a specific attention was paid on Abaqus®. The first part 

was dedicated on the ways for using as best as possible the software, i.e. for having the best 

efficiency and stability of the calculations at both scales (micro and macro).  

 Modeling composite ceramic is in progress from the micro-scale. Some part of 

progresses should be about linking from micro to macro. The expected benefit should be 

predicting the wear rate of this kind of material. A good outlook might be using the concept 

of Russian dolls.  
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 Stresses mapping on UHMWPE dual mobility cups highlight the most solicited area of 

this typical implant, concave and convex sides of the cup. Highest stresses location are 

related to the most worn area. The relation seems to be complicated but the link between 

stresses and wear is based on the Archard’s law and Bowden et al. [56,57]. Anyway stresses 

will be the first results and thanks to these ones wear should be predicted in a second time.  

As evocated, optimization of the dual mobility showed that an aspherical shape could have 

benefits in terms of stresses and contact area. Benefits are not huge but the aspherical shape should 

help in terms of lifetime of this promising implant, the dual mobility concept. On FEM of UHMWPE 

cup, some investigations were achieved from parametric analyses and experiments with hip walking 

simulator to FEM for predicting the influence of design and dislocation [58-62]. 

 On the CoC implant, creep is not relevant on the contrary to UHMWPE. However cup 

abduction angle and micro-separation are relevant for Ceramic on Ceramic hip implants [63]. 

From a micro-separation of 100 µm, the maximum contact pressure is approximately 

constant. It is worth noting that the usual micro-separation is beyond 1 mm. The link from 

micro to macro should allow taking into account the material characteristics (grains and the 

intergranular zones) and the mechanical stresses. The final aim is to improve the association 

materials-design and the lifetime of implants for getting more and more benefits. 
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