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ABSTRACT 
This work refers to the fretting phenomenon and the fretting wear manifested at the conical trunnion between the stem and the 
femoral head of the classic hip prosthesis, metal (CoCr alloy – UHMWPE), as additional factor influencing the loss of the 
prosthesis stability over time. This wear is due to the micro-movement manifested at the conical junction between the stem and 
the femoral head. It is quite difficult for the fretting to be monitored during the in vivo operation of the prosthesis, but the 
fretting wear is evident by analyzing the hip prosthesis replaced after the review surgery. No wear residues were highlighted, 
but only the worn scars produced on the conical trunk of the femoral stem. This investigation focused entirely on the 
mechanical wear (fretting), which, although significant, appears to be exacerbated by the adverse electrochemical effects, in 
view of the mechanical coupling of fretting and corrosion. In addition, at present, the information is minimal regarding the 
micromechanics of the wear residues generation at the trunnion interface. 
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1. INTRODUCTION 
The stability of the total hip prosthesis depends on many factors, starting from material parameters, mechanical 

loading conditions, relative movement between the femoral head and the acetabular cup (depending on the type of 
human activity performed), lubrication, wear, etc. It is well known that the human locomotion is a natural process that 
is mechanically based on the relative movement between the rigid levers – the skeleton bones, as a consequence of the 
effects of the passive and active action of the muscles. Relative movement is allowed through the joints, which also 
have an important role in transferring the load from one bone segment to another. The load is transferred through a 
contact mechanism involving friction and wear, and as a result, the human joints wear out over time, sometimes their 
replacement being required [1]. Replacing a natural joint with an artificial one affects the load transfer mechanism, and 
the components of the prosthesis must allow the relative movements representing the entire range of human activity 
over a longer period of time. If certain activities are forbidden or very limited, the patients’ satisfaction level will be 
low. For over one hundred years there are assiduous concerns about the failure associated with the wear of the 
conventional MoP bearings (metal on ultrahigh molecular weight polyethylene - UHMWPE) of total hip prostheses 
(THP). These concerns have resulted in the significant increase in the lifetime of total hip prostheses, reaching today 
even at over 20 years. 

The modularity at the head – neckjunction of the stems in the total hip arthroplasty (THA) has become popular since 
the 1980s. This design feature lowers the surgical implant inventory and simplifies the subsequent revision by offering 
the stiffness option of the stem and making a change of the femoral head [2]. Modularity of the head allows the legs 
length adjustment and compensation, and also allows the use of ceramics as a bearing option. If the stem has to be 
retained for review, its exposure may be improved by head removal, which also offers the opportunity to apply a new 
head before closing. This can be beneficial in terms of subsequent bearing wear. Despite its potential benefits, an 
increase in the use of modular interfaces can lead to an increased corrosion by fretting and corrosion cracking in the 
conical junction. 

The femoral head of a total hip prosthesis suffers during its use a series of damages in the human body, which can 
ultimately lead to the failure of the prosthesis [3]. The current practice of manufacturing the total hip prosthesis is to 
make the femoral head from a biocompatible alloy and with high mechanical strength to assure the taking-over of the 
mechanical forces. To improve the wear resistance, it generally has the surface modified by coating with thin layers 
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(monolayer or multilayer), resistant to friction, wear and corrosion. CoCr and titanium (Ti6Al4V) based alloys are the 
most commonly used materials for this purpose. However, due to the extremely severe functioning conditions of the 
physiological environment in the human body, the femoral head and acetabular cup surfaces made of the UHMWPE 
suffer significant damages by wear, especially scratches produced by the third body: metallic, cement or bone wear 
particles, which can lead to inflammatory processes of the human tissue and to osteolysis. 

The presence of the fatigue phenomenon by fretting is also proven at the stem – cement mantle interface, of 
prostheses with cemented stem [4]. It has been demonstrated that after about two million functioning cycles, the contact 
between the acrylic cement mantle and the femoral stem may be lost, leading to the need for surgical revision of the 
prosthesis. But not just these are the only problems of THP stability loss due to fretting fatigue. This is also manifested 
at the conical junction of the femoral stem with the femoral head. Thus, Russel English et al., (2015) [5] showed that 
the wear is one of the main reasons for the failure of modular total hip replacements. Recent evidences suggest that 
fretting wear occurs at the conical junction that secures the fixation between the femoral head of the prosthesis and the 
femoral stem. Fine particles of metallic wear that are released can lead to soft tissues side effects, which may require a 
review surgery. This study proposes a calculation methodology using a wear energy law and a 3D finite element model 
to predict the fretting wear at the conical junction. The method is new, simulating the loss of initial conical “fixation” 
(created at the impaction surgical intervention of the head on the stem) due to the wear process. The conical fixation is 
modeled using an analysis with overlapping networks of the contact from the conical junction. The fixation reduction is 
modeled by progressive elimination of the superposition between components based on calculated wear. The fretting 
wear analysis approach has been demonstrated in the actual modelling of wear evolution. However, the authors have 
shown that the exact quantitative values of the critical wear are dependent on the fineness of the network, the scaling 
factor and the wear coefficient used. The method was implemented with a 3D model with finite elements of the conical 
junction of a commercial total hip replacement. This has been used to determine the conical wear patterns, damage 
through wear and wear speeds, which have been found to be consistent with those found by observing and measuring 
the prostheses recovered. The authors concluded that numerical methods could be used to consider the effect of shape 
and clinical technique changes on subsequent wear by fretting in the modular prosthetic devices. 

Jacob M. Elkins, [6], showed that the femoral heads with large diameter for metal-on-metal THA have the 
theoretical advantages of the joint stability and low wear of the bearing surface. However, the recent reports have 
indicated an unacceptably high speed of wear-related failures in large diameter bearings, possibly due in part to 
increased wear at the trunnion interface. Thus, the harmful consequences of the use of large heads can outweigh their 
theoretical advantages. The authors presented a finite element (FE) analysis of the micro-movement at the conical 
fixation interface between the stem and the femoral head. Inspired by this work, the authors tried in this paper to 
highlight qualitatively the phenomena produced at the conical fixation interface. 

Lorenza Mattei et al., [7], reported that the tribological performance of the artificial hip joints is a critical problem 
for their success because the negative reaction of the tissue to the wear particles generates fixation loss and failure. This 
paper presents briefly the recent literature on lubrication and wear models, highlighting the simplifying assumptions, 
input data, methods and results. It is shown that in fact the lubrication and wear are described by neglecting each other, 
while new advanced models, which include both aspects, may be helpful. 

English Russel et al., [5] proposed "A computational approach to fretting wear prediction at the head-stem taper 
junction of total hip replacements". The study proposes a computational methodology that uses a law of the wear energy 
and a 3D finite element model to predict the fretting wear at the conical junction. The method is a new one in that it 
simulates the weakening of the initial conical "fixation" (created by the surgeon when pushing the head on the stem) 
due to the wear process. The cone fixation is modeled using a contact analysis with overlapping networks at the conical 
junction. The reduction of the fixation is modeled by the gradual elimination of the overlap between the components, 
based on the calculated wear. The fretting wear analysis method has demonstrated that it effectively models the wear 
evolution. However, it has been demonstrated that accurate, quantitative wear values are critically dependent on the 
network fineness, wear factor and wear measurement. It was used to determine the wear patterns of conicity, damage by 
wear and the wear speeds that were found to be consistent with those resulting from the observation and measurement 
of retrieved prostheses. The numerical method could be used to take into account the effect of design changes and of the 
clinical technique on fretting wear from the subsequent total hip prosthetic modular devices. 

John J. Callaghan et al., [8],reported about clinical biomechanics of wear in total hip arthroplasty. They performed 
complementary clinical and laboratory studies to identify polyethylene wear-related variables following the total hip 
replacement and to elucidate the mechanisms responsible for the accelerated wear of the total hip arthroplasty. These 
complementary clinical and laboratory investigations have provided an insight about the meaning of sliding distance 
and physiological sites of movement as factors contributing to the minimization of the harmful effects of particles from 
the third-body on the accelerated wear, the potential, and wear-related factors by pushing and the potential benefits and 
compromises related to the use of larger head sizes in the construction of the bearing surface. 

S. Patil et al., [9], showed that polyethylene's wear contributes substantially to both periprosthetic osteolysis and 
aseptic weakening after the total hip arthroplasty. It has been shown that the orientation of the acetabular component 
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affects the movement range of the hip as well as the contact stresses. Several studies have been designed to test the 
hypothesis that the orientation of the acetabular component can affect the ampleness and direction of polyethylene 
wear. A model with finite elements was used to calculate the contact forces during a normal walking cycle. Wear was 
calculated at the end of each walking cycle by using the finite element formula coupled with the slip distance. Wear 
that was calculated by finite element analysis was validated by comparing with the results of the wear simulation 
studies of the hip with the acetabular bush oriented to simulate 45 degrees and 55 degrees abduction. In a clinical study, 
56 patients who underwent 60 hip arthroplasties using a single prosthetic model were followed for five years. 
Radiographs were analyzed to measure the abduction angle of the acetabular component and polyethylene’s wear. The 
studies presented emphasized the importance of optimizing the position of the acetabular component. Particular 
attention for the acetabular position can help to reduce wear. 

M. Raimondi et al., [10],presented an analytical model of the wear couple made of cobalt alloy on ultra-high 
molecular weight polyethylene (UHMWPE). Based on a previous model in which the wear volume of the couples 
during the walking cycle (WG) was calculated in accordance with the simplification assumption of the ideal rigid 
coupling, this version proposes a more realistic simulation of the wear. For the calculation of the contact pressure and 
for calculating the slipping distance, all the three components of the hip loading force and all the three components of 
the hip movement were considered. The contact pressure distribution was calculated on the basis of the hertzian theory 
for the elastic contact of two bodies with non-conform geometric shapes. The wear factor was taken from the wear tests 
on the hip simulator. The calculated wear weight is 67 × 10-6 mm3 for a standard reference patient. Simulations of the 
parametric model show that the wear increases linearly with patient weight, femoral head diameter and surface 
roughness. It increases non-linearly to a maximum and decreases to an asymptotic value, with the increase of cup / 
head tolerance and with the isotropic elasticity modulus of the cup. Cup guidance in pelvis only slightly affects the total 
amount of wear, while this is the dominant factor that affects the shape of the wear's distribution. 

S. Teoh et al., [11] used a new finite element model (FEM) based on a elastoplastic behavior of ultra-high molecular 
weight polyethylene (UHMWPE) to study the wear behavior of the acetabular cup made of UHMWPE, with a femoral 
head with diameter of 32 mm. The model imposed an effort of plastic flow of 8 MPa on the UHMWPE, so that the 
eventual requests beyond it would automatically be redistributed to its neighbor. The FEM model has adopted a unique 
network design based on an open cube concept that has eliminated singularities issues. The anticipated wear combined 
the influences of contact stress, slipping distance and surface wear coefficient. The new model predicted a significantly 
higher volumetric wear speed (57 mm3/ year) within the reported mean values. The model was also used to study the 
effect of friction and of tolerance between the acetabular cup and the femoral head. Friction increasing has increased 
the volumetric wear speed, but did not appear to affect the linear wear speed, which remained at 0.12 +/- 0.02 mm/ 
year. The anticipated wear was sensitive to tolerance. It was found that when the tolerance was close to 0 and > 0.5 
mm, a severe wear occurred. The best tolerance range was between 0.1 and 0.15 mm, where the average linear wear 
speed was 0.1 mm/ year, and the volumetric wear was 55 mm3/ year. 

J.S.S. Wu et al., [12],proposed calculation algorithms for estimating the wear that occurs in the artificial hip joints 
using finite elements analysis based on Archard's wear law, contact characteristics and an analogic wear process. An 
experiment with trunnion on disc is rebuilt to evaluate the efficiency and validity of the proposed algorithms. By 
successfully checking the wear depth and the volume loss of trunnion on disc couple, as well as the artificial joint, the 
algorithms used ensure significant concordance with the experiments, clinical measurements and numerical 
calculations and prove to be valid and feasible. Subsequent investigation of the effect of different sizes femoral heads 
suggests that the larger femoral head can induce a greater wear volume, but leads to a lower wear depth and that 
apparently loss of depth and volume loss are nonlinearly related to the diameter of the femoral head. 

H. Fessler and D. Fricker [13] designed and performed static pushing, lifting and motion experiments to measure the 
actual friction coefficient μ at room temperature for various conical jointing models of the femoral prosthesis, 
comprising a universal head on a stem with a pin (trunnion). Alumina and metal heads were tested on metallic 
trunnions using either distilled water, Ringer's solution, blood or no lubricant. Complementary friction tests with 
pushing and lifting of the Araldite model joints were performed to analyze the frozen effort and photo-elastic effort at 
130 °C. It has been found that the lubricant caused a decrease in the friction coefficient values of the prostheses. The 
measured values were usually μ = 0.2 for an alumina head on a CoCrMo or Ti6Al4V trunnion, μ = 0.15 for a CoCrMo 
head on a CoCrMo or Ti6Al4V trunnion and μ = 0.13 for stainless steel head on a stainless-steel trunnion. For Araldite 
photoelectric models of an alumina head on a Vitallium trunnion, the silicone grease lubricated conical surfaces 
showed a consistent friction, usually μ = 0.14. Also, the axial displacement of the heads models on their trunnions was 
compared with the predicted values and the previously measured values for the prostheses heads. 

J. R. Goldberg et al., [14],conducted a multicenter analysis of 231 recovered modular hip implants to investigate the 
effects of materials combination, metallurgical condition, bending stiffness, head and neck moment arm, neck length 
and implantation duration, on the corrosion and fretting of the modular surfaces. Corrosion and fretting scores were 
attributed to the medial, lateral, anterior and posterior quadrants of the neck and proximal and distal regions of the 
head. Corrosion and fretting scores of the neck were found to be significantly higher for mixed alloys couplers and 
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similar alloys. Moderate to severe corrosion was observed at 28% of the coupling heads made of similar alloys and 42% 
of the mixed alloy couplings. Differences in corrosion scores between components made from the same basic alloy, but 
with different metallurgical conditions, were observed. Corrosion and fretting scores tend to be higher for heads than 
for necks. Implantation time and bending stiffness of the neck were predictors of head and neck corrosion and of the 
head fretting. The results of this study suggest that the in vivo corrosion of hip modular conic interfaces is attributed to 
a mechanically assisted corrosion process. Necks with higher diameter will increase the neck stiffness and can reduce 
fretting and subsequent corrosion of the conical interface, regardless of the alloy used. However, increase in neck 
diameter has to be balanced with loss of motion speed and of joint stability. 

Also, J. P. Heiney [15] published a study that was designed to test whether the number of impacts, the surgeon's 
experience or the impact force made a significant difference of the extraction forces. The forces applied by 10 
orthopedic surgeons (five residents and five staff members) that impacted the femoral head on the conoid of a femoral 
component were recorded. The resulting forces were then divided into four energy levels and compared to determine if 
the number of impacts would make a difference in regard to pulling force. There are no significant differences between 
the resident, and the participating groups in the ampleness of the applied force. By testing ANOVA, it was found that 
at each level of energy, the multiple strokes demonstrated a significant difference of the pulling resistance compared to 
a single stroke. Also, the pulling force increased, when the size of the applied strikes force was increased. The authors 
recommended at least two firm strikes, axially aligned, to impact intra-operative the femoral head on the truncated 
cone.  

2. METHODOLOGY 
The femoral head is assembled by impacting on the conical trunnion of the femoral stem, resulting in a relatively 

firm assembly of this with the femoral stem. This is a standard procedure for all types of modular hip prostheses. Figure 
1 shows a scheme of the conical assembling between the stem and the femoral head of a modular total hip prosthesis. 
 

 
Figure 1Conical assembling between the stem and the femoral head of a total hip prosthesis 

 
It is observed that, when the femoral head is adequately positioned on the axis of the conical trunnion, there is an 

arm of the torque between the femoral head rotation center and the pressure center of the trunnion (Figure 1), which 
produces from the start an effort on the conical interface of the two components. This effort evolves depending on the 
movement and the stress on which the joint of the prosthesis is subjected. Generally, assembling on the cone ensures a 
uniform distribution of the contact pressure at the conical interface between the stem trunnion and the femoral head 
hole.  

Figure 2 shows this assembling, where the concentrated forces are considered at the level of the average diameter dm. 
 

 
(a) 

 
(b) 

Figure 2 Calculus of the conical assembling between the stem and the femoral head: (a) cross section at the level of the 
average diameter dm, and (b) longitudinal section. 
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Using the notations in Figure 2, the normal force Fnhas the expression  

 

 

(1) 

 
Considering the friction at the conical interface between the stem trunnion and the conical hole of the femoral head, 

it can be written: 
 

. (2) 
 

The axial force Fais: 
  

 (3) 
 
namely 
 

 

(4) 

 
The contact stressk(or average contact pressurepm) is given by 

 

 
(5) 

 
in the conditions in whichσak = 100 – 150 MPa. 

For quick and easy mounting of the head on the stem, it is necessary to meet the 0° << condition. 
In the case of dismantling, the required pulling force (axial) is: 

 

 

(6) 

 
The authors specified that the fixation is relatively firm, because during the use of the total hip prosthesis, a micro-

movement of the stem trunnion in front of the femoral head hole appears, which leads to the linear wear generation on 
the interface surfaces. This was analyzed in detail by Jacob M. Elkins (2014) [6], using FEM analysis. 

Micro-movement at the head-neck junction can induce the fretting corrosion and may contribute to total implant 
failure [16]. The authors realized a study examining a Ti6Al4V femoral neck and a 316L stainless steel head under 
axial fretting in ambient air and in an artificial physiological environment. 316L steel showed fewer wear particles 
emitted under corrosion fretting conditions than the titanium alloy. The authors analyzed how the fretting corrosion is 
affected by various combinations of couple materials (Ti6Al4V / Ti6Al4V, CoCr / Ti6Al4V and CoCr / CoCr). The 
Ti6Al4V / Ti6Al4V coupling showed the most significant damage of the surface under the axial load. To quantify the 
wear speeds, Archard's classic approach is applied. It reports the wear volume to the product between the slipping 
distance and the normal load. A wear coefficient is then extrapolated and it is assumed that establishes the wear 
resistance of the material studied. This paper shows that this approach does not work when the friction coefficient is 
not constant. It seems that is more relevant to consider the interfacial shearing mechanical work as a significant wear 
parameter. By identifying the wear energetic coefficients, the quantification of wear can be rationalized, and the wear 
resistance of the studied tribosystems can be classified. This also seems to be a convenient approach to interpret the 
various wear mechanisms. Metallic materials involving plastic deformation are analyzed by FEM calculations. The 
energy balance confirms that a small part of the dissipated energy is consumed through plasticity, while the largest part 
participates in the heat flow and debris through the interface. When introducing a load energy approach, it is 
considered that an accumulated density of the dissipated energy variable quantifies the formation of TTS (Tribological 
Transformed Structure). 

The described methodology allows the implementation of the "Archard" or of the "Dissipated Energy" wear law to 
predict the fretting wear. However, the wear energy approach is presented here as a unified prediction of a single 
coefficient of the wear energy in a wider range of strokes (from 50 mm to 1.3 mm) than Archard and as such does not 
have a wide range of application (S. Fouvry et al., 2003 [17], R. Magaziner et al., 2008 [18], T. Liskiewicz and S. 
Fouvry, 2005 [19]). 
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Wear energy law Eq. (7) is the basis of the calculation of the volumetric wear, where the interfacial shearing 
mechanical work is the predominant parameter for the determination of wear. It shows that the total volumetric wear 
Wvis obtained from the product of the accumulated local total energy dissipated E and a coefficient of the wear energy α 

 
 (7) 

 
where 

 
 (8) 

 
andQis the shear traction, and s is the relative displacement between the surfaces in contact, giving 
 

 (9) 
 

Dividing both sides of Eq. (9) through the contact area, the depth of linear wear Wd can be calculated using Eq. (10), 
where τ is the shear stress of the contact surface 

 
 (10) 

 
For the numerical implementation of this wear law, it is first proceeded to determine the wear depth of the contact 

surfaces generated in a single components loading cycle (such as loading applied in vivo on a hip for a single walking 
step). Subsequently, if the components will be as usual, the object of millions of loading cycles during their lifetime, 
this wear depth in a one-cycle is multiplied by a wear-scaling factor, β, so that an analysis can be made which can be 
accomplished within an acceptable time period. The "wear-scaling" factor represents a certain number of loading cycles 
(e.g., 105) and its value depends on how accurately the evolution of the wear is calculated and how it evolves over time. 
After measuring the wear depth, the geometry of the contact surfaces of the components changes to reflect the wear that 
would have occurred after a number β of cycles. Calculated wear can only be applied to a single component or both, in 
equal or unequal quantities, depending on the combinations of materials in contact. The process is then repeated using 
the updated geometry up to a certain specified number of loading cycles that have been applied, or until a pre-
determined wear depth has been reached. 

To accurately model the effect of load variable distribution over time on wear over a loading cycle (as it appears 
during walking), digitization a loading cycle in a number of time intervals n is necessary. As such, the depth of wear 
for a single loading cycle (cyclic wear depth Wc) can be calculated using Eq. (11), in which τiand siare the shear stress 
of the surface, and relative displacement, calculated at the end of a specific time interval i. 

 

 

 
(11) 

 
The total depth of wear Wd generated in a certain total specified number of loading cycles N can be determined from 

Eq. (12), where j represents the specific "analysis step", reflecting the evolution of wear 
 

 

 
(12) 

 
The accuracy and effectiveness of this approach depend on numerous factors, and not least on the size of the wear 

energy coefficient α used. In addition, the number of the time intervals i used to discretize the loading cycle, and the 
size of the "wear-scaling factor" β require a careful analysis of their influence on the accuracy and runtimes of the 
analysis. 

Wear energy law in the form of Eq. (12) can be used along with the FE method to calculate the wear depth on the 
contact surfaces of an FE model, as English Russell (2015) did [8]. 

3. RESULTS AND DISCUSSION 
In Figure 3 an example of damage by fretting and corrosion (a) on the femoral head hole in the CoCr and (b) on the 

Ti alloy stem trunnion of a failed THR, metal on polyethylene, is shown. 
 

http://www.ijaiem.org
mailto:editor@ijaiem.org


International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org 

Volume 7, Issue 8, August 2018              ISSN 2319 - 4847 
 

Volume 7, Issue 8, August 2018                                                                                                                     Page  42 

 
(a) 

 
(b) 

Figure 3Damage by fretting and corrosion on (a) the CoCr femoral head hole and (b) the Ti alloy trunnion from a 
failed THR, metal to polyethylene. 

 
In another recoveries study, titanium-titanium interfaces demonstrated the lowest amount of fretting compared to the 

CoCr / CoCr and CoCr / titanium interfaces [20]. The authors suggest that this could reflect the capability of titanium-
titanium interfaces to form a better interference by cold welding. However, the interference improving can be a problem 
during the review surgery because the attempts to dislodge the femoral head from the stem may damage the trunnion or 
the head does not displace from the stem, requiring the revision of a stem (well fixed) [21]. Titanium alloy is not a 
material commonly used for the manufacture of the femoral head due to its lower elasticity modulus and inferior wear 
properties compared to CoCr or ceramics, so this cannot be clinically relevant [22], [23]. 

Jonathon Spanyer et al., [24] reported a series of three femoral failures, each of them occurring at the head – 
neckjunction, all patients undergoing a limited and painful ambulation, resulting in a subsequent review arthroplasty. 
Figure 4 shows the explanted failed femoral stem demonstrating the wear of the trunnion area and of the head – 
neckregion [24]. 

 

 
Figure 4The explanted failed femoral stem demonstrating the wear of the head – neckjunction and trunnion 

breaking[24] 
 

In this paper, the authors analyzed by optical microscopy a number of 6 uncemented femoral stems, 3 stems made of 
CoCr and 3 stems of Ti6Al4V, which were coupled with CoCrMo femoral heads, recovered from replacement 
surgeries, and materialization of fretting wear from the conical trunnion of the femoral stems. 

In Figure 5 there are presented enlarged images of the outer surface of the trunnion of the six femoral stems 
extracted after the revision surgery after 12 years of operation in the human body. 
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Figure 5 The appearance of the outer surface of the conical trunnions of some CoCr (top row) and Ti6Al4V (bottom 

row) femoral stems, of prostheses replaced at the revision surgery, after 12 years from implantation 
 

These images highlight multiple multidirectional grooves, demonstrating that during the functioning of the 
prosthesis, micro-movements occur which manifest itself in different directions. 

To try to explain this, in Figures 6(a) and 6(b) are presented the digitization in time both of the friction force 
variation and of the friction torque acting on the joint during the loading cycle, as suggested by S. Fouvry et al, 2003 
[17]. 

 

 
(a) 

 
(b) 

Figure 6Variation of the friction force on the joint (a) and the friction torque on the joint (b) 
 

To digitize the loading cycle, the authors used a number of 10 time intervals (noted as percentage of the movement 
cycle). These show the variation of the contact force and of the friction torque both during the femoral head mounting 
on the stem (between 0 and 24% of the movement cycle - phases (a) and (b)), and during the slow walking movement 
(between 24% and 67% of the walking cycle, phases (c) - (d)). 
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It can be seen that both the friction force, and the friction torque increase in an approximately identical manner, 
proportional with the motion cycle advance, but with different maximum values (~ 6400 N and ~ 6000 Nm, 
respectively). In assembling by impact strokes applied with the surgical impactor for insertion and fixation of the 
femoral head on the femoral stem trunnion, on the exterior surface of the conical trunnion of the femoral stem (a), a 
vertical movement of the interior conical hole surface of the femoral head takes place – Figure  6(b).After assembling 
by impact of the two components, elastic recoil occurs at the interface between the conical trunnion of the stem and the 
conical hole of the femoral head, due to the elastic properties of metallic materials, which results in relaxation of the 
assembly and the sliding of the femoral head in the opposite direction to that of impaction (b). These events are 
presented in Figure 7. 

 

 
(a) 

 
(b) 

Figure 7 Micro-movement during the assembling by impact: (a) the vertical sliding of the inner cone surface of the 
femoral head on the outer surface of the conical trunnion of the femoral stem, and (b) the elastic recoil at the interface 
between the trunnion and conical hole, which results in relaxation of the assembly and the sliding of the femoral head 

in the opposite direction. 
 

During the walking cycle the micro-movement continues sequentially (Figure 8) as a result of the loading to which 
the joint is subjected.  

 

 
(a) 

 
(b) 

 

 
(c) 

 

 
(d) 

Figure 8 Micro-movement during the functioning of the artificial joint: the sliding between the outer surface of the 
conical trunnion of the femoral stem and the inner surface of the conical hole in the femoral head is minimal during the 
low contact load of the joint and of the friction torque at the bearing surface between 24% and 67% (a) in the walking 
cycle at intermediate values (b) both of the frictional torque at the bearing surface and the contact force of the joint, 
between 67% and 77% from the movement cycle, the net slip takes place mainly by rotation because at the further 
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increase of the friction torque at the bearing surface and the contact loads of the joint, the micro-movement becomes 
sliding mixed by rotation and translation (c and d). 

 
Thus, the sliding between the outer surface of the conical trunnion of the femoral stem and the inner surface of the 

conical hole in the femoral head is minimal during the low values of the contact load on the joint and the friction 
torque at its surface (a). At intermediate values of both the frictional torque from the bearing surface and the contact 
force of the joint, the net slip takes place mainly by rotation (b). The additional increase of the friction torque at the 
bearing surface due the contact loads of the joint results in a mixed sliding micro-movement by rotation and translation 
(c). At the maximum values of the contact load in the joint, the slip occurs mainly parallel to the conical hole – conical 
trunnion axis (d). 

The lines drawn in Figure 8 on the femoral stem cone are graphical representations of the experimental findings of 
the traces optically observed on the femoral stem cone, although surprisingly resembles a representation by FEM 
analysis. As a result of the micro-movement, the conical trunnion wear is generated, which in this work was 
qualitatively highlighted (Figure 5). This confirms the results regarding the slip in the conical junction, obtained by 
FEM by Jacob M. Elkins et al., (2014) [6], during several distinct phases of the simulated movements of the joint. 

The emplacement/ impacting position of the head on the conical trunnion has led to the sliding aligned with the long 
axis of the trunnion, which is illustrated in Figures 7(a) and 7(b). During the movement, the increase of the friction 
torque at the bearing surface resulted in a rotational micro-movement around the axis of the neck, while the increase of 
forces in joint have produced again sliding in the load direction, predominantly parallel to the femoral stem – Figure 8. 
Therefore, a wide variation of torsional stress, and of wear during a walking, tilting or stationary cycle was observed. 

The images in Figure 5 show the typical mechanical wear by fretting, which, although significant, appears to be 
exacerbated by adverse electrochemical effects, in view of the mechanical coupling of fretting and corrosion. At 
present, the information is minimal regarding the micromechanics of the generation by fretting of the wear residues at 
the conical interface of the fixation of the trunnion of the femoral head's stem in the conical hole of the femoral head. 

4. CONCLUSIONS 
The paper briefly presented the fretting and wear produced during the functioning of the total hip prosthesis at the 

conical junction of the femoral head fixation on the femoral trunnion. The two stages of femoral head fixation on the 
femoral stem trunnion (impact and elastic relaxation), as well as the evolution of the fretting phenomenon during a 
loading cycle, and the relatively slow movement of the femoral head have been highlighted. The qualitative findings 
confirmed the results in specialized literature of the nodal sliding obtained by FEM. Although this problem is reported 
very little in specialty literature, it is very important, fretting at the conical stem – femoral head junction constituting a 
"hidden enemy" of the stability of the total hip prostheses. 
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