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A B S T R A C T

Aims: Primary fixation of cementless implants is achieved through press-fit. This study aimed to simulate the 
press-fit of pegs in bone analogue with finite element analysis (FEA) with as few parameters as possible, thereby 
providing a useful tool for the quick evaluation of potential device designs.
Methods: Push-in and pull-out of smooth and porous pegs in plastic trabecular bone analogue (20 PCF, Sawbones) 
were modelled using a finite element approach. The model was validated by comparing the maximum push-in 
and pull-out forces from FEA to the corresponding peg push-in/pull-out testing in plastic bone.
Results: The results from FEA agreed well with experiments for the smooth pegs at surgically-relevant in
terferences (0.6–0.9 mm). Error was under 18.4 % for maximum push-in forces and 6.9 % for maximum pull-out 
forces. When the same fracture strain value was used to simulate porous pegs, the errors were 9.4 % and 14.7 % 
for push-in and pull-out force, respectively.
Conclusion: The proposed method of simulating peg press-fit required only two sets of input data: the uniaxial 
material curve of the plastic bone from which the fracture strain could also be derived, and the coefficient of 
friction between the plastic bone and the peg. The method can be applied to gain insight into the potential of new 
fixation component designs before progression to experimental testing.

1. Introduction

The cemented total knee replacement (TKR) had been the gold 
standard treatment for knee osteoarthritis until the 1980s when interest 
in cementless fixation started to grow [1]. Cementless fixation was 
introduced to avoid complications related to the failure of cement or 
cementation errors [2]. However, the popularity of cementless implants 
declined as poor early results and high rates of loosening were seen due 
to inadequate osseointegration at the bone-implant contact interface 
[3]. Until now, cemented TKR remains the most commonly performed 
primary knee procedure in the UK with excellent long-term outcomes, 
making up 83 % of all types of primary knee replacements in 2022 [4]. 
The use of cementless TKRs dropped from 3.6 % of all total knee 
replacement procedures to 2.5 % in the UK from 2012 to 2022 due to 
concerns that arose from the high early failure rate [4,5]. However, the 
proportion of cementless TKRs implanted in the US has increased from 
1.9 % to 20.5 % from 2012 to 2022 due to the advantages of shorter 
operation time and potential improvement in long-term fixation [6,7]. 
Though cementless TKR became less popular in the UK, there was a 

significant increase in the use of cementless/hybrid unicompartmental 
knee replacement (UKR) in the past decade, with the proportion 
increasing from 14.8 % of all UKRs in 2012 to 36.8 % in 2022 [4].

Current designs of cementless knee implants have porous surfaces on 
the fixation elements, which facilitate bone ingrowth, and usually have 
hydroxyapatite (HA) coatings, intended to improve osseointegration at 
the contact interface [8]. Improved component designs and materials 
have revived interest in cementless fixation which offers several po
tential benefits: better preservation of bone stock, reduced rate of 
complications due to cement failure, and better long-term fixation 
through osseointegration [9,10]. Excellent long-term clinical and 
radiographic results of the cementless UKR have also been reported, 
with a 10-year survival of 97 % [11].

Primary fixation of cementless implants comes from the stress 
induced in the periprosthetic bone when the component is press-fit into 
an undersized cavity with compression [8]. This periprosthetic stress 
and subsequent frictional force at the bone-implant contact interface 
hold the component in place [12], and inhibit excessive micromotion 
which leads to the formation of fibrous tissue in place of bone at the 
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contact interface and negatively affects implant fixation [13,14]. Suc
cessful primary fixation appears to be a prerequisite for a satisfactory 
secondary fixation which is achieved through bone ingrowth and 
osseointegration at the bone-implant interface during bone healing [15,
16]. The maximum force required to push in the cementless component 
is commonly used as a measure of the risk of periprosthetic fracture with 
excessive stresses induced during implantation being a risk factor [17,
18]. A higher push-in force implies more deformation and larger stress 
and strain induced in bone, which as a result weakens its load-bearing 
ability [17,19]. The maximum force required to pull out the compo
nent is often used as a measure to assess primary fixation [18,20]. To 
pull-out a component, the load applied needs to overcome the friction 
force at the bone-implant contact interface and counteract the gripping 
force on the component generated by the interference fit. If the 
component is not adequately fixed, these forces holding the component 
in place might not be able to resist its movement relative to the inter
facing bone under loading during the bone healing stage. This low 
pull-out force implies a lower force threshold that needs to be overcome 
to induce implant micromotion, which can negatively affect fixation 
[18].

When simulating the physical process of implant insertion, an im
plicit solver faces convergence problems due to nonlinearity in contact 
and material properties from extreme deformation in the host bone. 
Hence, previous attempts at modelling press-fit implantation with finite 
element analysis (FEA) generally involved an interference fit contact 
with the resolution of an initial overclosure using an implicit solver [21,
22]. The implant penetrates the bone at the start of the analysis and an 
interference fit contact algorithm is applied which pushes the bone el
ements outwards until there is no more penetration. Bone was generally 
modelled as a linear elastic or linear elastic-plastic material with ma
terial properties assigned based on the bone density converted from the 
CT scans of the implantation sites, which were subject-specific [21,22]. 
This method has a number of disadvantages and limitations. Firstly, it 
cannot make an estimate of the push-in force as this part of the physical 
process is not modelled. Secondly, it cannot consider the process by 
which material is actually removed at the bone-implant interface by 
extreme deformations and machining/abrading during implant inser
tion. For this reason, it was decided that an explicit solver with element 
deletion could be used to provide a means of estimating these effects 
without significant overhead, and critically without this causing the 
solution to terminate.

Bone, with a complicated cellular microstructure, shows asymmetric 
compressive and tensile behaviours [23]. The properties also vary 
greatly among individuals and among resection sites [24]. This again 
creates large complexity when developing computational models of 
implant press-fit for the assessment of primary fixation. Analogues of 
trabecular bone, 20 pounds per cubic foot (PCF) (0.32 g/cm³) poly
urethane foam as an example, are frequently used for benchtop exper
iments to obtain insights into the effects of design and surgical factors on 
primary fixation [18,25–27]. It exhibits much less variability compared 
to real bone. Moreover, the use of polyurethane foam is more accessible 
and controllable for benchtop experimental validations of the compu
tational models. Thus, we have modelled the press-fit behaviour of pegs 
in polyurethane foam rather than trabecular bone.

The objective of this study was to develop a simple FEA model that 
could quickly computationally simulate the physical process of 
cementless component press-fit for the assessment of primary fixation. 
The model should be able to predict the maximum push-in and pull-out 
forces of cementless implants in the trabecular bone analogue with good 
accuracy, requiring minimal parameter inputs. The method was vali
dated by comparing the results from the model to the corresponding 
experiment conducted in plastic bone.

2. Methods

2.1. Finite element simulations

An FE model was built in Abaqus CAE with the Explicit solver 
(Abaqus 2020, Dassault Systèmes) to simulate the push-in/pull-out 
(PIPO) of pegs, which are a widely used fixation element in 
orthopaedics.

Three straight titanium pegs of 5.7 mm diameter (smooth surface) 
and 4.7 mm diameter (1 with smooth surface and 1 with porous surface) 
with a circular cross-section and a hemispherical tip were modelled. A 
homogeneous plastic bone analogue (Sawbones Solid Rigid Poly
urethane Foam, PCF20, #1522–03, Malmö, Sweden) with relatively 
predictable material properties was modelled in this study. It is seen as 
an analogue for trabecular bone and the chosen density is most 
commonly used for biomechanical testing [18,25–28].

2.1.1. Model geometry and boundary conditions
An axisymmetric model was built to save computational costs. A 

cylindrical plastic bone of 22.45 mm in diameter and 35.00 mm in 
height was modelled. Holes of different diameters were modelled to 
simulate press-fit at surgically-relevant diametral interferences of 0.68, 
0.70 and 0.92 mm with the 5.7 mm smooth peg [18,29]. A smaller 
interference of 0.45 mm and a larger interference of 1.06 mm were also 
tested. Interference of 0.60 mm was tested with the 4.7 mm smooth peg 
and porous peg. 4.7 mm is the mean diameter of the porous peg which 
was the centre line of the asperities. The diameters of the 3D-printed 
porous peg simulated in the model were measured with a vernier 
calliper (500–196–20, Mitutoyo, Kawasaki, Japan). The maximum 
diameter of the porous peg that took the height of the asperities on the 
porous surface into account was 4.8 mm. To model the PIPO of the 
porous peg considering the effect of the asperities on the rough surface, a 
4.8 mm porous peg was also tested at the interference of 0.70 mm. All 
holes were 15 mm in depth. An explicit solver was chosen to avoid 
convergence issues caused by the excess distortion of elements during 
peg insertion. The foam was constrained in the vertical direction at the 
bottom edge and was fixed in the radial direction on the side which 
represents the constraining effects from the rest of the bone block 
around the tested hole. All other edges were free to move. The peg was 
pushed 9.0 mm into the hole and was pulled out completely through a 
vertical displacement applied to a reference point assigned to the top of 
the peg. All other degrees of freedom of the peg were constrained to 
avoid rigid body motion (Fig. 1).

2.1.2. Material
The material properties of the titanium peg and the plastic bone are 

listed in Table 1. The Young’s modulus of the plastic bone was obtained 
from a uniaxial compression test on the Sawbones foam.

As the metal peg was several orders of magnitude stiffer than the 
foam, it was modelled as rigid. The foam was modelled as a deformable 
material the plasticity of which was applied using the material curve 
derived from the uniaxial compression test results (Fig. 2).

Press-fit insertion at interferences above a certain level causes both 
extreme deformation and material removal at the bone-implant inter
face [30,31]. This is problematic with implicit finite element modelling 
as it causes large element distortion and lack of convergence. The ductile 
damage feature in Abaqus/Explicit was used to implement element 
deletion which could overcome the convergence issue that occurred 
with implicit solver, and go some way towards modelling the combined 
effect of extreme deformation and machining in foam. The deletion of 
elements was defined by the fracture strain input which was the 
threshold strain value above which the element would be removed. The 
fracture strain was tuned using data from PIPO experiments of the 5.7 
mm smooth peg. Fracture strain values of 0.31, 0.28 and 0.34 (±10 % of 
the upturn value on the true stress-true strain curve, 0.31), were tested 
with the 5.7 mm smooth peg. The maximum push-in forces and the 
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maximum pull-out forces required in the simulations at each fracture 
strain were compared to those from the experiments. The fracture strain 
value that gave results closest to the experiments was then applied to 
simulate the PIPO of 4.7 mm smooth and porous pegs at an interference 
of 0.60 mm and the PIPO of the 4.8 mm porous peg at an interference of 
0.70mm.

2.1.3. Mesh
The side wall of the peg was meshed with elements of 0.5 mm and the 

peg tip was meshed with elements of 0.2 mm to capture the shape of the 
curvature. The plastic bone was meshed with CAX4R axisymmetric el
ements. Mesh was refined in the region 2 mm radial from the hole 
surface to improve solution efficiency. Mesh convergence studies were 
conducted for the 5.7 mm smooth peg at each interference. The criterion 
was that the change in maximum push-in force and maximum pull-out 
force should be within 5 % of those from the previous simulation 
while the mesh size was gradually decreased. The mesh sizes used for the 
interference of 0.68, 0.70, 0.92 and 1.06 mm were 0.05, 0.05, 0.06 and 
0.05 mm respectively. For interference of 0.45 mm, the pull-out force 
failed to converge when the mesh size was reduced from 0.06 to 0.03 
mm. As the model of 0.03 mm required excessive analysis time, elements 
of 0.04 mm were used.

For the simulations of the 4.7 mm smooth peg, the mesh in the 
refined region was set to 0.03 mm from which the maximum push-in and 
pull-out forces started to converge. The same mesh size was used for the 
porous peg.

2.1.4. Contact
The contact between the peg and the foam was modelled using the 

Coulomb friction model with coefficients of friction found from an 
experimental friction study [32]. The difference in surface roughness 
between the smooth and porous peg was modelled by applying the 
respective coefficient of friction found in the experiment (smooth: 0.27; 
porous: 0.56). An eroding surface contact was defined. As the elements 
near the hole were deleted during insertion, the contact interface was 
constantly renewed and updated so that a frictional relationship was set 
up between the new foam surface and the peg.

Insertion of the porous peg was modelled twice using the mean 
diameter (4.70 mm) and the maximum diameter (4.80 mm) of the peg 
respectively. The maximum diameter took the surface height of the as
perities on the peg surface into account. The same coefficient of friction 
was used in both simulations.

2.2. Experimental validations

A benchtop PIPO experiment was conducted to examine the accuracy 
and reliability of the FE model (Fig. 3). Straight 3D-printed titanium 
pegs (Cp-Ti Grade 2, AP&C, Saint-Eustache, Canada) with a circular 
cross-section and a hemispherical tip were pushed in and pulled out 
from pre-drilled holes in a Sawbones plastic bone block using the 
DARTEC HC-10 servohydraulic material testing machine (ZwickRoell 
Ltd, Herefordshire, UK) and FSB-01 S-beam load cell (Force Logic, 
Berkshire, UK). Three peg designs were tested: 5.7 mm diameter smooth 
peg, 4.7 mm diameter smooth peg and 4.7 mm diameter porous peg, as 
in the FE models (Fig. 4).

Holes of different sizes were prepared using a pillar drill in the plastic 
bone to achieve the interferences tested in the FE models. All holes were 
15 mm deep. The test was repeated 3 times at each interference with the 
5.7 mm peg and was repeated 6 times with the 4.7 mm pegs at 0.6 mm 
interference.

The peg was aligned to the hole manually before each test. It was 
then pushed in by 9.0 mm at 10 mm/min and completely pulled out at 
the same rate under displacement control. The plastic bone block was 
constrained in the anterior-posterior direction. The forces applied by the 
load cell were recorded at a frequency of 250 Hz.

3. Results

The maximum forces required to push in and pull out the 5.7 mm 
smooth peg from the FE model were compared to those recorded from 
the experiment. When the fracture strain value was set to εp= 0.31, the 
results from the simulations for 0.68, 0.70 and 0.92 mm interferences, 
which were the surgically-relevant interferences, agreed well with the 

Fig. 1. Axisymmetric finite element model setup.

Table 1 
Material properties of 3-D printed pegs and Sawbones foam.

Young’s modulus (MPa) Poisson ratio

Titanium Peg Rigid body Rigid body
Plastic bone 160 0.3

Fig. 2. True stress-true plastic strain curve of the Sawbones foam. The upturn 
value is 0.31 at which the gradient of the curve greatly increases.
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experiment. The force-displacement curves from the model showed a 
similar shape and trend to the experimental curves (Fig. 5). Maximum 
pull-out forces at all three interferences were within ±7 % of the 
experiment results. Errors of the maximum push-in forces were +18.4 
%, +10.2 % and − 1.5 % at 0.68, 0.70 and 0.92 mm interference 
respectively, all within ±20 % from the experimental mean. The same 
fracture strain, however, gave larger errors at a smaller interference of 
0.45 mm (+46.4 % for maximum push-in force; +21.4 % for maximum 
pull-out force) and a larger interference of 1.06 mm (− 14.4 % for 
maximum push-in force; − 22.9 % for maximum pull-out force) 

(Table 2).
Using the same fracture strain value of 0.31, the simulation of the 

smooth peg of 4.7 mm diameter gave a force-displacement curve in good 
accordance with the experimental curves (Fig. 6). Both the maximum 
push-in force and maximum pull-out force were within ±14 % of the 
experimental results (Table 3).

For the simulation of the 4.7 mm porous peg, similar to what was 
found in the experiment, the porous coating reduced both the push-in 
force and the pull-out force compared to the smooth one when either 
the mean diameter or the maximum diameter was used (Fig. 7). The 
porous peg also gave smaller pull-out force/push-in force ratios 
compared to the smooth peg as observed in the experiment when either 
dimension was used. When the mean diameter was used, the percentage 
error was +13.7 % for the push-in force while the pull-out force was 
overestimated by 32 % (Table 3). A deviation in the shape of the curve 
was shown in the force-displacement graph (Fig. 8). When the maximum 
diameter of the porous peg was used, the percentage error was +9.4 % 
for the push-in force and +14.7 % for the pull-out force. Simulation 
using the maximum diameter of the peg gave both maximum push-in 
force and maximum pull-out force closer to the experiment results 
compared to when using the mean diameter.

4. Discussion

Finite element simulations of cementless component implantation 
have great complexity as 1) bone has a complicated cellular micro
structure, shows non-linear and asymmetric behaviours under 
compression and tension [23], and is subject-specific, and 2) it is 
computationally difficult to simulate the physical process of press-fit due 
to nonlinearity from the large deformation in the periprosthetic bone at 
high interference.

Bone damage is inevitable at anything other than very light inter
ference, combining extreme material deformation, abrasion and 
machining [30]. In this study, an explicit solver was chosen to overcome 
the convergence issue that appears with an implicit solver when dealing 
with nonlinearity from large material deformation. The technique of 
element deletion was used to model the combined bone damage effect 
rather than attempting to capture individual responses under press-fit. 
Trabecular bone analogue (20 PCF polyurethane foam), a homoge
neous material that exhibits low variability in material properties [28,
33] compared to real bone was used in this study to minimise the impact 
of complicated material definitions. The polyurethane foam goes 
through three phases under compression: elastic stage, plateau stage, 
and densification stage [34]. In the plateau phase which is the part of the 
curve with small gradients in Fig. 2, the material goes through plastic 
deformation and the cellular structure collapses. Once the cells in the 
cellular foam cannot collapse further (e.g. when the upturn plastic strain 
value of the curve in Fig. 2, 0.31 is reached), the material starts to go 
through densification. The stress increases rapidly with little increase in 
strain. This behaviour was typically captured with damage models that 
required complex material definitions or with micro-FE models built 
from micro-CT scans, denoting the microstructure of the material [35,
36]. This study focuses on simplifying the computational simulations of 
complex material responses during press-fit with a single modelling 
technique.

The current study demonstrated that simulating the press-fit of a 
metal peg into polyurethane foam while using a strain threshold for the 
deletion (‘fracture’) of foam elements can accurately reproduce push-in 
and pull-out loads from experimental tests and provide an insight into 
the primary stability of press-fit fixation components.

The results from FEA agreed well with experiments for the smooth 
pegs at surgically-relevant interferences (0.6–0.9 mm) when the fracture 
strain was set to 0.31, which correlates to the upturn value on the true 
stress-true plastic strain curve of the Sawbones foam. Error was under 
18.4 % for maximum push-in forces and 6.9 % for maximum pull-out 
forces. The progression of push-in and pull-out forces with 

Fig. 3. Experimental setup.

Fig. 4. Pegs of smooth (left) and porous (right) surface finish.
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displacement also showed a similar trend to the experiment. Further
more, when the same fracture strain value was used to simulate porous 
pegs PIPO, a reduction in maximum push-in force, maximum pull-out 
force and pull-out force/pull-in force ratio compared to the 4.7 mm 
smooth peg was shown, similar to what was observed in the experiment. 

The simulation gave results closer to the experimental results when the 
maximum diameter of the porous peg which considered the height of the 
asperities was used instead of the mean diameter. As the press-fit of pegs 
machines away the material around the hole, the peak height of asper
ities determines the amount of material that will be removed.

To the best of the authors’ knowledge, this is the first study that 
computationally simulates the press-fit of both smooth and porous im
plants in bone analogue. Good accuracy was achieved in the prediction 
of maximum push-in force, maximum pull-out force and force- 
displacement curve shape within a reasonable simulation run time. 
The simulations were run on Microsoft Windows (Intel® Core™ 
i7–10,700 CPU @ 2.90 GHz, 32 GB RAM) for 3 to 10 h per sample 
depending on mesh size. The method can be applied to computationally 
test new fixation component designs efficiently before in vitro testing.

While the model in this study provided results that agreed well with 
experiments, some limitations require further investigation. The model 
gave less accurate results at 0.45 and 1.06 mm interferences which were 
outside the medium range (0.6–0.9 mm), and it was also hard to achieve 
mesh convergence at low interference. This could be attributed to the 
difference in damage mechanism at different levels of interference. At 
lower interferences, the deformation might be more dominated by 
elasticity and plasticity while at higher interferences, the deformation 
might be more damage-dominated [30]. As the fracture strain threshold 
in this element deletion technique aims to represent the combined ma
terial response after press-fit, the value may need to be adjusted 
accordingly when simulating interferences outside the 
surgically-relevant range of interest to this study. Secondly, this model 
does not distinguish between compressive and tensile deformation of 
plastic bone and assumes that the foam acted as an isotropic material. 
Characterisation of the tensile and anisotropic properties of bone in 
future models will further improve the accuracy when simulating the 
press-fit of implants in real bone. Thirdly, the shape of the 
force-displacement curves of the porous peg depends on the asperity 
morphology along the length of the peg. Thus, it was hard to achieve the 
same curve shape with a simple model that controlled surface contact 
with a single friction coefficient. Despite the slight differences in 
force-displacement curve shape, when the maximum diameter that 
represents the maximum asperity height was used, the similarity in FEA 

Fig. 5. Force-displacement curve from experiments (grey) and from FEA (red) of the PIPO of the smooth 5.7 mm peg at 0.70 mm interference with the fracture strain 
of 0.31.

Table 2 
Maximum push-in and pull-out forces from experiment and FE model of the 5.7 
mm smooth peg with fracture strain (FS) of 0.28, 0.31 and 0.34. FS of 0.31 gave 
results closest to experiments.

Interference 
(mm)

Push-in 
(N)

% error Pull-out (N) % error

0.45 Experiment 178.4 (SD 
= 4.9)

– 148.5 
(SD=6.1)

–

FS ¼ 0.31 261.1 +46.4 
%

180.3 +21.4 
%

0.68 Experiment 244.5 (SD 
= 8.0)

– 179.5 (SD =
4.7)

–

FS ¼ 0.28 283.0 +15.7 
%

175.1 − 2.5 %

FS ¼ 0.31 289.6 +18.4 
%

172.8 − 3.7 %

FS ¼ 0.34 357.4 +46.2 
%

204.4 +13.9 
%

0.70 Experiment 270.2 (SD 
= 23.8)

– 184.6 (SD =
14.1)

–

FS ¼ 0.28 291.1 +7.7 % 180.1 − 2.4 %
FS ¼ 0.31 297.8 +10.2 

%
179.2 − 2.9 %

FS ¼ 0.34 362.3 +34.1 
%

219.0 +18.6 
%

0.92 Experiment 349.4 (SD 
= 15.3)

– 206.9 (SD =
9.7)

–

FS ¼ 0.28 274.5 − 21.4 
%

135.1 − 34.7 
%

FS ¼ 0.31 344.0 − 1.5 % 192.7 − 6.9 %
FS ¼ 0.34 357.8 +2.4 % 174.9 − 15.5 

%
1.06 Experiment 373.9 (SD 

= 18.1)
– 201.1 (SD =

7.5)
–

FS ¼ 0.31 320.2 − 14.4 
%

155.0 − 22.9 
%
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and experimental maximum push-in force, maximum pull-out force and 
pull-out force/push-in force ratio implied that this simple model could 
be used to assess and compare primary fixation of different porous 
component designs within a reasonable time frame. Lastly, the element 
deletion technique produces oscillations on the push-in curve. As the 
component was pushed-in, deletion of an element would create a slight 
reduction in the push-in force required until the implant came into 
contact with the neighbour elements of that deleted, bringing oscilla
tions to push-in section of the force-displacement curve. These oscilla
tions were also presented in a previous FE study [35] and in the 
experimental results where push-in forces gave rough curves while the 
pull-out curves were much smoother. These oscillation could be reduced 
by increasing the number of elements. However, this would greatly in
crease the computational efforts without significantly changing the 

Fig. 6. Force-displacement curve at 0.6 mm interference for the smooth 4.7 mm peg.

Table 3 
Maximum push-in and pull-out forces for the 4.7 mm smooth and 4.7 mm porous 
peg from experiments and FE model.

Experiment 
push-in (N)

FE 
push- 
in (N)

% 
error

Experiment 
pull-out (N)

FE 
pull- 
out 
(N)

% 
error

4.7 mm 
smooth

212.7 (SD =
9.3)

241.2 +13.4 
%

157.8 (SD =
9.6)

153.4 − 2.8 
%

4.7 mm 
porous

198.0 (SD =
3.8)

225.1 +13.7 
%

88.6 (SD =
6.6)

117.0 +32.1 
%

4.8 mm 
porous

198.0 (SD =
3.8)

216.6 +9.4 
%

88.6 (SD =
6.6)

101.6 +14.7 
%

Fig. 7. Push-in and pull-out forces from the experiment with a 95 % confidence interval (left) and FE model (right) of the smooth and porous pegs of 4.7 mm 
diameter. The porous peg was modelled with mean diameter (4.7 mm) and maximum diameter (4.8 mm).
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conclusion.

5. Conclusion

The explicit FE model of peg press-fit in plastic bone analogue 
required only two sets of inputs: the uniaxial material curve of the 
plastic bone from which the fracture strain value could also be found, 
and the coefficient of friction between the plastic bone and the implant. 
The results from the FE models showed good accordance with experi
mental results. The model can be applied to quickly computationally 
simulate the physical process of press-fit.
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