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Abstract

Background Total knee arthroplasty (TKA) with all-polyethylene tibial (APT) components has shown comparable sur-
vivorship and clinical outcomes to that with metal-backed tibial (MBT). Although MBT is more frequently implanted,
APT equivalents are considered a low-cost variant for elderly patients. A biomechanical analysis was assumed

to be suitable to compare the response of the periprosthetic tibia after implantation of TKA NexGen APT and MBT
equivalent.

Methods A standardised load model was used representing the highest load achieved during level walking. The
geometry and material models were created using computed tomography data. In the analysis, a material model
was created that represents a patient with osteopenia.

Results The equivalent strain distribution in the models of cancellous bone with an APT component showed values
above 1000 e in the area below the medial tibial section, with MBT component were primarily localised in the stem
tip area. For APT variants, the microstrain values in more than 80% of the volume were in the range from 300 to 1500
He, MBT only in less than 64% of the volume.

Conclusion The effect of APT implantation on the periprosthetic tibia was shown as equal or even superior to that of
MBT despite maximum strain values occurring in different locations. On the basis of the strain distribution, the state
of the bone tissue was analysed to determine whether bone tissue remodelling or remodelling would occur. Follow-
ing clinical validation, outcomes could eventually modify the implant selection criteria and lead to more frequent
implantation of APT components.
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Introduction

Total knee arthroplasty (TKA) is a surgical procedure
that involves the anatomical replacement of the dam-
aged knee with an artificial joint, considered an effective
and the only definitive treatment of knee osteoarthritis.
Total knee endoprostheses are most often divided in
terms of the tibial component type, into all-polyethyl-
ene (APT) and metal-backed (MBT). In modern knee
arthroplasty, APT equivalents are considered a low-cost
variant for elderly and low-demand activity patients [1].
APT implantations are estimated to be less than 1% of
all TKAs according to several national joint replacement
registries [2, 3].

The clinical outcomes of TKA with APT have been
described to be comparable to or even better than those
with MBT [4, 5]. In our institution, the average age of the
patients on the day of implantation of TKA NexGen APT
was 75.4 years and only 12% were younger than 72 years.
On the contrary, the average age of the patients on the
day of implantation of TKA NexGen MBT was 65.9 years
and only 11.75% were older than 72 years (Fig. 1) [4].

Previous biomechanical analysis demonstrated, using
the finite element method, that APT in patients of the
60—70-year age group showed a similar induced mechan-
ical response. Moreover, APT was shown to induce
remodelling and modelling of the periprosthetic tibia. As
a result, more frequent implantation of APT in younger
patients was suggested [6].

There are no evidence-based biomechanical guidelines
for orthopaedic surgeons to consider when choosing the
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tibial component, especially in terms of patients’ age and
bone quality. The purpose of this study is to biomechani-
cally evaluate and compare the response of the peripros-
thetic tibia after the implantation of TKA NexGen APT
CR and TKA NexGen MBT CR.

FEM simulations can be used to examine the stresses
and strains experienced by the bone tissue around the
TKA implant and to investigate the potential effects of
implant design changes or surgical techniques on the sur-
rounding bone tissue [7, 8]. Investigation of the mechani-
cal response of the periprosthetic tibia by means of an
in vivo examination is not feasible. For this reason, an in
silico approach was chosen. Tibia models of three defined
age categories were created as well as a tibia model cor-
responding mechanically to osteopenia. The assumption
that APT can offer a similar or even better mechanical
response of the periprosthetic tibia of 60-70-year age
groups, could lead to more frequent implantation of TKA
APT in younger patients and lowering of the indicative
age limit.

Materials and methods

Computational modelling allows the simulation and
analysis of states, which would be difficult to achieve
experimentally (due to non-physiological loading) and
helps optimise the design behaviour of components. It is
also a very useful tool for the prediction of conditions in
orthopaedics and demonstrates an effective preoperative
method for planning patient-specific TKA implantation
[9, 10].
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Fig. 1 Patient age on the day of implantation of TKA NexGen APT and MBT at the First Department of Orthopaedic Surgery of St. Anne’s University

Hospital
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In this work, bone tissue models of the geometry of the
tibia were created from a set of computed tomography
(CT) images of a representative patient, who was care-
fully selected as an optimal example due to his diagno-
sis, age, and bone tissue status. This representative male
patient was 65 years old at the time the CT images were
obtained. The patient was diagnosed with 3rd-grade oste-
oarthritis of the knee joint according to Kellgren—Law-
rence classification; otherwise, the patient did not suffer
from any other illness that would affect the state of bone
tissues or their geometry [11]. Models of the geometry of
technical components were created based on real com-
ponents through a reverse engineering approach.

The complete knee endoprosthesis and bone tissue
were both represented in the computational model. The
material characteristics and patient-specific tibia bone
geometry were taken into consideration in computational
simulations of the mechanical performance of TKA. To
compare APT and MBT, we used one of the most widely
used and clinically proven total knee systems in the world
[12]. The NexGen CR prostheses have a similar geomet-
ric design in both the MBT and the APT, and have the
same corresponding femoral component [9]. The follow-
ing subsections provide further details about computa-
tional modelling.

Model of geometry

To obtain image datasets of the tibia of a representative
patient, a CT scanner (LightSpeed VTC, General Elec-
tric, Boston, MA, USA) with a voxel size of 0.7031 mm
%x0.7031 mm X 0.625 mm was used. The CT images were
manually segmented in the application programmed in
the MATLAB 2012 environment (Math Works, Natick,
MA, USA) [13]. Using this procedure, Standard Tessella-
tion Language (STL) files were created. Using a 3D scan-
ner (Shining3D EinScan SE, SHINING 3D Technology
GmbH, Stuttgart, Germany), STL format files of all TKA
components were obtained.

All STL files were further processed in SpaceClaim
ANSYS® Academic Research Mechanical, Release 22.2
(Swanson Analysis, Inc., Houston, PA, USA). The result-
ing geometry of the assembly is shown in Fig. 2.

In total, one tibia model, both types of tibial compo-
nents, one common femoral component, and two vol-
ume models of bone cement corresponding to the given
type of tibial component were created. The principle of
mechanical alignment has been used for the assessment
of the tibia cut. The size of the tibial and femoral com-
ponents were chosen on the basis of the manufacturer’s
catalogue data and instructions and to match the dimen-
sions of the modelled knee-joint. Specifically, the tibial
size of 6 was chosen for the polyethylene monoblock
with a height of 10 mm and an equivalent size of 6 for the
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tibial metal tray with 10 mm-high polyethylene inlay. In
case of the femoral component, size “G” was chosen in
correspondence with the tibial component [9]. The hole
in the tibia and position of the tibial component were
set at 4° of external rotation compared with the tubercle
landmark and 7° of posterior slope based on the proce-
dures used during surgery recommended by the manu-
facturer [9, 14]. The femoral component flexion has been
set 4° to the tibial component [15, 16]. Based on TKA
cementing technique, the design of geometry models of
the bone cement was set so that their outer boundaries
remained within the outer boundaries of the cortical
bone tissue model and aligned with the outer edge of the
tibial component’s geometry. Furthermore, it was consid-
ered that the bone cement would fill the created open-
ing in the cancellous bone tissue and be in full contact
with the tibial component [17]. The dimensions that will
be in contact with the bone tissue volume models of the
analysed APT and MBT variants of bone cement volume
models are the same. The distance from the edge of the
tibial component to the surface of the tibial cut was mod-
elled with a dimension of 1.5 mm (see Fig. 3).

Meshing procedure

All solid models were discretised in ANSYS® by using
quadratic hexahedral and quadratic tetrahedral elements
(element types SOLID186 and SOLID187). Contact sur-
faces were meshed by using contact elements CONTA174
and TARGE170. The mesh consisted of approximately 3.5
million elements in both cases. The global size of the ele-
ments for cancellous and cortical bone tissue was 1 mm,
for the tibial component it was 2 mm, for bone cement it
was 0.5 mm, and for the femoral component it was 2 mm.
The sizes of the elements were selected based on the pre-
liminary tests and sensitivity calculations [6].

Material model

All materials were considered linearly elastic and isotropic.
The cancellous bone tissue material model was considered
heterogeneous. All other material models were considered
homogeneous. CT images were used to determine mate-
rial models of both cancellous and cortical bone tissues.
In total, 60 sets of CT images from different patients were
assessed and statistically processed: 45 in previous study
[6] and an additional 15 in this study. The result from the
statistical evaluation of HU values in the cancellous bone
tissues was the dependency of the global change of Young’s
modulus values of the cancellous bone tissue material
model. These 60 sets of CT images were divided into four
groups according to age, each group containing 15 patients.
The first group of patients aged 5961 years was referred to
as ‘G60; the second group aged 64—67 years was referred to
as ‘G65; and the third group aged from 70 to 72 years was
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Fig. 2 Young's modulus distribution in the cancellous bone tissue model for each analysed group

referred to as ‘G70. The last group, referred to as ‘MIN; rep-
resents patients aged from 65 to 72 years with diagnosed
osteopenia (lower bone density). For the ‘MIN’ group,
we have evaluated 15 CT datasets following the same
approach as in previous study [6], for calculations we have
used formulas 1,2,3.

Apparent density [18]

kg
0 =114 +0.916 - (E) 1)

Cortical bone Young’s modulus [18]

Page 4 of 12
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E = —3.842 + 0.013 - p(GPa) @)
Cancellous bone Young’s modulus [18]
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E=——(@GP 3
1000 \GP ®)

In total, four cancellous bone tissue material models
were created (Fig. 2). Based on a previous study, the
material model of cortical bone tissue was divided into
three parts labelled ‘A; ‘B} and ‘C; each assigned with its



Apostolopoulos et al. Journal of Orthopaedic Surgery and Research

(2024) 19:153

Femoral component

Page 5 of 12

Tibial component

Bone cement

Cortical bone

Fixed support

Fig. 3 Model of geometry with boundary conditions shown on the MB TKA variant

own Young’s modulus [6]. Table 1 shows the values of
the prescribed material characteristics (Table 2).

A heterogeneous distribution of Young’s modulus was
generated from a set of CT images of a representative
patient with the same procedure described in the previ-
ous study [6]. The mapping was performed using the in-
house software CTPixelMapper programmed in Python
3.4 [23].

Since the representative patient belongs to the ‘G65’
group, this group is considered a reference for global
changes in Young’s modulus values of the entire can-
cellous bone tissue material model. Based on the

observations made in this and the previous study [6],
Young’s modulus values of the material model for the
‘G60" group were globally adjusted by +5% compared
to the ‘G65’ reference group. The ‘G70’ group had a
globally reduced value of Young’s modulus of—5%
compared to the ‘G65" reference group. The last
group, ‘MIN; with diagnosed osteopenia had a value
of Young’s modulus globally reduced by 21% compared
to group ‘G65’ A similar process of Young’s modulus
reduction has been used for the osteoporotic bone
tissue material model [24]. Figure 2 shows all created
variants of cancellous bone tissue material models.
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Table 1 Material properties for each part of the assembly

Part Material E [MPa] ni-] References
All-poly components UHMWPE 670 046 [19]

Metal part of the MBT component Tivanium® alloy 110,000 030 [9, 20]
Femoral component Zimaloy® 210,000 0.29 [9,21]

Bone cement Palacos R 2891 040 [22]
‘AN—155 mm Cortical bone 15,000 0.30 [6,18]
‘B'—20 mm Cortical bone 10,500 030 [6,18]
‘C—25mm Cortical bone 7500 0.30 [6,18]
Cancellous bone Cancellous bone Heterogeneous 030 [6,18]

Table 2 Applied forces and rotations

Axis Force [N] Rotation [°]

X 0.0291-BW 1.08
—0.1623-BW 3.08

Z —2.6807-BW 3.16

Loads and boundary conditions

The load which is considered standardised was applied
to all internal surfaces of the femoral component that
come into contact with bone cement or bone tissue
after implantation [25]. Based on the data provided by
the authors, the greatest load on the knee joint occurs
in 39% of the level walking phase. The loading condi-
tion was applied trough a pilot point (PN) with precisely
determined position, based in the centre of the coordi-
nate system, described in the publication [25]. The PN
was connected with multipoint constraint (MPC) with
all internal surfaces mentioned above. This condition was
modelled using MPC capabilities of the contact elements.
The position of the femoral component was set following

Table 3 Simulations overview

the recommended surgical technique of the manufac-
turer to distribute the contact surfaces as symmetrically
as possible across the polyethylene liner [9]. The contact
pairs between the femoral components and the tibial
components of the TKA were modeled as frictional con-
tact with a coefficient of friction (f) of 0.05 (=) [26]. The
contact pairs between the cement and the tibial compo-
nents were modelled as bonded contact as was contact
between the cement and bone tissues.

Table 3 lists the applied load values [25]; these values
are relative to the coordinate system shown in Fig. 3. Val-
ues are presented as multiples of body weight (BW) by a
factor of g (2=9.81 ms™2). The weight of the representa-
tive patient was 80 kg [6].

Simulations overview

In this study, we have analysed two different types of
TKA, and for each type, we have created four variants,
which are shown in Table 3.

These models were used for evaluations of equiva-
lent (von Mises) strain in the bone. These evaluations
follow the common practice used in musculoskeletal
computational biomechanics and they are based on

Tibial Designation Material model Model of geometry, mesh Load and boundary
Component  based on conditions
groups Cancellous bone tissue Cortical bone tissue
AP G60 E +5% from G65 Same for all models Common to all groups and AP Same for all models
G65 Based on representative TKA
patient
G70 E —5% from G65
MIN E —21% from G65
MB G60 E +5% from G65 Common to all groups and MB
G65 Based on representative TKA
patient
G70 E —5% from G65

MIN E—21% from G65
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the Mechanostat hypothesis [27-29]. This hypothesis
works with Wolf’s law, which says that strains induced
in the bone tissues affect the bone architecture. Accord-
ing to the Mechanostat hypothesis, certain ranges of
strain values can positively or negatively affect bone
modelling and remodelling. Since the main focus is on
the strains in tibia, stresses in TKA are not analysed in
this paper.
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Results

Equivalent strain

Figure 4 shows the equivalent microstrain distribution in
two different views (frontal and sagittal). The microstrain
(pe) is defined as 1000 pe = 0.1% change in length. All
the results of the equivalent microstrain distribution are
presented in specific intervals based on the Mechanostat
[27-30]. It is apparent that the greatest strain values
occur under the tibial cut on the medial side of the bone

\ { 4

Fig. 4 Equivalent strain distribution for all analysed groups in frontal and sagittal view
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in the case of the APT component. On the other side, in
the case of the MBT component, the greatest strain val-
ues occur under the stem tip. The maximum microstrain
values for all groups are below the critical 25,000 pe [30],
with the highest values of 2843 pe using the MBT compo-
nent and 1872 pe using APT component, both occurring
in the MIN group.

Figure 5 shows the equivalent microstrain distribution
in the volume model of the cancellous bone tissue for
each analysed variant. It is visible that in the case of the
model with the APT component, the microstrain values
above 1000 pe are in the area below the tibial section and
are located rather in the medial area of the tibia. In the
case of the model with an MBT component, microstrain
values above 1500 pe are mostly localised in the stem tip
area. Even in this case, the microstrain values are higher
on the medial side; however, this phenomenon is not as
significant as in the model with the APT component.

Figure 6 shows a graph with the values of the micro-
strain for each tibial component and each variant of the
cancellous bone tissue material model. These values were
analysed in a volume section determined by a distance of
55 mm from the tibial cut.

It is visible that for the variants with the APT compo-
nent and previously described three age groups (G60,
G65, G70), the microstrain values in more than 80% of
the volume are in the range from 300 to 1500 pe; for the
group MIN the same range of microstrain values can be
found in more than 84% of the volume; and the maximum

MIN G60
MB
H >1500 d -
1000 i
[ue] - -
AP .(;3 pr n‘
& o
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microstrain values in the range of 1500 to 3000 pe occur
in less than 0.75% of the volume for all cases.

For variants with the MBT component and the three
age groups, the microstrain values are mainly in the
range from 300 to 1500 pe in more than 56% of volume
and in the range from 100 to 300 pe in more than 36%
of volume. For the group MIN, microstrain values in the
same ranges can be found in more than 63% and 32% of
the volume, respectively. In the case of the model with
the MBT component, the microstrain values are in the
range from a minimum to 100 pe in more than 3.4% of
the volume, while in the case of the model with the APT
component, this range of values occurs only in less than
1% of the volume.

Discussion

Clinical studies have demonstrated that there is no sig-
nificant difference between APT and MBT performance
in terms of survivorship, clinical outcomes, range of
knee motion, and rate of revision [31, 32]. MBT is pre-
ferred, and more frequently implanted [2, 3]. This could
be explained by the greater intra-operative flexibility of
MBT, and the ability to revise the replacement with an
exchange of the polyethylene insert, without having to
extract the tibial component [33]. Although, due to the
growing number of replacements, and the significantly
lower cost of APT components, there has been renewed
interest in using them considering the economic strain
on healthcare [34].

G65 G70

Fig. 5 Values of equivalent strain over 1000 pe shown in the volume of each analysed variant
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Fig. 6 Percentage of periprosthetic bone volume that exhibited strains associated with a specific interval of the Mechanostat

In the past, several studies have compared the AP and
MB tibial components and their effect on tibial bone tis-
sue [35, 36]. In this study, the load was applied through a
designated femoral component, which is not commonly
used. Since the load was applied through this component,
it was possible to use the so-called standardised up-to-
date knee joint load model [25]. The study used an ultra-
congruent implant with anterior increased congruence
of the same manufacturer (Innex, Zimmer) that can be
used also as cruciate sacrificing, and the same femoral
component as the CR equivalent [25, 37]. This increased
anterior congruence could provide additional constrain
against the anterior sliding when posterior cruciate defi-
ciency is present, but not in the examined phase of gait
[37, 38]. As a result, the applied loading from the femo-
ral component could be also used for CR equivalents.
The load model used does not give a specific percentage
distribution of the force acting on the medial and lateral
sides, as is usual. Rotations of the femoral component
were also included in this loading model. The resulting

force distribution in this study was approximately 40% on
the lateral side and 60% on the medial side of the tibia,
which is consistent with commonly used loading models
[39, 40]. To minimalise the bias, we have not included the
patellar ligament from the model of the load due to its
insignificant acting force below 50 N during the speci-
fied gait cycle moment [41, 42]. According to the litera-
ture, the posterior cruciate ligament can act with a force
of 0-20 N, which has been also considered insignificant,
and not included in the presented load model [38, 43].
Also, the lateral and medial collateral ligament has been
not included to our load model due to their minimal
induced forces between 10 and 50 N during the analysed
part of the gait cycle [38, 42, 44]. Based on the results
from the authors of the standardized load model, all act-
ing loads in TKA during gait cycle are applied through
the PN in the centre of the coordinate system.

In this study, geometry and material models were
used that correspond to typical patients who should
undergo TKA. All material models of biological tissues
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were carefully determined based on statistical analysis of
CT image measurement sets of selected representative
patients in given age groups. This study, in conjunction
with previous analysis [6], tries to provide a large amount
of objective information about the methodology that can
be reproduced and used to analyse other types of TKA.

To ensure that the examination applies to a wide range
of patients, we created a cancellous bone tissue mate-
rial model representing patients with diagnosed osteo-
penia. In total, we evaluated 15 sets of CT images of
osteopenic patients, with diagnosis confirmed previously
with dual-energy X-ray absorptiometry [45]. Depending
on measured Hounsfield units, we reduced the Young’s
modulus value of cancellous bone by 21% compared to
that in group ‘G65’ There is a high prevalence of osteo-
penia in elderly patients undergoing TKA and it pre-
sents an increased risk of perioperative complications
[46]. Osteoporosis was not preferred due to changes in
the bone microarchitecture, wide density variation, and
the absence of a lower bone density limit; on the con-
trary, osteopenia is strictly defined [47]. In cases of severe
osteoporosis, the indication of TKA implantation is
questionable because of fracture risk and decreased oste-
ointegration ability [48].

The results for the variant with an APT component
show the highest equivalent strain values in the area of
the tibial cut and its immediate vicinity. In the majority
of the volume of periprosthetic bone tissue, the equiva-
lent strain value is in the range 300-1500 pe. This deter-
mined range corresponds to physiological loading and
moderate overloading that induces the modelling and
remodelling of bone tissue. None of the solved variants
with the APT component show a higher value of equiva-
lent strain than 1872 pe in case of MIN group, present-
ing a strain value that induces modelling and remodelling
of bone tissue [28, 29]. This could contribute to a sub-
sequent reduction in the risk of aseptic loosening. The
results for the variant with an MBT component show
the highest equivalent strain values around the bottom
of the hole created for the tibial component in the tip
of the tibial component stem. In the majority of the vol-
ume of periprosthetic bone tissue, the equivalent strain
is generally lower than with the APT component; how-
ever, the range of values is similar. In all analysed variants
with the MBT component, there was a region of higher
equivalent strain values, namely in the area under the tip
of the tibial component stem. In this area there could be
an increased risk of pathological overloading, especially
during sport and physical activities that may lead to asep-
tic loosening of tibial component [49]. In the majority of
the volume of periprosthetic bone tissue, the calculated
equivalent strain was supposed to support the modelling
and remodelling of bone tissue. However, the equivalent
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strain volume percentage inducing bone modelling and
remodelling is generally lower than when compared with
the APT component. In accordance with our study, older
studies using finite element modelling also showed that
strain distribution on the cancellous bone may be low-
ered if an MBT component is employed [35, 50].

The strengths of this study include the use of bound-
ary conditions which are considered standardised, the
use of implants from a single manufacturer (Zimmer)
comparing a modern congruent APT component to a
modular MBT component of the same design, the same
implantation technique, and the bone tissue model.
Those attributes allowed an assessment and comparison
of the implants excluding possible variables that could
negatively affect the validity of the results. On the con-
trary, the knee geometry model is patient-specific: the
created geometry is based on a CT dataset of a 65-year-
old patient with advanced knee arthritis. The contact
between the bone cement and the tibia is assumed to
be completely bonded. Also, the defined boundary con-
ditions simulate only a single possible load (maximum)
appearing in the gait cycle. Finally, the results of this
finite element analysis require further mechanical experi-
ments or clinical validation.

Conclusion

In summary, this study compared the response of the
periprosthetic tibia after the implantation of TKA Nex-
Gen APT and its MBT equivalent, by using standardised
implant loading. Considering limitations, we appraise the
effect of APT implantation on the periprosthetic tibia to
be equal or even superior to that of MBT despite maxi-
mum strain values occurring in different locations. On
the basis of the strain distribution, the state of the bone
tissue was analysed to determine whether bone tissue
remodelling or remodelling would occur. With respect to
our computational model, we purpose that APT compo-
nents would have induced beneficial strain distribution
of bone tissue in a greater volume of periprosthetic tibia
than MBT for all defined groups. Following clinical vali-
dation, outcomes could eventually modify the implant
selection criteria and lead to more frequent implantation
of TKA with APT components.

Acknowledgements

We would like to than the authors of the article—Dreyer MJ, Trepczynski A,
Hosseini Nasab SH, et al. 2022. European Society of Biomechanics S.M. Perren
Award 2022: Standardized tibio-femoral implant loads and kinematics. Journal
of Biomechanics 141:111171 for sharing their data.

Author contributions

V.A. was responsible for conceptualisation, data interpretation, clinical valida-
tion, and manuscript writing. PB. performed computational model prepara-
tion, research design, and analysis. PM. contributed to research design,
result evaluation, and manuscript preparation. L.N. was responsible for data
interpretation, clinical validation, and resources. M.M. and L.P. contributed to



Apostolopoulos et al. Journal of Orthopaedic Surgery and Research

the manuscript review and editing, and data interpretation. T.T. performed the
formal analysis, project administration, and supervision. All authors have read
and approved the final submitted manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
Informed consent was obtained from all individual participants included in
this study.

Consent for publication
All authors consent to the publication of the study.

Competing interests
The authors declare no competing interest.

Author details

"First Department of Orthopaedic Surgery, St. Anne’s University Hospital
and Faculty of Medicine, Masaryk University, Brno, Czech Republic. ?Institute
of Solid Mechanics, Mechatronics and Biomechanics, Faculty of Mechanical
Engineering, University of Technology, Brno, Czech Republic.

Received: 22 November 2023 Accepted: 15 February 2024
Published online: 23 February 2024

References

1. Gustke KA, Gelbke MK. All-polyethylene tibial component use for
elderly, low-demand total knee arthroplasty patients. J Arthroplasty.
2017;32:2421-6.

2. Robertsson O, Lidgren L, Sundberg M, W-Dahl A. The Swedish Knee
arthroplasty register—annual report 2020; 2020.

3. Kendall J, Pelt CE, Imlay B, Yep P, Mullen K, Kagan R. Revision risk for total
knee arthroplasty polyethylene designs in patients 65 years of age or
older: an analysis from the american joint replacement registry. J Bone Jt
Surg. 2022;104:1548-53.

4. Apostolopoulos V, Nachtnebl L, Mahdal M, Pazourek L, Bohac P, Janicek
P, et al. Clinical outcomes and survival comparison between NexGen
all-poly and its metal-backed equivalent in total knee arthroplasty. Int
Orthop. 2023. https://doi.org/10.1007/500264-023-05772-3.

5. Longo UG, Ciuffreda M, D'Andrea V, Mannering N, Locher J, Denaro V.
All-polyethylene versus metal-backed tibial component in total knee
arthroplasty. Knee Surg Sports Traumatol Arthrosc. 2017;25:3620-36.

6. Apostolopoulos V, Tomas T, Bohac P, Marcian P, Mahdal M, Valousek T, et al.

Biomechanical analysis of all-polyethylene total knee arthroplasty on
periprosthetic tibia using the finite element method. Comput Methods
Programs Biomed. 2022;220: 106834.

7. Arab AZEA, Merd;ji A, Benaissa A, Roy S, Bachir Bouiadjra B-A, Layadi K,
et al. Finite-Element analysis of a lateral femoro-tibial impact on the total
knee arthroplasty. Comput Methods Progr Biomed. 2020;192:105446.

8. Bori E, Armaroli F, Innocenti B. Biomechanical analysis of femoral stems in
hinged total knee arthroplasty in physiological and osteoporotic bone.
Comput Methods Progr Biomed. 2022;213: 106499.

9. Zimmer Biomet, NexGen® CR-Flex and LPS-Flex Knees; 2016.

10. Gheorghiu N, Socea B, Dimitriu M, Bacalbasa N, Stan G, Orban H. A finite
element analysis for predicting outcomes of cemented total knee arthro-
plasty. Exp Ther Med. 2021;21:267.

11. Kohn MD, Sassoon AA, Fernando ND. Classifications in brief: Kell-
gren-Lawrence classification of osteoarthritis. Clin Orthop Relat Res.
2016;474:1886-93.

(2024) 19:153

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 11 of 12

. Australian Orthopaedic Association National Joint Replacement Registry.

Annual Report. Adelaide. AOA 2020: Table KT2 10 Most Used Femoral
Prostheses in Primary Total Knee Replacement.

. Marcian P, Konecny O, Bordk L, Valasek J, Rehak K, Krpalek D, Florian Z.

On the level of computational models in biomechanics depending on
gained data from CT/MRI and micro-CT; 2011.

. Feczko PZ, Pijls BG, van Steijn MJ, van Rhijn LW, Arts JJ, Emans PJ. Tibial

component rotation in total knee arthroplasty. BMC Musculoskelet
Disord. 2016;17:87.

. Hatfield GL, Hubley-Kozey CL, Astephen Wilson JL, Dunbar MJ. The effect

of total knee arthroplasty on knee joint kinematics and kinetics during
gait. J Arthroplasty. 2011,26:309-18.

. Rahman J, Tang Q Monda M, Miles J, McCarthy I. Gait assessment as a

functional outcome measure in total knee arthroplasty: a cross-sectional
study. BMC Musculoskelet Disord. 2015;16:66.

. Cawley DT, Kelly N, McGarry JP, Shannon FJ. Cementing techniques

for the tibial component in primary total knee replacement. Bone Jt J.
2013;95-B:295-300.

. Gray HA, Taddei F, Zavatsky AB, Cristofolini L, Gill HS. Experimental valida-

tion of a finite element model of a human cadaveric tibia. J Biomech Eng.
2008;130: 031016.

. Zaribaf FP. Medical-grade ultra-high molecular weight polyethylene: past,

current and future. Mater Sci Technol. 2018;34:1940-53.

Osman R, Swain M. A critical review of dental implant materials with an
emphasis on titanium versus zirconia. Materials. 2015;8:932-58.

Klarstrom D, Crook P, Sharif A. Cobalt alloys: alloying and thermo-
mechanical processing. Reference module in materials science and
materials engineering [Internet]. Elsevier; 2017 [cited 2021 Sep 41. p.
B9780128035818093000. Available from: https://linkinghub.elsevier.com/
retrieve/pii/B9780128035818092134

Dunne N. Mechanical properties of bone cements. Orthopaedic Bone
Cements [Internet]. Elsevier; 2008 [cited 2022 Apr 6], pp. 233-64. Avail-
able from: https://linkinghub.elsevier.com/retrieve/pii/B97818456937635
00113

Marcidn P, Bordk L, Zikmund T, Hordckova L, Kaiser J, Joukal M, et al. On
the limits of finite element models created from (micro)CT datasets and
used in studies of bone-implant-related biomechanical problems. J Mech
Behav Biomed Mater. 2021;117: 104393.

Rungruangbaiyok C, Azari F, van Lenthe GH, Vander Sloten J, Tangtrakul-
wanich B, Chatpun S. Finite element investigation of fracture risk under
postero-anterior mobilization on a lumbar bone in elderly with and
without osteoporosis. ] Med Biol Eng. 2021;41:285-94.

Dreyer MJ, Trepczynski A, Hosseini Nasab SH, Kutzner |, Schiitz P, Weisse
B, et al. European society of biomechanics S.M. Perren award 2022:
standardized tibio-femoral implant loads and kinematics. J Biomech.
2022;141:111171.

Guezmil M, Bensalah W, Mezlini S. Tribological behavior of UHMWPE
against TiAlgV, and CoCr,gMo alloys under dry and lubricated conditions.
J Mech Behav Biomed Mater. 2016;63:375-85.

Frost HM. The mechanostat: a proposed pathogenic mechanism of
osteoporoses and the bone mass effects of mechanical and nonme-
chanical agents. Bone Miner. 1987;2:73-85.

Frost HM. Skeletal structural adaptations to mechanical usage (SATMU):
1. Redefining Wolff's law: the bone modeling problem. Anat Rec.
1990;226:403-13.

Frost HM. Skeletal structural adaptations to mechanical usage

(SATMU): 2. Redefining Wolff's law: the remodeling problem. Anat Rec.
1990;226:414-22.

Tyrovola JB, Odont X. The, “mechanostat theory” of frost and the OPG/
RANKL/RANK system: the “mechanostat “and the OPG/RANKL/RANK. J
Cell Biochem. 2015;116:2724-9.

Selvan DR, Santini AJA, Davidson JS, Pope JA. The medium-term survival
analysis of an all-polyethylene tibia in a single-series cohort of over 1000
knees. J Arthroplasty. 2020;35:2837-42.

Herschmiller T, Bradley KE, Wellman SS, Attarian DE. Early to midterm clini-
cal and radiographic survivorship of the all-polyethylene versus modular
metal-backed tibia component in primary total knee replacement. J Surg
Orthop Adv. 2019,28:108-14.

Gioe TJ, Maheshwari AV. The all-polyethylene tibial component in primary
total knee arthroplasty. J Bone Jt Surg. 2010;92:478-87.


https://doi.org/10.1007/s00264-023-05772-3
https://linkinghub.elsevier.com/retrieve/pii/B9780128035818092134
https://linkinghub.elsevier.com/retrieve/pii/B9780128035818092134
https://linkinghub.elsevier.com/retrieve/pii/B9781845693763500113
https://linkinghub.elsevier.com/retrieve/pii/B9781845693763500113

Apostolopoulos et al. Journal of Orthopaedic Surgery and Research

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Sabeh K, Alam M, Rosas S, Hussain S, Schneiderbauer M. Cost analysis

of all-polyethylene compared to metal-backed implants in total knee
arthroplasty. Surg Technol Int. 2018;32:249-55.

Thompson SM, Yohuno D, Bradley WN, Crocombe AD. Finite element
analysis: a comparison of an all-polyethylene tibial implant and its metal-

backed equivalent. Knee Surg Sports Traumatol Arthrosc. 2016;24:2560-6.

Brihault J, Navacchia A, Pianigiani S, Labey L, De Corte R, Pascale V, et al.
All-polyethylene tibial components generate higher stress and micromo-
tions than metal-backed tibial components in total knee arthroplasty.
Knee Surg Sports Traumatol Arthrosc. 2016;24:2550-9.

Zimmer. Innex Knee System Primary [Internet]. 2005. Available from:
https://www.zimmerbiomet.com/content/dam/zimmer-web/docum
ents/en-GB/pdf/medical-professionals/knee/innex-knee-system-prima
ry-brochure.pdf

Zhang Q, Chen Z, Zhang Z, Jin Z, Muratoglu OK, Varadarajan KM. Leverag-
ing subject-specific musculoskeletal modeling to assess effect of anterior
cruciate ligament retaining total knee arthroplasty during walking gait.
Proc Inst Mech Eng H. 2020;234:1445-56.

Kutzner |, Bender A, Dymke J, Duda G, von Roth P, Bergmann G. Mediolat-
eral force distribution at the knee joint shifts across activities and is driven
by tibiofemoral alignment. Bone Jt J. 2017,99-B:779-87.

Completo A, Simdes JA, Fonseca F, Oliveira M. The influence of different
tibial stem designs in load sharing and stability at the cement-bone
interface in revision TKA. Knee. 2008;15:227-32.

Shelburne KB, Pandy MG, Anderson FC, Torry MR. Pattern of anterior
cruciate ligament force in normal walking. J Biomech. 2004;37:797-805.
https://doi.org/10.1016/j.jbiomech.2003.10.010.

Shelburne KB, Pandy MG, Torry MR. Comparison of shear forces and
ligament loading in the healthy and ACL-deficient knee during gait. J
Biomech. 2004;37:313-9.

Nikkhoo M, Hassani K, Tavakoli Golpaygani A, Karimi A. Biomechanical
role of posterior cruciate ligament in total knee arthroplasty: a finite ele-
ment analysis. Comput Methods Prog Biomed. 2020;183: 105109.

Smith CR, Vignos MF, Lenhart RL, Kaiser J, Thelen DG. The influence of
component alignment and ligament properties on tibiofemoral contact
forces in total knee replacement. J Biomech Eng. 2016;138:021017.
Harper KD, Clyburn TA, Incavo SJ, Lambert BS. DEXA overestimates bone
mineral density in adults with knee replacements. Sports Med Health Sci.
2020;2:211-5.

Delsmann MM, Schmidt C, Mihlenfeld M, Jandl NM, Boese CK, Beil FT,

et al. Prevalence of osteoporosis and osteopenia in elderly patients
scheduled for total knee arthroplasty. Arch Orthop Trauma Surg.
2021;142:3957-64.

Lems WF, Raterman HG, van den Bergh JPW, Bijlsma HWJ, Valk NK; Zil-
likens MC, et al. Osteopenia: a diagnostic and therapeutic challenge. Curr
Osteoporos Rep. 2011;9:167-72.

Spinarelli A, Petrera M, Vicenti G, Pesce V, Patella V. Total knee arthroplasty
in elderly osteoporotic patients. Aging Clin Exp Res. 2011;23:78-80.
Hanreich C, Martelanz L, Koller U, Windhager R, Waldstein W. Sport and
physical activity following primary total knee arthroplasty: a systematic
review and meta-analysis. J Arthroplasty. 2020;35:2274-2285.e1.

Au AG, Liggins AB, Raso VJ, Amirfazli A. A parametric analysis of fixation
post shape in tibial knee prostheses. Med Eng Phys. 2005,27:123-34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

(2024) 19:153

Page 12 of 12


https://www.zimmerbiomet.com/content/dam/zimmer-web/documents/en-GB/pdf/medical-professionals/knee/innex-knee-system-primary-brochure.pdf
https://www.zimmerbiomet.com/content/dam/zimmer-web/documents/en-GB/pdf/medical-professionals/knee/innex-knee-system-primary-brochure.pdf
https://www.zimmerbiomet.com/content/dam/zimmer-web/documents/en-GB/pdf/medical-professionals/knee/innex-knee-system-primary-brochure.pdf
https://doi.org/10.1016/j.jbiomech.2003.10.010

	Biomechanical comparison of all-polyethylene total knee replacement and its metal-backed equivalent on periprosthetic tibia using the finite element method
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Model of geometry
	Meshing procedure
	Material model
	Loads and boundary conditions
	Simulations overview

	Results
	Equivalent strain

	Discussion
	Conclusion
	Acknowledgements
	References


