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Aims

This study aimed to investigate the optimal sagittal positioning of the uncemented femoral
component in total knee arthroplasty to minimize the risk of aseptic loosening and peripros-

thetic fracture.

Methods

Ten different sagittal placements of the femoral component, ranging from -5 mm (causing
anterior notch) to +4 mm (causing anterior gap), were analyzed using finite element analysis.
Both gait and squat loading conditions were simulated, and Von Mises stress and interface
micromotion were evaluated to assess fracture and loosening risk.

Results

During gait, varied sagittal positioning did not lead to excessive Von Mises stress or micromo-
tion. However, under squat conditions, posterior positioning (-4 and -5 mm) resulted in stress
exceeding 150 MPa at the femoral notch, indicating potential fracture risk. Conversely, +1 mm
and 0 mm sagittal positions demonstrated minimal interface micromotion.

Conclusion

Slightly anterior sagittal positioning (+1 mm) or neutral positioning (0 mm) effectively reduced
stress concentration at the femoral notch and minimized interface micromotion. Thus, these
positions are deemed suitable to decrease the risk of aseptic loosening and periprosthetic

femoral fracture.

Introduction

Despite a high ten- to 15-year survival
rate exceeding 90% for total knee arthro-
plasty (TKA),' the occurrence of postoper-
ative complications remains a challenge.’
Periprosthetic fracture and aseptic loosen-
ing are severe and common complications
after TKA, accounting for 2.6% and 29.6% of
all revision surgeries, respectively.’* Sev-
eral clinical studies and mechanical assess-
ments have underscored the heightened risk
of periprosthetic fracture associated with
anterior femoral notching resulting from
improper osteotomy.”® Consequently, there

is a consensus among joint surgeons on
the importance of minimizing the creation
of an anterior femoral notch during TKA.
Despite this consensus, the occurrence of
femoral anterior notching remains notable
in clinical practice, with reported incidence
rates ranging from 3.5% to 29.8%. The advent
of computer navigation technology has
considerably improved the precision of the
coronal alignment of the femoral component
during TKA.”'® However, challenges persist
in achieving reliable sagittal positioning of
the femoral component due to uncertain-
ties surrounding the distal femoral reference
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lllustration of finite element analysis models and different sagittal positioning of the femoral component. a) The femur model. b) The femoral
component of the high flexion posterior stable prosthesis. c) Different sagittal positioning of the femoral component. The anterior positioning causes
a gap, and the posterior positioning causes a notch. ‘L’ represents the distance between the anterior flange of the femoral component and the notch,

and 'h' represents the sagittal position of the femoral component.

point.'"'> This sagittal positioning can be categorized as
anterior, neutral, or posterior relative to the anterior cor-
tex line (Figure 1c), with posterior positioning potentially
leading to anterior femoral notching. Interestingly, studies
have indicated that the use of computer navigation may
inadvertently increase the likelihood of creating an anterior
femoral notch.”'™

In cases where an anterior femoral notch occurs
intraoperatively due to poor sagittal positioning, a salvage
intramedullary stem can be employed for corrective measures
to alleviate stress concentration resulting from the notch.”
In such instances, it is crucial to have guidance in determin-
ing the critical depth of the femoral notch necessitating
the use of a salvage intramedullary stem to mitigate the
risk of periprosthetic fracture under the physiological loads
associated with daily activities. Presently, research lacks clarity
on the relationship between the depth of the femoral notch
and the risk of periprosthetic fracture. Some clinical stud-
ies have reported contradictory findings,”'®"" while existing
biomechanical tests and finite element analyses (FEAs) have
been conducted under simplified loading conditions.®® There
is a need for insight into outcomes under loading conditions
that more accurately reflect the physiological environment.
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In addition to periprosthetic fractures, aseptic
loosening is a common complication following TKA. Cemen-
ted fixation results in stable initial fixation, yet the incidence
of aseptic loosening tends to rise over prolonged use of the
prosthesis.'® Conversely, advancements in prosthesis design,
coupled with the development of microporous and coated
surfaces,'®”® have led to lower rates of long-term aseptic
loosening with uncemented fixation, which fosters robust
biological fixation once initial stability is achieved.'®?' As the
average age of TKA patients decreases and life expectancy
increases, the demand for long-term or lifelong prosthetic
usage intensifies, rekindling interest in uncemented fixed
prostheses.”” In this context, achieving initial stability is pivotal
with uncemented prostheses, as it lays the foundation for
strong biological fixation. Improper sagittal positioning may
compromise the stability of the femoral component due
to inadequate gap tightness and contact area between the
prosthesis and the femoral anterior/posterior condyle (Figure
1¢), leading to initial instability.”” However, the influence
of the sagittal positioning on the stability of the femoral
component remains largely unexplored. Thus, further research
is imperative to comprehend the biomechanical effects of
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Fig.2
Material distribution and meshing of the femur model (coronal and
sagittal sections).

femoral component sagittal positioning on the risk of aseptic
loosening.

In this study, our objective was to investigate the
biomechanically appropriate sagittal positioning of the
femoral component in TKA to mitigate the risk of fracture
and loosening. Given the challenge of replicating the intricate
biomechanical conditions within the joint using mechanical
testing machines, we employed FEA to assess the Von Mises
stress distribution within the femur under two prevalent
loading conditions: gait and squat. We examined the squat
loading scenario due to reported instances where exces-
sively posterior sagittal positioning led to anterior full-thick-
ness cortical notching, significantly reducing femoral bending
strength.’

Our evaluation focused on assessing the risk of bone
fracture and aseptic prosthesis loosening across various
femoral sagittal positioning configurations. We hypothesized
that the neutral position represents the most suitable sagittal
positioning for the femoral component.

Methods

Inhomogeneous 3D femur remodelling and surgical
simulation

A 3D femur model was reconstructed based on CT scan data
(Philips iCT 256 CT scanner at 120 kVp and 156 mA with a slice
thickness of 0.602 mm; Royal Philips, Netherlands) obtained
from a 22-year-old female volunteer who was recruited
through community outreach efforts (Figure 1a). The CT scan
data were processed using Mimics 21.0 software (Materialise,
Belgium) for the femur modelling. The femoral component
used was a high flexion posterior stable A3 series prosthesis
(AK Medical, China). This choice was made because posterior
stable prostheses typically result in a greater flexion gap
compared to the extension gap after resection of the posterior
cruciate ligament. Adding a distal femoral osteotomy or
posterior displacement of the femoral prosthesis can increase

the risk of anterior notching.” Point cloud data obtained from
a 3D scanner were imported into Geomagic Designx 2019
software (3D Systems, USA) for reverse modelling (Figure 1b).
Each femur was sectioned at the middle of the diaphysis
(242 mm from the distal femur’s surface), which was consis-
tent with previous FEA”? and experimental studies.”””® The
surgical simulation was conducted under the guidance of
experienced surgeons JW and QH. The rotational positioning
of the prosthesis was referenced to the surgical transepicondy-
lar axis, while the flexion/extension positioning was referenced
to the anterior cortical line. As depicted in Figure 1c, at
least one study has validated that the most suitable sagittal
flexion/extension position for femoral prostheses is perpendic-
ular to the anterior cortex line, typically around 3° to 5° of
flexion relative to the mechanical axis.”” Therefore, the anterior
femoral resection plane was aligned parallel to the anterior
cortex line, serving as the baseline and labelled as 0 mm. The
sagittal position of the femoral component, denoted as “h",
ranged from -5 to +4 mm, representing ‘posterior position (-5
to -1 mm); ‘neutral position (0 mm); and ‘anterior position (+
1 to +4 mm)’ For example, a sagittal position of -3 mm meant
that the depth of the anterior femoral notching was 3 mm. ‘L'
represented the distance between the anterior flange of the
femoral component and the notch (Figure 1c). Both 1 mm and
5 mm distances were evaluated.

Based on the grayscale values (GV) derived from the
CT scan data, the material property of the femur was charac-
terized as non-homogeneous using Mimics software. Density
(p) and elastic modulus (E) were calculated using the following
formulae:®

3
o(#)
3

E(Pa) = — 388.8 + 5925p (% ) . @)
The femur was divided into nine different materials,
and the Poisson’s ratio was set to 0.3 (Figure 2).*'?? The
material of the femoral prosthesis was Ti6Al4V, with an elastic
modulus of 110,000 MPa and Poisson’s ratio of 0.3.>* Both bone

and prosthesis materials were assumed to be linear elastic.

— 134+ 1017GV(HU), 1)

Meshing and boundary conditions

All models underwent discretization in Hypermesh 2020
(Altair Engineering, USA), divided into tetrahedral meshes with
an element size of 0.7 mm. The mesh refinement focused
particularly on the notching area, with a mesh convergence
test ensuring that further refinement resulted in a difference
of no more than 5%. The details of the mesh convergence
test are provided in the second part of the Supplementary
Material.

The FEA was conducted using Abaqus 2021 (Das-
sault Systemes, France) employing an implicit formulation.
The proximal femur was fully constrained in six degrees of
freedom. For the gait simulation, a dynamic simulation of
the entire gait process from toe-off was executed, spanning
one second. Forces and moments applied were derived from
previous in vivo instrumented knee implant experiments
and inverse dynamic studies,*** normalized based on the
volunteer’s body weight. Axial (F,), anterior-posterior (Fy), and
medial-lateral (Fy) tibiofemoral contact forces were applied,
along with three rotational moments: internal-external (M,),
varus-valgus (My), and flexion-extension (M) (Figure 3a). The
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lllustration of a) gait and b) squat loading conditions. Fx, Fy, and Fz represent medial-lateral, anterior-posterior, and axial tibiofemoral contact
forces, respectively. Mx, My, and Mz separately mean flexion-extension, varus-valgus, and internal-external moments, respectively. PF, patella-femoral

contact force; QT, quadriceps tendon forces; TF, tibiofemoral contact force.
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a) Applied forces and b) moments on the femoral component during a whole gait cycle. The data shown in the graph are for a body weight of 60 kg.

magnitude of the applied forces and moments is illustrated in
Figure 4. Notably, F, represents the vertical force, being the
primary component of the knee reaction force during gait,
while My signifies the internal moment of the knee, significant
due to unbalanced forces on the medial and lateral femoral
condyles (3:2).” Additionally, the patellar-femoral force (PF)
was considered for its significant influence on simulation
results.”®

For squat activity simulation, since there was a lack of
data on the joint reaction forces and the muscle force profiles
throughout the squatting process, a quasi-static analysis was
conducted at 145° knee flexion, representing the maximum
flexion angle of a high flexion knee prosthesis. Tibiofemoral
(TF), patella-femoral (PF), and quadriceps tendon forces (QT)
were set to 4.0, 7.1, and 3.6 times the bodyweight of the
volunteer, respectively (Figure 3b).*> Tibiofemoral contact
forces and moments were applied to actual contact areas,”’
with the medial and lateral condyle distribution ratio set at
3:2.% Frictional contact was defined between the prosthesis
and the bone, utilizing the Coulomb friction model with a
frictional coefficient set to 0.6.*
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Evaluation indicators and statistical analysis

In this study, two key indicators were used to assess the
simulation results. Firstly, Von Mises stress was employed to
assess the risk of bone fracture. Secondly, relative micromotion
between the prosthesis and the bone was used to assess
the initial stability of the uncemented prosthesis. Micromo-
tion was calculated by determining the relative displace-
ment between two nodes: one on the prosthesis contact
surface, and the other on the bone contact surface nearest
to the former node. This computation was executed using
an in-house Python script. Alongside the maximum micromo-
tion value, “danger area” (the area of the contact surface
where micromotion exceeded 40 pm) was also determined.
Micromotion below 40 um was considered beneficial for
prosthesis stability.”” Statistical analysis was carried out using
SPSS v21.0 (IBM, USA). Paired t-tests were performed to
compare the effects of 'L = 1 mm’ versus ‘L = 5 mm; and ‘gait’
versus ‘squat’ on both maximum Von Mises stress at the notch
and maximum micromotion at the prosthesis-bone interface
across all sagittal positions. A significance level of less than
0.05 was adopted.
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was -3 mm.
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Sagittal position, mm Maximum Von Mises stress, MPa

L=1mm L=5mm
Gait Squat Gait

4 - - R

3 - - -

2 - - -

1 - - -

0 4.24 36.9 6.2
-1 9.59 49.3 10.3
-2 16.9 88.5 18.2
-3 24.7 128.3 28.2
-4 39.2 199.1 38.7
E5 48.8 2425 48.6

Results

The maximum Von Mises stress and micromotion during the
gait process

In this study, the entire gait process was simulated. As an
example, the results of the -3 mm sagittal positioning (3 mm
depth of femoral notch) are presented in this section. The
maximum Von Mises stress at the femoral notch and the
maximum micromotion are shown in Figure 5. The maximum
Von Mises stress peaked at 85% of the gait, reaching 32.8 MPa.
Concurrently, the maximum micromotion commenced at 45%
of the gait and persisted throughout the second half of the
gait, measuring 22.4 um. The results of the other subgroups
are provided in the third part of the Supplementary Material.

The Von Mises stress results of different femoral notching
depths

Posterior positioning of the femoral component during TKA
can lead to anterior notching of the femur, as depicted in
Figure 1c. The Von Mises stress distribution of the notch is

Maximum micromotion, pm

L=1mm L=5mm

Squat Gait Squat Gait Squat
- 10.8 65.2 104 62.9
- 10.9 61.2 10.5 58.5
- 10 56.2 9.5 53.5
- 6.4 52.2 10 49.8

39.4 11.2 63.2 12.2 73.9

51.1 137 81.3 13.7 83

93 19.3 934 19.2 95.7
1433 241 103.4 224 106.1
199.2 27.9 115.6 25.8 119.8
225.1 30.6 1284 29 137.3

presented in Figure 6, and the maximum Von Mises stress
results of varying femoral notching depths are presented in
Figure 7 and Table I. It was observed that the maximum
Von Mises stress increased with the deepening of the notch.
For instance, with a notching depth of 3 mm and ‘L set at
1 mm, the maximum Von Mises stress was 24.7 MPa under
gait condition and 128.3 MPa under squat condition, which
increased 482.5% and 247.7%, respectively, compared to a
notching depth of 0 mm. Von Mises stress levels were notably
higher under squat condition than under the gait condition
(p = 0.001, paired t-test). When the notch depth surpassed
3 mm, the maximum Von Mises stress exceeded 150 MPa
under the squat condition. Interestingly, Von Mises stress
results remained consistent regardless of whether ‘L' was set
at 1 mm or 5 mm, indicating no significant influence of the
distance ‘L' on notch Von Mises stress state (p = 0.603, paired
t-test).
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The Von Mises stress distribution at the notching area when the notching depth was 1 mm, 3 mm, and 5 mm. The distance between the anterior

flange of the femoral component and the notch (L) was 5 mm.
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The micromotion results of different sagittal positioning of
the femoral component

Figure 8 depicts the micromotion distribution at the femo-
ral contact surface for sagittal positioning of -5 mm, 0 mm,
and 4 mm. Notably, posterior positioning resulted in high
micromotion at the anterior flange area, while anterior
positioning led to high micromotion at the posterior condyle
area.

The maximum micromotion for different sagittal
positions of the femoral component is presented in Figure
9a and Table I. Under squat condition, the lowest maximum
micromotion was recorded at 49.8 um for a sagittal posi-
tioning of +1 mm, which was a slightly anterior position-
ing. Conversely, extremely anterior positioning (+4 mm) or
posterior positioning (-5 mm) resulted in notably higher

616

maximum micromotion, reaching 629 ym and 137.3 um,
respectively - marking increases of 26.3% and 175.7%
compared to the +1 mm positioning.

The micromotion under gait condition followed a
similar trend to the squat condition but was much lower (p
= 0.001, paired t-test), with no micromotion exceeding 40 um
for all sagittal positions. Additionally, the results indicated no
significant influence of the distance ‘L' (set to T mm or 5 mm)
on maximum micromotion or the danger area (p = 0.285 and
0.572, paired t-test).

For the squat condition, the contact surface area with
micromotion exceeding 40 um was calculated as the danger
area (Figure 9b). Notably, the danger area was minimal (90.0
mm?) at a sagittal position of 0 mm when ‘L’ was set to 1 mm,
and similarly (85.5 mm?) at a sagittal position of +1 mm when
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Micromotion distribution at the femoral contact surface when the sagittal positioning of the femoral component was -5 mm, 0 mm, and 4 mm.

‘L’ was set to 5 mm. Extreme anterior or posterior positioning
led to an expansion of the danger area.

Discussion

Periprosthetic fractures and aseptic loosening are the most
common complications after knee arthroplasty, particularly
among elderly patients.”’ The positioning of the femoral
component has a profound effect on periprosthetic fractures
and prosthetic loosening. Positioning in the coronal plane
under navigation is now more precise. In contrast, there
is no consensus on the optimal position and positioning
method for the sagittal plane due to uncertainty of the
reference point and anatomical differences in the patient.
The effect of rotational positioning of the sagittal plane of
the femoral prosthesis on joint kinematics and bone-pros-
thesis biomechanics has been studied in depth, while the
effect of anterior-posterior positioning of the sagittal plane
of the femoral prosthesis on periprosthetic fracture and
aseptic loosening lacks research under physiological loading.
In this study, we constructed an uncemented TKA model
to investigate the risk of periprosthetic fracture and asep-
tic loosening of the prosthesis across various sagittal plane

positions of the femoral component. We used Von Mises stress
and interface micromotion as indicators under physiological
loading conditions to assess these risks.

Von Mises stress was used to assess the risk of bone
fracture in this study. Bone was considered susceptible to
fracture if the Von Mises stress surpassed 150 MPa.”> One of
the most noteworthy findings was the notable increase in
Von Mises stress at the notching area with deeper notches,
with notching depths exceeding 3 mm posing a fracture risk
(Figure 7). Particularly under squat condition, stress concentra-
tion at the notch area exceeded 150 MPa at sagittal positions
of -4 mm and -5 mm, which could lead to the risk of peri-
prosthetic femoral fracture. This is consistent with a previous
meta-analysis study.” Furthermore, it was observed that when
the notching depth exceeded 3 mm, stress concentration
shifted away from the middle of the notch towards its sides
(Figure 6). This occurred because full-thickness cortical bone
was resected at the middle of the notch.°* Consequently,
the cortical bone on both sides of the notch experienced
bending load, leading to pronounced stress concentration and
a consequent reduction in femur bending strength, thereby
elevating the risk of bone fracture. In light of these findings,
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surgeons facing intraoperative osteotomies with anterior
femoral notches exceeding 3 mm may consider deploying
salvage intramedullary stem to mitigate stress concentration
at the notch. Prior research has indicated that a larger
notching curvature correlates with reduced stress concentra-
tion,” suggesting that surgeons could potentially alleviate
curvature by removing part of the cortical bone above the
notch. This action would increase the distance ‘L' between
the notch and the anterior flange of the prosthesis. Notably,
our study demonstrated that varying ‘L' distances (1 mm and
5 mm) did not significantly influence stress at the notch (p =
0.603, paired t-test). Thus, easing the curvature of the notch
emerges as a viable strategy to reduce the stress concentra-
tion and diminish the risk of periprosthetic femoral fracture.

The study findings highlighted a notable discrepancy
in stress concentration between the squat and gait conditions,
with the former exhibiting a 409.6% increase (p = 0.001, paired
t-test) (Figure 7). Specifically, while Von Mises stress at the
notch area remained below 50 MPa during gait conditions -
significantly lower than the fracture-risk threshold of 150 MPa
- squat loading conditions could escalate stress concentra-
tion beyond 150 MPa. This difference arises from the substan-
tial reduction in distal femur bending strength induced by
notching.®** In contrast, the primary load during gait activity is
vertical, and the Von Mises stress pattern at the notch under
gait load closely resembles the vertical load pattern (Figures
4a and 5a). Fractures associated with femoral notching are
more prone to occur within the initial three months postoper-
atively.” Consequently, it is advisable to perform gait exercises
and minimize squat activity early postoperatively.

Aseptic loosening is one of the common complications
after TKA. Excessive shear stress at the cemented prosthe-
sis interface or excessive micromotion at the uncemented
prosthesis interface are the causative factors for the develop-
ment of aseptic loosening.*® To elucidate the potential sites
for aseptic loosening of the femoral component and evalu-
ate the impact of sagittal positioning on prosthesis stability,
the present study modelled the uncemented situation and
analyzed the micromotion of the contact surface. Micromotion
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below 40 pum is believed to promote bone growth at
the prosthesis-bone interface, while micromotion exceeding
150 um can lead to fibrous tissue formation, compromising
the stability of the prosthesis.”*“° As depicted in Figure 8, when
the femoral component was at a neutral sagittal position,
the maximum micromotion occurred at the anterior flange
area, consistent with previous findings.*® Posterior positioning
of the femoral component resulted in maximum micromo-
tion at the anterior flange, increasing with further posterior
positioning. This trend could be attributed to the high-
stress concentration and deformation at the anterior notch.
Conversely, anterior positioning of the femoral component led
to maximum micromotion at the posterior condyle, increasing
with further anterior positioning. It is worth noting that the
maximum micromotion occurs in the posterior condyle at this
time, probably because there is too little contact between the
anterior flange and the bone for the micromotion analysis
to capture the instability of the prosthetic anterior flange. In
conditions where the prosthesis is placed too anteriorly, this is
likely to lead to instability of the prosthesis. Excessive anterior
or posterior positioning of the femoral component correspon-
ded to heightened maximum micromotion.

Under the squat condition, the +1 mm sagittal
positioning yielded the smallest maximum micromotion of
49.8 um, which still exceeded the 40 um threshold. The
danger area was minimized at the relatively neutral sagittal
position (0 mm sagittal position for L = 1 mm and +1 mm
sagittal position for L = 5 mm), indicating that the neutral
sagittal position (0 mm) or a slightly anterior position (+1 mm)
was the proper sagittal position for the femoral component.
Meanwhile, the maximum micromotion under gait condition
was significantly lower compared to squat condition (80.3%
lower; p = 0.001, paired t-test), remaining below 40 pm
across all tested sagittal positions. This suggests that certain
gait exercises would not compromise postoperative femoral
component stability. Appropriate mechanical stimulation and
low-level micromotion could benefit the second biological
fixation induced by bone formation.”” Additionally, postop-
erative intermittent parathyroid hormone has been shown
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to enhance stability and osseointegration of initially unsta-
ble prostheses, warranting consideration for early postoper-
ative use.”* However, it is not recommended to engage in
squat activities during the early postoperative period, as high
interface micromotion can compromise femoral component
stability and increase the risk of aseptic loosening.

Undoubtedly, the impact of prosthesis positioning on
the musculoskeletal system is multifaceted, and this study
focused solely on femur and femoral prostheses without
considering the altered kinematics and mechanical environ-
ment resulting from anterior and posterior femoral compo-
nent positioning. Notably, posterior placement of the femoral
component has been associated with enhanced quadriceps
strength, reduced patellofemoral contact stress, and allevi-
ated pain and wear on the anterior knee aspect. Further-
more, such positioning results in a decreased flexion gap.*
However, beyond sagittal plane positioning, the flexion-exten-
sion and rotational positioning of the femoral component
significantly influence postoperative outcomes. Extension
positioning increases the risk of anterior femoral notching,
whereas flexion positioning enhances quadriceps muscle
strength and diminishes patellofemoral stress. Nonetheless,
excessive flexion positioning may lead to tibial column and
femoral prosthesis impingement, thereby limiting knee flexion
clearance.”® Presently, positioning perpendicular to the distal
femur anterior cortex axis — approximately 3° to 5° of flexion
relative to the femoral mechanical axis — is deemed optimal for
flexion-extension positioning of the femoral component.®”!
Integrating the findings of this study, which suggest that
the optimal sagittal positioning of the femoral component
is neutral (0 mm, flush with the distal femur anterior cortex
axis) or slightly anterior (+1 mm), provides a comprehensive
understanding of appropriate femoral component sagittal
positioning.

This study has several limitations that warrant
acknowledgement. First, the modelling focused solely on
the femur and femoral prostheses, thereby neglecting
the impact of prosthesis positioning on joint space and
kinematics. Incorporating these factors would offer a more
comprehensive understanding of the overall biomechanical
effects. Second, biomechanical validations were conducted
using synthetic femora, which possess material properties
distinct from real bone. Future endeavours should strive to
employ cadaveric bone for both finite element modelling
and mechanical experimentation to better reflect real-world
conditions. Moreover, individualized modelling introduces
potential sampling errors, and the influence of variables
such as sex and age was not accounted for. Utilizing
computer algorithms to generate generic models based on
extensive CT data may mitigate sampling errors associated
with individual modelling in future studies. Lastly, this study
did not delve into the influence of femoral rotation or
consider cruciate-retaining and cemented TKA scenarios.
While incorporating these factors would undoubtedly enrich
the analysis, the sheer volume of resulting data poses
challenges in presenting comprehensive findings within a
single article. Nonetheless, these aspects will be explored
in subsequent investigations. While this study focuses on
the uncemented situation, its findings can still offer insights
applicable to the cemented scenario, given the informative
nature of the results.

The findings of this study highlight the significance of
sagittal positioning in mitigating the risk of aseptic loosen-
ing and periprosthetic femoral fracture. Specifically, a neutral
sagittal position (0 mm) or a slightly anterior position (+1 mm)
of the femoral component emerged as favourable choices.
These positions effectively alleviate stress concentration at the
femoral notching site and minimize interface micromotion,
thus enhancing the stability and longevity of the prosthesis.
By adopting such sagittal positioning strategies, orthopae-
dic surgeons can potentially reduce the incidence of com-
plications associated with total knee arthroplasty, ultimately
improving patient outcomes and quality of life.

Supplementary material

Method and results of the model validation, method and results
of the mesh sensitivity analysis, results of the maximum Von
Mises stresses and micromotion for each group, and results of the
maximum principal stress distribution for each group.
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