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Abstract

Introduction

Suboptimal total knee arthroplasty (TKA) position of both femoral and tibial components is thought
to be linked with poor clinical outcomes, polyethylene wear and the “unexplained” painful knee
replacement. The aim of this study was to better understand the effect of implant orientation on knee
implant performance.

Materials and Methods

We analysed 30 retrieved contemporary TKA implants. Implant positioning measurements in the
coronal plane were made prior to revision using a diagnostic algorithm, based on 3D computed
tomography (CT) images. Each retrieved polyethylene component was imaged using a micro-CT
scanner and a high resolution computational 3D model of each component was digitally
reconstructed. The difference in thickness between medial and lateral components was calculated.
Statistical analysis was performed to investigate the association between component positioning and
damage patterns.

Results

We found a significant correlation between both the tibiofemoral and femoral angles and difference
in thickness between polyethylene compartments: varus angulations were strongly associated with
thinner medial compartments, whilst valgus angulations were associated with thinner lateral
compartments. Moreover, suboptimal orientation tibiofemoral and tibial component angulation were
associated to greater differences in thickness between polyethylene compartments.

Conclusion

Our study is the first to compare accurate 3D CT measurements of pre-revision TKA positioning in
the coronal plane with post-revision retrieval analysis from innovative, accurate and highly reliable
micro-CT based method. Our results demonstrate the impact of component positioning on

polyethylene damage and helps understanding of the in vivo performance of these implants.



Introduction

Polyethylene (PE) wear in total knee arthroplasty (TKA) remains a crucial issue: aseptic loosening
linked to periprosthetic osteolysis has been reported to be one of the main reasons for revision TKA
[1-2]. Among the most common reasons for increased PE wear are malposition and malorientation.
Suboptimal TKA position of the femoral and tibial components contributes to poor outcomes,
premature polyethylene wear and persistent pain after TKA [3-6]. In particular, malposition in the
coronal plane was considered to be related to early aseptic loosening, which was explained by
increased PE wear due to abnormal force distributions [7, 8].

In clinical practice, position and orientation of TKA is generally assessed using plain radiographs [9].
Several retrieval studies have assessed TKA implant orientation only by radiographs [7, 10].
However, highly accurate measurements are strictly dependent on the patient’s position during
imaging, as this influences the resulting projection. In fact, well aligned and reproducible
anteroposterior and sagittal radiographs are rarely achieved. Moreover, measurements in the axial
plane are not possible [11, 12]. Routine assessment of TKA component position might also be
performed on transverse CT slices (2D-CT) [6, 13, 14]. However, the identification of anatomical
landmarks on the same CT slice is dependent on the orientation of the patient’s limbs, anatomical
variability and CT slice width [15]. Hirschmann et al. [11] recently demonstrated that the use of a
low-dose 3D reconstructed CT is able to overcome these limitations.

Several retrieval studies have previously demonstrated the importance of TKA position for wear, but
the clinical relevance of this relationship for long term survivorship remains controversial [10]. This
may be due to the method chosen to assess the PE wear pattern. Although previous papers [10, 16]
have used visual inspection and demonstrated that it can give an acceptable estimation about the
quality of the damage, it may not be accurate enough to quantify the amount of wear [17]. Recently,

the utility of alternative techniques, such as micro-CT scanning has been demonstrated [18, 19].



The aim of this study was to correlate highly accurate measurement of pre-revision TKA position on
CT in the coronal plane, provided by an established 3D imaging technique [11], with retrieval
findings post-revision, provided by a novel micro-CT based method, in order to better understand

implant orientation effects on knee implant performance.

Methods
Level of Evidence I11.

Figure 1 shows the study design.

MATERIALS

Our retrieval cohort consisted of 30 TKA with symmetrical polyethylene tibial inserts, 22 were
cruciate retaining (CR) and 8 posterior stabilized (PS) designs. They were obtained from 21 female
and 9 male patients, with a median (range) age of 62 (43-78) years and a median (range) time to
revision of 22 (5-162) months. The reasons for revision were instability (n=11), malposition (n=9),
pain (n=3), aseptic loosening (n=3), patella maltracking (n=3) and stiffness (n=1). Table 1

summarizes the TKA and patient demographics for each case.

3D COMPUTED TOMOGRAPHY (CT) FOR POSITION ASSESSMENT

Pre-revision CT scans of the knee from each patient were taken using the Imperial CT protocol [20].
This protocol allows a reduced radiation exposure by limiting the scanning to the mandatory fields
including three anatomic regions, femoral head, knee and ankle. This allows identification of the
mechanical axes of both femur and tibia. Metal artefact reduction sequences were applied in order to
accurately visualize TKA metal components and, consequently, measure implant orientations.

From the CT images, the mechanical axes of both femoral and tibial components were defined, the
images orientated towards standardised frames of references and the following components’

orientation measured [3]: (1) degree of varus/valgus of femoral component, measured as the angle
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between a line connecting the femoral component distal condyles and a line perpendicular to the
mechanical axis of the femur, Figure 2A; (2) degree of varus/valgus of tibial component, assessed as
the angle between a line connecting the horizontal face of the tibial component and a line
perpendicular to the mechanical axis of the tibia, Figure 2B and (3) the tibiofemoral angle, identified
as the angle between the mechanical axis of the femur and the mechanical axis of the tibia, Figure
2C. The measured values were classified in agreement with surgical standard aims [21]: varus and
valgus angles > 3° were considered sub-optimal position.

This method proved to have a near perfect intra- and inter-observer variability (ICC 0.96 to 0.99 and
0.89 to 0.97, respectively) [11]. This method is reproducible and more reliable than traditional

methods, such as measurements on radiographs or 2D-CT [11].

MICRO COMPUTED TOMOGRAPHY (MICRO-CT) FOR RETRIEVAL ANALYSIS
The method consisted of three stages: (1) micro-CT scanning of our retrieved cohort and data
reconstruction, (2) volumetric rendering from micro-CT data and (3) analysis of 3D rendering. Figure

3 shows a flowchart explaining all the 3 stages of this micro-CT based method.

Micro-CT Scanning and Volume Reconstruction

All PE inserts were scanned using a micro-CT scanner (XTH 225, Nikon Metrology NV), Figure 3B.
Scans included 3176 views in 0.11° of increment, with one frame per view and a frame exposure of
1000 ms. The X-ray tube voltage was set to 80 kV, with a current of 300 pA. Scans were reconstructed

at the full 45-um isotropic resolution.

Volumetric Rendering
The volumetric reconstructions of each PE insert were analysed with 3D micro-CT analysis software
(Simpleware ScanlP, software version 7.0, Exeter, UK); isosurface rendering was performed and the

resulted geometry was saved in stereolithography (STL) file format, Figure 3C.



Volume Rendering Analysis: Difference in thickness

Geomagic Control X (Geomagic Inc, Morrisville, NC, USA) was used to further analyse all volume
renderings. Each image of PE inserts was imported as measured data, and a plane was created and
placed parallel and coincident to the backside surface to serve as reference data, Figure 3D.

A 3D comparison between the tibial articular surface and the reference plane was then performed and
a colour map representing relative distances generated, Figure 3E. The thinnest point in both the
medial and lateral compartments was identified and the difference in thickness between them
computed, in order to establish the most deformed compartment. This deformation was considered
as a combination of wear and creep: no distinction was made in the present study. This approach has
been already adopted in previous studies [10, 22]: compartment thickness was measured with
callipers and considered a good estimator of the magnitude of wear. However, our method is based
on micro-CT technology, which has been shown to be highly accurate [18-19]. Moreover, our method
provided a high resolution (45um).

In order to assess the intra-observer reliability (degree of agreement among different measurements
from the same rater), the intra-class correlation coefficient (ICC) of three observations on 19 samples
from the same rater was calculated. The inter-observer reliability (degree of agreement among the
raters) was established by calculating the ICC of the mean of the observations from two different

raters on 19 samples.

STATISTICAL ANALYSIS

Statistical analyses were performed using Prism 7 (GraphPad, USA).

Potential correlations between differences in thickness and varus/valgus orientations of the
components were investigated using non-parametric Kruskal-Wallis tests.

Looking at suboptimal (outside +3°) and normal (within £3°) implant alignments, potential

differences in the difference of thickness were evaluated using non-parametric Mann-Whitney test.



The level of significance for all statistical analyses was p<0.05.

Results

3D COMPUTED TOMOGRAPHY (CT) FOR POSITION ASSESSMENT

Results from pre-revision 3D CT images revealed that 50% (n=15) of femoral TKA components
showed varus orientations with a median (range) value of 3° (1°- 4°), 30% (n=9) revealed valgus
orientations with a median (range) value of 2° (1°- 3°) while 20% (n=6) had a neutral angulation.
Four cases showed sub-optimal varus orientation.

60% (n=18) of tibial TKA components showed varus orientation with a median (range) value of 2°
(1°- 5°), 30% (n=9) revealed valgus orientation with a median (range) value of 2° (1°- 5°) and only
10% (n=3) presented a neutral angulation. Sub-optimal varus and valgus orientations were reported
in four and one cases, respectively.

Regarding the tibiofemoral angle, 66% (n=20) of the implants showed a varus angulation with a
median (range) value of 3° (1°- 10°), whilst 30% (n=9) revealed valgus angulation with a median
(range) value of 1° (1°- 6°). Only one case showed a neutral angulation. Sub-optimal varus and valgus
angulation were reported in six and one cases, respectively.

Table 2 summarizes results from 3D-CT analysis.

MICRO COMPUTED TOMOGRAPHY (MICRO-CT) FOR RETRIEVAL ANALYSIS

Volume Rendering Analysis: Difference in thickness

Micro-CT data analysis revealed that 63% (n=19) of tibial inserts showed thinner medial
compartments compared to the lateral sides, with a median value (range) of difference in thickness
of 0.045 mm (0.0047 mm — 3.75 mm); whilst 37% (n=11) of tibial inserts showed thinner lateral
compartments compared to the medial ones, with a median value (range) of difference in thickness
of 0.060 mm (0.0001 mm — 0.139 mm).

Table 3 summarizes results from micro-CT images.



The method here presented proved to have a near perfect intra- and inter-observer variability (ICC =
0.98 t0 0.99, in both the cases).
We found a significant correlation between time to revision and difference in thickness (p=0.0017,

r=0.5474), Figure 4.

STATISTICAL ANALYSIS

Correlations with Femoral TKA Orientation

A significant correlation was found between orientation of femoral TKA components and difference
in thickness between PE tibial compartments (p=0.0336, r=0.3890): a progression in the varus
angulation was associated with a progressively thinner medial compartment, while a progression in
the valgus angulation was associated with a progressively thinner lateral compartment, Figure 5.
Looking at suboptimal (outside +3°) and normal (within £3°) aligned femoral angles, no significant
difference was found in the difference in thickness between medial and lateral compartments

(p>0.9999).

Correlations with Tibial TKA Orientation

No significant correlation was found between orientation of tibial TKA components and difference
in thickness between PE tibial compartments (p=0.4436, r=0.1453).

A significant difference was found between suboptimal (outside +3°) and normal (within £3°) tibial
angles (p=0.0185): the median value of the depth difference for cases of suboptimal orientation was
higher than the median value related to normal orientation (0.1140 mm and 0.0382 mm respectively),

Figure 6.

Correlations with Tibiofemoral Angle
A significant correlation was found between the tibiofemoral angle and depth difference between

medial and lateral PE compartments (p=0.0329, r=0.3905): greater varus angulations were
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significantly correlated with thinner medial PE compartments, while greater valgus angulations were
significantly correlated with thinner lateral PE compartments (Figure 7). Figure 8 shows two
examples of these correlations.

Suboptimal tibiofemoral angulation (outside £3°) showed a higher depth difference median value
(0.0382 mm vs 0.1140 mm) when compared to normal tibiofemoral angulation (within £3°): this

difference was significant (p=0.0472), Figure 9.

Discussion

This is the first study to correlate findings from two different CT modalities: we used medical 3DCT
imaging to measure precisely implant orientation and an innovative, accurate and reliable micro-CT
based method to analyse retrieved TKAs. We found significant correlations between the difference
in polyethylene compartment thickness and tibiofemoral angle, as well as femoral angulation; the
orientation of the single tibial component seemed to have minor effects on polyethylene deformation.

Suboptimal tibial and tibiofemoral angulations were associated to greater differences in thickness.

Our results are in agreement with previous studies. Vandekerckhove et al. [10] found that their
retrieved cohort showed an increased medial wear with greater varus alignment of the tibial
component. D’Lima et al. simulated variations in knee kinematics due to malorientation in the coronal
plane and found that the PE inserts in the malaligned groups had the highest wear rates [23]. Collier
et al. demonstrated that the mean loss of polyethylene thickness in the retrieved medial compartment
of both TKA and unicompartmental knee replacements was associated with postoperative angulation

of the knee in the coronal plane [24].

Our results showed a significant correlation between the time to revision and difference in thickness.
This demonstrated that deformation of tibial inserts under malorientation conditions could be

exacerbated with time. A clear example of this in our cohort, had a difference in thickness of 3.495



mm and the TKA had been implanted for more than 13 years. These conditions were linked to the
worst case of varus tibiofemoral angulation (10°); surprisingly, both femoral and tibial components
showed varus angulation < 3°: it can be expected that this discrepancy between single and overall

orientation could be exacerbated by the asymmetry in the polyethylene deformation through the time.

A strength of this study is that is the first paper using three dimensional computed tomography to
assess implant orientation and position for correlation with retrieval findings. Other research groups
have identified TKA position using more traditional techniques, such as x-ray [7, 8, 16, 26-29].
Imaging techniques based on three dimensional computed tomography (3DCT) have been recognised
as the investigation of choice for assessing implant positioning in TKA: in fact, the method used in
this study, due to its three-dimensional nature, allowed post-imaging reconstruction in all planes and
therefore was less affected by positioning errors [3]. Moreover, the metal artefacts reduction applied
allowed to easily identify metal components’ geometry, as well as anatomical landmarks. In a
comparison study between radiographs, 2D-CT and 3D-CT, Hirschmann et al. demonstrated that 3D-
CT was highly reliable, even in measuring components’ axial rotations, and significantly better than

2D-CT; moreover, intra- and inter-observer variabilities were near to perfection [11].

The retrieval analysis method was based on micro computed tomography technology (micro-CT),
which has been previously introduced as accurate and reliable technique for analysis of retrieved PE
inserts. Engh et al. [19] demonstrated that micro-CT scans of retrieved TKA inserts and pristine
inserts (used as a reference) can be used to determine volume and location of wear. However, they
estimated the magnitude of manufacturer tolerances was approximately half the magnitude of the
total wear on average. Teeter et al. [31] also demonstrated that, because of manufacturing variability,
PE insert volumes could differ by 2% in the worst case and showed a maximum linear difference of
0.21 mm. Greater variability was also identified when CAD models from manufactures were chosen

as reference geometry [32]. The study by Teeter et al. developed a reverse-engineering technique to
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generate an average 3D tibial insert reference geometry obtained from unworn PE inserts. This
solution minimised the variability to 8.3 + 12 um [33]. However, such a large availability of pristine
samples is not given, especially in a retrieval study like the one presented here. Hence, manufacturing
tolerances as well as the identification of the ideal reference geometry could remain an unsolved
issue. It was aimed to identify the thinnest point of each compartment and compute the difference,
using a plane as reference geometry, without need for a pristine sample or CAD model. Moreover,
comparing two zones of the same insert, the effect of manufacturing tolerances could be considered
limited. The method was based on the peer reviewed [10, 22, 34] concept that differences in thickness
between medial and lateral compartments could be considered a good estimator of magnitude of
polyethylene deformation. However, whilst in previous studies the thinnest points were identified by
using a calliper, our micro-CT based method provided more accurate and precise measurement [18-
19], with high resolution (45 pum). Additionally, it showed a near perfect intra- and inter-observer

variability (ICC = 0.98 to 0.99, in both the cases).

This retrieval study has several limitations. Firstly, the absence of a strong correlation between the
single tibial component orientation and difference in thickness between compartments may be due to
the limited number of implants. This study does however provide useful information for future work,
which should then involve larger retrieval numbers.

Secondly, our micro-CT method applies only to symmetrical polyethylene retrieval inserts. The
method was based on the fact that symmetrical tibial inserts show no difference in thickness between
medial and lateral compartment, an assumption which allowed us to attribute differences in thickness
to difference in the amount of deformation (wear and/or creep). Future work is fundamental in order
to develop a method in order to investigate also asymmetrical PE inserts and wear in its three
dimensional nature.

Finally, 3DCT images were used to define implant orientation. Although it has been demonstrated to

be more reliable and accurate than plain radiographs, it was not possible to obtain images of the leg
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in weight-bearing position. Gbejuade et al. demonstrated good agreement between weight-bearing
lower limb full-length x-ray and CT scans, however in case of non weight-bearing malalignment may
be underdetected, especially in cases of pronounced laxity and instability [35]. Recently, an
innovative imaging technique, the EOS® 2D/3D imaging system, was used in TKA for studying
implant positioning and was validated for knee axis measurement after TKA [36-38]: it uses
ultrasensitive multi-wire proportional chamber detector to detect X-rays, which allows to scan

patients in standing position.

The clinical relevance and the effect on TKA performance of positioning of each individual
component in six degrees of freedom is not clearly established. In particular, the effect of axial
mismatch between femoral and tibial components is still poorly understood because measurement
from traditional techniques are often inaccurate and the optimal rotational alignment target has not
been defined. However, combining 3D-CT measurements of implant orientation with retrieval results
from micro-CT might allow to better understand the direct effect of malrotation and malposition on

the three-dimensional nature of wear pattern.

Conclusion

This study compared TKA implant position measured using an established 3D-CT technique with
retrieval findings from an innovative micro-CT based method. We investigated whether there was a
relationship between TKA position in the coronal plane and the relative compartmental change in
shape (i.e. deformation) in symmetrical PE inserts. A significant correlation was found for
varus/valgus position and PE deformation. These results indicate that TKA position and orientation

directly affects PE damage patterns and, thus, its performance in vivo.
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Implant Age Time of
P Design Gender g implantation  Reason for revision
# [years]
[months]
1 PFC Sigma, DePuy, F 68 15 Aseptic loosening
CR
2 PFC Sigma, DePuy, M 66 53 Malposition
CR
3 Triathlon, Stryker, F 53 79 Instability
PS
4 Triathlon, Stryker, M 75 99 Aseptic loosening
PS
5 BalanSys, Mathys, F 61 40 Patella maltracking
CR
6 PFC Sigma, DePuy, F 46 20 Pain
CR
7 TC PLUS, Smith & M 62 10 Instability
Nephew, CR
8 Signature, Biomet, M 64 10 Malposition
PS
9 NexGen LPS FLEX, F o1 6 Pain
Zimmer, PS
10 LCS Complete, F 71 24 Patella maltracking
DePuy, CR
11 LCS Complete, F 63 162 Varus Instability
DePuy, CR
12 LCS Complete, F 70 12 Instability
DePuy, CR
13 PFC Sigma, DePuy, F 53 45 Malposition
PS
14 PFC Sigma, DePuy, F 62 60 Instability
CR
15 PFC Sigma, DePuy, F 72 19 Stiffness
CR
16 PFC Sigma, DePuy, F 63 61 Aseptic loosening
PS
17 PFC Sigma, DePuy, F 49 17 Instability
PS
18 PFC Sigma, DePuy, F 67 13 Patella maltracking
CR
19 PFC Sigma, DePuy, F 61 10 Instability
CR
20 Attune, DePuy, F 78 5 Instability
PS
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21 BalanSys, Mathys, M
CR

22 PFC Sigma, DePuy, M
CR

23 Triathlon, Stryker, M
CR

24 Attune, DePuy, F
CR

25 Triathlon, Stryker, F
CR

26 Attune, DePuy, F
CR

27 BalanSys, Mathys, M
CR

28 BalanSys, Mathys, F
CR

29 BalanSys, Mathys, M
CR

30 BalanSys, Mathys, F
CR

Table 1: Implant and patient demographics.
Orientation [°]
Implant | Femoral Tibial Tibiofemoral

# component component angle

1 -1 -3 -2

2 -1 -4 -2

3 0 -5 -4

4 -4 -2 -4

5 2 5 1

6 -3 -2 -7

7 -3 -1 -3

8 1 -2 -2

9 3 2 6

10 -3 -3 -3

11 -3 -1 -10

12 -1 0 1

13 -4 0 -3

14 2 -3 -1

15 -4 2 -2

16 2 3 -3

17 1 -1 1

18 0 1 1

19 -2 -4 -4

20 2 -2 1

21 2 -1 0

74

43

66

64

50

62

59

62

56

53

38

22

78

22

24

15

18

23

22

Malposition
Malposition
Malposition
Instability
Pain
Instability
Malposition
Malposition
Instability

Instability
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22 -4 1 -1
23 -3 -1 -3
24 -1 -5 -6
25 -1 0 -1
26 0 1 2
27 0 -1 -2
28 0 -3 -3
29 0 3 1
30 1 3 1

Table 2: Results from 3DCT images in the coronal plane divided according to the angle considered: negative values mean

varus angulation, whilst positive values means valgus angulation.

Micro-CT evaluation

Implant # Difference in thickness
[mm]
1 -0.0297
2 0.0880
3 -0.0546
4 -0.6266
S 0.1389
6 -0.0421
7 -0.0307
8 -0.1909
9 0.0704
10 -0.0252
11 -3.495
12 0.0084
13 0.0155
14 0.1041
15 -0.0177
16 -0.0068
17 -0.0152
18 0.0073
19 0.0529
20 -0,0047
21 -0.29
22 -0.0462
23 -0.15
24 0.114
25 -0.042
26 -0.1
27 0.06
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28 -0.02
29 0.095

30 0.005
Table 3: Results from micro-CT data analysis showing for each case the difference in thickness between medial and

lateral compartments [mm], calculate as thinnest point eqi — thinnest point;,q.rq;- Negative values mean that the
medial compartment was thinner than the lateral one, whilst positive values mean that the lateral compartment was thinner

than the medial one.

30 TKA with
symmetrical polyethylene design

Medical CT Engineering CT
Pre-revision 3D-CT scans Post-revision u-CT scans
Implant orientation Difference in thickness
in the coronal plane between compartments

Correlation?

Figure 1: Flow chart representing the steps of our study design.

Figure 2: Pre-revision 3DCT images provided accurate and precise information about implant orientation in all the three
anatomical planes. Our study focused on coronal orientation: (A) degree of varus/valgus of femoral component, measured
as the angle between a line connecting the femoral component distal condyles (3) and a line perpendicular (2) to the

mechanical axis of the femur (1); (B) degree of varus/valgus of tibial component, assessed as the angle between a line
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connecting the horizontal face of the tibial component (3) and a line perpendicular (2) to the mechanical axis of the tibia
(1); (C) tibiofemoral angle, identified as the angle between the mechanical axis (1) of the femur and the mechanical axis

of the tibia (3).

Lateral Medial

Lateral Medial

A. Retrieved Polyethylene B. Micro-CT Scanner, XTH 225 Nikon C. Volume Rendering,
Simpleware ScanlP

Polyethylene Tibial
3D Reconstruction

Reference
Plane

E. Colour Map, Geomagic Control X D. 3D Comparison, Geomagic Control X

Figure 3: (A) Example of retrieved left polyethylene from our cohort; (B) micro-CT scanner (XTH 225, Nikon Metrology
NV). (C) 3D reconstruction of a left retrieved polyethylene tibial insert, performed using Simpleware ScanlP, with an
isotropic resolution of 45 um and a total number of triangles of 10,000,000. (D) Example of alignment between
polyethylene tibial 3D reconstruction (blue) and reference plane (grey), imported in Geomagic Control X as measured
and reference data respectively. The reference plane was aligned parallel to the backside surface of the tibial insert. (E)
Example of colour maps generated in Geomagic Control X for a left polyethylene tibial insert; each colour represented
the relative distance between articular surface and reference plane. Zones with the same colour correspond to articular
zones at the same distance from the reference plane. For each compartment, the thinnest point was identified (black
arrows) and the difference in thickness was computed. The blue pattern in the centre of the figure is due to the design of

the backside.
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Figure 4: Graph of difference in thickness (in absolute values) and time of implantation: it is possible to see the effect of

malorientation for a prolonged time in situ on the difference in thickness between medial and lateral compartment.
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Figure 5: Graph representing the correlation between femoral angle and the difference in thickness. Positive x-values are

referred to valgus angulation, whilst negative x-values are referred to varus angulation; positive y-values are referred to

smaller lateral compartments, whilst negative y-values are referred to smaller medial compartments.
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Figure 6: Graph representing the significant difference between normal (within +3°) and suboptimal (outside +3°) tibial

orientation: mal-positioned tibial components showed higher difference in thickness than well-positioned ones.
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Figure 7: Graph representing the correlation between tibiofemoral angle and the difference in thickness. Positive x-values
are referred to valgus angulation, whilst negative x-values are referred to varus angulation; positive y-values are referred

to smaller lateral compartments, whilst negative y-values are referred to smaller medial compartments.
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Right knee Left knee

medial — lateral lateral medial

lateral
lateral

medial

Figure 8: Two examples of correlation between tibiofemoral angle in the coronal plane and differences in linear depth
between medial and lateral polyethylene tibial compartments. Left: (A) retrieved right polyethylene tibial insert, on its
articular surface is not possible to identify any depression or differences between medial and lateral compartments; (B)
colour map, generated by the comparison between 3D rendering of the sample and reference plane, which revealed that
the lateral side was a thinner than the medial one (the colour pattern in the centre of the figure is due to the design of the
backside); (C) results from pre-revision 3DCT image revealed that the tibiofemoral angle had a valgus orientation, in
correlation with results from the retrieval analysis;. Right: (D) retrieved left polyethylene tibial insert, on its articular
surface is possible to notice area of burnishing and depression, more extended on the medial side; (E) colour map,
generated by the comparison between 3D rendering of the sample and reference plane, which confirmed that the medial
side was a thinner than the lateral one (the colour pattern in the centre of the figure is due to the design of the backside);
(F) results from pre-revision 3DCT image revealed that the tibiofemoral angle had a varus orientation, in correlation with

results from the retrieval analysis.
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Figure 9: Graph representing the significant difference between normal (within £3°) and suboptimal (outside +3°)

tibiofemoral orientation: implants with suboptimal overall alignment showed higher difference in thickness.
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