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1

Introduction

Patellofemoral arthroplasty (PFA) is a surgical intervention to treat isolated patellofemoral
arthritis with outcomes equivalent to total knee arthroplasty (TKA) [1, 2]. Potential benefits
of PFA over TKA are that it conserves bone [3], reduces blood loss, retains the native
femorotibial articulation and provides similar kinematics to the natural knee [4]. Also, since it
is most preferred in younger patients [5], its conversion to TKA should be associated with
less complications when compared to revision TKA [6]. Despite these claimed advantages, its
usage is controversial due to its variable clinical results [7] and high revision rates [8, 9]. The
aetiology of failure is multifactorial, one of them being problematic implant design [10]. The
design of the trochlear component of PFA plays a significant role in patellofemoral
kinematics [11] as 75% of patients have a pre-existing condition of trochlear dysplasia and
patellar maltracking [12] making them vulnerable to early post-operative patellofemoral
problems [13]. To address this issue of failure, many modifications have been made to
implant designs over the years, which led to the development of second generation (anteriorcut) implants, where the anterior compartment of the knee is completely replaced with a
metal component rather than just treating the area of worn cartilage [11].

Figure 1: (A) Articulating surface and (B) backside of the reference patellofemoral component

Abbreviations: PFA, Patellofemoral Arthroplasty; TKA, Total Knee Arthroplasty; UHMWPE, Ultra-High Molecular Weight
Polyethylene; SEM, Scanning Electron Microscope; EDX, Energy- Dispersive X-rays; OxZr, Oxidised Zirconium; CoCr,
Cobalt Chromium, PFOA, Patellofemoral osteoarthritis

A recently introduced design (figure 1) is the Journey PFA (Smith and Nephew, Memphis,
Tennessee) [11]. It is the third most commonly implanted PFA in the UK [8] and Australia
[9]. Since its introduction, 1,743 Journey PFAs were implanted in the UK [8] and 481 in
Australia [9], its cumulative revision rate at 5 years was found to be 12.8% in the UK [8] and
12.4% in Australia [9]. The trochlear geometry of Journey is based on the clinically
successful design of the Genesis II TKA (Smith and Nephew, Memphis, Tennessee). The
asymmetric trochlear component is designed with a proximally lateralized patellofemoral
groove that engages the patella in extension and the groove shifts slightly medially in the
distal region to provide appropriate patellar tracking in the flexion cycle. It has a deeper
coronal radius of curvature whilst being relatively unconstrained compared with previous
designs [14]. The Oxinium/Oxidised zirconium (OxZr) implant has a surface modified
zirconium alloy comprising of a uniform ceramic oxide surface obtained when oxidised in
dry air above 500°C, thus exhibiting a gradual transition from ceramic oxide layer to
substrate metal alloy. This material is reported to reduce wear rates due to its increased
scratch resistance and wettability [15]. Good 2-year and 5-year functional outcomes of the
OxZr PFA design have been reported [1, 16].
The purpose of the current work is to assess the damage features and 3D roughness profile of
explanted Journey PFAs.

2
2.1

Materials and Method
Retrieval process

Approval was obtained from the Research Ethics Committee (09/H0906/72), prior to the
commencement of the current retrieval analysis. The cohort consisted of nine retrieved
Oxinium trochlear components with six UHMWPE patella buttons. They were retrieved
between 2014 and 2017, by three surgeons from the same hospital. All the components were
cemented, and all had an implantation time of more than a year. The mean in vivo time of the
prostheses was 66.6 ± 19.4 months, while the mean age at revision was 58 ± 12.8 years. The
patient and implant demographics are given in Table 1.

Age at
revision
(years)

Trochlear
size

Patella
button
shape &
diameter

Explant
code

Side

Gender

Primary
Prognosis

Revision
prognosis

Time in
vivo
(months)

E1

Left

Female

PFOA

Progression of
disease

74

55

Small

Dome, 29mm

E2

Left

Male

PFOA

Unexplained
pain

34

50

Large

Modified
dome, 35mm

60

74

Medium

Modified
dome, 35mm

E3

Left

Female

PFOA

Catastrophic
failure of
patella button

E4

Right

Female

PFOA

Pain and
patella
maltracking

82

81

Small

Dome, 29mm

E5

Left

Female

PFOA

Progression of
disease

32

53

Medium

-

72

41

Small

Biconvex
dome, 26mm

E6

Left

Female

Pain

Bone
overgrowth at
distal pole of
the patella
button

E7

Left

Female

PFOA

Progression of
disease

88

69

Small

-

E8

Right

Female

PFOA

Pain & patella
maltracking

37

45

Extra small

-

E9

Left

Female

Injury and
pain

Pain

72

54

Small

Dome, 29mm

Table 1: Patient and Implant variables of nine retrieved Oxinium PFA prostheses

Before the start of the analysis, all the explants were sterilized in formalin solution for at least
48 hours, then carefully cleaned with mild soapy water and air dried. A new, never implanted
Journey PFA was used as a reference component.
2.2

Trochlear scoring and analysis

All the trochlear components were assessed using a non-contact vision measuring system
(Mitutoyo Quick Scope) at 25x magnification (50x lens and 0.5x zoom). The articulating
surface of the trochlear samples were divided into a consistent seven zone pattern (figure 2).
Zone 1 (lateral flange), Zone 2 (central groove) and Zone 3 (medial part) represented the
proximal part of the component (approx. 0° early flexion). Zone 4 (lateral side), Zone 5
(central grove), and Zone 6 (medial side) showed the distal region (15°-30° mid-deep
flexion). Zone 7 represented the intercondylar tail of the trochlear component relative to the

articular surfaces of the lateral and medial femoral condyle (approx. 45° flexion). Each zone
was scored for four different damage modes using the method outlined by Brandt et al., [17].
The four damage modes were streaks, scratches, pitting and abrasion. Streaks were defined as
fine superficial indentations sustained on the oxidised surface. Scratches on the other hand
were coarser/deeper features through the oxidised layer exposing the underlying zirconium
alloy. Pitting was defined as small crater like defects on the surface. Abrasion was where a
larger area of the oxidised layer was removed exhibiting a roughened underlying substrate
[18].
Each damage mode was scored for its severity (severity score, SS) and the percentage of area
it affected (area score, AS). For AS, a score 0 was given if the damage was absent, score 1
was given if the damage had affected 0-10% of the surface, 2 for 10-20%, and so on up to 10
for the damage that affected 90-100% of the area. For SS, 0 represented no damage, 0.33
(mild damage; just noticeable), 0.66 (medium damage) and 1 (extreme damage).
The component damage score (CDS) was given by
𝑛
CDS = ∑𝑚
𝑗=1 ∑𝑖=1(AS𝑖 × SS𝑖 )𝑗

(1)

Where (AS𝑖 × SS𝑖 ) represents the score for each damage mode given by i, ranging from 1 to n,
n being the total number of damage modes. Whereas, j represents the total number of zones
[17].
Selected components were analysed using an Environmental Scanning Electron
Microscope-Field Emission Gun (XL30 ESEM-FEG) equipped with EDX system to better
understand certain in vivo damage modes as well as to perceive the causes of the damage.

Figure 2: Schematic representation of the seven zone pattern for the retrieved trochlear components

2.3

Patella scoring

The same method (as shown in equation (1)) was also used to assess damage modes on the
UHMWPE patella buttons. Each patella was divided into four quadrants, every quadrant was
evaluated for seven damage modes [19]. The seven damage modes were as follows.
Burnishing is where the surface is smooth, shiny and highly polished caused by the continual
articulation between the implants [20]. Scratches are damage on the component due to
gouging by an asperity of the hard counterface or a third body wear particle [21]. Pitting
refers to small cavity-like features [22]. Abrasion is a pattern where the surface of the
component is roughened or tufted [21]. Embedded debris is the ingraining of metal or bone
cement particles in polyethylene [21]. Delamination is a characteristic of fatigue wear which
leads to subsurface cracking and layer by layer removal of the material [23]. Cold flow is the
change in the shape of the surface with no loss of material [23].
2.4

Surface profilometry of trochlear components

Surface roughness measurements were carried out on the reference and the retrieved trochlear
components using a non-contacting white light interferometric profilometer (NewView 5000,
Zygo) as used in previous explant studies [24, 25]. The measurements were taken at 20x
magnification (2x zoom and 10x lens) giving an area of view of 317 × 238 µm. This optical

surface profilometer has a vertical resolution of less than 1nm. All explants were cleaned
with isopropanol before profilometry analysis. The parameters measured were: average
surface roughness Sa (mean of the deviations in peaks and valleys from the centreline of the
sampling area); root-mean-square surface roughness Sq (the root-mean square of the
deviation in peaks and valleys from the centre line of the sampling area); maximum peak
height Sp; maximum valley depth Sv; skewness Ssk (symmetry of data profile about the
centreline); PV (maximum peak to valley height); and 10-point height Sz (average of five
highest peaks and five lowest valleys) [26]. Eleven roughness measurements were made at
different degrees of flexion, at approximately 0°, 15°, 30° and 45°, so that in total 44 points
were taken on each sample (Figure 3). The method used by Que et al., [27] and Heyse et al.,
[28] was adapted to carry out the roughness measurements in the current study.

Figure 3: Schematic representation of the 44 surface roughness measurements performed at different flexion
angles on the reference and retrieved trochlear components

2.5

Statistical analysis

The data collected was analysed using IBM SPSS Version 24 (SPSS Inc., Chicago, IL).
Throughout the current study, the mean values were calculated and cited with standard
deviation (SD) for all parameters. A Kruskal-Wallis test was performed to compare various
damage mode scores observed in the trochlear component and the patella button. A Mann-

Whitney U test was applied to detect significant difference between the roughness of the
retrieved and reference components. The test was also used to compare the roughness values
at each flexion angle (0°, 15°, 30° and 45°) of the retrieved components with the values of the
reference component. The level of statistical significance was considered at p <0.05.

3
3.1

Results
Trochlear scoring

Surface damage was observed in most of the retrieved components and the average trochlear
damage score across nine components was 2.16 ± 2.42. Streaks were found to be the primary
form of damage on the retrieved components. Surface damage (scratches) patterns observed
on the trochlear components were not in the anterior-posterior direction usually found on the
femoral condyles of TKA [29, 30] but were rather multidirectional. Samples E3 and E4 were
observed to have abraded regions on their distal-lateral edge. While damage scores of <0
could be obtained from table 2, this is simply due to the spread of the data. The four damage
modes are shown in figure 4.
Damage modes

Average score

Streaks

1.06 ± 1.58

Abrasion

0.40 ± 0.99

Scratches

0.36 ± 0.41

Pitting

0.33 ± 0.33

Total

2.16 ± 2.42

Table 2: Trochlear damage score (mean ± standard deviation) of retrieved components

Figure 4: Four damage modes observed on the retrieved trochlear component E3

None of the damage modes were found to be significantly higher in any of the zones:
scratches (p = 0.642), streaks (p = 0.263), pitting (p = 0.563), and abrasion (p = 0.058). The
total damage score of various zones is given in Table 3. The damage score at zone 4 (distallateral side) was higher when compared to other regions and was significantly different than
zone 1 (p = 0.046). The zones were categorized into medial (Zone 3 & Zone 6), central (Zone
2 & Zone 5), and lateral sides (Zone 1 & Zone 4) and the scores were compared to see if any
pronounced deviations occurred in the patellar tracking during the flexion-extension cycle, no
significant deviations were observed (p = 0.139). Also, no difference in damage scores was
found in zones when classified into proximal (Zone 1, Zone 2 & Zone 3) and distal (Zone 4,
Zone 5, Zone 6 & Zone 7) areas (p = 0.250).

Specifications

Scratches

Streaks

Pitting

Abrasion

Total Score

Zone 4
Zone 2
Zone 5
Zone 3
Zone 7
Zone 6
Zone 1

0.11 ± 0.23
0.07 ± 0.22
0.07 ± 0.15
0.07 ± 0.22
0.04 ± 0.11
0.00 ± 0.00
0.00 ± 0.00

0.37 ± 0.86
0.48 ± 1.31
0.11 ± 0.17
0.07 ± 0.22
0.00 ± 0.00
0.04 ± 0.11
0.00 ± 0.00

0.04 ± 0.11
0.11 ± 0.17
0.07 ± 0.15
0.04 ± 0.11
0.04 ± 0.11
0.04 ± 0.11
0.00 ± 0.00

0.41 ± 1.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.92 ± 1.66
0.66 ± 1.62
0.26 ± 0.36
0.18 ± 0.29
0.07 ± 0.22
0.07 ± 0.22
0.00 ± 0.00

Table 3: Damage score (mean ± standard deviation) in each zone for retrieved trochlear components

3.2

Surface profilometry of trochlear components

Surface roughness measurements were performed at different sections on the retrieved
trochlear components and were compared with data obtained from the reference sample (table
4). On the whole, all the roughness parameters (Sa, Sq, Sp, Sv, PV and Sz) showed a
significant increase on the explants compared with the reference component, expect skewness
Ssk (table 4).

Parameters
Sa (µm)
Sq (µm)
Sp (µm)
Sv (µm)
PV (µm)
Sz (µm)
Ssk

Trochlear roughness
Pristine
Retrieved
0.018 ± 0.005
0.023 ± 0.006
0.182 ± 0.104
-0.301 ± 0.140
0.495 ± 0.170
0.271 ± 0.145
-0.436 ± 1.035

0.035 ± 0.036
0.049 ± 0.052
0.365 ± 0.195
-0.468 ± 0.265
0.833 ± 0.412
0.634 ± 0.252
-0.565 ± 1.448

p-value
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.168

Table 4: Comparison of surface roughness parameters (mean ± standard deviation) of reference and retrieved
trochlear components

The roughness values at each flexion angle of the retrieved components was compared with
the roughness values (average along the four-flexion angle) of the reference component (table
5). A significant difference was observed for all roughness parameters (Sa, Sq, Sp, Sv, PV and
Sz) at every flexion angle except for skewness Ssk at 30° flexion (p = 0.311) and 45° flexion
(p = 0.509).

Trochlear roughness
Parameters

0° flexion

15° flexion

30° flexion

45° flexion

(Retrieved)

(Retrieved)

(Retrieved)

(Retrieved)

Reference

p-value1

p-value2

p-value3

p-value4

Reference
vs 0°
flexion

Reference
vs 15°
flexion

Reference
vs 30°
flexion

Reference
vs 45°
flexion

Sa (µm)

0.018 ±
0.005

0.037 ±
0.046

0.034 ±
0.03

0.036 ±
0.037

0.033 ±
0.029

<0.001

<0.001

<0.001

<0.001

Sq (µm)

0.023 ±
0.006

0.054 ±
0.072

0.047 ±
0.038

0.051 ±
0.051

0.046 ±
0.041

<0.001

<0.001

<0.001

<0.001

Sp (µm)

0.182 ±
0.104

0.360 ±
0.153

0.337 ±
0.131

0.383 ±
0.237

0.378 ±
0.234

<0.001

<0.001

<0.001

<0.001

Sv (µm)

-0.301 ±
0.140

-0.509 ±
0.417

-0.440 ±
0.122

-0.477 ±
0.258

-0.445 ±
0.158

<0.001

<0.001

<0.001

<0.001

PV (µm)

0.495 ±
0.170

0.870 ±
0.543

0.778 ±
0.22

0.859 ±
0.468

0.824 ±
0.341

<0.001

<0.001

<0.001

<0.001

Sz (µm)

0.271 ±
0.145

0.649 ±
0.342

0.605 ±
0.148

0.653 ±
0.263

0.630 ±
0.213

<0.001

<0.001

<0.001

<0.001

Ssk

-0.436 ±
1.035

-0.747 ±
1.496

-0.802 ±
1.652

-0.490 ±
1.365

-0.221 ±
1.184

0.036

0.017

0.311

0.509

Table 5: Comparison of the surface roughness parameter (mean ± standard deviation) of the reference with each
flexion angle (0°, 15°, 30° & 45°) of the retrieved component

3.3

Scanning Electron Microscopy (SEM) Results

Two of the components (E3 and E4) that exhibited more damage than the others were
analysed under the SEM to better understand the characteristics of the in vivo damage. It was
found in the distal-lateral edge of sample E3 that the oxidised layer in the worn region was
removed when compared to the unworn region (figure 5A). Also, when focused on one of the
damaged areas in the worn region (indicated in figure 5A), the oxidised layer appeared to
show surface cracks and material flakes (figure 5B). Similar characteristics (cracks and
material flakes) were also observed in E4.

Figure 5: (A) unworn and worn region of component E3, 150x (B) shows a magnified view of part of the
damaged area in the worn region of E3, 400x

3.4

Scanning Electron Microscope (SEM) and 3D surface profilometer results

A comparative study was made between the SEM images and 3D surface profile of the
reference, E3 and E4 samples. The images obtained from the SEM were complemented by
the results provided by the non-contacting 3D surface profilometer (figure 6). Depressions
and protrusions were exhibited on the surface of the reference component (figure 6: B, C).
The damage in the distal-lateral edge of E3 displayed abrasion and scratches (as indicated in
figure 6: E). When these scratches were observed at a higher magnification (figure 6: F) it
appeared as if zirconium had been smeared onto the oxidised surface. When this topography
was analysed in the 3D profile, certain smeared regions appeared to be raised alongside
valleys (figure 6: G, H). Sample E4 was observed to have an abraded area where the
superficial oxidised layer was completely scraped off exposing the underlying zirconium
substrate (figure 6: I). An SEM image taken at a higher magnification (figure 6: J) shows how
the edges of the damaged area were raised; these are complemented by 3D surface profile
results showing peaks and valleys (figure 6: K, L).

Figure 6: (A, E, I) SEM image of reference, E3, E4 components at lower magnification, 30x; (B, F, J) SEM
image of reference, E3, E4 components at higher magnification, 200x; (C, G, K) 3D surface profile of reference,
E3, E4 components at zoom 1x; (D, H, L) Intensity map (represents the surface that is measured based on
different intensities of fringe pattern) for the surface of reference, E3 and E4 components

3.5

Energy-Dispersive X-ray spectrometry (EDX)

In addition to SEM, EDX analysis was carried out to gain insights into the causes of the
damage observed on retrievals E3 and E4. Retrieval E3 showed the presence of Iron (Fe),
Chromium (Cr), Nickel (Ni), Zirconium (Zr) and Oxygen (O). In figure 7A, it was observed
that the intensities of Fe, Cr, Ni were high on the worn region of the component whereas the
intensity of O was weaker. The intensity of Zr was evenly spread over the whole surface.
Similarly, the elements (Fe, Cr, Ni) were also found in retrieval E4 (figure 7b), having high
intensity in the worn region. Zr was evenly spread through the surface with weaker signal of
O in worn region. Neither of the samples showed any concentration of metal elements in the
groove (indicated in the SEM image of 7A & 7B).

Figure 7: SEM and EDX intensity maps exhibiting the concentration of elements present in the damage region
of (A) E3 (B) E4; where Zr –Zirconium, Fe – Iron, Ni –Nickel, Cr- Chromium, O – Oxygen

3.6

Patella Scoring

All the patella buttons exhibited wear damage. The average patella wear score was 21.1 ±
12.4, with burnishing being the principal mode of damage observed. The mean wear score of
each damage mode is given in table 6. Burnishing was found to be significantly higher than
embedded debris (p = 0.005). Two of the six samples, E1 and E9, showed a particular wear
scar as shown in figure 8A (indicated by the black border) which started from the periphery
and ran to the centre of the button. Two other samples, E3 and E4, had their lateral
compartment completely worn through (figure 8B).

Damage

Average score

Burnishing
Delamination

9.38 ± 5.53
4.32 ± 7.02

Cold flow

2.45 ± 3.26

Abrasion

2.31 ± 3.79

Pitting

1.59 ± 1.17

Scratches

0.82 ± 1.24

Embedded debris

0.16 ± 0.27

Table 6: Damage score (mean ± standard deviation) of retrieved patella buttons

Figure 8: (A) Wear scar in E1 (B) lateral compartment worn through in E3

Discussion
This is the first report concerning retrieval analysis of Oxinium PFA implants. A statistically
significant change in all the roughness parameters of the trochlear components except
skewness was found. Moreover, as shown in figure 8, wear of the UHMWPE button could be
substantial. The current work had a focus on a newly introduced and relatively expensive
design [31] compared with standard CoCr due to its claimed advantages of material and
design.
Oxidised zirconium was introduced in an effort to incorporate the advantages of a ceramic
surface with the ductility of a metal. Early studies spoke of ‘excellent abrasion resistance’
and [32]‘increased scratch resistance’[33], in comparison with CoCr. Our study shows that
scratching and abrasion of OxZr has occurred in vivo.

Streaks were the most common damage mode found on the OxZr samples contrary to
scratches found on CoCr total knee reported in previous studies [18, 34]. Non-linear damage
pattern of streaks and scratches found on the retrieved trochlear components could be due to
the translational and rotational movement of the patella button [35]. Zone 4 was observed to
have the highest damage score (0.92 ± 1.62) which predominantly corresponds to the damage
suffered by two of the components (E3 & E4) in the distal-lateral edge due to patellar
maltracking. Also, zone 2 (0.66 ± 1.62) showed a high damage score which might suggests
that the patella was in contact with the trochlear in full extension [36]. Patellar maltracking
was the clinical reason of failure for three of the components (E3, E4 & E8) with the patella
button unavailable for one of these three sample (E8).
Two of the trochlear components (E3 & E4) were observed to have damage on the distallateral edge as well as wear of their corresponding patella buttons. This wear might have been
caused by contact between the trochlear edge and the open ended sharp edged metallic ring
present in the retro-patellar side of the Journey PFA`s button (figure 1). Rapid wear of the
patella button under excessive pressure due to the maltracking could have led to such contact.
Unfortunately, these rings were not obtained with the retrieved samples. A similar kind of
damage caused to an Oxinium femoral head by metallic wire was reported by Gibon et al.,
[37].
Except skewness (Ssk), all the other roughness measurements (Sa, Sq, Sp, Sv, PV, Sz) of the
retrieved trochlear component were significantly different from the reference trochlear
component. A similar outcome (significant difference in Sa, Sq, Sp, Sv, PV) was reported for
OxZr total knee prostheses (measurements made on the condyles of femoral component) by
Kennard et al., [29]. That no significant change was observed in skewness could be due to the
wide spread of the data obtained. In addition, it was observed that the roughness value (Sa) of
the reference PFA component was approximately five times lower than the reference TKA
[28, 29] component. This variation might be due to the differences in the extent of polishing
or the geometry of the components.
The SEM image of the damaged area of E3 and E4 (figure 6: E, I) is comparable to that
observed in previous studies of Oxinium hips [38, 39] and knees [40]. Moreover, certain
damaged areas in the current retrieved samples appeared to be peaked which could have been
the accumulation of the removed or deformed oxidised layer. The oxidised top layer has
superior wear resistance, but its cracking is detrimental as the underlying substrate is

relatively soft when compared to CoCr and it can be deformed [41]. There were sections of
abraded regions that were shown to have higher roughness values which can potentially lead
to more wear of the polyethylene (PE) in vivo [30].
EDX analysis showed the presence of elements like Ni, Cr and Fe in the damaged area of the
trochlear surface which suggests contact of the surface with the retro-patellar metallic ring
(made of stainless steel i.e. with constituents including Ni, Cr and Fe). Also, the
concentration of these elements was only found in the worn region suggesting transfer of the
metal due to continuous sliding between the metallic ring and the trochlear surface.
Burnishing was found to be the most frequent damage mode observed on the UHMWPE
patella button; this was also found in previous studies [42, 43]. A particular type of wear scar
was seen in two (dome shaped) patella buttons (figure 7a). An explanation may be
nonconformity and associated high stresses, as suggested in the literature [43, 44] .
We accept that there are inherent limitations associated with the analysis of failed prostheses
as they may not truly represent well-functioning PFAs. Patella buttons of all the samples
were not available which limits full understanding of the patellofemoral mechanism, but 6 of
9 were available. Complete patient histories were not always available and some retropatellar metallic rings were not obtained; these restrict complete explanation of the damages
seen. Due to the small sample set, correlation between the surface damage observed and the
revision prognosis could not be assessed. The major strength of the current work is that this
is the very first study assessing the tribological characteristics of a single, relatively new
patellofemoral design.

Conclusion
A statistically significant increase in the surface roughness parameters of Journey Oxinium
trochlear components was observed except for skewness. The most common damage mode
on the trochlea components was found to be multidirectional streaks. While excellent
abrasion resistance has been claimed for Oxinium, these explants show that scratching and
abrasion has occurred in vivo. Damage to the matching UHMWPE components could be
substantial, up to the component wearing through. In these two cases, damage to the trochlear
component included metal transfer from the stainless-steel ring in the retro-patellar side of
the Journey PFA`s button. Otherwise, burnishing was found to be the most common damage

mode on the patella buttons. Retrieval analysis helps to give important insights into the
performance of implants in the human body.
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