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Abstract

Background: With the Persona® knee system a novel anatomic total knee design was developed, which has no
pre-coating, whereas the predecessor knee system is pre-coated with polymethylmethacrylate (PMMA). Joint registry
data have shown no decrease in risk of aseptic revision of PMMA pre-coated tibial components compared with non-
pre-coated implants. The aim of this retrieval study was to compare the amount of cement adhesions, geometry and
surface features between the two knee designs and to correlate them with the underlying reason for revision surgery.

Methods: Retrieval analysis was performed of 15 NexGen® and 8 Persona® fixed-bearing knee implants from the
same manufacturer retrieved from two knee revision centres. A photogrammetric method was used to grade the
amount of cement attached to the tibial tray backside. The geometry and dimensions of the tibial trays, tray projec-
tions and peripheral lips were measured using digital callipers and compared between the two different designs.
To measure the surface roughness on the backside of the tibial tray, a contact profilometer was used. To investigate
differences between the two designs statistical analyses (t-test) were performed.

Results: All Persona® trays showed evidence of cement adhesion with a % area of 75.4%; half of the NexGen® trays
had cement adhesions, with a mean value of 20%. There was a significant difference in the percentage of area cov-
ered by cement between the two designs (p < 0.001). Results from the contact profilometer revealed that Persona®
and NexGen® tray backsides showed a similar lateral (1.36 um and 1.10 um) and medial (1.39 um and 1.12 um) mean
surface roughness with significant differentiation (p < 0.05) of the lateral and medial roughness values between the
two designs. Persona® stems showed a significantly higher mean surface roughness (1.26) compared to NexGen®
stems (0.89; p < 0.05).
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Conclusion: The novel anatomic knee system showed significantly more cements adhesions and a higher surface
roughness which was most likely attributed to the most obvious design and coating alteration of the tibial tray. This
study provides first retrieval findings of a novel TKA design recently introduced to the market.

Keywords: Total knee arthroplasty, Tibial tray, Retrieval analysis, Implant-cement interface, Surface roughness, TKA

revision reason, Cement adhesions

Introduction

Aseptic loosening represents the overall most common
reason for revision in both cemented and uncemented
total knee arthroplasty (TKA) and accounts for a third of
all failures [1-11]. Retrieval studies have demonstrated
that one of the causes of aseptic loosening is the osteo-
clastic-mediated bone resorption stimulated by poly-
ethylene (PE) wear particles [12]. However, along with
improved PE quality PE wear, subsequent osteolysis and
loosening have become less frequent [7, 13—15]. Stress
shielding, which is significantly influenced by the design
and material of the tibial tray [16—19], stem length, and
geometry [11, 20, 21] can be cited as another explanation.
Furthermore, there is scientific evidence that both the
cement type (high viscosity) and the application methods
may have a relevant influence on aseptic tibial loosen-
ing caused by debonding of the tibial implant from the
cement interface [22-24].

A novel total knee system, introduced to the European
market in 2012, was developed to improve the mechan-
ics of the knee replacement by making a more ana-
tomically accurate knee implant [25]. More anatomical
implant designs may optimize clinical outcome with an
improved fit to patient anatomy [26]. In a recent study,
Mathis et al. have demonstrated that PE damages of the
novel anatomic knee system are not significantly differ-
ent from those of its predecessor knee system [27]. The
only difference they were able to show was a significantly
smoother surface of the articulating side of the tibial tray
compared to the predecessor knee system [27]. How-
ever, the study did not reveal retrieval results regarding
the tibial tray backsides of the two implant designs. This
is relevant because the two implants differ not only in
terms of their design philosophy but also regarding their
surface coatings. The novel anatomic knee system has
no pre-coating whereas the predecessor is generally pre-
coated with polymethylmethacrylate (PMMA) [28]. In a
large contemporary joint registry with information col-
lected on more than 16’000 predecessor cemented total
knee fixed-bearing tibial tray implants, pre-coating the
tibial component did not decrease the risk of aseptic revi-
sion compared with non-pre-coated implants [29]. The
influence of the geometrics of tibial keels on aseptic loos-
ening rates has been sparsely studied [21, 30, 31]. There is
evidence that keels with a rectangular cross-section are

more efficient than those with a triangular cross-section;
short-keeled cemented tibial components showed an
increased risk for aseptic loosening [21, 30].

To justify the use of the novel knee system over its
well-established predecessor, post-market surveillance
by means of retrieval data are vital as emphasized by
the new Medical Device Regulation (MDR) [32]. There-
fore, the primary objective of this retrieval study was to
compare the amount of cement adhesion between the
two knee designs from the same manufacturer. Secondly,
the geometry and surface features of the implants were
analyzed and compared and correlated with the underly-
ing reason for revision surgery. It was hypothesized that
no significant differences between the two designs are
shown.

Material and methods

Retrieval cohort

This study examined all Persona® (7= 8) and NexGen®
(n=15) TKA implants consecutively received at our cen-
tre since 2016; all are produced by a single manufacturer
(Zimmer Biomet, Warsaw, Indiana, USA). All tibial trays
including stem were cemented during primary implanta-
tion. The implants were removed either in a specialized
knee revision centre in Finland or in Switzerland by one
fellowship trained senior knee surgeon in each centre.
Both surgeons used the same technique with an oscil-
lating saw and chisels during the tibial tray removal. All
implants received at the retrieval centre were included in
the study with the exception of implants revised due to
infection (limited comparability).

TKA specifications and patient demographics for each
case are presented in Table 1.

The novel anatomic implants (Persona®) comprised a
cruciate-retaining (CR, n= 4) and posterior-stabilized
design (PS, n= 4); the tibial tray was made from wrought
Tivanium® (Ti-6Al1-4V) alloy. All eight Persona® tibial
trays had a fixed bearing (FB) configuration. All tibial
inserts were made of vitamin-E doped and highly cross-
linked polyethylene with antioxidant protection. These
implants were retrieved from five (62.5%) female and
three (37.5%) male patients, with a mean (standard devia-
tion, SD) age of 67.3 (= 6.91) years and a mean (SD) time
to revision of 2.2 (£ 0.94) years. The main reason for
revision was instability (n= 8, 100%; Table 2).
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Table 1 Patient demographics. SD, standard deviation; OA, osteoarthritis; PS, posterior stabilized; CR, cruciate retaining

Case number Gender Age, yrs Time to Reason(s) for revision Design, Type Revision surgeon

revision, yrs
1 F 513 0.4 Patellofemoral, stiffness, mala- ~ NexGen®, PS Surgeon 1
lignment

2 M 509 30 Instability Persona®, PS Surgeon 1
3 F 71.1 1.0 Instability, patellofemoral Persona® CR Surgeon 1
4 F 76.6 90 Instability NexGen®, PS Surgeon 2
5 F 61.8 59 Periprosthetic fracture NexGen®, CR Surgeon 2
6 F 713 59 Instability NexGen®, CR Surgeon 2
7 F 67.3 7.8 Malalignment NexGen®, CR Surgeon 2
8 M 70.6 1.6 Instability Persona®, PS Surgeon 1
9 F 67.8 35 Instability, stiffness Persona® CR Surgeon 1
10 F 69.2 14 Instability, patellofemoral Persona®, PS Surgeon 1
1 F 66.3 14.8 Progression of OA NexGen®, PS Surgeon 2
12 F 722 1.5 Instability, patellofemoral Persona®, PS Surgeon 1
13 F 524 09 Stiffness NexGen®, CR Surgeon 2
14 F 693 19 Instability NexGen®, PS Surgeon 2
15 F 79.6 9.7 Instability NexGen®, CR Surgeon 2
16 M 693 58 Instability NexGen®, CR Surgeon 2
17 F 84.2 10.1 Instability NexGen®, CR Surgeon 2
18 F 79.8 141 Instability NexGen®, CR Surgeon 2
19 F 728 131 Instability NexGen®, CR Surgeon 2
20 F 80.2 1.2 Stiffness NexGen®, CR Surgeon 2
21 M 70.5 32 Instability, malalignment Persona® CR Surgeon 1
2 F 583 181 Instability NexGen®, PS Surgeon 2
23 F 66.0 2.2 Instability Persona® CR Surgeon 1

Table 2 Patient demographics by implant type. SD, standard deviation; OA, osteoarthritis; PS, posterior stabilized; CR, cruciate
retaining; the percentages totalled > 100% because some knees had more than one reason for revision recorded

Design, type Gender (F:M) Age at revision,  Time to revision,

Reason(s) for revision

mean and SD mean and SD
(yrs) (yrs)
Persona®, total  5:3 673 (£ 6.9) 22 (£0.94) Instability (n =8, 100%); patellofemoral problem (n = 3, 37.5%); malalign-
ment (n= 1, 12.5%); stiffness (n= 1, 12.5%)
Persona® CR 3:1 68.9 (& 2.4) 25(E1.0) Instability (n =4, 100%); patellofemoral problem (n= 1, 25%); malalignment
(n=1, 25%); stiffness (n=1, 25%)
Persona®, PS 2:2 65.7 (& 10) 1.9(0.7) Instability (n= 4, 100%); patellofemoral problem (n= 2, 50%)
NexGen®, total  14:1 694 (£ 10.1) 79 (£ 5.5) Instability (n=9, 60%); stiffness (n= 3, 20%); malalignment (n= 2, 13.3%);
others (periprosthetic fracture, progression OA, n= 2, 13.3%); patellofemoral
problem (n=1, 6.6%)
NexGen® CR 91 71.9(x£9.7) 74 (+£44) Instability (n= 6, 60%); stiffness (n= 2, 20%); malalignment (n= 1, 10%);
others (periprosthetic fracture n= 1, 10%)
NexGen®, PS 5:0 644 (£ 9.8) 89(£77) Instability (n= 3, 60%); stiffness (n= 1, 20%); malalignment ( 1, 20%); oth-

ers (progression OA n= 1, 20%); patellofemoral problem (n= 1, 20%)

The predecessor implants (NexGen®) consisted of two
different designs: CR-Flex (n= 10), and Legacy® poste-
rior-stabilized (LPS)-Flex (n= 5), all with a FB design, the
tibial tray was made from Ti-6Al-4V alloy. Unlike Per-
sona®, the vast majority of the NexGen® tibial backside

and stem finishes are pre-coated with a thin layer of
PMMA, less than 20% are non-pre-coated [28]. The tib-
ial inserts were all made of Prolong® highly crosslinked
ultrahigh-molecular-weight polyethylene (UHMWPE).
These implants were retrieved from 14 (93%) female
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and one (7%) male patients, with a mean (SD) age of
69.4 (£10.1) years. The main reason for revision was
also instability (n= 9, 60%) and the mean (SD) time to
revision was 7.9 (+5.5) years; the latter was significantly
longer for the predecessor compared to the novel knee
system (p< 0.01; Tables 2 and 3).

Sample preparation

All components were decontaminated using 10% formal-
dehyde solution (Solmedia Ltd., UK), followed by rins-
ing with water. The tibial tray backside and stem surfaces
were prepared by using methylated spirit 99% (Solmedia
Ltd., UK) to gently remove biomaterial without affecting
cement adhesion.

Study design

The following retrieval analyses of the tibial tray back-
side were performed: (1) macroscopic analysis of cement
adhesions, using a published photogrammetric grading
method, (2) assessment of geometry and dimensions, (3)
surface roughness measurement and (4) compared find-
ings between the two knee designs. In addition, reasons
for TKA revision were collected from surgery reports

(Fig. 1).
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Grading of tibial tray backside cement adhesion

A published photogrammetric method [33, 34] was used
to grade the amount of cement attached to the tibial
tray backside. High-resolution images of the tibial tray
backside were captured using an EOS 5D Mark II cam-
era (Canon Inc., Tokyo, Japan) (Fig. 2). The images were
analyzed using public domain software (Image] 1.4.3.6.7,
Broken Symmetry Software). First, the area covered by
cement was measured and subsequently divided by the
total backside area, in order to obtain the percentage of
the area of interest.

Design features assessment

The geometry and dimensions of the tibial trays, tray pro-
jections (stem and/or fins) and peripheral lips were meas-
ured using digital callipers (Digimatic Absolute AOS;
Mitutoyo, Kawasaki, Japan) and compared between the
two different designs. Figure 3 shows the design features
that were analyzed.

Articulating surface roughness of metal components
(profilometer)

To measure the surface roughness on the backside of
the tibial tray, a well-established method was applied
by using a contact profilometer Talyrond 365 (Taylor
Hobson, Leicester, UK) with a 5-um probe [27]. Surface

Table 3 Mean values and standard deviations (SD) of surface roughness values and hood scores of all implants investigated; N of all
revision reasons. Comparison between the two implant designs using R? P-values < 0.05 were considered statistically significant

Implant type Total (N=23) NexGen® (N= 15) Persona® (N= 8) Comparison Comparison -
corrected for
time to revision

Cement adhesions Mean, SD Mean, SD Mean, SD R? P R? P

Tibial tray backside, % 0.394/-0.32 0.20 +/—-0.21 0.75+/—0.08 0.70 .000 0.59 .000

Dimensions Mean, SD Mean, SD Mean, SD R? P R? P

Stem, mm 396 +/—46 412 +/—444 36.5+/-34 0.24 016 0.13 093

Tray Lip, mm 0.57 +/—0.03 0.57 +/—0.03 0.56 +/—0.04 0.02 533 0.09 199

Tray thickness, mm (including lip) 381 +/—06 3.62 +/—0.05 42 4+/—1.00 021 033 0.14 090

Surface roughness (Ra) Mean, SD Mean, SD Mean, SD R? P R? P

Tibial back lateral Ra 1.194/-03 1.104+/-0.24 136 4+/—-035 0.18 047 0.19 .044

Tibial back medial Ra 121 4+/-032 1.124+/—-0.28 1.39+4/-034 0.16 050 0.13 098

Tibial stem Ra 1.02 +/—-0.34 0.89 +/—0.19 1.26 +/—044 0.27 011 017 .055

Tibial back & stem Ra 1.144/-03 1.04 +/—-0.20 134 4+/-037 0.23 021 0.18 046

Time to revision 5924/-523 792 +/=55 22+4/—-094 0.29 0.009 na. na.

Reason for revision N (%) N (%) N (%) R? P R? p

Instability 17 (74) 9 (60) 8(100) 0.19 039 032 .006

Malalignment 3(13) 2(13) 1(13) 0.00 957 0.01 607

Patellofemoral 4(17) 1(7) 3(38) 0.15 068 0.04 360

Stiffness 4(17) 3(20) 1(3) 0.00 669 0.16 070

Others (periprosthetic fracture, 2(10) 2(13) 0(0) 0.05 301 0.01 657

progression OA)
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Retrieval implants NexGen® Persona®
| |
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v v ! v
: Photogrammetric Visual
Equipment method inspection Profilometer Surgery report
Design features
Outcome Cement adhesion evaluation (tibial Backside surface Reason(s) for TKA
measures grading tray thickness, lip, roughness revision
stem length
| | [ |
| | l | |
Statistical Significant differences
analysis between the 2 designs?

Fig. 1 Flow chart showing the study design; TKA, total knee arthroplasty

Fig. 2 Example of sample analysed using the photogrammetric method [33]. A Total tibial tray backside surface contours highlighted in red. B
Amount of surface covered by cement highlighted in red

A

knee system (Persona®); B, predecessor knee system (NexGen®)

B [lesmm

Fig. 3 Design features analyzed by visual inspection: tibial tray thickness (A, B, 6.9 mm) and stem length (A, 36.5mm; B. 41.8 mm). A, novel anatomic
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roughness is defined as the average of the absolute values
of the surface height deviations measured from the mean
plane. The implant was positioned on the spindle, and
measurements were taken using a 5pm contact stylus.
Six vertical traces were acquired on both the backside
and stem of tibial trays, for a total of 12 traces for each
implant. Measurements were performed while avoid-
ing areas surface-damaged by scratches made during the
revision surgery. Mean values for each design iteration
were calculated (Table 3).

Statistical analysis

Data was analysed using SPSS for Windows, version 26.0
(Armonk, NY: IBM Corp, USA) by an independent pro-
fessional statistician.

A post hoc analysis using G*Power (version 3.1.9; Uni-
versity of Kiel, Germany) tested for correlations, that, for
the given N= 23, an effect size rho=0.53 can be found
with a power of 80% with a two-sided p of 0.05.

All statistical tests were two-tailed. A p-value <0.05
was considered significant. To compare mean values,
t-tests for independent samples for group differences
were used (e.g. comparison of the two component types).
Pearson correlations were calculated for interval data and
phi coefficients to compare binary variables.

To exclude a possible influence of time to revision on
the measured variables in this study, the differences
between implant types were corrected for time to revi-
sion for all parameters investigated using partialized
values.

Results
Grading of tibial tray backside cement adhesion
The percentage of tibial tray backside covered by cement
was highly variable. Figure 4 illustrates the distribution of
percentage of area covered by cement in the two designs.
It clearly appears that NexGen® implants revised in the
same period as Persona® implants (<4years) showed a
very similar distribution of cement adhesions compared
to the ones revised between 4 and 18years. All Persona®
trays (n= 8, 100%) showed evidence of cement adhesion
with a mean % area of 75.4% (range 59.4 to 84.7%). Half
of the NexGen® trays (1= 7, 47%) had cement adhesions
with a range of 32.9 to 51.2%; the other half (n= 8, 53%)
showed nearly no cement adhesions with a range of 0.2 to
3.0% and an overall mean value of 20%. Overall, there was
a significant difference in the percentage of area covered
by cement between the two designs (p< 0.001). Figure 5
shows images of all of the components examined.
Between Persona® and NexGen® design there was a
significant difference in the time to revision (p < 0.05); the
mean values (£SD) were 2.2 (£0.9) and 7.9 (+5.5) years,
respectively (Table 3). With regard to the demographic
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100%

80%

60%

40%

Cement adhesion tibial tray

20%

|

NextGen >5y NextGen <4y Persona <4y
(n=11) (n=4) (n=8)

0%

Implant Type

Fig. 4 Box plots showing comparison of area covered by cement
in the two designs analyzed. The difference between the novel
anatomic knee system (Persona®) and the predecessor knee system
(NexGen®) was significant (p < 0.001). The partitioning of NexGen®
according to time to revision shows that time to revision did not
influence the amount of cement adhesions significantly

data collected, there was a increase in younger-aged
(mean=+SD 61.54+10.2) females (93%) in the NexGen®
group, while the Persona® prosthesis was implanted
more in older patients (mean+SD 65.1+7.4) with a
higher proportion of males (38%). At the time of revi-
sion, however, the Persona® group showed a lower age
(mean = SD 67.3+6.9) compared to the NexGen® group
(mean=£SD 69.4+10.1). None of the differences shown
were significant.

Visual inspection
Visual inspection revealed substantial
between Persona® and NexGen® designs.

Overall, NexGen® implants had the thinner tray
dimensions (mean+SD=3.624+0.05mm includ-
ing the lip of the tray) compared to Persona®
(mean+SD=4.24+1mm). The difference between the
two designs was significant (p <0.05).

Considering cemented tibial tray projections, Persona
and NexGen® showed a straight, linear, and central stem,
with two diagonal/triangular fins, and mean (+ SD)
lengths of 36.5+3.4mm and 41.2+4.4mm, respectively.
The difference in length between the Persona® and Nex-
Gen® stem was significant (p <0.05).

differences

®
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B

Fig. 5 Picture showing the entire cohort, divided by design: A) novel anatomic knee system (Persona®), B) predecessor knee system (NexGen®)

Regarding peripheral lips, the Persona® trays showed
a mean (£ SD) depth of 0.56 +0.04 mm, while NexGen®
designs showed mean values of 0.57 £0.03 mm; this dif-
ference was not significant. Table 3 summarizes the
measurements taken, showing mean and SD values.

Articulating surface roughness of metal components
(profilometer)

Results from the contact profilometer revealed that Per-
sona® and NexGen® tray backsides showed a similar
lateral (1.36+0.35um and 1.10£0.24 um; p< 0.05) and
medial (1.39+0.34pm and 1.12+0.28um; p =0.05)
mean (£SD) surface roughness with significant differen-
tiation (p< 0.05) of the lateral and medial roughness val-
ues between the two designs (Table 3). Medial and lateral
roughness did not differ and were within 1 SD for 22 of
the 23 components, only in 1 component (4%) the lat-
eral roughness value was increased by more than one SD
compared to the medial one.

A significant difference between Persona® and Nex-
Gen® implants was also found for tibial stem roughness
values (p< 0.05). Persona® stems showed a higher mean
surface roughness (1.26+0.44) compared to NexGen®
stems (0.89+0.19). Figure 6 illustrates the overall mean
roughness values of the tibial trays of the two designs.

Correlations

Correlations between cement adhesions, implant dimen-
sions, surface roughness, reason for revision and time
to revision are demonstrated in Table 4. All calculations
have been partialized for type of implants in order to

2.0

1.5

Ra (um)

1.0 1

1

NextGen>5y NextGen <4y Persona <4y
(n=11) (n=4) (n=8)

Fig. 6 Box plots showing the comparison of backside surface
roughness (Ra) of tibial components between the novel anatomic
knee system (Persona®) and the predecessor knee system (NexGen®)

control for time to revision. Hence, it can be stated, that
time to revision did not influence the assessed retrieval
parameters. There were no significant correlations found
between cement adhesions, tibial tray dimensions and
surface roughness. Neither were significant correla-
tions described between associated pathologies and the
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assessed measured values. The few correlations found
were either intuitive or random in nature.

Discussion

This retrieval study is the first to examine tibial trays of
a novel anatomic knee system and compare them with
retrieval findings from its predecessor. Our most impor-
tant finding was that Persona® tibial tray backsides
showed significantly more cement adhesions and higher
stem surface roughness values compared to the NexGen®
equivalents. While cement adhesions were found on all
Persona® tray backsides with a range of 59.4 to 84.7%,
there were only cement adhesions found in half of the
NexGen® trays (range 32.9 to 51.2%). This supports the
content of multiple published research articles dealing
with tibial debonding and aseptic loosening across mul-
tiple NexGen® tibial components [20, 35, 36]. Hence, one
can speculate that there is an issue with the backside of
the tibial tray and the cement mantle.

However, these findings cannot be attributed to the
material of the implants, as both the novel anatomic and
the predecessor knee system were made of the same tita-
nium (Ti-6Al-4V). Rather, in this context the effect of
pre-coating needs to be addressed. TKA coating with
a thin layer of polymethylmethacrylate (PMMA) was
developed as a means of enhancing the bonding between
metal implants and bone cement also made of PMMA
[37]. Pre-coating has been mechanically tested against
standard surfaces in vitro and found to increase the max-
imum load to failure at the interface by between 60 and
80% [37]. It had been proposed that pre-coating might
be beneficial for long-term implant survival [18, 37, 38].
However, in 2013 Bini et al. evaluated 13’835 pre-coated
and 2/713 non-pre-coated primary NexGen® TKAs and
did not find favourable results for pre-coated tibial trays
with regards to revision rates for aseptic loosening [29].
Regarding our NexGen® cohort, it is a mixed sample
consisting of pre-coated and non-pre-coated implants.
According to communication with a representative, 81%
of NexGen® tibial trays have a PMMA pre-coat with the
remaining 19% NexGen® and all Persona® tibial trays not
having a pre-coat [36]. With regard to Persona® implants,
the literature on debonding and loosening testing is very
scarce [39]. A case series reported intraoperative findings
of nine patients, amongst them three Persona® implants,
who underwent revision TKA due to several reasons [39].
It is striking that the majority of the implants investigated
showed femoral and tibial intraoperative debonding and
two of the three Persona® implants showed only tibial
debonding.

In the course of time, other parameters have also
been identified that modify the effect of pre-coating
on the strength of the implant-bone interface, such as
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cement-related factors (cement type and mixing time) as
well as surface roughness [18, 29, 40, 41]. These reports
have been helpful in identifying specific component
design features that may be more prone to debonding,
but there is not enough evidence or numbers to prove a
certain type of implant has a higher incidence of debond-
ing than any others [39]. In regards to surface roughness,
the present study highlights significant differences in
backside surface and stem roughness between the differ-
ent tibial tray designs investigated. Persona® tibial trays
and stems showed significantly rougher surfaces com-
pared to NexGen®. This in context with the finding of
increased cement adhesions on Persona® tibial trays may
indicate that there might be a direct association between
surface roughness and cement adhesions. In-vitro test
findings of Pittman et al. showed that metal-cement
interface strength increases with increasing surface
roughness [18]. In particular, samples made of titanium
attained stronger bonds with cement when compared
with cobalt-chromium (CoCr) ones [11, 18].

Correlation analysis of our data could not find a signifi-
cant correlation between surface roughness and cement
adhesions. The significant difference found in the sur-
face roughness of the tibial tray backside with regards
to a rougher surface in Persona® tibial trays seems to be
linked to design and coating differences instead of being
material-related: both tibial tray designs are made of the
same material titanium alloy, therefore the differences
might be attributed to the most obvious design alteration
with the anatomical tibial tray in the novel knee design as
opposed to the symmetrical tray in the predecessor knee
system with PMMA pre-coating.

Results from the visual inspection revealed that Per-
sona® stems are significantly shorter with 36.5mm com-
pared to NexGen® stems (41.2mm). There is evidence
that short stems are associated with an increased rate
of aseptic loosening [20, 21, 30]. However, in this study
cohort, none of the patients were revised due to loosen-
ing. Regarding tibial tray thickness, Persona® implants
showed significantly higher values (4.2mm) in compari-
son to NexGen® (3.62 mm). Peripheral lips, however, did
not show significant differences.

We acknowledge that the surgical implantation tech-
nique may affect the cement adhesion; however, Per-
sona® and NexGen® implant procedures were performed
by a variety of different high-volume surgeons at differ-
ent facilities. Given that, it is hard to ascertain specific
techniques that may contribute to the amount of cement
adhesions; thus, we are unable to further comment on
this aspect. However, within the context of cement adhe-
sions, other factors such as cement pockets and viscos-
ity are discussed in literature, too [42-45]. We also
acknowledge that one could criticize that the technique
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of removal may influence the amount of cement left on
the tibial component. However, both surgeons used an
oscillating saw and chisels during the tibial tray removal.
Similar to all retrieval studies, the present study has
a considerable number of limitations [27]. First, it was
a small sample size, however, this was the first study of
its kind for the Persona® implant. Hence, our results
can be used for sample size calculations in future stud-
ies with a larger number of retrievals. Second, time to
revision was significantly shorter in the Persona® com-
pared to the NexGen® knee system. However, due to this
possible influence of time to revision on outcome vari-
ables, the differences between implant types were cor-
rected for time to revision for all parameters investigated
(Fig. 6). Third, primary TKA was performed by a num-
ber of different surgeons, which can cause a wide variety
of reasons for failure and thus revision of the implants.
However, it is pure speculation whether the reason for
revision depends on the surgeon of the primary TKA, the
surgical technique, the surgeon indicating revision sur-
gery, the patient or the prosthesis itself. A more homo-
geneous cohort would certainly benefit the validity of
this study. Fourth, we acknowledge that the surgeon itself
with his experience and surgical skills may influence the
amount of cement left on the tibial component. Fifth,
more detailed analysis of demographic data (i.e. BMI and
comorbidities) in regards to comparability of the two
groups would be of interest and required in future stud-
ies. Finally, the evaluation of the clinical benefit remains
completely outside the scope of this study. Long-term
clinical and longer-term retrieval studies will be neces-
sary to elucidate any clinical advantages of using Per-

sona® implants.

Conclusions

This is the first comparative retrieval study to investigate
cement adhesion and surface roughness on tibial tray
backsides as well as its dimensions of a novel knee sys-
tem, and to compare findings with the predecessor knee
design. The comparison of the two designs made from
the same material and manufacturer suggested that the
novel anatomic knee system showed significantly more
cements adhesions and a higher surface roughness which
was most likely attributed to the most obvious design
and coating alteration of the tibial tray. Future analysis is
required to better examine the implant in a larger sample
and more multidimensionally to potentially contribute to
an improvement in implant design.
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