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arthroplasty centre
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Abstract

Background The Attune TKR was introduced in 2011 as a successor to its predicate design The PFC Sigma. However,
following reports of early failures, there are ongoing concerns related to increased loosening rates. Given the con-
cerns, this study aimed to compare revision rates of the Attune implant to an established predicate, and other implant
designs used in a high-volume arthroplasty center.

Methods We identified 10,202 patients who underwent primary cemented TKR at our institution with a minimum
of 1 year follow-up, involving 2406 Attune TKR (557 S+), 4642 PFCTKR, 3154 other designs. Primary outcomes were
revision for all-causes, aseptic loosening of any component, and aseptic tibial loosening. Kaplan—Meier survival

and Cox regression models were used to compare groups. Matched cohorts were selected for radiographic analysis.

Results 308 knees were revised. The Attune cohort had the lowest risk of revision, with a rate of 2.98 per 1000
implant-years while the PFC and All Other Implant groups had a rate of 3.15 and 4.4 respectively. Aseptic loosing

was the most common cause for revision, with 76% (65/88) involving the tibia. Survival analysis showed no significant
differences between the Attune and other cohorts. Radiolucent lines were detected in 7.1% of the Attune S+group,
6.8% of the standard Attune group, and 6.3% of the PFC group, with no significant differences found between them.

Conclusion This study represents the largest non-registry review of the Attune TKR in comparison to a predicate
and other designs. There was no significant increased revision rate for all-cause revision or aseptic loosening, or peri-
implant radiolucencies. It appears that increased loosening may not be as concerning as originally thought.
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Introduction

Total knee arthroplasty (TKA) is a successful operation
for end-stage arthritis of the knee and has been proven
to ease pain and improve function. Excellent long-term
implant survival has been reported by national regis-
tries [1, 2]. The trend in TKA is projected to increase
over the next few decades [3]. Despite this, up to 20%
of patients remain dissatisfied following TKA [4, 5]. A
proportion of TKAs will need early revision, with the
most common reasons for early failure being infection,
aseptic loosening, and instability [4]. Around a third of
revisions will occur within the first two years [5].

Aseptic loosening is the most reported reason for
revision in the UK’s National Joint Registry (NJR), with
1.16 revisions per 1000 implant-years being reported
across all knee arthroplasties [1]. The reasons for
loosening are dependent on a combination of surgical
technique and implant design resulting in increased
relative motion at the implant interfaces. Design fea-
tures, such as implant geometry (stem length, keel
shape, cement pockets) and surface texture, have
been reported to influence implant interface stability
[6-11].

A novel TKA design was introduced in 2011. The
new design has an increased conformity between the
femoral component and polyethylene insert, opti-
mized patellofemoral conformity and mechanics, an
improved polyethylene locking mechanism for fixed
bearings and an increased range of sizes for diverse
populations in comparison to its predicate design [12].
However, following reports of early failures due to
aseptic loosening of the tibial component [8, 13-16],
there have been ongoing concerns about increased
loosening rates with this knee system. In 2017, a rede-
signed tibial baseplate was introduced, which included
an undercut cement pocket area and an increased sur-
face roughness (3.0-6.5 Ra) to enhance cement bond-
ing [13].

This novel TKA system was introduced to our unit
in December 2011 and has since become the primar-
ily used knee system. Prior to this, a predicate design
with an excellent long-term track record was rou-
tinely used and is still used by some surgeons. Other
designs have also been used within our center. Given
the reports regarding early tibial loosening, the aim
of this study was to evaluate the overall revision rates
and those specific to aseptic loosening of the novel
implant design in comparison to an established predi-
cate as well as to all other implant designs used in this
high-volume arthroplasty center. Additionally, a radio-
graphic analysis was undertaken to establish the pres-
ence of radiolucent lines.
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Methods

Patients

This retrospective consecutive study included all
patients who underwent primary cemented TKA at
our institution between 1st April 2003 and 31st March
2022 with a minimum of 1 year follow-up. Institutional
approval for this study was obtained. We identified our
cohort through local prospective electronic databases
and linkable data obtained from the NJR. We identi-
fied patients’ age, gender, American Society of Anaes-
thesiologists (ASA) score, and indication for surgery.
Revisions and re-operations were identified using a
combination of our own database, a review of clinical
notes, and where necessary, contacting the patient or, if
they had died, the patient’s general practitioner.

Demographics

A total of 10,202 patients across all the cohorts were
included (Fig. 1). An overview of the cohort distribu-
tions and demographics is given in Table 1. Mean fol-
low-up was 5.3, 9.1, and 9.9 years for the Attune, PFC,
and all other implant groups respectively. There were
no significant differences in the age, gender, primary
indication, and ASA distributions between the cohorts.

Implants

The Attune TKA (Depuy Synthes) system was intro-
duced to our unit in December 2011 and has since
become the primarily used knee system. Prior to this,
a predicate design with an excellent long-term track
record (PFC Sigma, DePuy Synthes) was routinely used
and continues to be used by some surgeons. Other
designs of TKA, including Columbus (B Braun/Aecu-
lap), E-Motion (B Braun/Aesculap, ACS (Implantcast),
Brmingham Knee Replacement (JointMedica), Advance
MP (MicroPort), Genesis II (Smith & Nephew), Jour-
ney (Smith & Nephew), Kinemax (Stryker), Scorpio
(Stryker), Triathlon (Stryker), Nexgen (Zimmer), Van-
guard (Zimmer), have also been used within our center.

Cementing technique

All procedures were performed by or under the direct
supervision of fellowship-trained arthroplasty sur-
geons. Prior to cementation, cancellous bone was
cleaned of lipid deposits, blood, and bone debris using
pulse lavage and dried using a swab under compres-
sion till immediately before cement application. A sin-
gle-stage cementing technique was used by employing
either Palacos R+ G (Heraeus Medical, Hanau, Ger-
many) or SmartSet GHV (DePuy Synthes, Warsaw, IN,
USA) vacuum-mixed cement. Cement was applied to
both bone and implant contact surfaces. On application
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Fig. 1 Flowchart to illustrate the subdivision of the implant groups

Table 1 Overview of patient cohorts and associated demographics. SD standard deviation, IQR inter-quartile range

All Cemented All Attune All Other Cemented PFC Other Cemented Attune Standard Attune S+

Total No. (BMI>30) 10202 2406 7796 4642 3154 1849 557
Total Prosthesis Years 86,098 12,731 73,367 42,200 31,167 11,134 1598
Mean Follow-Up (SD) 84 (44) 53(23) 94 (4.4) 9.1 (43) 9.88 (4.6) 6.0(2.1) 29(1.0)
{years}
Range {years} 1-20.1 1-11.2 1-20.1 1-199 1-20.1 1-11.2 1-4.6
Median (IQR) {years} 78(49-115) 52(3.5-6.9) 9.2(6.0-12.7) 9.0(5.8-12.1) 9.5(6.2-13.4) 6.0 (4.6-7.6) 3.2(1.9-37)
Female 5922 (58%) 1463 (61%) 4459 (57%) 2681 (58%) 1778 (56%) 1135 (61%) 328 (59%)
Age {years}

<65 2933 (29%) 694 (29%) 2239 (29%) 1418 (31%) 821 (26%) 553 (30%) 141 (25%)

65-74 3497 (34%) 889 (37%) 2883 (37%) 1668 (36%) 1215 (39%) 683 (37%) 206 (37%)

>75 3772 (37%) 823 (34%) 2674 (34%) 1556 (36%) 1118 (35%) 613 (33%) 210 (38%)
ASA

| 891 (9%) 143 (6%) 748 (10%) 354 (8%) 394 (12%) 127 (7%) 16 (3%)

Il 7116 (70%) 1703 (71%) 5413 (69%) 3311 (71%) 2102 (667%) 1318 (71%) 385 (69%)

11l 2148 (21%) 552 (23%) 1596 (20%) 957 (21%) 639 (20%) 397 (21%) 155 (28%)

vV 45 (< 1%) 8 (<1%) 37 (< 1%) 18 (< 1%) 19 (< 1%) 7 (<1%) 1(<1%)

\% 2 (<1%) 0(<1%) 2 (< 1%) 2 (< 1%) 0 (< 1%) 0 (0%) 0 (0%)
No Surgeons 32 15 27 24 19 13 11
Indication

OA 9955 (98%) 2349 (98%) 7606 (98%) 4517 (97%) 3089 (98%) 1808 (98%) 541 (97%)

Inflammatory Arthropathy 187 (2%) 42 (2%) 145 (2%) 95 (2%) 50 (2%) 31 (2%) 11 (2%)

AVN 16 (< 1%) 3(<1%) 13 (< 1%) 10 (< 1%) 3(<1%) 1(<1%) 2 (<1%)

Trauma 15 (<1%) 8(<1%) 7 (<1%) 5(<1%) 2(<1%) 6 (< 1%) 2(<1%)

Prev Infection 4 (<1%) 1(<1%) 3(<1%) 3(<1%) 0(<1%) 1(<1%) 0 (0%)

Other 23 (< 1%) 3 (< 1%) 20 (< 1%) 11 (< 1%) 10 (< 1%) 2 (<1%) 1(<1%)
Meniscal Constraint

Unconstrained Mobile 1608 (16%) 1498 (62%) 110 (2%) 8 (< 1%) 102 (3%) 975 (53%) 523 (94%)

Unconstrained Fixed 6557 (64%) 666 (28%) 5891 (75%) 3158 (68%) 2733 (87%) 666 (36%) 0 (0%)

PS mobile 978 (10%) 191 (8%) 787 (10%) 659 (14%) 128 (4%) 157 (8%) 34 (6%)

PS Fixed 1059 (10%) 51 (2%) 1008 (13%) 817 (18%) 191 (6%) 51 (3%) 0 (0%)
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to bone surfaces, care was taken to pressurize cement
into the cancellous bone surface. Care was exercised to
ensure both cement surfaces were dry and debris-free
before the application of the implant. Implants were
applied, impacted, and residual cement was removed
prior to extending the leg and keeping the leg in exten-
sion for ten minutes till the cement had been set.

Statistical analysis

Continuous descriptive statistics were presented as,
where appropriate, means, median values, ranges, and
95% confidence intervals. Where categorical variables
were compared, Pearson chi-square test was used and
t-test/Mann—Whitney U tests were utilized for continu-
ous variables.

Kaplan—Meier curves were used to assess the sur-
vival of the Attune TKA in comparison to a predicate
design (PFC, DePuy Synthes, Warsaw, IN, USA), and all
other cemented TKAs. A further comparison was made
between Attune using the regular and the newer S+ tibial
components. The outcome measures assessed were as
follows:

+ All-cause revision was defined as removal or
exchange of the femoral, tibial, insert, or patella com-
ponents. These included isolated bearing exchange
for infection (debridement, antibiotics and implant
retention; DAIR) and secondary patellar resurfacing.

+ Revision for aseptic loosening was defined as any
revision for which the primary cause was recorded as
aseptic loosening of any component.

+ Revision for aseptic tibial loosening was defined
as any revision for which the tibial component was
recorded as being loose (excluding infection and
fracture).

Cox proportional hazard regression analysis was under-
taken to investigate the effects of variables on survival.
The variables adjusted were age at surgery, gender, pri-
mary indication, ASA score, and meniscal constraint. To
assess whether a fitted Cox regression model adequately
described the data, the assumption of proportional haz-
ards was investigated by calculation and visual inspec-
tion of Schoenfeld residuals. The level of significance was
taken to be a P<0.05. RStudio (version 2022.02.2) was
used to perform the analyses.

Radiographic analysis

A radiographic analysis was undertaken to compare the
presence of radiolucent lines in the Attune S+, original
Attune, and P.E.C. implants. Using a prospectively main-
tained arthroplasty database, we identified 300 patients
receiving the Attune S+TKA, and two additional
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matched cohorts of patients receiving an original Attune
TKA and PEC. TKA as the comparator groups. The
cohorts were matched 1:1 for duration of follow-up,
age, and gender, using the nearest neighbour matching
method. Those that had two radiographs available for
analysis (immediately postoperatively and 6 weeks or
more postoperatively) were included. For the purposes
of radiographic analysis, the most recent radiographs
were compared to the immediate postoperative radio-
graphs for progressive lucency. The technique described
by Meneghini et al. [17] for looking for the presence of
radiolucent lines was used. The review was carried out
by two independent clinicians. Where there was disa-
greement about the presence of radiolucent lines, a third
reviewer was consulted.

Results

Revisions

Overall, 308 implants underwent revision (Table 2)
equating to 3.58 revisions per 1000 implant-years. The
lowest risk of revision was noted in the Attune cohort,
with 2.98 per 1000 implant-years whereas the PFC and
All Other Implant groups had 3.15 and 4.4 revisions per
1000 implant-years, respectively. Aseptic loosening was
the most common cause for revision across all cemented
implants, with 76% (65 of 88) of these cases involving
loosening of the tibia. Infection (77), instability (36), and
pain (26) were the next most reported reasons for revi-
sion with progressive OA (22), stiffness (18), peripros-
thetic fracture (10), malalignment (9), implant wear (5),
and subluxation (2), accounting for the remaining cases
(Table 2).

The overall rate of tibial loosening was 0.75 revisions
per 1000 implant-years. The lowest rate of tibial loosen-
ing was in the PFC group, with a rate of 0.31 and high-
est in the all-other implant group, with 1.44 revisions
per 1000 implant-years. The overall Attune revision rate
for tibial loosening was 0.55 per 1000 implant-years.
This was not significantly different to the other groups.
There was no significant difference between the standard
Attune and S + designs either (Table 2).

Survival analysis

Survival analysis comparing the Attune cohort to the
PFC and All Other Cemented Implant (AOCI) cohorts
showed no significant differences between the Attune
and PFC cohorts in all-cause revision, aseptic loosen-
ing, or tibial loosening (P=0.15, 0.77, 0.47 respectively)
(Figs. 2, 3 and 4). The PFC cohort demonstrated signifi-
cantly improved survival outcomes for all-cause revision,
aseptic loosening, and tibial loosening as compared to
the AOCI cohort (P=0.01,<0.001,<0.001 respectively).
Survival analysis comparing the standard Attune design
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Kaplan-Meier Curve for All-cause Revision

Cohort =+ Attune =+ All Other ~+ PFC
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Fig. 2 Kaplan—-Meier survival curves comparing Attune, PFC, and AOCI cohorts for all-cause revisions. Pairwise comparisons using Log-Rank test:
Attune vs. PFC=0.15, Attune vs. All Other=0.07, PFC vs. All Other=0.01

Kaplan-Meier Curve for All Loosening

Cohort =+ Attune =+ All Other =+ PFC

1.00
0.991
2
%
8 098]
[
o
]
S 0977
=]
(7]
0.96
0.95
0 5 10 15 20
Time
Number at risk
5 Atuned 2408 1252 65 0 0
5 AllOther{ 3154 2646 1469 511 1
8 PrCq{ 4642 3723 1968 462 0
0 5 10 15 20
Time

Fig. 3 Kaplan—-Meier survival curves comparing Attune, PFC, and AOCI cohorts for revision for all component loosening. Pairwise comparisons

using Log-Rank test: Attune vs. PFC=0.77, Attune vs. All Other=0.06, PFC vs. All Others <0.001
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Kaplan-Meier Curve for Tibial Loosening
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Fig. 4 Kaplan—-Meier survival curves comparing Attune, PFC, and AOCI cohorts for revisions for tibial component loosening. Pairwise comparisons
using Log-Rank test: Attune vs. PFC=0.47, Attune vs. All Other=0.05, PFC vs. All Other<0.001
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Fig.5 Kaplan—Meier survival curves comparing Attune and S+ cohorts for all-cause revisions. Pairwise comparisons using Log-Rank test: Attune vs.

Attune S+ =0.55
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Kaplan-Meier Curve for All Loosening
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Fig. 6 Kaplan—-Meier survival curves comparing Attune and S+ cohorts for revision for all component loosening. Pairwise comparisons using

Log-Rank test: Attune vs. Attune S+ =0.85

to the S+ cohort (Figs. 5, 6 and 7) showed no significant
difference in survival between the two for all-cause revi-
sion, revision for aseptic loosening, and tibial loosening
(P=0.15,0.77, 0.47 respectively).

Table 3 gives an overview of the proportional hazard
ratios (HR) relevant to reference variables as determined
by using Cox regression analysis. A decreasing HR of
revision was noted with increasing age, which was signifi-
cant for all-cause revision and aseptic loosening. There
were no significant changes in revision related to gender
or primary indication for surgery. The level of constraint
provided by the articulation showed an increased HR of
1.8 for all-cause revision in cruciate retaining fixed bear-
ing implants, which was significant (P=0.04). Also a
lower HR of 0.07 (P=0.02) and an HR of 0.16 (P=0.04)
were noted for aseptic loosening and isolated tibial loos-
ening in the fixed bearing posterior stabilized group.

Radiographic analysis

241 patients in the S+group, 218 in the Attune group,
and 270 in the PFC group had radiographs available for
analysis, with a mean radiographic follow-up of 269,
475, and 387 days, respectively. In the S+group 1, there
were 17 patients (7.1%) with tibial RLLs; in the standard
Attune group, 15 (6.8%) had tibial RLLs, and in the PFC

group, 17 (6.3%) had RLLs. In all the groups, the tibial
RLLs were predominantly in zone 1 (67%, 58%, 71% for
S+, Attune, and PFC groups, respectively) or 2 (58%,
58%, 64% for S+, Attune, and PFC groups, respectively)
on the AP view. These RLLs were all less than 2 mm and
were non-progressive. No significant differences were
noted between the groups.

Discussion
This study compared the survival of the Attune TKA to
its predicate design, the PFC, and all other TKA designs
used in a single institution. Reassuringly, in this study, no
evidence of increased aseptic loosening was found with
the Attune implant as compared with established TKA
systems. Survival analysis showed no significant differ-
ence in survival of the Attune knee when compared to the
PFC or all other knee arthroplasty designs for all-cause
revision, revision for aseptic loosening, and revision for
tibial loosening. Similarly, radiographic analysis did not
reveal any significant differences in radiolucent line for-
mation of the Attune design when compared to the PFC.
Aseptic loosening is recognized to be multifactorial,
with surgeon factors, cementation technique, implant
factors, and patient factors playing important roles [18,
19]. Lower volume surgeons have been shown to have
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Kaplan-Meier Curve for Tibial Loosening
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Fig. 7 Kaplan-Meier survival curves comparing Attune and S+ cohorts for revision for tibial component loosening. Pairwise comparisons using

Log-Rank test: Attune vs. Attune S+ =0.85

higher revision rates, likely related to technical skill [20].
Cementation technique factors included the cement
type, cement application methods, and cement thickness
[21-23]. Some authors have cited implant design factors,
which included component shape and surface roughness
[11, 24-27]. Finally, patient factors such as increased BMI
and younger age have also been linked to increased rates
of aseptic loosening [28-31].

This study, to our knowledge, represents the largest
non-registry review of the original Attune Knee to date.
In our cohort of 2 406 Attune TKAs, there were 38 (1.6%)
revisions for all-causes and 9 (0.4%) revisions for asep-
tic loosening. Other studies looking at loosening in the
Attune implant have reported revision rates between
0%-11.5% for all cause revision and 0%—10.2% for asep-
tic loosening [12-14, 32—-40] (Table 4). Of these studies,
seven compared the Attune implant to a control group
[12, 14, 33, 34, 36, 37, 39], with only one study [33] having
found a significantly higher revision rate for aseptic loos-
ening in the Attune cohort. All the other studies, as was
the case in this study, revealed no significant differences.
Similarly, registry data reported revision rates that were
comparable to established TKA prostheses [1, 2].

Radiolucent lines (RLLs) at the implant-cement
and bone-implant interfaces are a radiographic sign

associated with component loosening. As they are poten-
tial harbingers of loosening, many studies have looked at
the occurrence of RLLs with the Attune knee [14, 32-39,
42, 43]. A study reported a wide variation in the incidence
of RLLs, ranging from 0% [14, 32] to as high as 66% [33].
Six of these studies compared the occurrence of RLLs in
the Attune to control cohorts [14, 34, 36, 37, 39, 42], of
which two studies by Kaptein et al. [37] and Staats et al.
[39] showed a significantly increased rate of RLLs in their
respective Attune cohorts. The other studies [14, 34, 36,
42], as was the case in this study, did not show any sig-
nificant differences in RLLs between Attune and control
cohorts. Furthermore, radiostereometric analyses (RSA)
have shown low rates of maximum total point motion at
2 years, which is predictive of a low risk of medium to
long-term failure due to aseptic loosening [44].

There is a large variability in the incidence of RLLs
among studies, which raised the question of whether
analysis of RLLs ares a reliable means of comparing
potential loosening [45]. Such a wide variation in RLLs
in the literature is likely multi-factorial, involving varia-
tion in reviewer interpretation and quality of radiographs
(image resolution, whether true AP or lateral views),
among others. The assessment of RLLs must follow a set
protocol and the radiographic beam should be placed
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Table 3 The effects of variables upon survival given as proportional hazards calculated using cox regression analysis

All Cause Revision

Revision for Loosening Any Revision for Loosening

Component Tibial Component
HR P-value HR P-value HR P-value

Age

<65 1 - 1 - 1 -

65-74 0.6 <0.001 0.5 0.01 05 0.005

>75 04 <0.001 02 <0.001 0.2 <0.001
Gender

Female 1 - 1 - 1 -

Male 12 ns 13 ns 09 ns
Indication

OA 1 1 - 1 -

Inflammatory Arthropathy 0.9 ns 1.10 ns 700% 107" ns

AN 1.7 ns 480x107 ns 350x107 ns

Trauma 36 ns 5.1 ns 74 ns

Prev Infection 7.60x 107 ns 8.70x107 ns 7.70x107 ns

Other 7.50x 107 ns 490x107 ns 3.80x1077 ns
ASA

| 1 - 1 - 1 -

Il 0.7 ns 0.6 0.03 0.6 ns

Il 0.9 ns 0.5 0.04 04 0.05

\% 0.7 ns 3.20x1077 ns 240%x1077 ns

Vv 1.02x107 ns 1.50%x 107 ns 1.20x 107 ns
Meniscal Constraint

Unconstrained Mobile 1 - 1 - 1 -

Unconstrained Fixed 1.8 0.04 0.6 ns 04 ns

PS mobile 1.8 ns 0.6 ns 04 ns

PS Fixed 0.8 ns 0.07 0.02 0.16 0.04

HR Hazard Ratio, ns not significant

parallel to the implant components [46]. It is difficult
to know whether a reproducible technique was used in
the previous studies. While attention has been drawn to
increased RLLs associated with the Attune design, the
clinical significance remains unclear [45]. The presence
of RLLs do not specifically imply loosening [45]. The
diagnosis of early loosening remains difficult, requiring
assessment of both radiological and clinical factors and
ultimately intraoperative confirmation at revision.

Cox regression analysis showed HR for all-cause revi-
sion, aseptic loosening, and tibial loosening decreased
significantly with increasing age. This finding was not
unexpected since it could be expected that younger
patients are more demanding on their implants [47-49].
It was also noted that decreased HR for aseptic loosen-
ing was associated with higher ASA grades (significant
for ASA 1II, III, Table 3). We surmise that the more active
patients were more likely to have a lower ASA grade
and, therefore, placing increased mechanical demand on
their implants. Interestingly, a significantly lower HR was

noted for the PS fixed-bearing implants when compared
to the other meniscal constraint types (Table 3). No clear
reason could explain this finding and we assumed that
this might be ascribed to the PS fixed bearing only repre-
senting 2% of the overall ATTUNE cohort (Table 1).

This study had some inherent limitations associated
with its retrospective design. It was not a randomized
controlled trial, and although there were no obvi-
ous significant differences in patients’ demographics
among the cohorts, it is possible that there were differ-
ences that may have affected the revision rate. Multi-
ple surgeons might have different implant preferences
and inevitably differences in technique used. The most
prevalent difference lay in that the majority of the
rotating platform designs were performed by surgeons
using a gap balancing approach and most fixed bearing
implants was done by employing measured resection.
There were also some variations in implant configura-
tion. Previous studies have found very little clinical dif-
ference between PS and CR components, other than a
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potential small increase in range of motion with PCL
resection [50-52]. Moreover, the PFC group also had a
higher proportion of fixed-bearing prostheses due pre-
dominantly to the use of all-polyethylene tibial com-
ponents. All-polyethylene tibias performed as well as
metal-backed modular tibial components [50, 53], and,
while mobile-bearing TKA prostheses may potentially
improve range of motion and clinical outcome scores,
there was no proven difference in implant survivorship
[54-57].

The all-other cemented implant cohort contained
multiple different implant designs, meaning that each
implant design was not evaluated individually. Indi-
vidual comparison of other implants was beyond the
scope of this study, which aimed to assess the risk of
loosening in the Attune design when compared to other
implants used within our unit. As such, we could not
draw any conclusions about other designs but rather
could only establish that the Attune design overall did
not show a significant increase in all-cause revision nor
revision for loosening, either of any or of isolated tibial
component in the short- to mid-term. This was a reas-
suring finding but continued vigilance and review of
our outcomes remain prudent.

In conclusion, this study represented a short- to mid-
term follow-up non-registry review of the original and
S+ Attune TKR designs in comparison to its predi-
cate design (PFC) as well as all other cemented implant
designs used in a high-volume arthroplasty unit. There
appeared to be no significantly increased revision rate
for all-cause revision or aseptic loosening. Radiographic
analysis also showed no significant difference in peri-
implant radiolucency. It appears that concerns of early
loosening may be unfounded.
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