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Abstract
Purpose  Total knee arthroplasty (TKA) designs continuously evolve with the aim of improving patient outcomes. The pur-
pose of the current study was to compare clinical and patient-reported outcome (PRO) results of a new TKA implant to its 
predecessor. The hypothesis of this study was that joint awareness and range of motion (ROM) of the newer design would 
be better than the classic design.
Methods  One hundred patients undergoing TKA using the newer design (Attune®) were matched by age and gender to 200 
patients with the classic design (LCS®). All patients underwent computer-navigated (Vector Vision, Brain-Lab, Germany) 
primary TKA by the same surgeon using the same technique. Data (FJS-12, WOMAC and ROM) were collected preopera-
tively and at 12 months follow-up at our implant registry.
Results  Compared to preoperative scores, FJS-12, WOMAC and ROM improved significantly at 12 months follow-up. In 
the Attune group, mean FJS-12 and WOMAC at follow-up were 67.6 (SD 27.8) and 14.8 (SD 14.9) respectively, compared 
to 70.8 (SD 33.8) and 15 (SD 17.9) in the LCS group. Mean postoperative ROM was similar in both groups (Attune 120°, 
range 90°–140°, SD 10.4 and LCS 120°, range 85°–140°, SD 10.3).
Conclusion  The newer TKA and the predecessor design achieved comparable joint awareness, WOMAC scores and ROM at 
1-year follow-up. The benefits expected of the newer design could not be observed in early clinical and PROs. The clinical 
relevance of this study is that it questions the importance of implant design as the single most important factor for patient 
outcomes.
Level of evidence  III.

Keywords  Total knee arthroplasty · TKA · Attune · LCS · Forgotten Joint Score-12 (FJS-12) · Matched-pair analysis · 
Patient-reported outcomes (PROs)

Introduction

In an attempt to address and improve patient outcomes after 
TKA, manufacturers continuously develop new implants 
and modify the designs of their previous products. In 2013, 
DePuy Synthes introduced a new prosthesis design “Attune”. 
The most notable difference in the cruciate retaining (CR) 
version compared to the LCS features a gradually reduc-
ing femoral radius. Thereby, it is supposed to create a bet-
ter transition during knee bending and to provide greater 

mid-flexion stability by increasing the conformity between 
the femoral component and insert while reducing unnatural 
sliding of the femur on the tibia. Furthermore, the femoral 
component profile was reduced and the trochlear groove 
adjusted to better resemble the native knee with the inten-
tion of improving patellar tracking and reducing anterior 
knee pain [1]. The Attune is available in ten femoral and 
tibial component sizes, plus four narrow femoral sizes, to 
better reproduce the variable native anatomy and reduce 
component overhang. So far, little data has been published 
comparing clinical and PROs of the Attune to a predecessor. 
No study has until now compared the Attune CR to the LCS 
Complete CR. To determine effective improvement and real 
value of new implant designs, it is essential to compare clini-
cal and PROs with established standard implants. The prom-
ised benefits of newer implants have to be proven and only a 
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better patient outcome can be considered real improvement. 
Therefore, the aim of this study was to compare clinical and 
PROs of the Attune CR to the LCS CR implant, as well as 
to evaluate whether differences exist in favor of the newer 
design and whether this would lead to increased ability to 
forget the operated knee than the older design. It was hypoth-
esized that joint awareness and range of motion (ROM) of 
the newer design would be better than the older one.

Materials and methods

All patients meeting our inclusion criteria who had under-
gone computer navigated primary TKA from 2012 to 2017 
were considered for the study. From 2001 on, the LCS com-
plete knee system was the standard CR implant used at our 
institute. In 2013 the Attune CR was introduced and replaced 
the LCS as standard CR implant. Inclusion criteria were: 
computer navigated (VectorVision, Brain-Lab, Munich, 
Germany, CT-free, optoelectronic, passive marker naviga-
tion system) primary TKA using a cemented prosthesis with 
CR-design (Attune® or LCS® complete knee system, both 
DePuy Synthes, Warsaw, Indiana, USA), implanted by the 
same surgeon, using the same surgical ligament balancing 
technique and approach; comprehensive clinical records 
as well as completed patient-reported outcome measures 
(PROs) at 1-year follow-up. Revision was an exclusion cri-
terion (two Attune knees had to be manipulated under anaes-
thesia due to arthrofibrosis). A patient flowchart on study 
inclusion is given in Fig. 1. One hundred Attune implants 
were matched with 200 LCS complete implants by age and 
gender. A standard medial parapatellar approach was used in 
all patients. Using navigation to position the cutting blocks 

no extra- or intramedullary resection guides were neces-
sary. As these differ for the Attune and the LCS in stand-
ard instrumentation they might have been a confounder. All 
implants were fully cemented using third generation cement-
ing technique. No patella resurfacing was done in either 
group. Uniform pain relief protocol was used in all patients 
postoperatively. Rehabilitation for all patients consisted of 
continuous passive motion in the hospital, ROM exercises 
instructed by physiotherapists and the use of two crutches for 
6 weeks with full weight bearing as tolerated. Patient data 
were collected preoperatively and 12 months postoperatively 
in a prospective fashion. PRO was evaluated using the FJS-
12 [4] and the WOMAC scores [5]. Knee joint ROM was 
measured with a goniometer by a trained study nurse. In the 
interest of greater clarity and clinical relevance, ROM data 
were presented according to international consensus on the 
definition and classification of fibrosis of the knee joint [11].

The study design was a retrospective analysis of data 
available from our TKA registry. Approval was obtained 
from the local ethics committee (Ethikkommission Ost-
schweiz, Project ID 2018-00927). Informed consent was 
obtained from all individual participants included in the 
study.

Statistical analysis

Descriptive statistics included means, standard deviations, 
ranges and proportions. Comparative statistics included 
unpaired t tests and Chi square tests (Fisher exact test 
was alternatively applied where appropriate). The confi-
dence level for rejecting null hypotheses was set at 95% 
(p value < 0.05). All statistical analyses were performed 
using R (R: a language and environment for statistical 

Fig. 1   Patient selection diagram
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computing. R Foundation for Statistical Computing, 
Vienna, Austria. URL http://www.R-proje​ct.org/). Match-
ing was performed using MatchIt package. Power analysis 
revealed that 84 patients per group would be necessary 
to reach 80% power for MCID of 13 points for FJS-12, 
given an SD of 30 points. Therefore, the number of 100 
study patients vs. 200 matched controls was considered 
sufficient.

Results

Mean values and standard deviations of gender, age and BMI 
as well as pre- and postoperative FJS-12 and WOMAC are 
listed in Tables 1 and 2. As far as demographic data is con-
cerned there were no significant differences with respect to 
age, sex and side. Preoperatively, there was no significant 
difference between the Attune and LCS with respect to 
the FJS-12 (mean ± SD; 13.7 ± 11 vs. 16.7 ± 14; n.s.) and 
WOMAC (mean ± SD; 51.4 ± 15.3 vs. 50.2 ± 19.3; n.s.) 
scores. In both groups, FJS-12 and WOMAC improved sig-
nificantly at 1-year follow-up compared to preoperatively. 
The FJS-12 postoperatively was slightly better in the LCS 
group but the difference was not statistically significant. 
Postoperatively, the WOMAC score improved as well, but 
there was no statistical difference between the groups. Pre- 
and postoperative average flexion was similar in both groups 
(Table 3). There was no significant improvement for either 
group at follow-up. Preoperative extension deficit improved 
significantly postoperatively in both groups, but was com-
parable between implants.

Table 1   Patient demographic and baseline data

*t test, **Chi-squared test

Attune (n = 100) LCS (n = 200) p value

Age
 Mean (SD) 71 (10.3) 70 (10.2) n.s.*
 Range 45–89 44–91

Sex
 Men n (%) 51 (51%) 89 (45%) n.s.**
 Women n (%) 49 (49%) 111 (55%)

BMI
 Mean (SD) 28.3 (4.9) 30.2 (6) 0.009*
 Range 17.6–42 18.5–58.6

Side
 Right n (%) 48 (48%) 105 (53%) n.s.**
 Left n (%) 52 (52%) 95 (47%)

Table 2   WOMAC and FJS-12 results at 1  year postop for LCS and 
Attune groups

Attune LCS p value

FJS-12
 Mean (SD) 67.6 (27.8) 70.8 (33.8) n.s
 Range 0–100 0–100

WOMAC
 Mean (SD) 14.8 (14.9) 15 (17.9) n.s
 Range 0–77 0–93

Table 3   Range of motion 
described as median 
hyperextension, median 
extension deficit and number 
of patients with extension 
deficit > 5, median flexion and 
flexion ≤ 100 preoperatively and 
1 year postoperatively for LCS 
and Attune groups

The values are given in degrees
*unpaired t-test, **paired t-test, ***Chi-squared test, ****Fisher test

Attune LCS p value

Preoperative
 Hyperextension: median (range) 0 (0–15) 0 (0–20) n.s.*
 Extension deficit: median (range) 0 (0–15) 0 (0–40) n.s.*
 Extension deficit > 5 (%) 14% 22% n.s.***
 Flexion: median (range) 120 (90–145) 120 (60–140) 0.05*
 Flexion ≤ 100 (%) 13% 19% n.s.***

Follow-up 1 year
 Hyperextension: median (range) 0 (0–10) 0 (0–10) n.s.*
 Extension deficit: median (range) 0 (0–10) 0 (0–20) n.s.*
 Extension deficit > 5 (%) 3% 4% n.s.****
 Flexion: median (range) 120 (90–140) 120 (85–140) n.s.*
 Flexion ≤ 100 (%) 10% 13% n.s.***

Difference preop to FU 1 year
 Hyperextension n.s.** 0.04**
 Extension deficit < 0.001** < 0.001**
 Flexion n.s.** n.s.**

http://www.R-project.org/
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Discussion

The most important finding of the present study was that 
the newer TKA design achieved comparable, but not sig-
nificantly better clinical and PROs compared to its prede-
cessor. Overall, no significant differences between the two 
implants were found at 1 year follow-up. This is an impor-
tant finding because of the human tendency to assume 
that “newer is better”, also when choosing the “right” 
implant for the patient. The expectation for new technol-
ogy is that it should provide a better outcome than what 
is already available. However, there are reports about new 
prosthetic designs being equal to predecessor designs [13] 
or even leading to worse outcomes [2, 17]. Historically, 
implant survival is the preferred method for evaluating 
and comparing the success of implant designs. In recent 
joint registry reports, survival rates with the Attune have 
been reported as excellent and better than average. In the 
2017 Australian Orthopaedic Association National Joint 
Replacement Registry (AOANJRR) and the National Joint 
Registry (NJR) for England, Wales, Northern Ireland and 
the Isle of Man, revision rates of 0.6% and 0.3% at 1 year 
for the Attune were lower compared to the LCS CR; the 
estimated cumulative revision rate of the overall class of 
cemented TKR was 1.0% at 1 year in the AOANJRR and 
0.4% in the NJR. The 2016 New Zealand Joint Registry 
(NZOAJR) showed slightly higher yearly revision rates for 
the Attune compared to the LCS (0.5 vs. 0.6%).

However, such survival studies can be misleading, 
as patients with unsatisfactory results after TKA can be 
unable or unwilling to undergo revision surgery. There-
fore, parameters such as any-cause revision rate alone are 
insufficient to provide complete and accurate assessments 
of outcome after joint surgery. Recently, a gradual shift 
to include the patients’ perspectives in outcome measure-
ments has taken place, and PRO measures are becom-
ing a cornerstone of outcome assessment after TKA [9]. 
Validated PRO measures which include factors such as 
pain, function in activities of daily life, stiffness, or joint 
awareness have become available. Joint awareness, or the 
ability of patients to forget about their joint arthroplasty 
in everyday life or even during recreational activities, is a 
rather new dimension of PRO and can be measured with 
the FJS-12. Based on the premise that in general, one is 
not aware of a healthy joint during usual activities of daily 
life, this lack of awareness of the normal healthy joint, the 
forgotten joint, is considered the benchmark in evaluat-
ing postoperative results. This state of the forgotten joint 
rules out any substantial subjective impairments such as 
pain, instability, or stiffness and also integrates variables 
such as patient`s expectations, activity levels, and psycho-
social factors [4]. Compared to other PRO measures, the 

FJS-12 showed considerably less ceiling effect, indicating 
its superiority in terms of discriminatory power [3, 7, 8, 
16, 19–21, 23]. Another advantage of the FJS-12 in clini-
cal routine is that it is much faster to complete compared to 
others. This is the first study to assess joint awareness with 
the FJS-12 after implanting the Attune. A slight but not 
statistically relevant difference in the FJS-12 at 12 months 
postoperatively with a lower (worse) score for the Attune 
compared to the LCS (66 vs. 71) was shown. Compared 
to the mean FJS-12 score of 50 for the overall class of 
LCS in patients at our registry, higher FJS-12 scores were 
observed in the current study where results from a single 
surgeon were analysed [4]. However, the FJS-12 values 
were lower than in healthy subjects of the same age in the 
validation study (82.5) [4].

So far, little data have been published comparing clini-
cal and PRO results of the Attune vs. a predecessor design. 
The available studies show results comparable to ours with 
no difference in PROs and patient satisfaction between 
implants, but slightly better postoperative flexion in the 
Attune groups in two studies. In a matched-pair analysis 
of 200 patients comparing the Attune PS to the PFC Sigma 
PS, both cemented fixed bearing, over a 2-year period, com-
parable Knee Society Scores (KSS) (Attune PS 169 ± 32; 
PFC Sigma PS 165 ± 35) and Oxford Knee Scores (Attune 
PS 38; PFC Sigma PS 36) were reported [10]. Another 
study compared a cohort of 728 patients who received the 
Attune PS (both rotating platform, n = 358 and fixed bearing, 
n = 370) to a cohort of 1165 patients who received the PFC 
Sigma PS at 1-year follow-up. The Sigma cohort showed 
significantly better KSS (93.0 vs. 90.4; p < 0.0001) com-
pared to the Attune [15]. A third paper reported on results 
of a matched pair analysis of 200 patients comparing the 
Attune PS to the PFC Sigma PS, both cemented, but fixed 
or mobile bearing, over a 2-year period [18]. They, as well, 
reported comparable pre- and postoperative KSS for pain 
and function between groups with a significant improvement 
at 2-year follow-up (Attune PS function/pain (mean ± SD) 
vs. Sigma PFC PS function/pain (mean ± SD); 92 ± 9/89 ± 15 
vs. 93 ± 8/89 ± 11).

In this study, similar ROM within groups as well as 
within pre- and postoperative follow-ups, with 118° 
and 116° flexion at 12 months for the Attune and LCS 
implants were shown. In the study published by Indelli 
et al. [10], the average ROM at final follow-up differed 
significantly with 123° (range 98°–135°) for the Attune 
PS cohort and 115° (range 97°–132°) for the PFC Sigma 
PS cohort. However, the authors question the clinical rel-
evance of 8° of flexion between implants. The patients’ 
ability to perceive this relatively small difference in flex-
ion has been discussed controversially [12, 22]. Martin 
et al. [15] also published significantly better flexion at 
1 year follow-up in the Attune PS group compared to 
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the PFC Sigma PS group (126.52 ± 8.19 vs. 124.93 ± 929, 
p < 0.001). Ranawat et al. [18] showed comparable ROM 
between groups without significant improvement at fol-
low-up (mean ± SD; Attune PS 119 ± 9 vs. PFC Sigma 
PS 117 ± 9).

Even if newer designs like the Attune have specific 
theoretical advantages, an improvement in PRO has not 
been shown to date, in the published literature or in this 
study. The results of this study question the importance 
of implant design as being the single most important fac-
tor proposed by the industry when placing new models 
on the market. If the principles of TKA are constant and 
factors like the surgeon, implantation technique, surgi-
cal approach, post-op pain management, rehabilitation 
and patient characteristics like BMI, age and sex are bal-
anced, the implant design might be of less importance in 
determining the PROs after TKA. The search for factors 
which need to be improved to reach the target of uni-
versal patient satisfaction and the completely forgotten 
joint after TKA has to go on. Is it conceivable that ready-
made implants offer no space for further improvement and 
instead custom-made implants are the solution? It could 
be that only custom-made implants will be able to repro-
duce the anatomy sufficiently to cover the complexity of 
the anthropometric variants and to reflect them without 
surgical compromise [14]. Or are other factors like knee 
alignment, joint line orientation as well as patient factors 
like expectations more important than implant design?

Surgeons make important decisions when choosing 
the implants to be used and these decisions carry conse-
quences for their patients’ health. The clinical relevance 
of this study lies in providing first results concerning joint 
awareness for a new implant design. These results can 
help in decision-making when choosing the best implant 
for the patient.

The authors note several limitations of the current 
analysis. First, the study is a retrospective review of 
patients, and therefore suffers the inherent limitations of 
retrospective analysis.

However, to provide comparability, patients were 
recruited from a single center, operated by the same 
surgeon and treated under standardised protocols. Fur-
ther limitations include short-term follow-up. However, 
it has been shown [6], most literature on PRO consider 
1 year postoperative results as the end point for measuring 
patients’ improvement after TKA. Furthermore, there was 
a selection bias. Especially in the initial phase, patients 
with better ROM and less varus or valgus deformity 
received the newer implant, whereas more complex cases 
were addressed with the older prosthesis. In addition, 
even for an experienced knee surgeon, a certain learn-
ing curve should be expected when introducing a new 
implant.

Conclusion

Both the newer TKA and the predecessor design achieved 
comparable joint awareness, WOMAC scores and range of 
motion at 1 year follow-up. The expected benefits of the 
newer design could not be observed in early clinical and 
PROs. The clinical relevance of this study is that it ques-
tions the importance of implant design as the single most 
important factor in improving patient outcome.
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