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Abstract

Background Patellar component design in total knee arthroplasty (TKA) can influence patellofemoral kinematics

and clinical outcomes. The medialized dome design (MDD) aligns the patella apex more medially, while the anatomic
patella design (APD) aims to replicate the native patella’s shape and tracking. Although biomechanical studies suggest
potential benefits of APD, clinical evidence remains inconclusive.

Methods A systematic review and meta-analysis following PRISMA guidelines was conducted to compare the clini-
cal outcomes of MDD and APD in a modern posterior-stabilized TKA (ATTUNE system). We searched PubMed, Scopus,
Embase, and Web of Science on January 10, 2025, without language or date restrictions. Eligible studies included
randomized controlled trials (RCTs) and comparative cohort designs evaluating patient-reported outcome measures
(PROMs), revisions, complications, range of motion (ROM), and radiologic measures of patellar stability. Risk of bias
was assessed using RoB-2 for RCTs and ROBINS-I for cohort studies. Pooled effect sizes were calculated using Hedges's
g and random-effects modeling.

Results Seven studies, including three RCTs and four cohort studies, with a total of 1,069 patients and 1,113 knees
(507 APD vs. 606 MDD), were included. The meta-analysis demonstrated no significant difference in PROMs (Hedges's
g=0.09;95% Cl [-0.04 t0 0.22]; P=0.17) or ROM (Hedges's g=0.02; 95% CI [-0.21 to 0.26]; P=0.83) between APD

and MDD. While revision rates and complications were higher for APD, the differences were not statistically sig-
nificant compared to MDD (14 vs 9). Radiographic measures showed inconsistencies and did not definitively favor
either design.

Conclusions Current evidence suggests that APD offers no clear clinical advantage over MDD in the ATTUNE
posterior-stabilized TKA. Both designs yield broadly comparable PROMs and knee function outcomes. Larger RCTs
with extended follow-up are warranted to clarify the safety of APD.

Level of evidence III.
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Introduction

Optimal outcomes in total knee arthroplasty (TKA)
depend on precise component selection and surgical
technique [1]. A modern posterior-stabilized ATTUNE
knee system, with a modified trochlear groove that more
accurately replicates the natural trochlea-patella anat-
omy, has demonstrated superiority over the traditional
press-fit condylar design. This superiority is evident in
its biomechanical and clinical performance, including
improved patellar tracking, reduced contact pressure,
greater patient-reported outcome measures (PROMs),
and lower patellofemoral complication rates [2—4].

The ATTUNE system currently has two options for
patellar resurfacing: the Anatomic Patellar Design (APD)
and the Medialized Dome Design (MDD). The MDD
aligns the patella apex closer to the native anatomic posi-
tion, minimizing the risk of femoral impingement. The
APD incorporates dome medialization and adds a lateral
facet contour to replicate the natural patella shape [5].
This design aims to improve patellofemoral tracking, par-
ticularly at higher flexion angles [2, 5, 6] (Fig. 1).

Biomechanical investigations have suggested that the
APD may offer advantages such as greater patellofemo-
ral flexion ranges, more closely resembling native knee
patella tracking, a greater weight-bearing range of motion
(ROM), and improved extensor mechanism strength.
However, conclusions regarding the relative performance
of the MDD versus APD in clinical settings remain incon-
clusive [5, 7-12].

This study aims to analyze clinical data comparing
MDD and APD within the ATTUNE system. Specifi-
cally, we evaluate RPOMs, knee function, implant sur-
vivorship, complication rates, and radiologic measures
for patellar stability to determine whether the proposed
kinematic benefits of APD result in tangible clinical
improvements.

Methods

This systematic review and meta-analysis comply
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) guidelines [13].

@)

(2025) 20:442

Page 2 of 11

We registered the protocol of the study in PROSPRO
(CRD42024621087). In addition; the study protocol was
registered and approved by Iran National Committee

for Ethics in Biomedical Research; (Reference Number:
IR.SBMU.MSP.REC.1403.688).

Search strategy

A literature search was conducted across four major
databases—PubMed, Scopus, Embase, and Web of Sci-
ence—using tailored keywords and Boolean operators.
The search was performed on January 10, 2025, and
results were exported without applying language or pub-
lication date restrictions. Complete search strings for
each database are provided in the Appendix A.

Eligibility criteria

We employed the PICOS framework to formulate the eli-
gibility criteria. The population (P) of interest included
patients who underwent TKA using the ATTUNE knee
system with patellar resurfacing. The APD was consid-
ered the intervention (I), while the MDD served as the
control (C) group. We focused on clinical outcomes,
with PROMs, revisions, and complications as the pri-
mary outcomes, and ROM and radiologic measures of
patellar stability as secondary outcomes (O). Eligible
study designs (S) included randomized controlled trials
(RCTs) and non-randomized comparative studies with
at least 6 months of clinical follow-up. Studies that did
not meet these criteria, or those comparing outcomes
of other patella designs or prosthesis systems, were
excluded. Cross-sectional and case series studies were
also excluded.

Specifically, for PROMs, we gathered data from reli-
able and valid questionnaires [14-22], including: EQ-5D
(EuroQol-5 Dimension); KOOS (Knee Injury and
Osteoarthritis Outcome Score); JKOM (Japanese Knee
Osteoarthritis Measure); WOMAC (Western Ontario
and McMaster Universities Osteoarthritis Index); OKS
(Oxford Knee Score); KSS (Knee Society Score); PKIP
(Patellar Kinematic Inverse Prediction); and HSS (Hos-
pital for Special Surgery Score); Feller, and Kujala scores.

(b)

Fig. 1 Anteroposterior and lateral views of two patellar component designs: (@) Medialized Dome Design (MDD) and (b) Anatomic Patella Design
(APD). This figure is reproduced from Shon et a's [7] article: “The Design of the Patellar Component Does Not Affect the Patient-Reported Outcome
Measures in Primary Posterior-Stabilized Total Knee Arthroplasty: A Randomized Prospective Study”. Permission is granted under the CC-BY licenses
specified in the original article. Journal of Clinical Medicine, Mar 2022; ISSN: 2077-0383; https://doi.org/10.3390/jcm 11051363
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Study selection

Following the manual elimination of duplicate entries,
two independent reviewers (OB, MH) screened the
titles and abstracts of the remaining articles to iden-
tify potentially eligible studies. The full texts of the
shortlisted articles were then thoroughly evaluated to
determine their compliance with the predetermined
inclusion criteria. Any disagreements that arose during
the selection process were resolved through discussion.
In cases where consensus could not be reached, a third
reviewer (SH) was consulted to make the final decision.

Data collection process

A data extraction sheet created in Microsoft Excel
was used to systematically collect information from
the included studies. All extracted data were indepen-
dently gathered by two evaluators, with any discrep-
ancies resolved through discussion. The extracted
data included the lead author, year of publication,
study design, follow-up duration, demographic
details (total patients and knees, women percent,
number of knees in MDD and APD, age, and body
mass index [BMI] and bearing design) presented in
Table 1, and outcomes, PROMs, knee function, com-
plications or revisions, and radiologic measures in
Table 2. Additionally, raw data used in the meta-anal-
ysis were provided in Appendix B for transparency
and reproducibility.

For studies reporting sub-scores, overall scores
were calculated to facilitate meta-analysis [11, 12].
In the case of the study by Ahearn et al. [11], which
did not report standard deviations, we estimated
the mean SD using data from other studies with
similar sample sizes and scores. During the prepara-
tion of the manuscript, the authors used “ChatGPT”

Table 1 Study and patient characteristics
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only for grammar correction. After using this ser-
vice, the authors reviewed and edited the content as
needed.

Risk of bias assessment

Two independent authors assessed the quality of stud-
ies utilizing the Cochrane ROBINS-I tool for non-rand-
omized studies to evaluate biases related to confounding,
selection, and intervention classification [23]. Similarly,
RCTs were evaluated using the Cochrane RoB-2 tool [24].
addressing randomization, deviations from intended
interventions, missing data, outcome measurement, and
reporting biases. Disagreements between the two asses-
sors were resolved through discussion. The Robvis tool
was used to visualize bias assessments, providing graphi-
cal summaries [25].

Data analyses

Effect estimates were calculated using Hedges’s g
to address outcome heterogeneity and small sam-
ple sizes. Effect sizes were classified as small (< 0.2),
moderate (0.2-0.5), or large (> 0.5). A random-effects
model was applied to account for inter-study variabil-
ity, and analyses were performed using Comprehen-
sive Meta-Analysis (CMA) v3.3, with significance set
at p< 0.05.

Heterogeneity was evaluated using the I? statis-
tic, with thresholds of 25, 50, and 75% indicating
low, moderate, and high heterogeneity, respectively.
Insufficient data for pooling were narratively sum-
marized, and funnel plots were used to assess pub-
lication bias when at least 10 studies contributed to
a meta-analysis. All pooled results were reported
with 95% confidence intervals (CIs) for clarity and
transparency.

Study, Year Study Design/LoE  Total Cases Knees Mean Age Mean BMI Tibial
(women %) (APD / MDD) (APD / MDD) (APD / MDD) Bearing Design

Ahearn 2021 [11] prospective cohort/Il 100 (63) 50/50 71/69 31.2/31.7 -
Kleeman-Forsthuber retrospective cohort/ 200 (70) 100/100 66/66 26.2/26.2 MB
2024 18] 1l
Mannen 2019 [12] retrospective cohort/ 27 (69) 16/16 62.5/65.2 25.6/27.6 MB

Il
Mochizuki 2021 [10] RCT/I 48 (93) 24/24 74.3/73.0 27.1/28.1 FB
Shon 2022 [7] RCT/ 98 (90) 49/49 71.33/71.92 27.69/27.11 FB
Sobhi 2024 [5] prospective cohort/Il 505 (-) 212/323 67.85/66.9 30.63/31.23 MB
Kim 2023 [9] RCT/I 91 (86) 47/44 69.36/70.62 26.73/26.87 FB
Total 3 RCT/4 Cohort 1069 (86) 507/606 68.5/67.5 28.7/28.95

APD Anatomic patellar design, MDD Medialized dome design, RCT Randomized controlled trial, LoE Level of evidence, BMI Body mass index, FB Fixed bearing, MB

Mobile bearing
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Study, Year FollowUp PROMs Revision or Complication ROM Radiologic Measures
(months) Measure Results Measure Results Measure Results Measures Results
and Method
Ahearn 2021 12 EQD5.KOOS  APD had - - - - - -
[ superior
scores for
(Mobility,
Activity
and Anxiety)
for EQ5D
And KOOS
Function
Kleeman- 28for APD - - Revisions APD:7 (3 n-WB ROM NS Merchant APD: had
Forsthuber 73 for MDD (no. for patella and lateral greater PTA,
2024 18] and cause) failure) views and LPD values
CKEand AKP MDD: 3 (no SPPF, LPD, and SPPF rates
rate patella failure) PTA, Insall-
APD had Salvati ratio
more CKE
and AKP rates
(18 APD/2
MDD)
Mannen 2019 9 KSS, KOOS, NS - - WB, n-WB NS Measured APD had lower
2] PKIP FF during full ERA
ROM
ERA and IRA,
LPD meas-
ured dur-
ing full ROM
Mochizuki 12 JKOM NS Revisions 0 n-WB ROM NS Merchant NS
2021 [10] or Complica- and lateral
tions and anterior
views
at 30,60, 90,
120 degree
of knee
flexion
IRA, PTA
Shon 2022 [7] 3,6,12 KOOS, NS Revisions 0 n-WB APD at6m Merchant APD had lower
WOMAC, or Complica- FF,FCat3,6,12 had greater view PTA angles
Feller, Kujala tions m FF PTA, LPD
Sobhi 2024 [5] 1,12 OKS NS Reoperations  APD: 7 (0) n-WB ROM NS Merchant APD: more
(Revisionno) MDD:6 (2 and lateral RLLs for lateral
ongoing pain) views femur view
PTA, RLL, LPD  and greater PTA
MDD: more
RLLs for axial
patella view
and greater LPD
Kim 2023 [9] 24 KSS, WOMAC, NS Revision 0 n-WB ROM, NS Merchant NS
Kujala, HSS or Complica- FF, FC and lateral PTA outliers
tion views (APD: 11
PTA, PTA and MDD: 5%)
outliers
Blackburne-
Peel ratio

Abbreviations: PROMs Patient-Reported Outcome Measures, MDD Medialized dome design, APD Anatomic patellar design, EQ-5D EuroQol-5 Dimension, KOOS Knee
Injury and Osteoarthritis Outcome Score, JKOM Japanese Knee Osteoarthritis Measure, WOMAC Western Ontario and McMaster Universities Osteoarthritis Index, OKS
Oxford Knee Score, RLL Radiolucent Lines, KSS Knee Society Score, HSS Hospital for Special Surgery, PKIP Patellar Kinematic Inverse Prediction, WB Weight-Bearing,
n-WB no Weight-Bearing, LPD Lateral Patellar Displacement, PTA Patellar Tilt Angle, ERA External Rotation Angle, IRA Internal Rotation Angle, CKE Chronic Knee
Effusion, AKP Anterior Knee Pain, ROM Range of Motion, SPPF Superior Patellar Pole Fragmentation, FF Flexion, FC Flexion Contracture
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Results

Study selection and study characteristics

The electronic search yielded 2,069 articles. After remov-
ing duplicates, 1,060 articles underwent title and abstract
screening. Of these, 30 studies were selected for full-text
evaluation. Following a thorough review, seven studies
met the inclusion criteria (Fig. 2).

The seven included studies comprised three RCTs [7, 9,
10], two prospective cohort studies [5, 11], and two ret-
rospective cohorts [8, 12]. A total of 1,069 patients and
1,113 knees were analyzed, with 507 knees in the APD
group and 606 knees in the MDD group. The mean age
was 68.5 years for APD patients and 67.5 years for MDD
patients, with a mean BMI of 28.7 and 28.95, respectively.
Three RCTs [7, 9, 10] utilized fixed-bearing (FB) tibial
designs, while three cohort studies employed mobile-
bearing (MB) designs [5, 8, 12]. Ahearn et al. [11] did not
report the type of tibial bearing (Table 1).

(2025) 20:442

Records identified from:
,§ Scopus (n =676) Record's removed before
3 PubMed (n =443) screening:
= Web of Science (n =449) ————» Duplicate records removed
< Embase (n =501) (n =1009)
]
Total (2069)
A 4
Records screened Records excluded through title
~ — | and abstract review by authors
(n =1060) (n =1030)
A4
Reports sought for retrieval Reports not retrieved
=2 (n=30) (n =0)
=
[
5
A A4
Reports assessed for eligibility
n=230 >
( ) Reports excluded
(n=23)
A4

Studies included in review
Total (n=7)

RCT (n =3)

Prospective Cohort (n = 2)
Retrospective Cohort (n = 2)
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Quality assessment

Using the RoB-2 tool, the two RCTs were rated as having
a low risk of bias. And the one RCT had some concerns.
Similarly, under the ROBINS-I tool, one study was rated
as low risk, while the remaining three were deemed mod-
erate risk due to concerns related to patient selection and
confounding factors (Figs. 3 and 4).

Outcomes

Patient reported outcome measures

Six studies (three RCTs and three cohort studies) evalu-
ated PROMs between both groups [5, 7, 9-12]. Among
the RCTs, all reported comparable outcomes between the
two groups. Shon et al. [7] evaluated KOOS, WOMAC,
Feller, and Kujala scores at 3, 6, and 12 months postop-
eratively and found no statistical differences between
groups. Mochizuki et al. [10] reported comparable JKOM
scores at 12 months postoperatively. Similarly, Kim

Fig. 2 Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flow diagram, Illustrating the study selection process,
including the number of records identified, screened, assessed for eligibility, and included in the final analysis
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Fig. 3 The risk of bias assessment for included randomized controlled trials
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Fig.4 The risk of bias assessment for included non-randomized studies

et al. [9] found no significant differences for KSS, HSS,
WOMACG, or Kujala scores at 24 months postoperatively.

Three cohort studies evaluated PROMs for both
designs [5, 11, 12]. Overall, the cohort studies dem-
onstrated a trend toward superior PROMs for APD,
with one study showed significantly greater outcomes
for APD. Sobhi et al. [5] in a prospective cohort study,
reported no significant differences in OKS at the 1- and
12-month marks. Mannen et al. [12] found no signifi-
cant differences between groups for KSS, KOOS and
PKIP subgroups in patients who had at least 9 months
of follow-up. In contrast, Ahearn et al. [11] in a prospec-
tive cohort study, reported significantly superior KOOS
“Function” scores and EQ-5D sub-scores for “Mobility’,
“Activity’, and “Anxiety” in the APD group (Table 2).

We included six studies in our meta-analysis, which
were heterogeneous in terms of the PROMs question-
naires used. These included three studies reporting
KOOQOS, one reporting KSS, one reporting JKOM, and one

reporting OKS. To address this variability and provide a
more precise estimation, we used Hedges’s g as the effect
size. The meta-analysis demonstrated no significant dif-
ference between groups at the last follow-up endpoint
(Hedges'’s g= 0.09; 95% CI [—0.04 to 0.22]; P= 0.17; P=
0) (Fig. 5).

Revisions and complications

Five studies reported revisions and complications. Over-
all, the studies found no significant differences between
both groups. All three RCTs reported no revisions or
complications during the follow-up [7, 9, 10]. Sobhi et al.
[5] in a prospective cohort study, reported higher reop-
eration rates in the APD group (3.2 vs. 1.8%), though
the difference was not statistically significant. Similarly,
Kleeman-Forsthuber et al. [8] in a retrospective cohort
study, reported more revisions in the APD group (7 vs.
3%), with three cases of isolated patella failure in the APD
group compared to one case of traumatic patella failure
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Study name Subgroup within study Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper

g limit limit p-Value
Ahearn, 2021 KOOS 0.36 -0.03 0.76 0.07 _E—
Kim, 2023 KSS 0.07 -0.34 0.48 0.73
Mannen, 2019 KOOS 0.01 -0.66 0.69 0.97 —_—
Mochizuki, 2021 JKOM -0.13  -0.69 0.42 0.64 —_——
Shon, 2022 KOOS 0.01 -0.38 0.40 0.96
Sobhi, 2024 OKS 0.09 -0.08 0.26 0.32

0.09 -0.04 0.22 0.17
-2.00 -1.00 0.00 1.00 2.00
Favours MDD Favours APD

Meta Analysis

Fig. 5 Forest plot of patient reported outcome measures last follow-up. The Pooled Hedges's g indicates non-significant patient reported outcome
measures difference for both anatomic patella design and medialized dome design groups

in the MDD group. However, this difference was also not
statistically significant. In Addition, the APD group dem-
onstrated significantly higher rates of anterior knee pain
(AKP) and chronic knee effusions (CKE) compared to the
MDD group (Table 2). We did not perform a meta-analy-
sis for this domain due to the scarcity of data.

Radiographic measures of patellar stability

Five studies compared patellar tilt angle (PTA) in the
Merchant view [5, 7-10]. Two studies reported signifi-
cantly higher PTA in the APD group [5, 8], two found
no significant differences [9, 10], and one reported lower
PTA in the APD group [7]. Kim et al. [9] also reported
PTA outliers (PTA >5°), with APD showing a higher out-
lier rate (11 vs. 5%), although the difference was not sta-
tistically significant.

Lateral patellar displacement (LPD) was evaluated in
four studies [5, 7, 8, 12]. Three used the Merchant view,
while Mannen et al. [12] measured LPD during full ROM.
Among the three studies, one reported significantly
greater LPD in the APD group [8], another reported sig-
nificantly greater LPD in the MDD group [7], and the
third found no significant differences [5]. Mannen et al.
[12], reported that LPD during weight bearing showed no
significant differences between groups.

Two studies assessed patellar height using Insall-Salvati
and Blackburne-Peel ratios, finding comparable results
between groups [8, 9]. Two studies evaluated patellar
rotation angles, including internal (IRA) and external
(ERA) rotation, during different flexion angles and full
ROM [10, 12]. Both reported no significant differences in

IRA, while one found significantly lower ERA in the APD
group during weight-bearing ROM.

Sobhi et al. [5] evaluated the radiolucent lines (RLLs) in
lateral and Merchant views, with higher rates observed in
the lateral femur view for the APD group and in the axial
patella view for the MDD group. Additionally, Kleeman-
Forsthuber et al. [8] reported significantly higher rates of
superior patellar pole fragmentation (SPPF) in the APD
group (Table 2). We could not perform a meta-analysis
for this domain due to the scarcity and heterogeneity of
reported data.

Knee function

Six studies (three RCTs and three cohort studies) evalu-
ated knee function at the seated position [5, 7-10, 12].
Three studies reported only ROM [5, 8, 10], Kim et al. [9]
reported ROM alongside further flexion (FF) and flexion
contracture (FC). Shon et al. [7] reported FC and FF. In
addition, Mannen et al. [12] evaluated FF in seated posi-
tion and wight bearing positions. All studies found no
significant differences between groups. However, Shon
et al. [7] reported significantly greater FF for APD at the
6-month follow-up, with no differences observed at the
3- or 12-month time points (Table 2).

We included six studies in a meta-analysis for ROM.
Hedges’s g was used to calculate pooled outcomes, as two
studies reported FF instead of ROM. The meta-analysis
confirmed no significant differences in ROM between the
two designs (Hedges’s g= 0.02; 95% CI [-0.21 to 0.26];
P=0.83; = 53%) (Fig. 6).
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ROM at Last FU
Study name Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper

g limit limit p-Value
Kleeman-Forsthuber, 2024 -0.05 -0.44 0.34 0.80
Mannen, 2019 -0.39 -1.07 0.29 0.26 A
Mochizuki, 2021 -0.28 -0.84 0.28 0.33
Shon, 2022 0.59 0.19 1.00 0.00 ——
Sobhi, 2024 0.00 -0.17 0.17 1.00
Kim, 2023 -0.01  -042 0.40 0.96

0.02 -0.21 0.26 0.83
-2.00 -1.00 0.00 1.00 2.00
Favours MDD Favours APD

Meta Analysis

Fig. 6 Forest plot of range of motion last follow-up. The pooled Hedges's g demonstrates comparable range of motion outcomes

for both anatomic patella design and medialized dome design groups

Discussion

This review compared the clinical outcomes of MDD and
APD designs for the ATTUNE TKA system. Overall, the
two designs yielded comparable clinical results, in terms
of PROMs and ROM with inconclusive findings for revi-
sions, complications and radiological measures.

The meta-analysis demonstrated non-significant
PROMs difference between both designs; aligning with
results of most studies that evaluated multiple PROM
scores at different time points and reported non-signifi-
cant outcomes between both groups [5, 7, 9, 10, 12]. Due
to its favorable patellofemoral joint kinematics, the APD
design theoretically offers advantages by better replicat-
ing natural patellar flexion and providing a more efficient
patellofemoral lever. Specifically, similar to the natural
knee, APDs exhibit a patellofemoral contact point that
migrates from inferior to superior during knee flexion
[26], whereas MDDs maintain a relatively more superior
contact point throughout flexion. This migration pattern
in APD enhances the efficiency of the extensor mecha-
nism [12], and improves patellofemoral tracking [2, 26].
Despite the promising theoretical biomechanical ben-
efits, our findings did not reveal any significant improve-
ments in patients’ subjective or objective outcomes
during short-term follow-up. One major challenge was
the high heterogeneity in PROMs reporting across vari-
ous questionnaires, which restricts the generalizability of
the meta-analysis results. Several biomechanical, popula-
tion-related, and methodological factors may contribute

to the nonsignificant differences observed between the
two designs.

The superior kinematic characteristics of APD are pri-
marily observed during maximum flexion, weight-bear-
ing, and high-demand activities [12, 26, 27]. However,
the advanced age of patients in the included studies likely
limited their ability to engage in such activities, poten-
tially rendering the kinematic benefits of APD less appar-
ent in this population. Future research should prioritize
younger and more active patients who are likely to push
the knee to its functional limits. Additionally, none of the
included studies evaluated “joint awareness” using the
Forgotten Joint Score (F]S), a valuable metric that could
offer deeper insights into patient experiences and out-
comes [28].

Other kinematic factors are likely influential, as
patellofemoral and tibiofemoral joint kinematics are
interdependent [6, 29, 30]. Thus, tibial and femoral
component positioning and tibial component design
can significantly affect knee kinematics and, subse-
quently, PROMs [6]. In an in vivo study, Smith et al.
[27] compared four cohorts comparing different bear-
ings and patellar designs—MB-APD, FB-APD, MB-
MDD, and FB-MDD—and found that while lateral
contact positions at full extension were similar, kine-
matic differences emerged during flexion. The MB-APD
group showed more consistent lateral condylar rollback
compared to FB-APD, which demonstrated more ante-
rior sliding. Axial rotation was most pronounced in the
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MB-APD group, while the FB-APD group exhibited
the least rotation and more variability. Overall, MB-
APD showed more natural and consistent kinemat-
ics, including greater lateral translation, axial rotation,
and range of motion, whereas MDD designs showed
less variability. These differences may help explain the
non-significant findings in the included trials using FB
designs in our study.

The meta-analysis for ROM revealed no significant dif-
ferences between the groups. Pooled effect sizes showed
wide confidence intervals and moderate inconsist-
ency, which reduced the certainty of the findings in this
domain. Additionally, the meta-analysis included only
ROM measurements taken in seated positions. While,
in vivo studies reported that APD demonstrates greater
ROM under weight-bearing conditions [12, 27]. Future
research should prioritize weight-bearing kinematics to
provide a more comprehensive understanding of these
differences.

Current evidence indicates no significant differences
in survival between the groups. The RCTs exhibited no
revisions or complications within two years of follow-up
[7, 9, 10]. However, retrospective studies with larger sam-
ple sizes raised concerns about APD’s safety, showing a
trend towards higher rates of patella failure, reoperation,
and AKP for APD [5, 8]. Historically, APDs have been
associated with higher complication rates and a greater
susceptibility to failure in TKAs with misaligned femoral
or patellar components [31-34]. These issues may stem
from the unique morphology of APD, which can lead to
greater patellar strain when variations in patellar resec-
tion angles occur [8, 9]. Larger RCTs with extended
follow-up periods are required to better evaluate these
findings.

Although concerns remain regarding revision rates and
implant safety, the ATTUNE system is widely considered
a safe option for total knee arthroplasty. A recent sys-
tematic review and meta-analysis by Choudhury et al. [3]
compared the ATTUNE knee system with the traditional
PFEC Sigma design and found that the ATTUNE system
significantly improved KSS relative to the PFC Sigma.
Moreover, the ATTUNE prosthesis was associated with
fewer patellofemoral complications, including reductions
in anterior knee pain and crepitus. Overall, the study
concluded that modern implant designs, as exemplified
by the ATTUNE system, offer clear clinical advantages
over traditional designs.

Radiological measures yielded inconsistent findings
across studies. For PTA, LPD, RLLs results were heter-
ogenous and unconvincing to make a solid conclusion.
Although, APD has demonstrated higher but non-sig-
nificant PTA outlier rates in one study [9]. The incidence
of PTA outlier TKAs may be a more valuable measure

(2025) 20:442

Page 9 of 11

compared to average PTA to predict inferior PROM:s [9,
35]. In addition, APD demonstrated higher SPPF rates
in one study, which is a concerning finding in terms of
longevity of patellar component [8]. The results were het-
erogenous to make a solid conclusion. Future studies are
needed to further investigate the safety of APD design.

Limitations

Most of the included studies are characterized by short
follow-up durations, typically spanning only one to two
years, which precludes the evaluation of long-term out-
comes. Additionally, the small sample sizes observed in
these studies significantly reduce their statistical power,
thereby limiting the ability to detect subtle differences or
trends. The meta-analysis was further constrained by the
limited availability of data on revisions and radiological
outcomes, hindering the pooling of these critical end-
points. Moreover, the heterogeneity in the reporting of
PROMs prevented the individual pooling of each PROMs
score. Finally, as this study focused solely on patellar
resurfacing within the ATTUNE system, the applicability
of the findings to broader patient populations or alterna-
tive implant designs is limited.

Conclusion

Based on current literature, APD offers no significant
clinical advantage over MDD. Both designs demonstrate
comparable clinical outcomes, with slight differences in
PROMs that may favor APD in specific scenarios. Future
studies with extended follow-up durations are essential
to better assess the safety and longevity of APD. Surgeons
may choose between these designs based on personal
preference and patient-specific factors.
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