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Abstract

Purpose: Mobile-bearing total knee arthroplasty (MB-TKA) and fixed-
bearing (FB) TKA are both widely used, with MB-TKA theoretically offering
better functional outcomes due to its natural kinematics. This systematic
review and meta-analysis aimed to compare joint awareness between MB-
TKA and FB-TKA, as measured by Forgotten Joint Score-12 (FJS-12), to
provide insights into patient-perceived outcomes.

Methods: A comprehensive literature search was conducted across major
databases following PRISMA guidelines, without date or language restric-
tions. Studies focusing on TKA with MB or FB as the intervention and control
groups, respectively, and reporting on FJS-12 were included. The selection
process involved two independent reviewers. Data extraction was carried
out using a structured checklist and assessed for quality using the
Newcastle—Ottawa Scale (NOS). The meta-analysis employed Hedge's g
method to compare FJS-12 and assessed publication bias using Egger's
test and funnel plot analyses.

Results: Six studies, including two randomized clinical trials and four cohort
studies with 731 participants and mean follow-up of 5.4 years, met the
inclusion criteria. The meta-analysis revealed no significant difference in
FJS-12 between MB and FB TKA (pooled difference =0.132, 95% confi-
dence interval: —0.103 to 0.367, p=0.271), with moderate heterogeneity
observed (/2 = 53.5%). Publication bias assessment indicated no significant
bias. Meta-regression did not identify factors contributing to heterogeneity.
Conclusion: MB-TKA does not provide superior patient-perceived outcomes in
terms of joint awareness compared to FB-TKA. This suggests that the clinical
advantage of MB-TKA in terms of joint awareness is likely negligible. Therefore,
the choice between MB and FB TKA should be based on other considerations,
such as surgeon preference, implant cost and individual patient needs.

Level of Evidence: Level lll.

Abbreviations: BMI, body mass index; FB, fixed-bearing; FJS-12, Forgotten Joint Score-12; MB-TKA, mobile-bearing total knee arthroplasty; NOS, Newcastle—
Ottawa Scale; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PROM, patient-reported outcome measure; PROSPERO, Inter-
national Prospective Register of Systematic Reviews; RCT, randomized clinical trial; TKA, total knee arthroplasty.
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INTRODUCTION

As medical technology advances, various surgical
techniques and prosthetic designs have been de-
veloped to enhance patient outcomes and satisfac-
tion [15]. Among these, mobile-bearing total knee
arthroplasty (MB-TKA) and fixed-bearing (FB) TKA
are prominent options, each with distinct mechanical
and design features [6]. MB-TKA is designed to
closely mimic the natural kinematics of the knee,
potentially offering better functional outcomes and
inducing the same level of natural joint feeling [6].
The choice between MB-TKA and FB-TKA remains
a topic of debate among orthopaedic profes-
sionals [29].

Previous meta-analyses comparing MB and FB
TKA generally found no significant differences
between the two in terms of patient-reported out-
come measures (PROMs) such as the Knee Society
Score (KSS), Western Ontario and McMaster Uni-
versities Arthritis Index (WOMAC) and range of
motion, as well as survival rates [4, 7, 9, 10, 13,
26-28]. However, what sets the Forgotten Joint
Score-12 (FJS-12) apart from other PROMs is its
specificity in measuring joint awareness during daily
activities, which has become an increasingly
important factor in evaluating patient satisfaction
with TKA [16]. Unlike conventional PROMs that
assess pain, function and stability, the FJS-12 fo-
cuses on the extent to which patients ‘forget’ their
artificial joint throughout the day, offering a unique
insight into the subjective experience of living with a
joint replacement [22]. Higher FJS-12 indicates
lower joint awareness, which is associated with
better patient outcomes in terms of perceived natu-
ral function. The FJS-12 is particularly valuable for
detecting subtle differences in patient-perceived
outcomes that may not be captured by traditional
PROMs, largely due to its lower ceiling effects [12].
This allows it to more accurately reflect the patient
experiences, especially in cases where other
PROMs might indicate a plateau in perceived
outcomes.

To the best of our knowledge, no previous meta-
analysis has used joint awareness as the primary out-
come, leaving a gap in the literature on patient-
perceived outcomes following TKA. In this review, the
importance of the FJS-12 as a distinct outcome mea-
sure is emphasized, and it is hypothesized that the
theoretical kinematic advantages of MB-TKA may
translate into superior joint awareness.

METHODS
Protocol and registration

This study is implemented according to the PRISMA
(Preferred Reporting ltems for Systematic Reviews and
Meta-Analyses) statement.

The FJS-12 is a validated PROM specifically
designed to assess a patient's awareness of their arti-
ficial joint during daily activities. Unlike traditional
PROMs, the FJS focuses on the degree to which pa-
tients forget the presence of their joint replacement,
which is considered a sign of successful joint function.
This score consists of 12 items that assess joint
awareness during various physical and social activities.
The items are scored on a 5-point Likert scale, with
responses ranging from ‘never’ to ‘always’ (never = 0,
almost never = 1, seldom = 2, sometimes = 3 and
often = 4). The total score is then transformed into a
0-100 scale, where a higher score indicates a
lower degree of joint awareness and thus a better
outcome. This makes the FJS a unique tool for evalu-
ating the long-term functional success of joint
replacement, as it captures patients' ability to ‘forget’
their joints in everyday life.

Search strategy

On 1 February 2024, an extensive and systematic lit-
erature search was executed across four major data-
bases: PubMed, Embase, Scopus and Web of Science.
Our comprehensive search strategy incorporated a
combination of key terms and Boolean operators, for-
mulated as ‘Bearing’ AND (‘Total Knee Arthroplasty’
OR TKA) AND (‘Forgotten Joint Score’ OR FJS). No
restrictions were imposed on the publication date or
language of the articles, ensuring a wide-ranging and
inclusive search.

Eligibility criteria

This systematic review will include studies that specif-
ically focus on patients undergoing TKA. The popula-
tion (P) of interest comprises individuals who have
undergone TKA, without restrictions on demographics
such as age, gender or underlying conditions. The
intervention (l) considered for this review is the use of
MB in TKA. Comparatively, the control (C) group will
consist of patients who have undergone TKA with an



FB. The primary outcome (O) of interest is the FJS. For
study design (S), the review will include randomized
clinical trials (RCTs) and Cohort studies. Studies will be
excluded if they do not meet these criteria, if they do
not provide clear data on the FJS, or if they focus on
interventions other than MB or FB in the context
of TKA.

Study selection

The entire selection process was facilitated by Endnote
X8 (Clarivate Analytics). The initial phase involved a
thorough examination of titles and abstracts by two
independent reviewers (MP and YP), ensuring an
unbiased review. The subsequent phase entailed a
detailed analysis of the full texts, focusing on identifying
the most relevant articles that align with our research
criteria. During the selection process, any discrepanc-
ies between reviewers were resolved through con-
structive discussions, and if necessary, the final deci-
sion was made through the consensus of the
corresponding author (SMJM).

Data extraction

A meticulously designed checklist was employed for
data extraction to uniformly gather key study details.
This checklist included variables such as the author's
name, publication year, level of evidence, country of
origin, type of alignment strategy, sample size, per-
centage of female participants, mean age, mean body
mass index (BMI), duration of follow-up, FJS-12 and
type of prosthesis used. Two independent researchers
executed this data extraction process in Microsoft Ex-
cel (YP and MP). Any discrepancies observed were
judiciously reviewed and reconciled by a third investi-
gator (SMJM) (Table 1).

Quality assessment

The Newcastle-Ottawa Scale (NOS), a widely recog-
nized tool for evaluating the methodological quality of
non-randomized studies in systematic reviews, was
applied to assess the quality of the included studies
(Table 2) [20]. For RCTs, the risk of bias tool version 2
(RoB2) was implemented to assess quality and bias
(Figure 1) [21].

Data synthesis

A meta-analytic approach was adopted to quantita-
tively analyze and interpret the findings from the
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extracted data. The P test was used to assess het-
erogeneity, and random-effects models were employed
to account for possible heterogeneity.

The statistical analysis was conducted using the
Hedge's g method. This approach was selected due to
its effectiveness in estimating the standardized mean
difference, allowing for a more precise comparison of
the FJS across different studies. This method is par-
ticularly beneficial when dealing with studies of varying
sizes, as it adjusts for small sample bias.

To assess the presence of publication bias, both
Egger's test and funnel plot analyses were utilized.
Egger's test provided a statistical measure for detecting
bias, while funnel plots offered a visual representation
of any asymmetry in the meta-analysis, potentially
indicating bias. In cases where significant heteroge-
neity or potential sources of bias were detected, meta-
regression analyses were conducted. This advanced
statistical method allowed for exploration and identifi-
cation of potential factors contributing to the observed
variability or bias in the study outcomes.

RESULTS
Study characteristics

Our meticulous screening process of 157 articles cul-
minated in the inclusion of six studies in this systematic
review, as depicted in the PRISMA flow chart
(Figure 2). Notably, during the data extraction phase, it
was identified that one study was an extended follow-
up of another [8]. Consequently, the earlier study was
excluded to avoid redundancy [18].

Of the final selection, two studies were RCTs [8, 19],
and the remaining four were cohort studies [1, 23-25].
Collectively, these studies encompassed 731 partici-
pants, characterized by a mean age of 68.2 years and
a mean follow-up duration of 5.4 years. The participant
pool was predominantly female, with 474 (62.8%)
female participants. Geographically, these studies
spanned various countries, including Belgium, Den-
mark, the Netherlands, Japan, Korea and Turkey. In
terms of alignment principles, three studies (50%) uti-
lized mechanical alignment, while the alignment strat-
egy in the remaining three studies (50%) was
unspecified. A detailed breakdown of these studies can
be found in Table 1.

Quality assessment

The quality assessment of the included studies, as
shown in Table 2 and Figure 1, revealed that all studies
were of high quality, indicating a robust and reliable
body of evidence.
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TABLE 2 Quality assessment of included studies.
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Study Selection Comparability Outcome Overall quality
Thienpont, 2016 HeHeHeH HH HH Good
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FIGURE 1

Meta-analysis

The pooled difference in the FJS-12 across the
included studies was 0.132 (95% confidence interval:
—-0.103 to 0.367) using Hedge's g. This difference, fa-
vouring FB, was not statistically significant (p=0.271).
The heterogeneity observed in these studies was
moderate (#=53.5%). A detailed forest plot of this
analysis is presented in Figure 3.

Publication bias

The assessment of publication bias using Egger's test
yielded a non-significant result (p=0.97), suggesting no
substantial bias in the published literature. The funnel plot
visualizing this analysis can be found in Figure 4.

Meta-regression

A meta-regression analysis was conducted to explore
the sources of the observed moderate heterogeneity.
This analysis included variables such as mean age,
female ratio, quality of studies, BMI and level of evi-
dence. However, none of these factors significantly
accounted for the heterogeneity observed among the
included studies.

DISCUSSION

The primary objective of this systematic review and
meta-analysis was to compare patient joint awareness,
as measured by the FJS-12, between MB-TKA and

D5 Overall

Low risk

! Some concerns

' High risk

D © +
O

RoB2 quality assessment of RCTs. RCT, randomized clinical trial; RoB2, risk of bias tool version 2.

FB-TKA. Our findings revealed no statistically signifi-
cant difference in joint awareness between the MB and
FB designs.

The concept underlying MB-TKA focuses on mi-
micking the knee's natural kinematics, theoretically
leading to a joint that feels more natural and less
noticeable to the patient [11, 14, 30]. However, our
analysis suggests that this design philosophy does not
necessarily translate to improved joint awareness as
measured by the FJS-12. This finding could suggest
that the parameters influencing a patient's perception
of joint awareness are complex and may not be solely
dependent on the biomechanical design of the bear-
ing [2].

A recent meta-analysis by Hantouly et al. using 70
RCTs found that there was no difference between MB
or FB TKA at short-term, mid-term and long-term
follow-ups in all outcome measures including all-cause
revision rate, aseptic loosening, oxford knee score
(OKS), knee society score (KSS), Hospital for Special
Surgery score (HSS score), maximum knee flexion,
radiographic lucent lines and radiographic osteolysis
[7]. Similar findings were reported by other meta-
analyses, such as Migliorini et al., who found no sig-
nificant differences between MB and FB TKA in terms
of PROMs, including OKS, WOMAC and KSS, as well
as clinical outcomes like revision rates and aseptic
loosening using 74 RCTs [13]. Similarly, Chen et al.
reported no significant differences between MB and FB
TKA in terms of functional scores, revision rates, and
radiographic outcomes in long-term follow-up, further
reinforcing that MB-TKA does not confer a clear
advantage over FB-TKA in most clinical outcomes [4].
However, Wang et al. suggested that MB-TKA might
offer superior mid- to long-term Knee Society Scores
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FIGURE 2 PRISMA flow chart illustrating the study selection process.
Study name Statistics for each study Hedges's g and 95% C|
Hedges's Standard Lower Upper
] error  Variance limit limit Z-Value p-Value
Thienpont, 2016 0.496 0.202 0.041 0.101 0.891 2.460 0.014 —_—
Thomsen, 2016 -0.170 0.151 0.023 -0.466 0.126 -1.124 0.261 t
Bakircioglu, 2023 0.416 0.170 0.029 0.083 0.750 2.450 0.014 —r—
Kalaai, 2023 -0.331 0.320 0.103 -0.959 0.297 -1.034 0.301 t
Sohn, 2023 0.172 0.201 0.040 -0.222 0.566 0.856 0.392 +
Ueyama, 2023 0.068 0.145 0.021 -0.215 0.352 0.472 0.637 +
0.132 0.120 0.014 -0.103 0.367 1.100  0.271 ’
-1.00 -0.50 0.00 0.50 1.00
Favours MB Favours FB
BhLER Point Standard Pyalus Q-Value P-Value I-
Model of Estimate Error Z-Valngi| (Testiof (Heterogeneity) e (Heterogeneity) | Squared
Studies Null) °
Randou 6 0.13 0.12 11 0.27 12.37 5 0.03 59.58
effects

FIGURE 3 Forest plot of the pooled difference in FJS-12. FJS-12, Forgotten Joint Score-12.
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FIGURE 4 Funnel plot for assessment of publication bias.

and range of motion, though no differences were found
in implant survivorship or reoperation rates [27].

In this study, another PROM (FJS-12) was eval-
uated, which was recently introduced to detect subtle
differences in patients with good to excellent outcomes
following TKA, where the available PROM tools were
unable to discriminate between the two groups due to
ceiling effects [12]. The literature and our study do not
prove the theoretical advantages of the MB insert over
its FB counterpart [5, 17, 26, 28, 31]. Given that FB-
TKA generally has lower costs and is widely used due
to its simpler design, the results of this study suggest
that the use of FB-TKA might be a more reasonable
choice [3].

This systematic review is subject to several limita-
tions that must be acknowledged. First, inherent in any
meta-analysis is the potential for publication bias,
although Egger's test was used to reduce publication
bias. Second, the studies included in our analysis may
have varied in terms of methodological quality, patient
demographics and follow-up duration, which could
affect the generalizability of the results and cause the
heterogeneity observed in this study. The random ef-
fects model was used to reduce the effect of hetero-
geneity. Additionally, while the FJS-12 is a validated
tool for assessing joint awareness, it is possible that it
does not encompass all aspects of a patient's post-
operative experience. Third, the alignment strategy in
three studies was unknown and there are several
reports that indicated alignment strategy might affect
joint awareness and FJS. Finally, due to the evolving

nature of TKA designs and surgical techniques, our
findings may have limited applicability to future ad-
vancements in this field. Therefore, while our study
provides valuable insights into the comparison of MB-
TKA and FB-TKA, these limitations should be con-
sidered when interpreting the results and applying them
to clinical practice.

CONCLUSION

In conclusion, our findings challenge the assumption
that an MB-TKA leads to better patient-perceived out-
comes in terms of joint awareness. There was no sig-
nificant difference in regard to FJS-12 between bearing
designs. The results advocate for a broader under-
standing of what influences joint awareness post-TKA
and suggest that future research should explore a
wider range of factors that contribute to patient satis-
faction and quality of life.
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