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Background

Multiple options are available for the tibial insert in total knee arthroplasty (TKA). A
systematic review (SR) and network meta-analysis (NMA) to compare available
randomized controlled trials (RCTs) could assist with decision making. We aim to show
that designs with increased conformity may improve function and satisfaction without an
increase in complications though posterior stabilized (PS) inserts will likely have more
flexion.

Methods

A search of MEDLINE, EMBASE, and the Cochrane Library was performed. Studies were
limited to RCTs evaluating cruciate retaining (CR), PS, anterior stabilized (AS), medial
pivot (MP), bicruciate retaining (BR), and bicruciate stabilizing (BCS) inserts. Mean
differences (MD) were used for patient reported outcome measures (PROMs) and odds
ratios (OR) for reoperation rates and MUA. A systematic review was performed for
satisfaction.

Results

27 trials were identified. The NMA showed no difference from a statistical or clinical
standpoint for PROMs evaluated. There was a statistical difference for increased flexion
for PS knees (3 degrees p 0.04). There were no differences in the MUA or reoperation
rates. There was insufficient information to determine if a specific insert improved
satisfaction.

Discussion

The results of this NMA show no statistical or clinical difference in PROMs. There was
higher flexion for PS knees though the amount was not clinically significant. There was
insufficient data for conclusions on patient satisfaction. Therefore, the surgeon should
evaluate the clinical situation to determine the best insert rather than choose and insert
based on functional scores, patient satisfaction, or complication rates.
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BACKGROUND

Despite recent improvements in peri-operative pain control
and rapid recovery, up to 20% of TKA patients are not satis-
fied, mainly due to persistent pain.}»2 While gross instabil-
ity manifesting as pain is the second most common reason
for revision,3 subtle instability and altered knee kinemat-
ics manifesting as pain in daily activities are likely causes
of inadequate patient satisfaction. Various tibial insert de-
signs have been created attempting to mimic native knee
kinematics to attempt to improve function and satisfaction
while avoiding complications.

Traditional cruciate-retaining (CR; Figure 1) and pos-
terior stabilized (PS; Figure 1) designs have demonstrated
excellent survivorship%5 including data from multiple reg-
istries.6~8 However, CR knees have been reported to have
abnormal knee kinematics secondary to paradoxical motion
(lack of rollback, paradoxical forward femoral motion, and
rotational pivot mechanics with the pivot potentially in the
lateral compartment)? due to non-anatomic surfaces.l0
Drawbacks to PS knees include additional bone resection
for the cam and post mechanism, which increases the risk
of condylar fracture.!! In addition, post failure and patellar
clunk syndrome!2 are also potential drawbacks.

Anterior stabilized (AS), bicruciate retaining (BR), bicru-
ciate stabilized (BCS), and medial pivot (MP) inserts have
been developed to improve stability, with the intent of im-
proving patient satisfaction. AS (Figure 1) inserts intended
to be utilized with a CR femur with or without a competent
posterior cruciate ligament (PCL) have a deeper, more con-
forming geometry that is aimed to improve kinematics.
However, the increased conformity can result in higher me-
dial and patellofemoral contact pressure and wear.!314 De-
spite these concerns, no significant differences have been
noted between AS and traditional CR or PS outcomes in
most clinical studies.!>

MP (Figure 1) inserts incorporate a medial deep-dish
portion and a relatively flat lateral side in an attempt to
recreate the native tibial plateau geometry and medial pivot
knee kinematics.!5 Improved patient satisfaction has been
reported with MP design, but there have been concerns re-
ported regarding the potential for stiffness and increased
wear due to the increased medial conformity.!> However,
some studies have also shown no difference in need for
MUA.16

BR designs require preservation of an island of bone for
retention both the anterior cruciate ligament (ACL) and the
posterior cruciate ligament (PCL), in order to theoretically
retain near-normal knee kinematics.!”18 However, there
have been notable complications associated with the BR de-
sign including early failure, lateral pain, stiffness, and tibial
island fracture.1%18

BCS inserts use an asymmetric cam-post mechanism in
an attempt to restore more normal knee kinematics.1920
This device also utilizes a more congruent medial compart-
ment and a more concave lateral compartment, like the MP
design. These features allow more external rotation and ac-
commodate high flexion, which help approximate normal
kinematics; however, there have been concerns about lat-
eral knee pain and posterior positioning of the femur lead-
ing to quadriceps inefficiency.21,22

The six different fixed bearing polyethylene insert de-
signs discussed above have significant differences in design
and kinematics. Multiple RCTs have compared two polyeth-
ylene insert designs®13,1417-37 byt a trial comparing all six
designs has not been conducted to date, partly due to a lack
of feasibility. So, there is a paucity of level I evidence on
comparative safety and efficacy of various tibial insert de-
signs.

The aims of this study are to evaluate the comparative
efficacy (patient reported outcome scores, range of motion,
and patient satisfaction) and safety (reoperation and MUA)
of six different fixed bearing polyethylene insert designs,
using network meta-analysis (NMA) of randomized con-
trolled trials (RCTs).

METHODS
LITERATURE SEARCH

We searched for relevant studies in the Medline, EMBASE,
the Cochrane Library, Cumulative Index to Nursing and Al-
lied Health Literature (CINAHL), Cochrane Controlled Reg-
ister of Trials (CENTRAL), and Institute of scientific infor-
mation (ISI) Web of Knowledge, from inception to February
2021. All searches were limited to randomized controlled
trials in humans published in English language. The fol-
lowing search terms were applied for systematic searching:
“total knee arthroplasty” OR “knee replacement” AND “ul-
tra-congruent” OR “deep dish” OR “anterior stabilized” OR
“medial pivot” OR “medial stabilized” OR “ball and socket”
OR “posterior stabilized” OR “cruciate retaining” OR “pos-
terior stabilized plus” AND “randomized controlled trial”.

STUDY SELECTION

Inclusion criteria were RCTs comparing two or more fixed
bearing polyethylene inserts used for patients with primary
knee osteoarthritis and reporting patient reported out-
comes at minimum 6-month follow-up. Exclusion criteria
were study design other than RCT, studies with inflamma-
tory or posttraumatic osteoarthritis. Title and abstract
screening were performed by two authors and full texts of
all selected studies were then reviewed for selection confir-
mation. Any disagreements were resolved by discussion.

INCLUDED STUDIES

As shown in the PRISMA flow diagram (Figure 2) 817 studies
were identified from database searches, and after removing
duplicates, 797 were screened for inclusion. The abstract
and title review yielded 71 articles that required full-text re-
view. Of these, 28 met inclusion criteria for the systematic
review and meta-analysis. One of these 28 studies excluded
as it was a further follow-up of a previous trial leaving 27
trials in total.32

DATA EXTRACTION

The data was independently extracted by two reviewers us-
ing web-based systematic review program, Covidence
(www.covidence.org, Melbourne, Australia). The following
information was extracted from the included articles: first
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Figure 1. Various Polyethylene Design Types

A - Cruciate Retaining (CR), B - Posterior Stabilized (PS), C — Anterior Stabilized (AS), D — Medial Pivot (MP)

author, year of publication, patient demographics, insert
designs, patient reported outcome scores, range of motion,
satisfaction and adverse events including manipulations
and reoperations. Any disagreement concerning the data
extraction was resolved by discussion.

ASSESSMENT OF STUDY QUALITY

Two authors assessed the risk of bias of all included studies
using the Cochrane Collaboration Tool Risk of Bias Assess-
ment Tool (Robvis).38:39 The tool assesses the risk of: selec-
tion bias (“sequence generation” and “allocation sequence
concealment”), performance bias (“blinding of participants
and personnel”), detection bias (“blinding of outcome as-
sessment”), attrition bias (“incomplete outcome data”), and
reporter bias (“selective outcome reporting”).4%41 The risk
of each individual bias was assessed as high risk, low risk, or
uncertain risk.

STATISTICAL ANALYSIS

Continuous variables were expressed as mean and standard
deviation. Dichotomous variables were reported as odds ra-
tios. When standard errors of the mean or median and range
were provided, we calculated the standard deviation by the
method described by Hozo et al.42

When trials reported comparable data from multiple
pair-wise comparisons, we examined the data using Metaln-
sight*3 network meta-analysis software. Network plots were
created and when there was a connected network of evi-
dence, further network analysis was performed using the
random effects model. Cruciate retaining inserts were used
as the reference treatment for network comparisons. Fre-
quentist meta-analysis was performed and forest plots of
the pooled effect estimates (mean difference), and their as-
sociated uncertainty (95% confidence intervals) were gener-
ated, for all interventions compared to the reference treat-
ment. To adjust for multiple comparisons in the NMA, we
utilized the Holm’s Sequential Bonferroni Procedure to ad-
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817 Studies Imported for
Screening

797 Studies Screened

’

71 Full-text Studies
assessed for Eligibility

28 Studies included

Figure 2. PRISMA Diagram

just the p values.#* Differences were considered clinically
significant if they exceeded Minimal Clinically Important
Difference (MCID) values. MCID values used for KS clinical,
KS functional and OKS were 9, 1045 and 546 respectively.
Treatment rankings were plotted in a matrix displaying rel-
ative treatment effects with treatments ranked from best
to worst along the leading diagonal. Agreement between
treatment effect estimates obtained from direct (head-to-
head) and indirect (indirect comparisons in network) evi-
dence was examined in consistency tables using 95% con-
fidence intervals and p values with p < 0.05 considered
inconsistent.#3 Funnel plots were created for each contin-
uous variable using Meta-Essentials*’ to assess publication
bias utilizing the study standard error compared with the
effect size using Cohen’s method.48

RESULTS
CHARACTERISTICS OF INCLUDED STUDIES

27 RCTs published between 2002 and 2021 with total of
2984 patients were included. 9 trials compared CR and
PS,24.27,28,34-36,49-51 5 compared AS and PS,12:23:25,32,33 )
compared CR and AS,31:2 2 compared BCS and PS,21,22,31
1 compared AS and MP,2° 4 compared PS and MP,26,37,53,54
1 compared CR and BR,18 3 compared multiple groups (CR,
PS, MP,)> (CR, PS, MP, BR),!7 and (CR, PS, RP).%6 All studies
reported patient outcomes of greater than one year with
the exception of the study by Batra et al37 which was 6
months and 21 out of 27 studies had a follow up of 2 years
or more. Overall, the risk of bias was considered low. Four of
the studies21,32,55,56 were funded by implant manufacturers
and were therefore considered at high risk of “other” bias
(Figure 3). There was enough data to perform NMA for Knee
society clinical and function score (1989 version)>7 Oxford
knee score,>8 maximum flexion > 1 year, MUA and reopera-
tion rates (Figures 5 and 6). Inconsistency (Appendix 1) was
low with p-values <0.05. Publication bias was noted to be
low based on funnel plots (Figure 4). There was not enough

20 Duplicates Removed

726 Studies found to be
Irrelevant

43 Studies Excluded
+ 13 Wroeng Intervention
* 11 Wrong study design
* 3 wrong comparator
*  1duplicate
+ Twrong outiomes
= Zwrong patient population
= ZnotinEnglish
+ 2 protocol anly

1 meeting abstract

1 wrong Indication

uniform data to perform a NMA for Knee society score (2011
version), KOOS, WOMAC, Forgotten Joint Scores, and pa-
tient satisfaction.

PATIENT REPORTED OUTCOMES

14 studies reported KS clinical scores, 10 reported KS func-
tion scores and 7 reported OKS. There were no clinically or
statistically significant differences in KS clinical, KS func-
tion scores and OKS for the six different inserts in the NMA

(Figure 6).
FLEXION

19 studies reported maximum flexion at >1 year follow-up.
Mean differences in final flexion for different inserts com-
pared to CR inserts were less than 4 degrees. Flexion was
statistically more for PS inserts compared to CR inserts in
the NMA (MD 3.2 degrees; CI 0.7 - 5.7) (Figure 6). These dif-
ferences do not appear clinically significant. Flexion needed
for walking, rising from a chair and descending stairs is
65, 70 and 100 respectively (reference). All of the inserts
achieved more than 100-degree flexion and so were ade-
quate for all these activities of daily living.

MANIPULATION UNDER ANESTHESIA AND
REOPERATIONS

MUA rates were reported in 11 studies and reoperation rates
in 19 studies. Our analysis found that odds of MUA com-
pared to CR inserts were: BCR 7.93, BCS 1.11, PS 0.68 and
MP 0.54. The odds of reoperation compared to CR inserts
were: BCS 4.29, BCR 3.13, MP 2.54 and PS 1.35. Many of
these differences appear clinically significant, however,
they did not meet statistical significance after the Holm’s
Sequential Bonferroni Procedure was applied to p-values to
account for multiple comparisons. (Figure 6).
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Figure 3. Risk of Bias

D1: Bias due to Sequence Generation, D2: Bias due to allocation sequence concealment, D3:

Risk af bias domains
3 D4 D3

=

Bias due to blinding of participants and personnel, D4: Bias due to incomplete outcome data,

D5: Bias due to selective reporting, D7: Bias due to other sources.

PATIENT SATISFACTION

Given the heterogeneity of reported outcomes, we were not
able to perform an NMA to evaluate patient satisfaction. In-
stead, we performed a systematic review of the available 27
studies. 4 studies evaluated KS satisfaction score. 3 showed
no difference26:29,55 with one study showing improvement
in satisfaction with MP vs PS inserts (32.6 vs 29.5 p 0.0).37
One study evaluated a functional satisfaction question
through a survey where they reported 72% of PS inserts
were satisfied versus 81% of MP inserts.>3 Two studies eval-
uated VAS satisfaction scores with neither showing signif-
icance comparing BCS and PS (88 and 94 p 0.45)%2 and CR
and PS (19 vs 11 p > 0.05).56 Pritchett et all7 compared
multiple inserts and found that patients preferred BR to CR
(73.6% vs 18.7% p <0.001) and BR to PS (89.1% vs 4.3% p <
0.001). It showed no difference between BR and MP (48.4%
vs. 48.4% p 1.0). It also showed MP inserts had higher sat-
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isfaction with MP vs PS (76.2% vs 9.5% p <0.001) and MP vs
CR (76% vs 12% p < 0.001). Finally, there was no difference
between CR and PS (43.8% vs 42.2% p 0.893). Overall, there
is inadequate data to suggest superiority of one insert over
the others.

DISCUSSION

Different tibial inserts have been designed to encourage na-
tive knee kinematics, provide intrinsic knee stability and
adequate satisfaction to all patients. Our analysis of 2984
patients with primary knee osteoarthritis addresses the
knowledge gap in comparative efficacy and safety of differ-
ent fixed bearing tibial inserts.

For patient reported outcomes, we did not find signif-
icant differences in 6 different fixed bearing tibial insert
designs for KSS clinical score and Oxford knee score. Pre-
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Figure 4. Funnel Plots of Continuous Data

KSS Clinical Score OKS
AS
.
BCS
s
1
2
2
’PS CR
1
& .
2
.
CR
.
MP
KSS Functional Score Final Flexion
AS
L ]
BCS
e BCS
1 .
2
:
i
1 PS
2
2
L
CR CR.
L]
MP

Figure 5. Network Plots

vious systematic reviews and meta-analysis of CR and PS
designs>%-60 have shown what?

For final knee ROM, we found that PS inserts studies had
3.2 degree higher final flexion compared to CR inserts. How-
ever, it is unlikely that this increase in flexion improves
clinical outcomes. Our finding of higher flexion with PS
compared to CR inserts is in agreement with multiple other
studies.23:24.26,27 A meta-analysis of level IV studies has
also shown deeper flexion with PS or BCS designs as com-
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pared to CR designs.®! Another meta-analysis and system-
atic review®? and a systematic review®® of RCTs comparing
only PS and CR designs has also demonstrated improved
flexion with PS inserts.

For MUA, our analysis showed high rates of MUA with
BCR design and low rates of MUA with PS and MP designs
compared to CR design. However, these clinically important
differences did not meet statistical significance.
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Figure 6. Forest Plots for the Network Meta-analysis

Odds of reoperation compared were lowest for CR inserts
and highest for BCS (4.29) followed by BCR inserts (3.13),
though these clinically important differences did not meet
statistical significance. However, study follow up was at
most 5 years for the RCTs evaluated. Registry data is avail-
able for multiple designs in our study. The MP design has an
acceptable 7.4% revision rate at 10 years in the Australian
registry and 9.8% at 10 years in the Dutch registry.62 BR
knees have reported >90% survivorship free of revision at 10
years for first generation designs,®3 whereas one AS design
has reported >95% revision-free survivorship at 7 years in
a large series.®4 Finally, the BCS implant shows comparable
revision rates as compared to PS knees at 5 years in single
RCTs.%5

Recent literature has been heterogeneous in terms of
showing whether particular implants improve satisfac-
tion.64.66,67 Though satisfaction is important for patient
outcomes following total knee arthroplasty, most of the
studies reviewed were powered and designed to evaluate
patient reported outcome scores rather than satisfaction.
Two studies did show that MP inserts may have improved
satisfaction!”37 and one showed that BR inserts may have
improved satisfaction.1” However, given the heterogeneity
of the data available and the study designs evaluated, we
cannot make new meaningful conclusions based on any im-
provement in patient satisfaction when comparing all six
inserts.

Our study has several limitations. First, our results apply
only to TKA for primary osteoarthritis and not for other TKA
indications such as inflammatory or traumatic arthropa-
thy. Inserts of same type from different manufacturers have
subtle design differences which may affect outcomes. This
heterogeneity combined with differences in surgical tech-
nique may have affected comparisons reported in this
analysis. The BR and BCS inserts had fewer studies than
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01 0512 10

the PS or CR inserts which may have introduced type II er-
ror. We were also unable to report a meta-analysis regard-
ing satisfaction as the scoring outcomes were too heteroge-
nous. Most trials included had two-year follow-up, which
would be considered short-term for TKA. Despite these lim-
itations, this is the first study to date which reports compar-
isons among six separate TKA polyethylene designs that are
designed to produce differing kinematics.

In conclusion, our network metanalysis shows no clini-
cally significant differences in patient reported outcomes in
fixed bearing inserts. PS inserts had more knee flexion at
>1 year follow-up compared to CR inserts, but the 3-degree
difference in flexion does not appear clinically significant.
There were clinically important differences in manipulation
and reoperation rates of different inserts with high rates
of manipulation and reoperations with bi-cruciate retaining
and bi-cruciate substituting designs, but these did not meet
statistical significance. We advise caution with BCR and BCS
designs and feel that inserts should be chosen based upon
clinical situation rather than improvements in PROMs, sat-
isfaction, or avoiding complications.
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Table 1. Characteristics of Studies Included

Study Tibial insert design Number Mean Age in years (yrs) Minimum
of Follow-up
Patients

Tanzer et al34 2002 CR 20 68yrs 24 Months
PS 20 67 yrs

Maruyama et al27 2004 CR 20 74 yrs 24 Months
PS 20 74 yrs

Victor et al3¢ 2005 CR 22 70yrs 60 months
PS 22 70yrs

Harato et al24> 2008 CR 99 68yrs 60 months
PS 93 66yrs

Chaudhary et al>1 2008 CR 40 69yrs 24 months
PS 38 70yrs

Pritchett68 2011 CR 205 Not reported. 24 months
PS 152 Range 45-89 yrs
MP 156
BR 201

Scott et al32:69 2014 and 2018 PS 56 64yrs 24 months
AS 55 61yrs

Schimmel et al?2> 2014 PS 62 Not Reported: 12 months
BCS 62 Range 40 - 70 yrs

Molt et al28 2014 CR 21 67 yrs 24 months
PS 26 67 yrs

Sur et al332015 PS 22 68yrs 60 months
AS 22 68yrs

Scarvell et al?1 2017 PS 124 67 yrs 24 months
BCS 116 67 yrs

Beaupre et al4? 2017 CR 51 69yrs 24 Months
PS 49 70yrs

Rajgopal et al312017 CR 105 Not Reported 24 Months
AS 105

Nishitani et al2? 2018 MP 33 74yrs 24 Months
AS 32 74 yrs

Brown et al®? 2019 CR 15 69yrs 12 Months
PS 11 66 yrs

VandenBoom et al3> 2019 CR 59 70yrs 12 Months
PS 55 73yrs

Jangetal?52019 PS 45 70yrs 24 Months
AS 45 70yrs

Batra et al37 2020 PS 53 62yrs 6 Months
MP 53 62yrs

Akti et al12 2020 PS 33 68yrs 12 Months
AS 32 69 yrs

Kulshrestha et al2é 2020 PS 37 66yrs 24 Months
MP 36 64 yrs

Edelstein et al>3 2020 PS 25 64yrs 24 Months
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Study Tibial insert design Number Mean Age in years (yrs) Minimum
of Follow-up
Patients
MP 25 67 yrs
Dowsey et al>> 2020 CR 27 70yrs
PS 26 66yrs 12 Months
MP 29 66yrs
Troelsen et al18 2020 CR 22 70yrs 24 Months
BR 23 68 yrs
Han et al23 2020 PS 34 67yrs 24 Months
AS 34 67 yrs
Kim et al>2 2021 PS 50 68yrs 24 months
AS 50 68yrs
Chang et al®42021 PS 40 69yrs 24 months
MP 39 68 yrs
Lynch et al®8 2021 CR 20 70yrs 24 Months
PS 17 70yrs
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