Int J Clin Exp Med 2019;12(8):9508-9521
www.ijcem.com /ISSN:1940-5901/1JCEM0094405

Review Article
Single radius versus multiple radius femoral prostheses
in total knee arthroplasty: a meta-analysis

Mengyuan Li, Zhantao Deng, Hai Jiang, Yuanchen Ma, Junxing Liao, Qiujian Zheng

Division of Joint Osteopathy and Traumatology, Center of Orthopedic Surgery, Guangdong Provincial People’s
Hospital, Guangdong Academy of Medical Sciences, Guangzhou 510080, Guangdong, P. R. China

Received March 26, 2019; Accepted June 10, 2019; Epub August 15, 2019; Published August 30, 2019

Abstract: Clinical studies comparing single radius (SR) and multiple radius (MR) femoral designs have provided
controversial results. The current meta-analysis only included randomized controlled trials, aiming to provide high-
quality evidence of clinical differences in both designs. The current study included 12 articles, reporting clinical
outcomes of 1,204 knee replacements in 588 knees replaced with SR and 616 knees replaced with MR. Comparing
SR with MR, the current study examined Knee Society Scores for the Knee (KSS-knee), KSS-function, knee injuries,
Knee Osteoarthritis Scores (KOOS), Oxford Knee Scores (OKS), range of motion, flexion, extension, complications,
and revision rates. SR knees with patellar resurfacing showed improved KSS-knee scores 1-year postoperatively
(weighted mean difference [WMD]: 3.59, 95% confidence interval [CI]: 0.68 to 6.51, P = 0.02), while MR knees
without patellar resurfacing also showed improved KSS-knee scores 1-year postoperatively (WMD: -2.31, 95% Cl:
0.85 to 3.78, P = 0.002). WMD in the range of motion (ROM) (5.13°, 95% Cl: 2.69° to 7.57°; P < 0.0001) was
significantly in favor of SR. SR knees performed chair tests significantly better (odds ratio = 2.03; 95% CI: 1.13 to
3.64, P =0.02) than MR knees. No significant differences were detected in other aspects. In conclusion, results of
the current meta-analysis suggest that SR prostheses in total knee arthroplasty (TKA) result in improved ROM and

enhanced extensor function.
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Introduction

Total knee arthroplasty (TKA) is a highly
successful and cost-effective procedure for
advanced osteoarthritis and rheumatoid arthri-
tis [1-3]. Primary TKA has been shown to offer
long-term survival rates > 95% [1-3]. However,
there have been several complaints with this
procedure, regarding anterior knee pain, insta-
bility, limited range of motion, and extensor
insufficiency, probably related to the kinemat-
ics of knee prostheses [1-4]. In classical knee
kinematics, the transient rotating center of
femoral condyles moves downward and back-
ward through flexion, while the radius of the
condylar curvature diminishes [4]. Thus, the
major femoral components of contemporary
TKA are multi-radius (MR) in design.

In contrast, MR curves and changing centers of
the posterior condyles are presented when

observing from the coronal, sagittal, and trans-
verse planes [5]. Hollister et al. [6] analyzed the
natural knee. They found that the posterior con-
dyles of the femur are curves with a single cur-
vature radius, as observed in the plane perpen-
dicular to the transepicondylar axis. Kinematic
studies have confirmed that the cylindrical axis
is coincident with the natural flexion-extension
axis of the knee, passing through the origins of
the anterior cruciate ligament and posterior
cruciate ligament [5, 7]. Therefore, some im-
plant designs have incorporated SR for the fem-
oral component. SR prostheses might present
the following mechanical advantages: (1) The
SR configuration maintains the collateral liga-
ments in an isometric form during knee move-
ment, thereby providing sustained stability.
Conversely, prostheses with an MR design lead
to mid-flexion instability and femoral paradoxi-
cal anterior movement, due to the laxity of the
collateral ligaments and the modified condylar
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radius [8, 9]; (2) In SR, the femoral-tibial con-
tact point is posterior. This improves the
mechanical efficiency by providing a longer
extensor moment arm and reducing pressure in
the patellofemoral joint [10, 11].

However, clinical studies comparing SR and MR
femoral designs have provided contradictory
results [12-31]. Liu et al. [32] conducted a
meta-analysis, aiming to detect differences in
clinical outcomes between the SR and MR fem-
oral design. It included several retrospective tri-
als, weakening their conclusions. Thus, the
present meta-analysis only included random-
ized controlled trials (RCTs), aiming to provide
high-quality evidence concerning clinical differ-
ences in both designs, with respect to: (1)
Clinical rating scores; (2) Mechanical proper-
ties in terms of range of motion (ROM) and
extensor mechanisms; and (3) Complications
and revisions.

Materials and methods

PubMed, Embase, Web of Science, and the
Cochrane Central Register of Controlled Trials
databases were searched for reports published
from the inception to December 2017. The aim
of the search was to identify RCTs that com-
pared the effects of SR and MR TKAs. Free-text
term strings were used as follows: (single radi-
us OR multiple radius OR Triathlon OR Scorpio
OR NRG) AND (total knee arthroplasty OR total
knee replacement). Also, a search of the refer-
ences for recent meta-analyses and reports of
meetings was undertaken. No restrictions were
placed on language. Eligible studies were
selected by screening the titles and abstracts.
If this was deemed insufficient, entire articles
were reviewed.

Prospective RCTs involving primary TKA with
the femoral component design in each group
were included in this study.

Studies were excluded if they were non-ran-
domized, duplicated studies, animal or cadaver
studies, biomechanical studies, and reviews or
correspondence.

Present authors (LMY, DZT), independently,
assessed all titles and abstracts for eligibility.
Full texts were obtained if at least one author
judged the study as eligible. Disagreements
were resolved by consensus. Following the flow-
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chart of the Cochrane Handbook for Systematic
Reviews of Interventions, the reviewers (MYC,
LJX) assessed random sequence generation,
allocation concealment, blinding of participants
and personnel, blinded evaluation of the out-
comes, completeness of the outcome data,
selective reporting, and other biases. Each
domain was scored as “no risk of bias”, “high
risk of bias”, or “unclear”.

Primary outcomes were clinical function as-
sessment systems, including Knee Society
Scores (KSS) and Knee Injury, Osteoarthritis
Outcome Scores (KOOS), and Oxford Knee
Scores (OKS). Secondary outcomes included
range of knee motion, gait analysis, evaluation
of extension mechanisms via chair tests, and
all prosthesis-related complications.

The current study was performed in accordance
with the Cochrane Handbook for Systematic
Reviews of Interventions [33]. Review Manager
(RevMan 5.3, The Cochrane Collaboration,
Copenhagen, Denmark) was used to extract
data for statistical analysis. Chi-square tests
were used for heterogeneity testing if research
objects, intervention measures, and methods
of assessing outcomes were identical. A fixed-
effects model was used for meta-analysis in
the absence of heterogeneity (> < 50%). A ran-
dom-effects model was used in the case of
significant heterogeneity (> > 50%). Mantel-
Haenszel tests (M-H) were used for enumera-
tion data, while inverse variance (IV) was used
for measurement data. A random-effects
model was used for all data analysis because
of the small study numbers. Weighted mean
differences (WMD) were calculated for mea-
surement data, while odds ratios (OR) were cal-
culated for enumeration data. Moreover, 95%
confidence intervals (Cls) were calculated for all
meta-analyses (P < 0.05).

Results

A total of 468 articles were identified from
searched databases. After the application of
exclusion criteria, a total of 12 papers, in
English, were included in this meta-analysis
(Figure 1) [12-23]. Table 1 provides the demo-
graphic data from all included RCTs. Figure 2A,
2B indicate the quality of each study. A total of
1,194 patients with 1,204 knees were enrolled
in this meta-analysis. Of these, 588 knees were

Int J Clin Exp Med 2019;12(8):9508-9521



Potentially relevant studies
identified from electronic
database:

N=468
T

SR versus MR femoral protheses in TKA

Y

Title/abstract review:
N=296

v

Removed after duplicating:
N=172

v

Total studies retrieved
after screening:
N=61

v

Removed after title/abstract:

No total knee arthroplasty/
replacement (N=72)

No prosthetic knee design (N=86)
Review/ editorial/letter of Knee
Osteoarthritis/ arthritis (N=49)
No clinical changes of prosthesis

(N=28)

Studies included in meta-
analysis:
N=12

v

No full-text articles (N=12)

Not a RCT study (N=8)
Review/meta-analysis (N=4)

Not a comparative trial between SR
and MR prosthesis (N=14)
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However, no significant differ-
ences were detected in other
subgroups.

KSS-function

This outcome was assessed
in 9 studies. Results, in accord
with KSS-knees, were detect-
ed in KSS-function (Figure 4).
In addition, KSS-function re-
sults were analyzed based on
the follow-up period, prothe-
ses types, and whether patel-
lar resurfacing was perfor-
med: (1) Three-month follow-
up: WMD = -4.76; 95% Cl =
-10.41 to 0.90 (P = 0.10); (2)
One-year follow-up, CR sub-
group: WMD = 0.58, 95% Cl =

-6.59 to 7.75 (P = 0.87); PS

Figure 1. Flowchart outlining the process of this meta-analysis. SR, single
radius; MR, multiple radius; RCT, randomized controlled trial. After the appli-
cation of exclusion criteria, a total of 12 papers, all in English, were included

in this meta-analysis.

replaced with SR prosthesis, while 616 were
replaced with MR prosthesis.

KSS-knee

Nine studies reported KSS-knee scores as
the clinical assessment (Figure 3). KSS-knee
results were analyzed based on the follow-up
period: (1) Three-month follow-up: WMD =
-7.91; 95% Cl = -16.57 to 0.75 (P = 0.07); (2)
Results of 1-year follow-ups were categorized
based on protheses types: Cruciate ligament
retaining (CR) subgroup: WMD = 2.29, 95% CI =
-4.21 to 8.79 (P = 0.49); Posterior stabilizing
(PS) subgroup: WMD = 2.05, 95% CI = -1.89 to
5.99 (P = 0.31); Total WMD = 2.25, 95% CI =
-0.99 to 5.50 (P =0.95); (3) One-year follow-up
results were categorized based on whether
patellar resurfacing was performed: Patellar
resurfacing subgroup: WMD = 3.59, 95% CI =
0.68 t0 6.51 (P = 0.02); No patellar resurfacing
subgroup: WMD = -2.31, 95% CI = -3.78 to
-0.85 (P = 0.002); Total WMD = 1.32, 95%
Cl=-1.84t0 4.48 (P = 0.41); and (4) Two-year-
follow-ups: WMD = 2.41; 95% Cl =-2.78 to 7.61
(P = 0.36). Statistically significant differences
were detected between patellar resurfacing
subgroups, displaying contradictory results.
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subgroup: WMD = -0.48, 95%
Cl =-2.30 to 1.35 (P = 0.61);
Total WMD = -0.01, 95% CI =
-2.87 t0 2.84 (P = 0.78); (3)
One-year follow-up, patellar
resurfacing subgroup: WMD =
0.58, 95% ClI = -3.69 to 4.85 (P = 0.79); No
patellar resurfacing subgroup: WMD = -1.88,
95% Cl =-5.30 to 1.55 (P = 0.28); Total WMD =
-0.30, 95% Cl =-3.46 t0 2.86 (P = 0.85); and (4)
Two-year-follow-up: WMD = 2.41; 95% Cl =
-2.78 to 7.61 (P = 0.36). No significant differ-
ences were detected in either of the groups.

KOOS

This outcome assessment was available in 3
studies. The 1-year and 2-year results were
assessed independently. Results of each time-
point were divided into 5 subgroups, based on
categories of KOOS scores.

Two RCTs reported KOOS scores 1 year postop-
eratively (Figure 5A). No significant differences
were detected: (1) Pain: WMD = -2.69; 95% CI =
-11.64 to 6.26 (P = 0.56); (2) Symptoms: WMD
=-2.13; 95% Cl = -5.28 to 1.02 (P = 0.18); (3)
Ability of daily life (ADL): WMD = -4.29; 95% Cl =
-17.76 to 9.18 (P = 0.53); (4) Sports: WMD =
-5.83; 95% Cl = -15.17 to 3.50 (P = 0.22); and
(5) Quality of life (QOL): WMD = -6.28; 95% CI =
-14.02 to 1.64 (P = 0.11).

Two RCTs reported KOOS scores 2-years post-
operatively (Figure 5B). Marked differences
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Table 1. Details of all studies included in the meta-analysis

Study Design Couqtr.y of Num.ber of Number Brand of Prosthesis SR MR Gender (M/F)  Average age (y) Mean follow-
Origin Patients  of Knees SR MR SR MR up (mMo)

Mushtaq et al. [12] RCT United Kingdom 105 105 Scorpio; AGC 51 54 n/s n/s n/s n/s 12
Wellman et al. [13] RCT USA 40 40 Triathlon; NexGen 20 20 8/12 10/10 61.9 63.1 12
Collados-Maestre et al. [14] RCT Spain 237 237 Trekking; Multigen 118 119 37/81 35/84 71.9 70.6 68.4
Kim et al. [15] RCT South Korea 120 120 Triathlon; PFC Sigma 60 60 n/s n/s 67.2 67.2 12
Larsen et al. [16] RCT USA 32 32 Triathlon; Vanguard 16 16 8/8 8/8 71.6 70.9 12
Hamilton et al. [17] RCT United Kingdom 212 212 Triathlon; Kinemax 108 104 46/62 35/69 69.3 68.8 36
Joetal. [18] RCT South Korea 100 100 Scorpio; Nexgen 50 50 6/44 9/41 66.4 67.5 36.8
Menciere et al. [19] RCT France 84 88 Triathlon; PFC 45 43 17/28 17/26 65.5 65.4 19.5
Tamaki et al. [20] RCT Japan 14 20 Scorpio NRG; Legacy-flex 10 10 2/12 n/s 73 74.9 11.3
Molt et al. [21] RCT Sweden 60 60 Triathlon; Duracon 30 30 8/22 13/17 69 66 24
Schmitt et al. [22] RCT Germany 90 90 Scorpio; NexGen 30 60 8/22 20/40 69.2 69.9 36
Hall et al. [23] RCT USA 100 100 Scorpio; PFC 50 50 n/s n/s 69.5 72.6 12

SR, single radius; MR, multiple radius; M, male; F, female; RCT, randomized controlled trial; n/s, not stated; mo, month.
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Figure 2. Graph showing risk of bias assessment bias. Low risk: +; high risk: -; unclear:?

were not detected in the meta-analysis: (1)
Pain: WMD = 1.04; 95% Cl =-17.14 t0 19.22 (P
= 0.91); (2) Symptoms: WMD = 4.03; 95% CIl =
-16.00 to 24.05 (P = 0.69); (3) ADL: WMD =
-4.11; 95% Cl = -26.04 to 17.81 (P = 0.71); (4)
Sports: WMD = -6.21; 95% Cl = -20.70 to 8.28
(P =0.40); and (5) QOL: WMD = 3.57; 95% CI =
-21.89 10 29.04 (P = 0.78).

OKS

This outcome assessment was available in 2
RCTs that reported OKS scores 1-year postop-
eratively (Figure 6). Differences were not statis-
tically significant in the meta-analysis: WMD =
-0.56; 95% Cl =-3.97 t0 2.84 (P = 0.75).

Range of motion, flexion, and extension

Two RCTs reported the range of motion using
either an SR or MR design (Figure 7A). The
meta-analysis showed significant differences
between SR and MR groups. The SR group was
superior to the MR group (WMD = 5.13; 95% CI
=2.69 to 7.58; P < 0.0001).

Five RCTs assessed postoperative flexion
(Figure 7B). No significant differences were
noted between SR and MR groups (WMD =
-2.10; 95% Cl =-10.02 to 5.81; P = 0.60).
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Furthermore, 3 RCTs assessed postoperative
extension (Figure 7C), with no significant differ-
ences detected between SR and MR groups
(WMD = -0.23; 95% CI = -0.85 to -0.39; P =
0.47).

Gait

Two RCTs evaluated the gait cycle after TKA.
Data regarding maximal flexion in the swing
phase, maximal flexion in the stance phase,
and minimal flexion in the stance phase were
extracted (Figure 8). Maximal flexion in the
swing phase did not show any significant differ-
ences between SR and MR groups (WMD =
-3.13; 95% ClI = -0.27 to 6.53; P = 0.07).
Maximal flexion in the stance phase did not
show any significant differences between SR
and MR groups (WMD = 3.56; 95% Cl =-0.44 to
7.55; P = 0.08. Minimal flexion in the stance
phase did not show significant differences
between SR and MR groups (WMD = 2.76; 95%
Cl=-2.4110 7.94; P =0.30).

Chair tests
Some of the included RCTs evaluated the exten-

sor, postoperatively. Chair tests were applied to
evaluate patient abilities to rise from an unfold-
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Figure 3. Forest plot of KSS knee: (A) 3-month follow-up; (B) 1-year follow-up with sub-analysis of different proth-
eses types; (C) 1-year follow-up with sub-analysis of whether performing patellar resurfacing; (D) 2-year-follow-up.
Statistically significant differences were detected in patellar resurfacing and no patellar resurfacing subgroups, with
opposing results. No significant differences were detected in other subgroups (Knee Society Score, KSS; CR, cruci-
ate ligament retaining; PS, posterior stabilizing; SD, standard deviation; IV, inverse variance; Cl, confidence interval;

df, degree of freedom).

ed chair, independently, indicating extensor

function. Two RCTs reported a subset

of

patients that underwent chair tests success-
fully, showing significant differences between
SR and MR groups (OR = 2.03; 95% Cl = 1.13

to 3.64; P =0.02) (Figure 9).
9513

Complications

Of all the RCTs, six types of complications were
associated with prostheses, including infec-
tions, aseptic loosening, deep venous thrombo-
sis, instability, stiffness, and anterior knee
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Hall J 2008 671 172 50 67.8 184 50 105%  -0.70(-7.68,6.28) —

Kim DH 2016 901 168 55 923 85 54 14.0%  -2.20(-7.19,2.79) —_— 1

Larsen B 2015 8536 1337 16 8786 975 16 89% -2.50(-10.61,561)

Tamaki M 2013 86 7 10 85 75 10 115%  -0.50(-6.86,5.86) P———

Subtotal (95% CI) 249 249 635%  0.58[-3.69, 4.85) —eii—

Heterogeneity: Tau® = 15.17; Chi* = 12.54, df = 4 (P = 0.01), ' = 68%

Test for overall effect: Z = 0.27 (P = 0.79)

1.5.2 No

Molt M 2012 8041 694 25 8420 531 25 17.2%  -3.88(-7.31,-045) N —

Schmitt J 2011 984 58 30 9875 382 60 19.3%  -0.35(-2.64,1.94) S——

Subtotal (95% CI) 55 85 36.5%  -1.88[-5.30,1.55) e

Heterogeneity: Tau® = 4.02; Chi* = 2.82, df = 1 (P = 0.09); I* = 65%

Test for overall effect: Z = 1.07 (P = 0.28)

Total (95% CI) 304 334 100.0%  -0.30 [-3.46, 2.86) *

Heterogeneity: Tau? = 12.10; Chi? = 23.95, df = 6 (P = 0.0005); I = 75% _1'0 .s A 5 1=°

Test for overall effect: Z = 0.19 (P = 0.85) . ' : -

Test for subgroup differences: Chi = 0.77.df = 1 (P = 0.38); I = 0% Favours Muple Fracios) | Eavours (ingle Fradhue)
D Single Radius Multiple Radius Mean Difference Mean Difference
—StudyorSubgroup ~ Mean  SD Total Mean  SD Total Weight [V, Random, 95% Cl 1V, Random, 95% C|

Collados-Maestre 12016 903 82 118 856 111 119 39.6% 4.70(2.22,7.18) —

Menciere ML 2014 8954 16932 43 8456 15404 45 24.3%  4.98(-1.79,11.75) "

Molt M 2012 8694 633 25 8896 633 25 36.1%  -202[-553, 1.49) —_—7

Total (95% CI) 186 189 100.0%  2.34[-2.64,7.33) —,—

Heterogeneity: Tau® = 14.71; ChP = 0.88, df = 2 (P = 0.007); P = 80%
Test for overall effect: Z = 0.92 (P = 0.36)

-10 5 0

5 10
Favours [Mutiple Radius) Favours [Single Radius)

Figure 4. Forest plot of KSS function: (A) 3-month follow-up; (B) 1-year follow-up with sub-analysis of different proth-
eses types; (C) 1-year follow-up with sub-analysis of whether performing patellar resurfacing; (D) 2-year-follow-up.
No significant differences were detected in all the subgroups (Knee Society Score, KSS; SD, standard deviation; IV,
inverse variance; Cl, confidence interval; df, degree of freedom).

pain. However, deep venous thrombosis and
instability were reported in only 1 RCT each.

Four RCTs reported incidence of infections.
Moreover, 3/263 knees (1.1%) in the SR group
and 5/276 (1.8%) in the MR group were diag-
nosed with infections, superficial or deep.
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Statistically significant differences were not
detected in the groups (OR = 0.68; 95% CI =
0.17 to 2.74; P = 0.59) (Figure 10A).

Aseptic loosening was diagnosed in 2/148
knees (1.4%) in the SR group and 3/176 knees
(1.7%) in the MR group, without significant dif-
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A Single Radius Multiple Radius Mean Difference Mean Difference
dy of an D Tot: cl IV, Random, 95% CI
1.6.1 Pain
Molt M 2012 74 7 25 81 7 25 529% -7.00(-10.88,-3.12) ——
Wellman S 2017 9349 767 20 91.34 1082 20 47.1% 2.15[-3.66, 7.96) —
Subtotal (95% C1) 45 45 100.0% -2.69 [-11.64, 6.26] e —

Heterogeneity: Tau® = 35.50; Chi* = 6.58, df = 1 (P = 0.01); P = 85%
Test for overall effect: Z = 0.59 (P = 0.56)

1.6.2 Symptom

Molt M 2012 7 7 25 78 6 25 761%  -3.00[-6.61,081) ——

Wellman S 2017 6548 1333 20 6485 622 20 239%  0.63(-582,7.08) e i—
Subtotal (95% C1) 45 45 1000%  -2.13[-5.28,1.02] -
Heterogeneity: Tau? = 0.00; Chi* = 0,03, df = 1 (P = 0.34); ' = 0%

Test for overall effect: Z = 1.33 (P = 0.18)

1.6.3 ADL

Molt M 2012 73 8 26 84 6 25 512% -11.00[-14.92,-7.08) —

Wellman S 2017 9416 6.01 20 9141 1151 20 488% 2.75(-2.94, 8.44) —
Subtotal (95% CI) 45 45 100.0% -4.29 [-17.76, 9.18) e —

Heterogeneity: Tau® = 88.32; Chi* = 15.21, df = 1 (P < 0.0001); I" = 93%
Test for overall effect: Z = 0.62 (P = 0.53)

1.6.4 Sport

Molt M 2012 30 12 25 39 11 25 693% -9.00[-15.38,-262) ——
Wellman S 2017 7699 2327 20 7566 2226 20 307% 1.33[-12.78, 15.44] -
Subtotal (95% CI) 45 45 100.0% -5.83 [-15.17, 3.50] e ——

Heterogeneity: Tau* = 22,13; Chi*= 1.71,df = 1 (P = 0.19); P = 41%
Test for overall effect: Z = 1.22 (P = 0.22)

1.6.5Q0L
Molt M 2012 57 10 25 66 8 25 6758% -9.00[-14.02 -3.98) —a—
Wellman S 2017 8224 1854 20 8279 1722 20 322% -0.55[-11.64,10.54)

Subtotal (95% C1) 45 45 100.0% -6.28 [-14.02, 1.46] e —

Heterogeneity: Tau” = 16.41; Chi* = 1.85,df = 1 (P = 0.17); P = 46%
Test for overall effect: Z = 1.59 (P = 0.11)

20 -10 0 10 20
Testfor subgroup differences: Chi* = 1.37, df = 4 (P= 0.85); I = 0% FelcRapaiich e Pas s Rty

B

Single Radius
Me; SD ot

Multiple Radius Mean Difference Mean Difference

study

1.7.1 Pain

Menciere ML 2014 9037 16.880 43 79.81 18295 45 98%  10.56(3.21,17.91] —
Molt M 2012 78 8 25 86 8 25 107% -8.00[-1243,-357 ——
Subtotal (95% CI) 68 70 205%  1.04 [-17.14, 19.22) e —

Heterogeneity: Tau® = 162.64; Chi® = 17.95, df = 1 (P < 0.0001); " = 94%
Test for overall effect: Z = 0.11 (P = 0.91)

1.7.2 Symptom

Menciere ML 2014 9253 1295 43 7809 17071 45 102% 14,44 [8.13, 20.75) e
Moit M 2012 79 6 25 85 S5 25 110%  -6.00[-9.06,-2.94) S——

Subtotal (95% CI) 68 70 212%  4.03 [-16.00, 24.05) e —

Heterogeneity: Tau® = 202.49; Chi* = 32.60, df = 1 (P < 0.00001); I" = 97%
Test for overall effect: Z = 0.39 (P = 0.69)

1.7.3 ADL
Mencioro ML 2014 8522 10.85 43 77.84 19748 45 05%  7.38(-0.90, 15.66] 1

Molt M 2012 77 9 25 ®w 5 25 108% -15.00 [-19.04,-10.96] —

Subtotal (95% CI) 68 70 203% -4.11[-26.04, 17.81) — R —

Heterogeneity: Tau® = 239.40; Chi* = 22.69, df = 1 (P < 0,00001); I = 96%
Test for overall effect: Z = 0.37 (P = 0.71)

1.7.4 Sports
Mencibre ML 2014 4651 24.042 43 44.67 25392 45 87%  1.84[-8.49,12.17] -_—

Molt M 2012 30 9 25 43 12 25 103% -13.00(-18.88,-7.12) ——

Subtotal (95% CI) 68 70 19.0%  -6.21[-20.70, 8.28) e ——
Heterogeneity: Tau® = 91.73; Chi* = 5,99, df = 1 (P = 0.01); I = 83%

Test for overall effect: Z = 0.84 (P = 0.40)

1.7.50Q0L

Menciore ML 2014 8547 23.134 43 6847 28361 45 85%  17.00[6.21,27.79] —_—
Molt M 2012 62 10 25 71 10 25 104% -9.00(-14.54,-3.46] —

Subtotal (95% CI) 68 70 189%  3.57 [-21.89, 29.04) ——

Heterogeneity: Tau® = 318.84; Chi* = 17.64, df = 1 (P < 0.0001); I = 94%
Test for overall effect: Z = 0.27 (P = 0.78)

Total (95% CI) 340 350 100.0%  -0.61[-6.94,5.73) ’-
Heterogeneity: Tau? = 92.45; Chi* = 114.73, df = 9 (P < 0.00001); F' = 92% - P A - -
Test for overall effect: Z = 0.19 (P = 0.85) Favors [Multiple Radius] Favors [Single Radius)

Test for subgroup differences: Chi* = 0.98.df = 4 (P=0.91) P= 0%
Figure 5. Forest plot of KOOS of 1 year (A) and 2 years (B). Difference were not significant in terms of pain, symptom,

ADL, sports, and QOL (Knee Injury, and Osteoarthritis Outcome Score, KOOS; ADL, ability of daily living; QOL, quality
of life; SD, standard deviation; IV, inverse variance; Cl, confidence interval; df, degree of freedom).
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Single Radius Multiple Radius Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Rand: 95% ClI 1V, Random, 95% CI
Hamilton DF 2015 36.7 811 83 388 7.62 100 56.1% -2.10[-4.40,0.20] L
Mushtag N 2017 395 9.1 49 38.1 7.8 52  43.9% 1.40([-1.91, 4.71) L

Total (95% CI) 132 152 100.0% -0.56 [-3.97, 2.84] ————

Heterogeneity: Tau? = 4.01; Chi® = 2.89, df = 1 (P = 0.09); I* = 65% g +

e N T
Test for overall effect: Z = 0.32 (P = 0.75) Favours [multiple radius) Favours [single radius)

Figure 6. Forest plot of OKS of 1 year. No significant differences were detected (Oxford Knee Scores, OKS; SD, stan-
dard deviation; IV, inverse variance; Cl, confidence interval; df, degree of freedom).

A Single Radius Multiple Radius Mean Difference Mean Difference
D

Collados-Maestre 12016 1052 10 118 994 81 119 77.7% 5.80(3.48,8.12) ——
Kim DH 2015 1314 8 55 1286 168 54 223%  280[215,7.75)
Total (95% CI) 173 173 1000%  5.13[2.69,7.58) ——i—

-10 5 0 5 10
Favours [Multiple Radius] Favours [Single Radius)

Heterogeneity: Tau? = 0.61; Chi* = 1.16,df = 1 (P = 0.28); F = 13%
Test for overall effect: Z = 4.11 (P < 0.0001)

Single Radius Muitiple Radius Mean Difference Mean Difference

rSubgroup Mean  SD Total Mean SD Total Weigl dom, 95% C1 IV. Random. 95% CI
Hall J 2008 1095 2117 50 1117 1146 50 18 220 [-8.87, 4.47] -

HamiltonDF 2015 1085 97 90 998 97 75 212%  8.70[5.73, 1167) —

JoA2014 1287 116 50 1305 119 S0 203%  -1.80[-6.41,281)

Menciere ML2014 1111 65 43 120 976 45 210% -8.90[-12.35,-545) —_—

Tamaki M 2013 119 10 10 126 57 10 186% -7.00[-14.13,0.13]

Total (95% CI) 243 230 100.0%  -2.10 [-10.02, 5.81] —q—

Heterogeneity: Tau® = 74.68; Chi* = 63.15, df = 4 (P < 0.00001); I = 94% ’ H Y ;

sy = 20 -10 0 10 20
Test for overall effect: Z = 0.52 (P = 0.60) Favours [Muitiple Radius] Favours [Single Radius)

Single Radius Multiple Radius Mean Difference Mean Difference
c
jubgro; dean D To dean iD Total Weigh indom, 95% Ci IV, Random, 95% Cl
Collados-Maestre | 2016 04 1.7 118 1 26 119 515% -0.60[-1.16,-0.04] L
Hall J 2008 07 19 S50 08 27 S0 302% -0.10 [-1.02, 0.82) —_——
JoA2014 2 33 S 14 33 50 183% 0.60[-0.69, 1.89)
Total (95% CI) 218 219 100.0%  -0.23[-0.85,0.39] -*'
Heterogeneity: Tau® = 0.11; Chi* = 3,12, df = 2 (P = 0.21); F = 36% 2 1 0 H 2
Test for overall effect: Z = 0.73 (P = 0.47) Favours [Single Radius] Favours [Multiple Radius)

Figure 7. Forest plot of range of motion: (A) Comparing range of motion, there was a significance difference between
the SR and MR groups, with SR group superior to the MR group. No significant differences were detected when
comparing (B) flexion and (C) extension between the two groups (SD, standard deviation; 1V, inverse variance; Cl,
confidence interval; df, degree of freedom).

Single Radius Multiple Radius Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean  SD Total Weight IV, 95% C1 IV, Random, 95% C1
3.1.1 maximal flexion in swing phase
Larsen B 2015 63.366 4.558 16 59.641 6.125 16 82.6% 3.73(-0.02,7.47) ———
Tamaki M 2013 426 88 10 423 98 10 17.4% 0.30[-7.86, 8.46]
Subtotal (95% CI) 26 26 100.0% 3.13([-0.27,653] e

Heterogeneity: Tau® = 0.00; Chi* = 0.56, df = 1 (P = 0.45); ¥ = 0%
Test for overall effect: Z = 1.80 (P = 0.07)

3.1.2 maximal flexion in stance phase

Larsen B 2015 42.326 4.559 16 37.262 6.062 16 64.7% 5.06 [1.35, 8.78] —_—
Tamaki M 2013 18.9 6 10 181 73 10 353% 0.80 [-5.06, 6.66) b
Subtotal (95% CI) 26 26 100.0% 3.56 [-0.44, 7.55]  ———e—

Heterogeneity: Tau® = 2,83; Chi’ = 1.45,df = 1 (P = 0.23); ¥ = 31%
Test for overall effect: Z = 1.75 (P = 0.08)

3.1.3 minimal flexion In stance phase

Larsen B 2015 10.552 4.451 16 5.652 6.266 16 60.4% 4.90[1.13, 8.67] ——
Tamaki M 2013 1.3 47 10 1.8 87 10 39.6% -0.50(-6.63,5.63) b
Subtotal (95% CI) 26 26 100.0% 2.76 [-2.41, 7.94] | ———

Heterogeneity: Tau® = 7.84; Chi® = 2.16, df = 1 (P = 0.14); I = 54%
Test for overall effect: Z = 1.05 (P = 0.30)

-10 -5 0 5
Favours [Multiple Radius] Favours [Single Radius]

Test for subgroup differences: Chi* = 0.06, df = 2 (P = 0.97), ' = 0%
Figure 8. Forest plot of gait: maximal flexion in swing phase, maximal flexion in stance phase, and minimal flexion

in stance phase. No significant differences between SR and MR groups were detected (SD, standard deviation; IV,
inverse variance; Cl, confidence interval; df, degree of freedom).
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Single Radius  Multiple Radius Odds Ratio Odds Ratio
dy o bgroup ents ota ents ota Neigh M-H. Random, 95% M andom. 95%
Collados-Maestre | 2016 103 118 90 119 72.7% 2.21[1.12, 4.39] —
Hall J 2008 44 50 41 50 27.3% 1.61[0.53, 4.92] -
Total (95% CI) 168 169 100.0% 2.03[1.13, 3.64] “‘
Total events 147 131 . ) . .

Heterogeneity: Tau? = 0.00; Chi? = 0.23, df = 1 (P = 0.63); P =0%

Test for overall effect: Z = 2.38 (P = 0.02) 02 05 ! 2 5

Favors [Multiple Radius] Favors [Single Radius]

Figure 9. Forest plot of chair tests. No significant differences between SR and MR groups were found (M-H, Mantel
Haenszel test; Cl, confidence interval; df, degree of freedom).

A Single Radius  Multiple Radius Odds Ratio Odds Ratio
- D ola nils otal Weig M-H do 95% Rando 9
Collados-Maestre | 2016 1 118 1 119 248% 1.01[0.06, 16.32)

Hamilton DF 2015 1 90 2 75 328% 0.41[0.04,4.61] -
Molt M 2012 1 25 1 25 24.0% 1.00 [0.06, 16.93)
Schmitt J 2011 0 30 1 57 18.4% 0.62 [0.02, 15.62)

Total (95% CI) 263 276 100.0% 0.68 [0.17, 2.74)
Total events 3 5

Heterogeneity: Tau? = 0.00; Chi® = 0.32, df = 3 (P = 0.96); I = 0% o2 0=1 : 1=0 5=°
Test for overall effect: Z = 0.54 (P = 0.59) Favours [Single radius) Favours [Multiple radius)

B Single Radius

rents

Multiple Radius Odds Ratio Odds Ratio
nis R R do q

Random

otal Weight M-H. Random. 95%
2 119 72.8% 1.01(0.14, 7.28)

118

Maestre 2

Schmitt J 2011 0 30 1 57 27.2% 0.62 [0.02, 15.62) bl
Total (95% CI) 148 176  100.0% 0.88 [0.16, 4.76)
Total events 2

3
Heterogeneity: Tau® = 0.00; Chi* = 0.06, df = 1 (P = 0.80); I = 0%

Test for overall effect: Z = 0.15 (P = 0.88) 0.1 0.1 ! 10 100,

Favours [Single radius] Favours [Multiple radius)

c Single Radius  Multiple Radius Odds Ratio Odds Ratio

0 gh dom

dy or Subg ! M-H. Ran 5%
Mushtag N 2017 1 54 1 53 43.2% 0.98 [0.06, 16.10)

Schmitt J 2011 1 30 2 57 56.8% 0.95[0.08, 10.90]
Total (95% CI) 84 110 100.0% 0.96 [0.15, 6.06]
Total events 2 3

+ + +

0.05 02 1 5 20
Favours [Single Radius) Favours [Multiple Radius)

Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (P = 0.99); I = 0%
Test for overall effect: Z = 0.04 (P = 0.97)

D Single Radius  Multiple Radius Odds Ratio Odds Ratio
0 ants O Random., 9 Rando 9

fents i m

Hall J 2008 7 50 5 S0 73.1% 1.47 [0.43, 4.97] —r
Schmitt J 2011 2 30 2 57 26.9% 1.96 [0.26, 14.69) =

Total (95% CI) 80 107 100.0% 1.59 [0.56, 4.50]
Total events 9 7 . .

Heterogeneity: Tau® = 0.00; Chi* = 0.06, df = 1 (P = 0.81); I* = 0%
Test for overall effect: Z = 0.87 (P = 0.39)

0.05 02 1 5 20
Favours [Single Radius] Favours [Multiple Radius]

E Single Radius  Multii Radius Odds Ratio Odds Ratio
Collados-Maestre | 2016 3 118 4 119 435% 0.75[0.16, 3.43) I B
Hamilton DF 2015 1 90 3 75 19.2% 0.27 [0.03, 2.65) -

Molt M 2012 1 25 1 25 125% 1.00 [0.06, 16.93]
Schmitt J 2011 2 30 2 57 24.8% 1.96 [0.26, 14.69] =

Total (95% CI) 263 276 100.0% 0.81[0.30, 2.21]
Total events T 10 ) .

Heterogeneity: Tau? = 0.00; Chi = 1.67, df = 3 (P = 0.64); I* = 0% oo
Test for overall effect: Z = 0.41 (P = 0.68) .

0.1 1 10 50
Favours [Single Radius] Favours [Multiple Radius]

Figure 10. Forest plots of complications and revision: (A) infections; (B) aseptic loosening; (C) stiffness; (D) anterior

knee pain; (E) revision. No significant differences were found between SR and MR groups in all the subgroups (M-H,
Mantel Haenszel test; Cl, confidence interval; df, degree of freedom).

ferences (OR = 0.88; 95% Cl = 0.16 t0 4.76; P = Two RCTs showed no significant differences in
0.88) (Figure 10B). stiffness between the SR and MR groups.
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0 _SE(log[OR])

0.5+

1.5+

knee scores, statistically sig-
nificant differences were de-
tected in the patellar resurfac-
ing subgroup in favor of SR.
The no patellar resurfacing
subgroup showed opposing
results. Significant differenc-
es were detected in ROM and
chair tests in favor of SR.

The SR implant is favorable,
as it can optimize extensor
function. D’Lima et al. [34]
reported approximately 1 cm
OR posterior of the femorotibial

01 0.1 1

on

Figure 11. Funnel plot of comparison of revision rates between SR and MR
groups. There was no visible publication bias in the funnel plot.

Moreover, 2/84 knees (2.4%) in the SR group
and 3/110 knees (2.7%) in the MR group were
diagnosed with stiffness, without significant
differences (OR = 0.96; 95% Cl = 0.15 to 6.06;
P = 0.97) (Figure 10C).

Two RCTs reported anterior knee pain, with
9/80 knees (11%) in the SR group and 7/107
knees (6.5%) in the MR group. However, no sig-
nificant differences were detected between the
two groups (OR = 1.59; 95% Cl = 0.56 to 4.50;
P = 0.39), according to a fixed-effects model
(Figure 10D).

Revision rates were reported in 4 RCTs.
Moreover, 7/263 knees (2.7%) in the SR group
and 10/276 knees (3.6%) in the MR group were
revised, although no significant differences
were detected (OR = 0.81; 95% Cl = 0.30 to
2.21; P =0.61) (Figure 10E).

Publication bias

A funnel plot of standard error was constructed
based on the effect size for revision rates.
Scatter points in the plot were distributed
around the middle line, indicating that publica-
tion bias was not severe (Figure 11).

Discussion

In the current meta-analysis, no significant dif-
ferences were observed comparing clinical
scores in KSS-function and KOOS scores.
However, for 1-year follow-up results of KSS-
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10

100 contact point in the Scorpio
System with an SR design,
compared to its predecessor,
lowering the quadriceps and
patellofemoral forces required
in the knee extension. In another cadaveric
study, the SR knee required 57% less quadri-
ceps force, compared to the MR knee [35].
Collados-Maestre et al. [14] showed that the
SR group had significantly better quadriceps
strength than the MR group. Gémez-Barrena et
al. [27] conducted an isokinetic study. They
observed better extensor performances with
decreased flexion peak torque and increased
extension peak torque in patients with the SR
design. Mahoney et al. [36] found that 90% of
patients in the SR group could rise from a fold-
ed chair, independently, at 2 years, indicating
improved extensor function. The current study
found significantly better independent comple-
tion of chair tests in the SR group, compared to
the MR group.

Some studies have found that the SR prosthe-
sis could reproduce kinematics approximated
to the natural knee during gait. Larsen et al.
[16] compared the gait of SR and MR TKA,
along with controls. They demonstrated, that 1
year postoperatively, SR knees did not differ
from controls, while MR knees remained
extended during the stance phase of the gait.
This indicated a less compliant knee following
heel strikes. The MR group also achieved less
peak knee flexion than the control group during
the swing phase. Power absorption during the
stance phase for the MR group remained sig-
nificantly lower from that in the controls, indi-
cating that fewer eccentric forces were
absorbed by the knee. In this study, no signifi-
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cant differences were detected in any phases
of gait cycle. However, a high range of motion
was found in the SR group. According to Mugnai
et al. [29], this result was probably related to
the slight instability in the MR design during
motion. Hamstrings and capsules contract to
compensate for the laxity of the knee. Excessive
mechanical stresses on the soft tissues stimu-
late fibrous hyperplasia and knee joint synovitis
with consequent knee stiffness, leading to a
loss of ROM.

Current trials with large sample sizes, regard-
less of design, have shown optimistic results in
favor of the SR design. Cook et al. [24] com-
pared 426 cases of SR and 113 cases of MR
designs at 3.9-year mean follow-up. They
reported that the SR group had a significantly
better KSSs, flexion, stability, pain, gait, and
stair climbing than the MR group. Similarly,
Palmer et al. [26] compared 388 cases of SR
and 674 cases of MR. They found significantly
better flexion and KSSs in the SR group at
either 1- or 2-year follow-up, compared to the
MR group, with 66.3% patients not experienc-
ing any pain at 2 years, compared to 54.4%
patients with MR knees. Collados-Maestre et
al. [14] conducted an RCT comparing clinical
outcomes with the largest sample size. They
reported significantly better KSSs, range of
motion, extension lag, quadriceps strength,
chair tests, and WOMAC pain scores, as well as
a higher satisfaction rates, in the SR group,
compared to the MR group. In the current study,
contradictory results were found in 1-year fol-
low-up KSS-knee scores regardless of the
resurfacing of the patella. This phenomenon
might be attributed to the increased tension of
lateral patellofemoral ligaments as a result of
less roll-back and external rotation in the SR
group, compared to the MR group. Moreover,
the current study could not detect differences
in other aspects of clinical scores, which might
be attributed to the following: (1) Either SR or
MR implant designs were not consistent
through the trials. However, trials using the
new-generation implants showed favorable
results; (2) Several confounding factors should
be taken into consideration; and (3) Clinical
outcomes are also related with the complexity
of the surgery, soft tissue balancing, and the
prosthesis positioning. These are hardly reflect-
ed in function scores.

The current meta-analysis had some limita-
tions. First, different types of prostheses of dif-

9519

ferent manufacturers were used in these trials.
This might have influenced the final results.
Second, the sample sizes may not have been
sufficient to detect differences in some param-
eters, such as complications, revision rates,
and gait. Thus, due to the limited number of
subjects, present conclusions are not persua-
sive. Third, some results led to large confidence
intervals. Additional studies are necessary to
verify the exact influence of protheses types on
outcomes of knee function.

Despite these flaws, the current meta-analysis
included only level data. Results suggest that
SR prostheses in TKA greatly improve ROM and
superior extensor function.
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