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Abstract

Purpose To compare the clinical and radiographic results

of fixed-bearing and mobile-bearing total knee arthroplasty

(TKA).

Methods We searched the PubMed, Medline, Embase,

Cochrane Central Register of Controlled Trials, and

Google Scholar databases from 1966 to January 2012. No

language restriction was applied. Reference lists of all the

selected articles were hand-searched for any additional

trials. Trial quality was assessed using the modified Jadad

scale. Two authors independently extracted data from all

eligible studies, including study design, participants,

interventions, and outcomes (Knee Society Score, range of

movement, radiolucent line, patient preference, walking

support, pain score, and complications). The data were

using fixed-effects or random-effects models with mean

differences and risk ratios for continuous and dichotomous

variables, respectively.

Results A total of 24 studies involving 2,799 patients

were identified in this analysis. Meta-analysis showed

lower pain score (OR, 0.66, 95 % CI 0.46, 0.94) in mobile-

bearing TKA than fixed-bearing TKA. There was no sig-

nificant difference between the two treatment groups

regarding Knee Society Score (SMD, -0.17, 95 %

CI: -0.60, 0.26), range of movement (SMD, -0.05, 95 %

CI: -0.63, 0.53), radiolucent line (OR, 1.03, 95 % CI 0.74,

1.44), patient preference (OR, 1.15, 95 % CI 0.82, 1.61),

walking support (OR, 1.07, 95 % CI 0.68, 1.70), and

complications (OR, 0.85, 95 % CI 0.59, 1.21).

Conclusions The available evidence suggested that there

was no significant difference between clinical and radio-

graphic results of fixed-bearing and mobile-bearing TKA

except for pain score. Regarding clinical relevance, the less

incidence of pain could be the advantage for selecting

mobile-bearing TKA.

Level of evidence II.

Keywords Mobile bearing � Fixed bearing � TKA �
Meta-analysis

Introduction

Total knee arthroplasty (TKA) is the most effective treat-

ment for relieving pain and restoring function to the older

patients with end-stage osteoarthritis (OA) and other

destructive knee problems. Currently, based on the differ-

ent fundamental design principles, total knee prosthesis

devices can be divided into two types: fixed-bearing knees

and mobile-bearing knees [23]. Since the introduction of

mobile-bearing polyethylenes into TKA, they have attrac-

ted considerable attention because they offer possible

solutions to the limitations of fixed-bearing designs in

TKA. When compared with fixed-bearing prostheses, the

mobile-bearing prosthesis was introduced to minimize

interface stresses between the implant and the bone [2].

One commonly stated reason for using a mobile-bearing

TKA was that it improves the range of motion, and it

reduces wear of the tibial polyethylene bearing [6, 26].

Dislocations of the bearing and higher implant costs have

been considered disadvantageous [9]. Although the mobile-

bearing total knee prosthesis has shown many of the
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theoretical advantages, controversy still exists regarding

which total knee design is superior in the long-term clinical

and radiographic results in TKA patient.

Recently, two systematic reviews [27, 30] (of random-

ized controlled trials) that compared the clinical results of

fixed-bearing and mobile-bearing TKA found that no sta-

tistically significant difference was present in terms of

Knee Society Score, radiolucent line, patient preference,

and complications as compared to the fixed- and mobile-

bearing knee design at mid-term follow-up, but their

reviews only included 15 studies at most. Seven random-

ized controlled trials that compared the clinical results of

fixed-bearing and mobile-bearing TKA had recently been

completed [14–16, 21, 22, 32, 35]. The results of these

studies are controversial and not in accordance with pre-

vious systematic reviews. In order to provide the best

available evidence to compare the clinical results of fixed-

bearing and mobile-bearing TKA on Knee Society Score,

range of movement, radiolucent line, patient preference,

walking support, pain score, and complications, we carried

out a systematic review of randomised controlled trials

updating meta-analysis of clinical studies.

Materials and methods

Criteria for considering studies for this review

Studies included Prospective, randomized controlled tri-

als were included.

Types of participants The study population included

adults who underwent total knee arthroplasty (TKA).

Types of interventions All patients underwent a mobile-

bearing total knee arthroplasty or a fixed-bearing total knee

arthroplasty. And, only the appropriate comparisons

between mobile-bearing versus fixed-bearing prosthesis

were selected.

AND AND AND

Total knee arthroplasty;

TKA;

knee prosthesis;

Joint replacement

Mobile-bearing; 

Fixed-bearing; 

Meniscal bearing;

Gliding bearing;

Rotating platform

Randomized controlled trials;

RCT;

Meta-analysis; 

Systematic review

OR

Fig. 1 Keywords and boolean

(logical) operators used in the

database searches

Fig. 2 Flowchart of trials

selection process
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Types of outcome measures Outcome measures included

Knee Society Score (KSS), Western Ontario McMasters

University (WOMAC), Pain score, Function score, Range

of movement (ROM), and Radiolucent line. Other out-

comes such as complications, walking support, walking

distance, and patient preference also were considered.

Table 1 Description of included trials

Author Study

design

Mean

age

(year)

Male/

female

Mean

follow-

up

(months)

Number of knees Outcome Level of

evidence
Mobile-

bearing

Fixed-

bearing

Price [25] RCT 73.1 16/24 12 39 39 AKSS; OKS; sensation of clicking; patient

preference; range of movement

II

Woolson [33] RCT 68.3 41/43 12 57 45 KSS; complications; radiolucent line II

Aglietti [1] RCT 71.0 33/164 36 103 107 KSS; VAS; walking support; walking distance;

patient preference; radiolucent line

II

Watanabe [29] RCT 59.6 1/21 97 22 22 KSS; range of movement; patient preference;

Radiolucent line

II

Hansson [10] RCT 74.5 26/26 24 25 27 KSS; HSS; complications II

Bhan [2] RCT 63 10/22 72 32 32 KSS; range of movement; function scores;

complications; Radiolucent line

II

Kim [18] RCT 67 62/112 67.2 174 174 KSS; function scores; range of movement;

walking support; Walking distance;

complications; radiolucent line; patient

preference

II

Breugem [3] RCT 68.9 37/66 12 48 55 KSS; VAS; radiolucent line; walking support;

complications; Range of movement

I

Lädermann

[20]

RCT 69.8 32/70 85.2 52 52 KSS; VAS; range of movement; Radiolucent line;

complication

II

Wylde [34] RCT 68 110/132 12 118 132 WOMAC; KOOS; complications; patient preference II

Harrington

[11]

RCT 63.3 68/72 24 68 72 KSS; range of movement; complications II

Hasegawa [12] RCT 73 3/22 40 25 25 KSS; function scores; range of movement;

complications; radiolucent line

II

Kim [19] RCT 69.5 7/85 24 92 92 KSS; function scores; pain score; walking support;

walking distance; range of movement; radiolucent

line

I

Higuchi [13] RCT 68.4 19/49 – 31 45 Range of movement II

Wohlrab [31] RCT 66 26/34 36 30 30 Pain score; HSS; range of movement; function

scores; radiolucent line

II

KAT Trial

Group [17]

RCT – – – 276 263 OKS; SF-12 I

Gioe [7] RCT 72.2 303/9 42 176 136 KSS; WOMAC; SF-36; radiolucent line; complications I

Woolson [32] RCT 78 – 42 33 30 KSS; pain score; walking support; radiolucent line II

Jacobs [14] RCT 67.6 27/65 12 46 46 KSS; radiolucent line II

Liu [21] RCT 69.6 17/55 12 35 37 KSS; function scores; pain score; complications II

Zeng [35] RCT 69 19/61 24 40 40 KSS; HSS; WOMAC; pain score; function score;

Range of movement

II

Lizaur-Utrilla

[22]

RCT 74.6 28/94 12 61 58 KSS; function score; VAS; WOMAC; SF-12; range

of movement

II

Jolles [16] RCT 70.2 21/29 60 26 29 KSS; VAS; WOMAC; range of movement;

complications

II

Jawed [15] RCT 64.46 10/40 40 50 50 KSS; range of movement; pain score; complications II

AKSS American Knee Society Score, OKS Oxford Knee Score, WOMAC Western Ontario McMasters University, KOOS knee injury and

osteoarthritis outcome score, OKS Oxford Knee Score, SF-12 short form-12
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Search strategy for identification of studies

All relevant RCTs meeting the inclusion criteria were

identified by the following:

The PubMed, Embase, Cochrane Central Register of

Controlled Trials, and Google Scholar databases were

searched. Two authors independently searched for relevant

studies in any language from 1966 to January 2012. The

search strategy was created with the assistance of a

librarian using a combination of terms including TKA;

knee prosthesis; joint replacement; mobile-bearing; fixed-

bearing; meniscal bearing; gliding bearing; rotating plat-

form; randomized controlled trials (RCT); meta-analysis;

and systematic review. We limited searches to RCT, sys-

tematic reviews, and meta-analyses and imposed no

language or other limitations. The electronic search was

complemented by the following hand searching reference

lists. Figure 1 gives details of the search strategy.

Selection of studies Two reviewers (Li and Wu) inde-

pendently screened the titles and abstracts of studies

identified by the search strategy and discarded clearly

irrelevant studies. The same two reviewers also indepen-

dently applied the selection criteria to the studies retrieved

by the literature search. They discussed to resolve any

disagreement; if any uncertainty remained, they consulted

further reviewer and expert (Feng) to decide.

Data extraction and management Two reviewers inde-

pendently extracted the data using a standardized form

regarding inclusion criteria (study design, participants,

Table 2 Quality assessment of

included randomized controlled

trials with revised Jadad scale

and CONSORT statement

Author Random

sequence

production

Allocation

concealment

Blind

method

Withdrawal Revised Jadad’s

scale score

CONSORT

statement

Price [25] 2 1 2 1 6 18

Woolson

[33]

1 1 1 1 4 12

Aglietti [1] 2 1 1 1 5 16

Watanabe

[29]

1 1 1 1 4 11

Hansson

[10]

2 1 1 1 5 15

Bhan [2] 2 1 1 1 5 17

Kim [18] 1 1 1 1 4 13

Breugem [3] 2 1 2 1 6 19

Lädermann

[20]

2 1 1 1 5 18

Wylde [34] 2 1 1 1 5 17

Harrington

[11]

2 1 2 1 6 18

Hasegawa

[12]

1 1 1 1 4 12

Kim [19] 2 1 2 1 6 19

Higuchi [13] 2 1 1 1 5 13

Wohlrab

[31]

2 1 1 1 5 14

KAT Trial

Group [17]

2 1 2 1 6 19

Gioe [7] 2 1 2 1 6 20

Woolson

[32]

2 1 1 1 5 17

Jacobs [14] 2 1 2 1 6 20

Liu [21] 1 1 1 1 4 12

Zeng [35] 1 1 1 1 4 12

Lizaur-

Utrilla [22]
2 1 2 1 6 20

Jolles [16] 2 1 2 1 6 19

Jawed [15] 1 1 1 1 4 15
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interventions, and outcomes). A consensus method was

used to resolve disagreements, and a third reviewer was

consulted if disagreements persisted.

Methodological Quality of Included Studies Two

reviewers assessed the quality of the studies independently;

revised Jadad scale was used to perform the quality

assessment. This scale includes the random sequence pro-

duction (2 points), allocation concealment (2 points),

appropriateness of blinding (2 points), and description of

dropouts and withdrawals (1 point). The total score is 7

points; 0–3 points mean poor quality, and 4–7 points mean

high quality. And, Consolidated Standards on Reporting

Trials (CONSORT) checklist and scoring system was used

to evaluate the quality of included trials: scores of 18–22

are considered excellent study quality; 13–17, good; 8–12,

fair; and less than 7, poor.

Statistical analysis

For dichotomous variables, we derived the relative risks

and 95 % confidence intervals for each outcome. For

continuous variables, we calculated the mean differences

and 95 % confidence intervals for each outcome. We

performed the meta-analysis using a fixed-effect model if

no significant heterogeneity was present. To assess het-

erogeneity between studies, we performed a chi-square

test and estimated the I2 statistic. A random-effects

model was selected to account for heterogeneity in the

design and patient selection among included studies.

And, the subgroup analyses were conducted for different

outcomes.

Results

Search results A search of the PubMed, Embase,

Cochrane Central Register of Controlled Trials, and

Google Scholar databases retrieved 997 articles. We

excluded 279 duplicate articles after we reviewed the titles

and abstracts. Then, by reading the whole paper, we

included 24 papers. These studies included a total popu-

lation of 2,799 participants. Fixed-bearing total knee

prosthesis was implanted in 1,638 knees, and mobile-

bearing total knee prosthesis was implanted in 1,659 knees.

Figure 2 summarizes the study selection process.

Included studies Twenty-two studies were published in

English [1–3, 7, 10–20, 22, 25, 29, 31–34], and two studies

[21, 35] were published in Chinese. All studies reported

mean follow-up more than 12 months after randomization,

and all studies presented appropriate comparisons between

fixed-bearing TKA versus mobile-bearing total knee

arthroplasty.

Characteristics of the 24 studies were described in

Table 1. All the studies were RCT. Of the 24 trials, 20

studies reported the Knee Society Score; 15 studies

reported range of movement; 7 studies reported pain score;

11 studies reported radiolucent line; 12 studies reported

complications; 5 studies reported WOMAC; 5 studies

reported patient preference; 5 studies reported percentage

of walking support; and 8 studies reported function score.

Methodological quality

Of all the 24 trials, 4 studies were level I evidence; 20

studies were level II evidence (Table 1). For the revised

Jadad scale, no studies were 1–3 points with a poor quality;

all studies were 4–7 points with a high quality. Twenty-

four RCTs were evaluated by Consolidated Standards on

Reporting Trials (CONSORT) checklist and scoring sys-

tem; 5 studies were 8–12 scores; 9 studies were 13–17

Table 3 Data extraction of continuous outcomes

Author Mobile-bearing Fixed-bearing

N Mean SD N Mean SD

KSS

Price [25] 39 90.4 12.71 39 84.6 15.5

Aglietti [1] 103 93 5.7 107 93 5.5

Bhan [2] 32 90 4.86 32 89.4 5.64

Lädermann [20] 42 92.3 10.1 48 92.2 10.2

Wylde [34] 118 58.8 25.6 132 57.7 25.3

Harrington [11] 68 91.4 1.5 72 93.2 1.7

Hasegawa [12] 25 97 3.9 25 98 2.5

Gioe [7] 176 88.2 1.0 136 90.4 1.1

Jacobs [14] 46 84.9 17.3 46 88.8 12.8

Liu [21] 35 91.9 8.5 37 90.4 8.9

Zeng [35] 40 92.2 8.9 40 91.6 8.0

Lizaur-Utrilla [22] 61 91.3 8.2 58 87.28 9.6

Jolles [16] 26 94.4 10.8 29 93.1 14.0

Jawed [15] 50 87.6 9.16 50 86.94 9.24

Range of movement

Price [25] 39 105.3 11.9 39 105.3 12.59

Bhan [2] 32 105.6 7.7 32 106.9 7.8

Harrington [11] 68 117.1 11.5 72 115.1 16.9

Hasegawa [12] 25 129 8 25 129 6.3

Higuchi [13] 31 115.8 13.6 45 110.8 15.6

Wohlrab [31] 30 122.5 12.78 30 107.33 13.31

Gioe [7] 176 110.4 0.8 136 111.9 0.9

Zeng [35] 40 119.5 13.2 40 117.2 10.3

Lizaur-Utrilla [22] 61 109.5 11.4 58 108.7 12.6

Jolles [16] 25 95.5 2.4 25 96.3 2.5

Jawed [15] 50 112 11 50 110 11
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scores; and 10 studies were 18–22 scores. All the RCTs had

satisfied quality. The details were described in Table 2.

Outcomes

Knee Society Score

All 14 included trials reported Knee Society Score

(Table 3), and the pooled standardized mean difference

was -0.17 (95 % CI: -0.60, 0.26; n.s.) with notable

heterogeneity (I2 = 94.5 %). And, the results found no

evidence of a significant difference between mobile-

bearing and fixed-bearing prosthesis groups (Fig. 3).

Range of movement

Eleven of the trials reported on the range of movement

(Table 3). No evidence indicated a difference in the ROM

Fig. 3 Forest plots of pooling

Knee Society Score

Fig. 4 Forest plots of pooling

range of movement
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between two groups (Fig. 4). The pooled standardized mean

difference was -0.05 (95 % CI: -0.63, 0.53; n.s.), and

evidence showed a notable heterogeneity (I2 = 94.8 %).

Radiolucent line

All 11 included trials reported radiolucent line (Table 4),

and the pooled analysis across all studies showed evidence

of no significant difference in radiolucent line between

mobile-bearing and fixed-bearing prosthesis groups (OR,

1.03, 95 % CI 0.74, 1.44; I2 = 0.0 %, n.s.). Evidence

showed no heterogeneity (Fig. 5).

Patient preference

Six of the trials reported patient preference for two kinds of

prosthesis (Table 4). Overall, there were no significant

differences in patient preference between mobile-bearing

and fixed-bearing prosthesis groups (OR, 1.15, 95 % CI

0.82, 1.61; I2 = 0.0 %, n.s.). Evidence showed no hetero-

geneity, and the pooled result was stable (Fig. 6).

Walking support

Four of the trials reported the percentage of walking sup-

port after TKA (Table 4). A pooled analysis of the studies

found no significant difference in percentage of walking

support between mobile-bearing and fixed-bearing pros-

thesis groups (OR, 1.07, 95 % CI 0.68, 1.70; I2 = 0.0 %,

n.s.). Evidence showed no heterogeneity (Fig. 7).

Pain score

Five of the trials reported the pain score after operation

(Table 4). The pooled analysis of the studies found a sig-

nificant difference in pain score between two groups (OR,

0.66, 95 % CI 0.46, 0.94; p = 0.022, I2 = 25.5 %). Evi-

dence showed moderate heterogeneity (Fig. 8).

Complications

Twelve of the trials reported complications (Table 4). A

pooled analysis of the studies found no evidence of a sig-

nificant difference in complications between mobile-bearing

and fixed-bearing prosthesis groups (OR, 0.85, 95 % CI

0.59, 1.21; I2 = 27.1 %, n.s.) (Fig. 9). Evidence showed

moderate heterogeneity, and the pooled result was stable.

Discussion

The most important findings of the present study were

concluded below. With regard to Knee Society Score and

range of movement, a random-effects model was used in

the meta-analysis. There was significant heterogeneity

between studies (I2 [ 50 %), as shown in Figs. 3. 4;

however, results showed no significant difference between

Table 4 Data extraction of dichotomous outcomes

Author Mobile-bearing Fixed-bearing

Events Total Events Total

Radiolucent line

Woolson [33] 7 57 1 45

Woolson [33] 28 103 31 107

Watanabe [29] 1 22 5 22

Bhan [2] 10 32 4 32

Kim [18] 16 174 14 174

Lädermann [20] 3 42 5 48

Hasegawa [12] 3 25 5 25

Kim [19] 5 92 8 92

Wohlrab [31] 2 30 2 30

Woolson [32] 2 27 0 24

Jacobs [14] 6 46 6 46

Patient preference

Price [25] 20 39 9 39

Aglietti [1] 4 17 5 17

Watanabe [29] 6 22 3 22

Kim [18] 3 146 5 146

Hasegawa [12] 9 25 11 25

Kim [19] 74 92 68 92

Walking support

Aglietti [1] 6 103 5 107

Kim [18] 20 174 20 174

Kim [19] 8 92 8 92

Woolson [33] 8 23 7 26

Complications

Woolson [33] 7 57 4 45

Bhan [2] 2 32 2 32

Kim [18] 0 146 4 146

Breugem [3] 6 48 6 55

Lädermann [20] 1 42 0 48

Wylde [34] 11 118 21 132

Harrington [11] 2 68 3 72

Hasegawa [12] 1 25 0 25

Kim [19] 2 92 14 92

Gioe [7] 10 176 7 136

Zeng [35] 7 40 1 40

Jawed [15] 13 50 10 50

Pain score

Aglietti [1] 16 103 17 107

Kim [18] 14 146 13 146

Breugem [3] 2 47 10 53

Kim [19] 28 92 54 92

Woolson [32] 1 23 3 26
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mobile-bearing and fixed-bearing prosthesis groups. For

the other measures, the results of radiolucent line, patient

preference, walking support, and complications all showed

no significant difference between two groups with no sig-

nificant heterogeneity between studies (I2 \ 50 %). Only

for the pain score, a significant difference between

two groups was demonstrated with low heterogeneity

(I2 \ 50 %). For the mobile-bearing TKA, one theoretical

advantage is the ability to self-align and therefore to

accommodate small errors in component placement. So,

this reason might explain the less incidence of anterior

knee pain in mobile-bearing TKA group.

Our findings were basically consistent with a recent

meta-analysis by Wen et al. [30], which included 15 trials,

and another systematic review by Smith et al. [27], which

included 14 trials; however, more studies with higher

amount cases were included in the analysis. Furthermore,

this study was a complete meta-analysis about clinical and

radiological results in TKA using either mobile or fixed

bearing; comprehensive evaluating indicators were dis-

cussed in this study, which included Knee Society Score,

range of movement, radiolucent line, patient preference,

walking support, and complications. So, this study pro-

vided a more credible and stable evidence in comparing the

Fig. 5 Forest plots of pooling

radiolucent line

Fig. 6 Forest plots of pooling

patient preference
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outcomes between mobile-bearing TKA and fixed-bearing

TKA. Reviewing a meta-analysis of fixed versus mobile-

bearing unicompartmental knee replacement (UKR) by.

Smith et al. [28], they got the same conclusions with our

study that there was no significant difference in clinical

outcome or complication rate between mobile- and fixed-

bearing UKR.

Mobile meniscal-bearing knee replacements have some

theoretical advantages over fixed-bearing devices, includ-

ing improved stress distribution between the femoral

and tibial components, reducing loosening forces at the

bone-implant interface and minimizing polyethylene wear

[4, 8, 24]. Rotational mobility of the bearing surface might

also allow for better reproduction of tibial internal rotation

during flexion and improved patellofemoral tracking,

which could result in decreased problems with stability

and anterior knee pain. Laboratory data from joint simu-

lator and computerized simulation analysis using static and

dynamic finite element models seem to suggest that

mobile-bearing designs are advantageous in reducing linear

polyethylene wear caused by delamination and pitting [5].

However, clinical studies have not yet proven better results

or increased knee function for mobile-bearing design series

when compared with fixed-bearing designs. The purpose of

this meta-analysis is to combine the data from all available

RCT to establish whether the use of mobile-bearing

implants improves the clinical results of patients over those

of fixed-bearing knee implants.

There were several strengths in this review; an exhaus-

tive search strategy was used, including great amount high

quality RCTs. All included studies were assessed rigor-

ously by revised Jadad scale and Consolidated Standards

on Reporting Trials (CONSORT) checklist and scoring

system. When came to heterogeneity, a random-effects

model was performed to control the veracity and stability

of pooled results.

Although this study was believed to be the most com-

prehensive meta-analysis of RCT-based evidence for the

Fig. 7 Forest plots of pooling

the percentage of walking

support after TKA

Fig. 8 Forest plots of pooling

the pain score after TKA
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comparisons between mobile-bearing and fixed-bearing

prosthesis groups, we acknowledged that this study has a

number of limitations. The general lack of random

sequence production and allocation concealment methods

in the included RCTs made it difficult to assess their

methodological quality, thereby the risk of bias and

potential to overestimate the effect may be existent. Our

evidence showed considerable statistical heterogeneity for

several outcomes across the trials. Although we minimized

selection bias by including only RCTs, it is usually

impossible to blind people accepting an operation, so

performance bias is inevitable in the present meta-analysis.

The different follow-up between trials was also considered

to cause statistical heterogeneity. What is more, we did not

limit the language in the process of literature retrieval, but

only Chinese- and English-language trials were identified

according to inclusion criteria, and this might have resulted

in language bias.

Conclusion

This meta-analysis demonstrated that the fixed- and

mobile-bearing prostheses share no obvious statistical dif-

ference in terms of clinical and radiologic outcomes except

the pain score. The pooled analysis of large numbers of

RCT showed mobile-bearing prostheses had no obvious

advantages over fixed-bearing prostheses. However, the

less incidence of pain could be the advantage for selecting

mobile-bearing TKA in clinical work. For exploring the

efficacy of mobile-bearing prostheses perfectly, well-

designed RCTs to compare the different types of prosthesis

are still needed to be run.

Conflict of interest The authors declare that they have no conflict
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