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differences in HSS, SF-36 (physical), complications and 
revision TKA.
Conclusion This study suggests that there are improve-
ments in post-operative knee range of motion and knee 
scores in high-flex TKA implants when compared to con-
ventional TKA implants; however, the difference was very 
small and therefore might not have any clinical impact. 
Therefore, conventional TKA can be used as a substitute. 
However, cost-effective analysis should be performed to 
make appropriate selections in the future. There are no sta-
tistically significant differences in terms of HSS, quality of 
life, complications and revisions between the groups.
Level of evidence I.

Keywords High flex · Conventional · Total knee 
arthroplasty · Systematic review · Meta-regression · 
Flexion

Introduction

Restoration of knee flexion is an important factor in deter-
mining the functional outcome after total knee arthroplasty 
(TKA) [20]. A recent study showed that while wearing a 
range of motion (ROM) monitor for 35 consecutive hours, 
patients flexed their knees >90° for <0.5 % of the time and 
>120° for <0.1 % of the time [17]. Many efforts have been 
made to improve ROM including new prostheses designs 
(e.g. high-flex prostheses designs). The use of the new pros-
theses requires an additional 2-mm bone cut from the pos-
terior femoral condyles, which leads to a greater curvature 
of the posterior condyles (NexGen LPS-Flex implant, Nex-
Gen LPS-Flex gender implant and RP or RP-F implant [8, 
19, 21]). The tibial insert has an anterior cut to avoid patel-
lar tendon impingement during deep flexion (RP or RP-F 

Abstract 
Purpose To compare clinical outcomes after high-flex 
versus conventional total knee arthroplasty (TKA).
Methods A systematic review and meta-regression were 
performed to compare post-operative outcomes between 
the two types of prostheses. Relevant randomized con-
trolled trials were identified from MEDLINE and Scopus 
up to November, 2014.
Results Fourteen of 369 studies were eligible; 14, 7, 6, 5, 
3, 12 and 7 studies were included in the pooling of maxi-
mum knee flexion, Knee Society Knee Score (KS), Knee 
Society Function Score (FS), Hospital for Special Sur-
gery score (HSS), short-form (SF) physical activity score, 
post-operative complications (DVT, fractures, infection) 
and revision TKA, respectively. The high-flex TKA had 
1.97° [95 % confidence interval (CI) 0.37, 3.57], −0.86 
(95 % CI −1.65, 0.07) and −1.34 (−2.57, −0.11) higher 
mean maximum knee flexion, KS and FS when compared 
to conventional TKA. However, there were non-significant 
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implant [8] and Genesis II PS implant [12]). However, 
outcomes of the high-flex and standard posterior-stabilized 
prostheses are inconsistent. Some studies [12, 15, 19, 20] 
show benefits with the use of the high-flexion posterior-
stabilized total knee prosthesis with regard to ROM and 
clinical and radiographic outcomes, as well as maximum 
knee flexion. However, other studies [8, 14, 22] do not. 
A previous meta-analysis [13] including five randomized 
controlled trials (RCTs) [10, 12, 15, 21, 22] found that no 
clinically relevant or statistically significant improvement 
was obtained in flexion with the “high-flex” prostheses, 
whereas another meta-analysis that included nine RCTs [1, 
6, 9, 10, 14, 15, 19, 21, 22], in which there were pooled 
outcomes of only one prosthesis design, found that NexGen 
LPS-Flex had a greater ROM without severe complications 
when compared to the NexGen LPS implant. A more recent 
meta-analysis [5] including ten studies pooled outcomes of 
ROM, KSS, HSS and quality of life scores demonstrated 
that no obvious statistical difference was found between 
high-flex prosthesis and standard prosthesis groups in 
terms of post-operative range of flexion, clinical scores and 
quality of life outcomes. However, this meta-analysis did 
not consider other clinically relevant outcomes (e.g. com-
plication and revision rates), risk of bias assessment was 
not performed, and sources of heterogeneity (e.g. age, sex 
and body mass index and use of different prostheses) were 
not explored and assessed. Moreover, four RCTs [1, 9, 14, 
20] that have since been published were not included in 
this meta-analysis, making it necessary to perform a fur-
ther analysis containing these latest RCTs. Therefore, this 
systematic review and meta-analysis of high-flex and con-
ventional TKA were conducted with the aim to update the 
comparison of the two for ROM and functional outcomes 
and to add further comparisons for quality of life and revi-
sion rates.

Materials and methods

MEDLINE and Scopus databases were used for identify-
ing relevant studies published in English since the date of 
inception to 12 November 2014. The PubMed and Scopus 
search engines were used to locate studies with the fol-
lowing search terms: total knee arthroplasty and high flex. 
Search strategies for MEDLINE and Scopus are described 
in detail in the “Appendix” section. References from the 
reference lists of included trials and previous systematic 
reviews were also explored.

Selection of studies

Identified studies were first selected based on titles and 
abstracts by two independent authors (J. K. and A. A.). Full 

papers were retrieved if a decision could not be made from 
the abstracts. Disagreements were resolved by consensus 
and discussion with a third party (P. P.). Reasons for ineligi-
bility or exclusion of studies were recorded and described.

Inclusion criteria

Randomized controlled trials that compared clinical out-
comes between high-flex design and conventional design in 
primary TKA were eligible if they met following criteria:

•	 Compared clinical outcomes between high-flex design 
and conventional design in primary TKA.

•	 Compared at least one of the following outcomes: knee 
ROM in flexion and extension, Knee Society Knee 
Score (KS) and Knee Society Function Score (FS), 
Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) score, Hospital for Special Sur-
gery (HSS) score, short-form quality of life assessment 
(e.g. SF-12, SF 36), complications [infection, deep vein 
thrombosis (DVT), fracture] and revision rates.

•	 Had sufficient data to extract and pool, i.e. the reported 
mean, standard deviation (SD), the number of sub-
jects according to treatments for continuous outcomes 
and the number of patients according to treatment for 
dichotomous outcomes.

Data extraction

Two reviewers (J. K. and A. A.) independently performed 
data extraction using standardized data extraction forms. 
General characteristics of the study [i.e. mean age, gender, 
body mass index (BMI), mean follow-up time, ROM, func-
tional scores (KS, FS, HSS), quality of life scores (SF-12, 
SF-36) at baseline] were extracted. The number of subjects, 
mean and SD of continuous outcomes [i.e. knee ROM, 
Knee Score (KS), Function Score (FS), HSS score and 
WOMAC score] between groups were extracted. Cross-
tabulated frequencies between treatment and all dichoto-
mous outcomes (complications and revisions) were also 
extracted. Any disagreements were resolved by discussion 
and consensus with a third party (P. P.).

Risk of bias assessment

Two authors (J. K. and A. A.) independently assessed 
risk of bias for each study following suggestions in the 
PRISMA guideline [11]. Six domains were assessed, 
including sequence generation, allocation concealment, 
blinding (participant, personnel and outcome assessors), 
incomplete outcome data, selective outcome reporting and 
other sources of bias. Disagreements between two authors 
were resolved by consensus and discussion with a third 



1612 Knee Surg Sports Traumatol Arthrosc (2015) 23:1610–1621

1 3

party (P. P.). Level of agreement for each domain and the 
overall domains were assessed using the Kappa statistics.

Outcomes

The outcomes of interests included knee ROM, knee 
function, quality of life, rates of complications and revi-
sion rates. These outcomes were measured as reported 
in the original studies, which were ROM for maximum 
knee flexion; Knee Score (KS), Function Score (FS) 
and HSS score for function. For knee ROM, higher 
values are equivalent to better outcomes. For the func-
tional and quality of life scores including KS (0–100), 
FS (0–100), HSS (0–100) and SF physical activities 
(0–100) scores, higher scores reflect better functional 
and physical activities. Post-operative complications 
(infection, deep vein thrombosis, fracture) and revision 
rates were considered.

Statistical analysis

For continuous outcomes (i.e. knee ROM, KS, FS, HSS 
and SF), the mean difference between high-flex design 
and conventional design in TKA was estimated for each 
study. Unstandardized mean difference was applied for 

pooling outcomes across studies. Before pooling, interven-
tion effects were assessed on whether they varied or were 
heterogeneous across included studies. Heterogeneity of 
mean differences was checked using the Q statistic, and 
the degree of heterogeneity was also quantified using the 
I2 statistic. If heterogeneity was significant or I2 > 25 %, 
the unstandardized mean difference was estimated using a 
random-effects model, and otherwise a fixed-effects model 
was applied.

For dichotomous outcomes, the odds ratio (OR) for com-
plications (infection, deep vein thrombosis, fracture) and 
for revision was estimated for each study. Heterogeneity 
of ORs across studies was assessed using the same method 
as mentioned previously. If heterogeneity was present, the 
random-effects model by Dersimonian and Laird method 
was applied for pooling ORs, and otherwise the fixed-
effects model by inverse variance method was applied.

Meta-regression was applied for exploring the cause of 
heterogeneity by fitting a co-variable [e.g. mean age, BMI, 
follow-up time, type of surgery (unilateral or bilateral), 
preoperative ROM and percentage of female] in the meta-
regression model. Subgroup or sensitivity analysis was 
then performed according to the results of meta-regression. 
Publication bias was assessed using contour funnel plots 
[16, 17] and Egger’s tests [4]. Asymmetry of the funnel 

69 studies retrieved 
from Medline

373 studies 
retrieved from 

Scopus

369 le� a�er 
removed duplicates 

13 studies le� for 
reviewing full paper

356 studies deleted:

. 

. 

. 
350 studies: non RCT

5 studies: other interven�on 

1 studies: other outcome

14 studies are 
eligibility

1 studies from 
hand searching 

 Flow of study selec�on

Fig. 1  Flow of study selection
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plot might be due to some missing studies where results 
that were negative might not have been published and thus 
could not be identified. The meta-trim and fill method was 
used to estimate the number of studies that might be miss-
ing and to adjust the pooled estimate [3]. All analyses were 
performed using STATA version 13.0. P value <0.05 was 
considered statistically significant, except for the test of 
heterogeneity where <0.10 was used.

Results

Sixty-nine and 373 studies were identified from MEDLINE 
and Scopus, respectively (Fig. 1); 73 studies were duplicates, 
leaving 369 studies to review titles and abstracts. Of these, 
13 full papers [1, 2, 6, 8–10, 12, 14, 15, 18–20, 22] plus one 
study [21] identified from reference list were reviewed, leav-
ing a total of 14 studies for data extraction. Characteristics of 
the 14 studies [1, 2, 6, 8–10, 12, 14, 15, 18–22] are described 
in Table 1. All 14 studies were RCTs that reported post-
operative ROM for maximum knee flexion. Knee function 
was reported using the Knee Society Knee Score in seven 
studies [2, 6, 9, 10, 14, 19, 21], the Knee Society Function 
Score in six studies [2, 6, 9, 14, 15, 19], HSS score in five 
studies [2, 6, 10, 19, 22] and short-form physical activity 
score in three studies [6, 12, 15]. Post-operative complica-
tions included DVT, fractures and infection in 12 studies [2, 
6, 8–10, 12, 14, 15, 19–22] and revision after TKA in seven 
studies [6, 8, 9, 14, 19, 20, 22]. Mean age (SD), BMI (SD), 
median (range) follow-up of participants and percentages of 
female gender were 67.3 (2.6) years, 28.9 (2.9), 2 (1–10.3) 

years and 58 (25–100) %, respectively. Mean preoperative 
ROM of maximum knee flexion was 114.7 (7.5)°. One study 
[14] compared mobile-bearing high-flex TKA implants ver-
sus mobile-bearing conventional TKA implants and fixed-
bearing high-flex TKA implants versus fixed-bearing con-
ventional TKA implants. Most studies [1, 2, 6, 8–10, 12, 14, 
15, 18, 19, 21, 22] were posterior-stabilized TKA implants 
with only one study [20] comparing posterior-stabilized 
and cruciate-retaining TKA implants. Nine studies [1, 6, 
9, 10, 14, 15, 19, 21, 22] compared the NexGen LPS-Flex 
implant and NexGen LPS implants, whereas five other stud-
ies [2, 8, 12, 18, 20] compared NexGen LPS-Flex and CR 
ACG implants, RP flex and RP, Genesis II flex and Gene-
sis II implants, NexGen LPS-Flex implants and PFC sigma 
implants, respectively. Ten studies [1, 6, 8, 12, 14, 15, 18, 21, 
22] performed unilateral TKA, four studies [9, 10, 19, 20] 
performed bilateral TKA, and one study [2] performed both 
unilateral and bilateral TKA.

Risk of bias in included studies

Risk of bias is described in Table 2.

Outcome

Post‑operative knee range of motion for maximum knee 
flexion

Fourteen studies [1, 2, 6, 8–10, 12, 14, 15, 18–22] 
compared the mean values of maximum knee flexion 
between high-flex and conventional TKA (Table 3). 

Table 2  Risk of bias assessment

References Sequence 
generation

Allocation 
concealment

Blinding Incomplete  
outcome data

Selective  
outcome report

Free of other 
bias

Description of other bias

Kim et al. [10] U N N Y Y N Per-protocol analysis

Weeden and Schmidt [21] U Y Y Y Y Y –

Nutton et al. [15] Y Y Y N Y N Per-protocol analysis

Ahmed et al. [1] Y Y Y Y Y Y –

McCalden et al. [12] U N Y Y Y Y –

Wohlrab et al. [22] U N Y N Y N Per-protocol analysis

Choi et al. [2] Y Y Y Y Y Y –

Hamilton et al. [8] U N Y N Y N Post-randomization exclusion 
(two patients)

Per-protocol analysis

Seng et al. [18] Y Y Y N Y N Per-protocol analysis

Kim et al. [9] Y N Y Y Y Y –

Singh et al. [19] U N N Y Y Y –

Thomsen et al. [20] Y Y Y N Y N Per-protocol analysis

Nieuwenhuijse et al. [14] Y Y Y Y Y Y –

Guild et al. [6] U N Y N Y N Per-protocol analysis
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Table 3  Mean differences between high-flex TKA and conventional TKA

UMD unstandardized mean difference
a Calculated mean or SD from median or range
b Statistical significant difference

References High-flex TKA Conventional TKA

N Mean SD N Mean SD

(A) Range of motion

 McCalden et al. [12] 50 124 7 50 123 7

 Hamilton et al. [8] 71 124.2 17.9a 71 124 17.9a

 RP, Genesis II (flex) UMD (95 % CI) 0.9 (−1.63, 3.35)

 Ahmed et al. [1] 28 110 17 28 107 15

 Wohlrab et al. [22] 30 116.7 9.8a 30 117.5 9.9*

 Choi et al. [2] 85 126 13 85 129 11.7

 Seng et al. [18] 41 128 22a 35 117 22a

 Kim et al. [9] 100 135 15a 100 133 12.6a

 Singh et al. [19] 50 122.8 8 50 119.9 8.7

 Nieuwenhuijse et al. [14] (fixed bearing) 20 118.1 3.4 21 118.3 3.6

 Nieuwenhuijse et al. [14] (mobile bearing) 19 118.9 3.4 18 113.7 4.5

 Thomsen et al. [20] 36 127 11a 36 120 12a

 Guild et al. [6] 138 120.9 10.4 140 121 9.7

 NexGen LPS-Flex UMD (95 % CI) 2.3 (0.40, 4.15)b

 All implant design UMD (95 % CI) 2.0 (0.37, 3.57)b

(B) KSS

 Kim et al. [10] 50 91.6 8.9a 50 92.5 5.2a

 Weeden and Schmidt [21] 25 89a 9a 25 88a 9.5a

 Choi et al. [2] 85 94 9 85 95 6.9

 Kim et al. [9] 100 92 8.9a 100 93 7.4a

 Singh et al. [19] 50 94.9 4.7 50 95.8 3.6

 Nieuwenhuijse et al. [14] (fixed bearing) 20 82.8 3.2 21 83.6 1.6

 Nieuwenhuijse et al. [14] (mobile bearing) 19 81.9 3.4 18 84.1 1.4

 Guild et al. [6] 138 89.8 9.9 140 87.7 12.7

UMD (95 % CI) −0.9 (−1.65, −0.07)b

(C) KFS

 Nutton et al. [15] 28 76.9 19.7 28 84.3 10.6

 Choi et al. [2] 85 91 8.8 85 92 7.7

 Kim et al. [9] 100 82 8.4a 100 85 11.6a

 Singh et al. [19] 50 80.2 10.6 50 79.9 13

 Nieuwenhuijse et al. [14] (fixed bearing) 20 82.8 3.2 21 83.6 1.6

 Nieuwenhuijse et al. [14] (mobile bearing) 19 81.9 3.4 18 84.1 1.4

 Guild et al. [6] 138 85.6 17.7 140 83 19.1

UMD (95 % CI) −1.3 (−2.57, −0.11)b

(D) HSS

 Kim et al. [10] 50 89.4 8.75 50 90 7.25

 Wohlrab et al. [22] 30 92.8 5.1a 30 93.1 7.7

 Choi et al. [2] 85 92 7.5 85 93 5.9

 Singh et al. [19] 50 91.5 4.8 50 91.9 4.1

 Guild et al. [6] 138 88.9 7.6 140 87.3 8.8

UMD (95 % CI) −0.04 (−1.02, 0.95)

(E) Short form (SF) physical

 Nutton et al. [15] (SF-36) 28 45 9.4 28 47.7 8.5

 McCalden et al. [12] (SF-12) 50 42.2 2.7a 50 41.2 2.7a

 Guild et al. [6] (SF-36) 138 49.7 8.1 140 48.1 8.8

UMD (95 % CI) 0.9 (−0.37, 2.23)
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The pooled UMD varied moderately across studies 
(I2 = 55.5 %) and was 2.0 (95 % CI 0.37, 3.57), i.e. 
mean maximum knee flexion had a 2.0° statistically 
significant difference between two implants (Fig. 2). 
Separately fitting co-variables in a meta-regression 
analysis and none of the co-variables could explain 
the heterogeneity. Subgroup analysis (Fig. 3) was per-
formed for the two studies [8, 12] with the RP flex 
implant compared with RP, and Genesis II flex com-
pared with Genesis II; both showing no heterogeneity 
(I2 = 0 %). It was also done for the 12 studies [1, 2, 6, 

9, 10, 14, 15, 18–22] with NexGen LPS-Flex implants 
(I2 = 61.4 %). The corresponding means for maximum 
knee flexion were 0.9 (95 % CI −1.63, 3.35) and 2.3 
(95 % CI 0.40, 4.15).

Knee Society Knee Score

Seven studies [2, 6, 9, 10, 14, 19, 21] reported mean 
KSs between high-flex and conventional TKA groups 
(Table 3). Mean difference was similar across studies with 
an UMD of −0.9 (95 % CI −1.65, −0.06), indicating that 

NOTE: Weights are from random effects analysis

Overall  (I-squared = 55.5%, p = 0.005)
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Fig. 2  Comparisons of ROM between high-flex and conventional TKA
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Fig. 3  Comparison of ROM or high-flex and conventional TKA (subgroup analysis by implant design)
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the high-flex TKA group had statistically significant dif-
ference in KS when compared to conventional TKA group 
(Fig. 4).

Knee Society Function Score

Six studies [2, 6, 9, 14, 15, 19] compared mean FS between 
high-flex and conventional TKA groups (Table 3). The 
pooled UMD was −1.3 (95 % CI −2.57, −0.11) with sta-
tistically significant difference in functional score in high-
flex TKA when compared to conventional TKA with mild 
heterogeneity (I2 = 30.3 %, Fig. 4).

Hospital for Special Surgery score

Five studies [2, 6, 10, 19, 22] reported mean HSS scores 
between high-flex and conventional TKA groups (Table 3). 
Mean difference was similar across studies (I2 = 0 %) with 
an UMD of −0.04 (95 % CI −1.02, 0.94), indicating that 
the high-flex TKA group had similar HSS scores to the 
conventional TKA group (Fig. 4).

Short form (physical activities)

Three studies [6, 12, 15] reported mean SF scores between 
high-flex and conventional TKA groups. Mean difference 
was similar across studies (I2 = 27 %) with an UMD of 0.9 
(95 % CI −0.37, 2.23), indicating that the high-flex TKA 
group had similar HSS scores to the conventional TKA 
group (Table 3; Fig. 4).

Complications and revision

Twelve studies [2, 6, 8–10, 12, 14, 15, 19–22] reported 
occurrences of fracture and DVT within the high-flex and 
conventional TKA groups (Table 4). Risk of fracture infec-
tion and DVT between two groups was similar (I2 = 0 %, 
Fig. 5) with a pooled RR of 1.00 (0.29, 3.42), indicating 
that the chance of having a fracture infection and DVT 
between the two groups was not significantly different 
(Table 4; Fig. 5).

Seven studies [6, 8, 9, 14, 19, 20, 22] reported revision 
TKA after the high-flex and conventional TKA groups 

NOTE: Weights are from random effects analysis
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Fig. 4  Comparison of KSS, KFS, HSS and SF between high-flex and conventional TKA
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(Table 4). Risk of revision TKA between the two groups 
was similar (I2 = 0 %, Fig. 5) with a pooled OR of 1.0 
(0.29, 3.42), indicating that the chance of requiring a 

revision TKA and having post-operative infection between 
the two groups was not significantly different (Table 4; 
Fig. 5).

Table 4  Comparisons of 
dichotomous outcomes between 
high-flex TKA and conventional 
TKA

References High-flex TKA Conventional 
TKA

OR 95 % CI

Yes No Yes No

(A) Revision TKA

 Wohlrab et al. [22] 0 30 1 29 0.3 0.01, 7.87

 Hamilton et al. [8] 0 71 0 71 1 0.02, 49.71

 Kim et al. [9] 1 99 0 100 3 0.02, 72.77

 Singh et al. [19] 0 50 0 50 1 0.02, 49.44

 Nieuwenhuijse et al. [14] (fixed bearing) 1 19 1 20 1.1 0.07, 15.68

 Nieuwenhuijse et al. [14] (mobile bearing) 0 19 0 18 1 0.02, 45.51

 Thomsen et al. [20] 0 36 0 36 1 0.02, 49.21

 Guild et al. [6] 0 138 0 140 1 002, 50.77

 Pooled RR 1 (0.29, 3.42)

(B) Complication

 Kim et al. [10] 0 50 0 50 1 0.02, 49.44

Weeden and Schmidt  [21] 1 25 1 25 1 0.07, 15.15

 Nutton et al. [15] 1 27 1 27 1 0.07, 15.21

 McCalden et al. [12] 0 50 0 50 1 0.02, 49.44

 Wohlrab et al. [22] 0 30 0 30 1 0.02, 48.82

 Choi et al. [2] 1 84 1 84 1 0.06, 15.73

 Hamilton et al. [8] 1 70 0 71 3 0.12, 72.42

 Kim et al. [9] 1 99 1 99 0.7 0.06. 15.77

 Singh et al. [19] 2 48 3 47 1.1 0.12, 3.82

 Nieuwenhuijse et al. [14] (fixed bearing) 0 20 0 21 1 0.02, 50.43

 Nieuwenhuijse et al. [14] (mobile bearing) 0 19 0 18 1 0.02, 45.51

 Thomsen et al. [20] 0 36 0 36 1 0.02, 49.08

 Guild et al. [6] 8 130 1 139 8.1 1.03, 64.03

 Pooled OR 1.3 (0.60, 2.88)

NOTE: Weights are from random effects analysis
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Fig. 5  Comparison of dichotomous outcome between high-flex and conventional TKA
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Neither contour funnel nor Egger’s test suggested evi-
dence of publication bias for all outcomes (Fig. 6).

Discussion

The most important finding of the present study was high-
flex TKA implants have about 2° of significant difference 
in outcomes of ROM when compared to conventional 
TKA implants. However, these reviews include three dif-
ferent high-flex implant designs. After subgroup analysis, 
the results show that patients who received NexGen LPS-
Flex TKA implants had approximately 2.3° significantly 
higher post-operative knee flexion than those who had 
conventional TKA implants. However, the two implants 
showed no statistically significant difference in post-
operative knee flexion ROM in patients who received RP 
flex and Genesis II flex TKA implants. In terms of func-
tion, quality of life, complication and revision outcomes, 
the high-flex TKA implants have approximately one point 
more of a significant difference in outcomes of Knee Soci-
ety Knee Score, Knee Society Function Score than do con-
ventional TKA implants, whereas the HSS score, short-
form physical activities score, complications and revision 
after operation showed no statistical differences. After all 
outcomes were pooled and the sources of heterogeneity 
were explored by meta-regression analysis, the differences 
in implant designs were shown to have no effect on all 
outcomes.

Post-operative ROM and function were assessed by 
maximum knee flexion, Knee Society Knee Score and 
Knee Society Function Score, demonstrating that high-flex 
TKA had better outcomes than conventional TKA. These 
differences were not detected in the previous meta-analysis 
[5]. This review included four additional studies with 771 
subjects and reached a power of 90 % for detecting the 
two-point difference in ROM between the two groups, with 
a type I error of 1 %. Although this study detected a statisti-
cally significant difference in maximum knee flexion, Knee 
Society Knee Score and Knee Society Function Score, the 
difference was very small and therefore might not have any 
clinical impact. Therefore, conventional TKA can be used 
as a substitute if the price of high-flex TKA is very high 
or if it is not available. However, cost-effective analysis 
should be performed to make appropriate selections in the 
future.

This study has several strengths. First of all, 14 studies 
were included for pooling relevant clinical outcomes (i.e. 
post-operative range of motion, functional scores, quality 
of life score, complications and revision) after total knee 
arthroplasty. The power to detect differences or equiva-
lences between the two implants is 90 % or higher with 
false-positive results of only 1 %. Secondly, possible causes 
of heterogeneity were explored if covariate data at base-
line (e.g. mean age, percentage of female, BMI, follow-up 
times, unilateral or bilateral TKA, preoperative ROM and 
implants design) were available. Third, publication bias for 
each outcome was also assessed. Most studies had a mean 
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follow-up time of about 1–10 years; thus, long-term effects 
of TKA are still in question. Quality of evidence was also 
assessed for each outcome [7]. The quality of evidence was 
intermediate strength for all outcomes but may be capable 
of upgrading to high strength for the post-operative ROM if 
the range of estimation is more precise without heterogene-
ity and publication bias.

Conclusion

This meta-analysis indicated a higher post-operative knee 
ROM and function for high-flex prostheses that was not 
detected in the previous meta-analysis. However, the differ-
ence is very small and might not have any clinical impact. 
In terms of implants with different designs, quality of life, 
complication and revision TKA, this review demonstrated 
that only NexGen LPS-Flex can improve post-operative 
range of motion, whereas other designs cannot. There were 
no statistically significant differences in SF physical activi-
ties score and risk of having complications and revision 
TKA in both groups. These results are generally homo-
geneous and robust to publication bias and thus should be 
generalizable.
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