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NexGen LPS prosthesis, with greater range of motion and 
without severe complications or radiographic outcomes. 
The clinical advantages were not shown in the KSS or the 
HSS. Thus, the selection of a high-flexion prosthesis should 
depend on the characteristics of the patient, particularly 
high motivation and poor preoperative ROM. The potential 
benefits in the medium- and long-term outcomes require 
confirmation by larger, multicenter and well-conducted 
RCTs.
Level of evidence  Therapeutic study, Level I.

Keywords  High-flexion prosthesis · Standard prosthesis · 
Range of motion · Total knee arthroplasty

Introduction

Range of motion (ROM) is a key factor in determin-
ing patient satisfaction because it is closely related to the 
overall functional outcome in patients after TKA [36]. 
However, the flexion of the traditional prostheses rarely 
exceeds 120° after surgery [4]. Recent studies showed that 
patient demands have increased and deeper knee flexion 
might be required, particularly for young patients [2, 32]. 
The Ontario Joint Replacement Registry and the Swedish 
Knee Registry have demonstrated that 17 and 20 % of total 
knee arthroplasty patients remain uncertain or not satisfied, 
respectively, with their total knee arthroplasty. Up to 10 % 
of the patients were dissatisfied, and poor ROM was listed 
as a leading cause of dissatisfaction [35, 37]. The desire to 
achieve greater flexion is the driving force for prosthetic 
modifications, and many knee arthroplasty manufactures 
have responded with design changes [27].

High-flexion implants (HF-TKA) have been produced 
to theoretically allow a greater ROM and offer better 
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prosthesis suggest improved postoperative knee flexion. 
The purpose of this study was to summarize the best evi-
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to 0.13); functional KSS, −0.53 (95 % CI −1.51 to 0.45); 
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functional outcomes and increase patient satisfaction com-
pared with standard TKA (STD-TKA). Thus, high-flexion 
prostheses have become increasingly accepted in recent 
years, particularly for those requiring high flexion, includ-
ing young patients and patients in Middle Eastern and 
Asian populations [22, 43]. However, in the academic field, 
a pronounced controversy persists regarding high-flexion 
implants, with many clinical studies, including prospec-
tive studies and randomized, controlled trials, suggesting 
conflicting results [2, 11, 17, 44]. As evidence-based medi-
cine (EBM) has become customary in the clinical field, an 
increasing number of doctors think that meta-analysis pro-
vides the most reliable evidence. One systematic review 
[29] and four meta-analyses [9, 26, 28, 42] were published 
from 2009 to 2011 on this subject. These studies have many 
limitations, and their conclusions are conflicting (Table 1). 
These studies included retrospective studies and various 
high-flexion implant brands. The design of high-flexion 
implants varies by the manufacturer. Additionally, surgi-
cal techniques differ. The accuracy and reliability of their 
outcomes were obviously low because there were many 
confounding factors. Whether high-flexion implants offer 
greater ROM and better clinical outcomes is unknown.

A number of randomized controlled trials have been per-
formed recently to compare NexGen LPS-Flex and Nex-
Gen LPS implants in TKA [1, 10, 17, 29, 31, 33, 40, 44, 
45]. Thus, a meta-analysis was conducted to investigate 
whether the NexGen LPS-Flex implant offers greater ROM 
and better clinical outcomes.

Materials and methods

Literature search

A prospective protocol defined the search strategy, eligi-
bility criteria, quality assessment, data elements of inter-
est and plans for data synthesis and analysis, according to 
the guidelines described in the Cochrane Handbook for 
Systematic Reviews. The electronic medical databases 
were searched, including PubMed, EMBASE, Web of Sci-
ence and the Cochrane Library, using the following search 
terms: (total knee arthroplasty OR total knee replacement) 
AND (flexion OR range of flexion) AND (high-flexion OR 
high flexion). The last date for our research was July 2014. 
Additionally, the reference lists of the retrieved studies and 
relevant reviews were scrutinized.

Eligibility criteria

The study selection was performed by two reviewers, who 
scanned the titles and abstracts of all the citations, accord-
ing to the following inclusion criteria: (1) prospective Ta
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RCTs; (2) human studies; (3) studies comparing NexGen 
LPS-Flex implants (HF group) with NexGen LPS implants 
(STD group); and (4) studies reporting clinical outcomes 
and/or complications. Nonrandomized or retrospective 
studies, animal or cadaver studies, letters, comments, case 
reports, guidelines and review papers were excluded.

Quality assessment

Two reviewers independently assessed the methodologi-
cal quality of the studies. If any disagreements occurred, 
a third reviewer joined the discussion until a consensus 
was obtained. Methodological quality included six items: 
sequence generation; allocation sequence concealment; 
blinding; incomplete outcome data; selective outcome 
reporting; and other potential risks. Each domain was rated 
as yes, no or unclear guidelines: yes =  low risk of bias; 
no = high risk of bias; and unclear = unclear risk of bias.

Data extraction

A data extraction form was predesigned, and the data were 
independently extracted by two investigators, including 
the data on the patient demographics, surgical technique, 
follow-up, methodology, clinical outcomes and complica-
tions (Table 4). The data were checked by a third investiga-
tor, and any disagreements were resolved through discus-
sion. The authors of these articles were contacted whether 

necessary to obtain information. Missing standard devia-
tions were calculated based on the other values provided 
in the articles, according to the formula reported by Hozo 
et al. [14]. In addition, one article compared the following 
four implants: the LPS-Flex mobile, LPS-Flex fixed, LPS 
mobile and LPS fixed [31], and we separated them into a 
paired comparison: (LPS-Flex mobile vs. LPS mobile) 
and (LPS-Flex fixed vs. LPS fixed). Although the times at 
which the outcomes were measured differed among these 
studies, the outcomes at the final follow-up were selected 
for analysis because most of the patients were in the early 
postoperative stages (less than 5 years).

Statistical analysis

The statistical analysis was performed by RevMan 5.0 soft-
ware (The Nordic Cochrane Center, The Cochrane Collab-
oration), and a p value of <0.05 was considered statistically 
significant. The weighted mean difference (WMD) and the 
odds of risks (OR) for continuous variables and dichoto-
mous variables with 95  % CIs were calculated, respec-
tively. Statistical heterogeneity was tested using the chi-
square test and I2 statistic. The χ2 test <0.1 or the I2 > 50 % 
was indicative of statistical heterogeneity. Depending on 
the heterogeneity, meta-analysis was performed using 
fixed-effect or random-effect models. When there was no 
statistical evidence of heterogeneity, a fixed-effect model 
was adopted; otherwise, a random effect was used.

Fig. 1   Flowchart shows how 
articles were selected
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Results

Description of studies

The results of the initial search retrieved 1,042 citations, 
and 84 articles were considered potentially eligible for 
further evaluation after removing the duplications and 
scanning the titles and abstracts. After reading the full 
texts for detailed evaluation, nine studies were included 
based on our inclusion and exclusion criteria (Fig.  1). 
The number of participants ranged from 50 to 278. There 
were 978 patients undergoing 978 TKA procedures with 
a weighted mean follow-up time of 46.9  months. Nex-
Gen LPS-Flex implants were used for 488 knees, and 
NexGen LPS implants were used for 490 knees. Table 2 
summarizes the characteristics of the included trials, and 
the demographics of the patients were comparable in 
each trial.

Table  3 summarized the methodological quality and 
the level of evidence of the trials. The included studies 
were level I. There were six studies reporting adequate 
methods of randomization generation, including sealed 
envelopes, randomized table numbers and computer-
generated randomized numbers. Of the nine articles, 
seven studies had blinding methods, and only two cita-
tions reported allocation concealment. There was a mini-
mal indication of publication bias because the funnel 
plot reporting the postoperative ROM was symmetrical 
(Table 4).

Outcomes of the meta-analysis

Clinical outcomes

Range of motion was as our primary outcome for this meta-
analysis (Table 5; Fig. 2). Eight studies [1, 10, 17, 29, 31, 
33, 40, 45] reporting preoperative and postoperative ROM 
were eligible for this outcome. Our study suggested that 
there were advantages of high-flexion TKA (HF-TKA) over 
standard TKA. Patients achieved a significantly greater 
postoperative ROM when using high-flexion implants com-
pared to those using a standard implant.

As other authors have reported [9, 26, 29], there were no 
significant differences between the two designs with regard 
to the total Knee Society score, the functional Knee Soci-
ety score or the Hospital for Special Surgery knee score 
(Figs.  3, 4, 5, respectively). Additionally, the WOMAC 
and SF-36 were used for the clinical assessments of the 
patients; however, the data were insufficient to pool for 
analysis.

As Table 5 shows, the synthetic outcomes had no signifi-
cant statistical heterogeneity among the included studies, 
and a fixed-effects model was selected for them.

Complications

Our meta-analysis showed that there were no significant 
differences in the surgical complications including delayed 
wound healing, superficial infection, deep infection, DVT, 
anterior knee pain, periprosthetic fracture, patellar fracture, 
postoperative stiffness and knee instability. There was no 
significant statistical heterogeneity among these studies, 
and a fixed-effects model was used (Fig. 6).

Radiographic outcomes

In contrast to the concerns of the authors [12, 34], our 
meta-analysis showed that there were no significant dif-
ferences in the radiolucent lines without heterogeneity 
(Fig.  7). One study reported implant loosening, and three 
studies reported a two-stage revision. Nieuwenhuijse et al. 
[31] reported that one patient was revised for aseptic loos-
ening of the tibial component 2.7 years postoperatively in 
the NexGen LPS-fixed group, and one patient was revised 
for septic loosening 1 year after surgery. Wohlrab et al. [45] 
reported that one patient in the LPS-Flex group had a pain-
ful mid-flexion instability that needed to be revised. Kim et 
al. [20] reported that one patient had a two-stage revision 
because of infection.

Discussion

The most significant finding of this meta-analysis is that the 
NexGen LPS-Flex prosthesis provides an alternative to the 
NexGen LPS prosthesis with a greater range of motion and 
no severe complications or radiographic outcomes. Supe-
rior ROM in the high-flexion group has been previously 
reported by a number of authors predominantly in prospec-
tive or retrospective case series (level III or IV) [8, 12, 13, 
18, 23, 38]. Clinical advantages of high-flexion prosthesis 
were not found by KSS or HSS.

The NexGen LPS-Flex total knee system was introduced 
to increase knee flexion and improve clinical outcomes. Com-
pared with the standard NexGen LPS prosthesis, the NexGen 
LPS-Flex total knee system has three principle design modi-
fications, including an extension of the posterior femoral con-
dyles and posterior condylar radii to increase the contact area, 
a modification of the cam and tibial spine, and a cut-out in 
the polyethylene insert to prevent patellar tendon impinge-
ment [10, 17, 20]. Based on these design changes, patients 
might theoretically achieve greater ROM and better func-
tional outcomes when using NexGen LPS-Flex prostheses. 
Recently, an increasing number of patients select high-flex-
ion implants, particularly younger patients who are eager to 
return to demanding activities [43]. Klein et al. [21] reported 
that the intraoperative ROM of the HF-TKAs was greater by 
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5°º than that of STD-TKAs. A review article [16] published 
in 2013 reported that the HF-TKA improves the knee range 
of motion compared to the STD-TKA by 15°–25° and facili-
tates many daily deep flexion activities. Although some ran-
domized controlled trials and one meta-analysis [17, 20, 28, 
33, 45] reported no difference between the two designs, many 
prospective studies and randomized controlled trials [2, 15, 
18, 23, 30, 44] have supported that the HF-TKA cloud sig-
nificantly improves knee flexion and enhance the ability of a 
patient to kneel, squat and sit cross-legged, with a good early 
and mid-term survivorship of the implant, with very few com-
plications. Among the 9 RCTs included in our analysis, two 
studies [40, 44] suggested that patients achieved greater ROM 
with no better KSS or HSS scores with the HF-TKAs than 
with the STD-TKA, whereas the remaining seven studies [1, 
10, 17, 20, 31, 33, 45] found no difference in the ROM or 
knee scores (KSS, HSS, WOMAC and SF-36) between the 
two groups. Except that different high-flexion implants were 
used, the differences in the study design, surgical techniques 
and patient characteristics, including age, gender, BMI, pre-
operative ROM, preoperative deformity, preoperative knee 
scores, diagnosis, rehabilitation protocol and life style, might 
account for the different results. The published meta-analy-
ses [26, 28, 29, 42] on this subject found no difference in the 
ROM or knee scores between the HF-TKAs and STD-TKAs. 
The studies included low-quality studies such as retrospec-
tive studies and prospective studies as well as different brands 
of high-flexion implants, which would cause extensive con-
founding and statistical bias.

Our study only included RCTs comparing NexGen LPS-
Flex with NexGen LPS, so that the level of evidence of our 

study is higher and our result is more reliable. Our meta-
analysis suggested that there are advantages of the NexGen 
LPS-Flex over NexGen LPS prosthesis, in terms of greater 
ROM, and no severe complications or radiographic out-
comes. The clinical benefits were not shown by the KSS or 
HSS. The Western Ontario and McMaster University Arthri-
tis Index (WOMAC) and the Short Form-36 (SF-36) have 
been reported to be more responsive measures of TKA out-
comes [25]. However, there were only two studies [20, 33] 
reporting on the WOMAC and two studies [9, 33] reporting 
on the SF-36, yielding insufficient data to analyse. In addi-
tion, two meta-analyses [24, 41] on other subjects regarding 
TKA suggested that greater ROM did not produce signifi-
cant improvement in the knee scores and that the ROM and 
knee scores might not have a close relationship. Chaudhary 
et al. [6] suggested that a difference of less than 5° for the 
knee ROM is not clinically relevant. Various factors influ-
ence the postoperative ROM and functional outcomes such 
as the preoperative ROM, age, BMI and lifestyle.

Some concerns have been suggested regarding potential 
deleterious effects such as increased bone resection and edge-
loading, increased insert wear and increased implant loosening 
and revision rates [34]. However, many authors [3, 5, 19, 20] 
disagree and argue that the high-flexion implant modifications 
increase the articular contact area and improve the patellar 
kinematics at a high-flexion angle, which could theoretically 
decrease the stress concentration on the tibial polyethylene 
surface and potentially result in decreased wear, less osteoly-
sis and loosening, and a low revision rate. Our meta-analysis 
found that there was no significant difference in the radiolu-
cent lines between the LPS-Flex group and the LPS group, 

Table 3   Quality assessment of the included randomized controlled trials

Studies Journal Design Adequate 
randomization 
method

Allocation 
concealment

Blinding Incomplete 
outcome

Free of selective 
reporting

Free of 
other bias

Level of 
evidence

Ahmed et al. 
[25]

Orthopedics RCT Yes Yes Yes Yes Yes Unclear Level I

Kim et al. [18] J Bone Joint Surg 
Am

RCT Yes Unclear Yes Yes Yes Unclear Level I

Singh et al. [21] J Orthop Surg 
(Hong Kong)

RCT Unclear Unclear Unclear Yes Yes Unclear Level I

Nutton et al. [8] J Bone Joint Surg 
Br

RCT Yes Yes Yes Yes Yes Unclear Level I

Weeden et al. 
[9]

J Arthroplasty RCT Unclear Unclear Unclear Yes Yes Unclear Level I

Wohlrab et al. 
[14]

Arch Orthop 
Trauma Surg

RCT Unclear Unclear Yes Yes Yes Unclear Level I

Kim et al. [7] J Bone Joint Surg 
Am

RCT Yes Unclear Yes Yes Yes Unclear Level II

Nieuwenhuijse 
et al. [31]

J Bone Joint Surg 
Am

RCT Yes Unclear Yes Yes Yes Unclear Level I

Guild et al. [10] J Arthroplasty RCT Yes Unclear Yes Yes Yes Unclear Level I
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and the component loosening and revision rates were very 
low. Han et al. [12] reported that 38 % of patients had accepted 
loosening of the femoral component and up to 21 % required 
revision in the high-flexion group at the short-term follow-up. 
However, Kim et al. [18] suggested that high-flexion implants 
provided satisfactory results at 3–4.8 years of follow-up with 
an extremely low incidence of complications or adverse radio-
logical events. The authors followed the identical patients for a 
minimum of 10 years and showed that there was no significant 
difference between the two designs with regard to the radiolu-
cent lines, loosening and survivorship [20]. The high revision 
rate in Han’s study was most likely related to the surgical tech-
nique instead of the prosthesis design.

The limitations of this meta-analysis are as follows. 
Only studies published in English were included, which 

might have caused a language bias. The included stud-
ies did not evaluate every clinical result, and we could 
not investigate other factors related to the high-flexion 
implants. In addition, most of the trials focused on short-
term outcomes (the weighted mean follow-up time was 
46.9  months), which might have been insufficient for 
comparing the differences in the medium- and long-term 
outcomes between the two designs. Our meta-analysis had 
several advantages. First, the funnel plots for the pooled 
estimates were significantly symmetrical, indicating no 
publication bias. Second, only randomized, controlled tri-
als were included, which could effectively decrease the 
confounding factors and other bias between the study 
groups. Third, only one brand of high-flexion prosthe-
sis was included for analysis for the first time, which 

Table 4   Data extracted

Standard deviations are given between the brackets, and an asterisk (*) signifies indirect measurement of it from the range. Pre-ope preoperative, 
Post-ope postoperative, ROM range of movement, T-KSS total Knee Society Score, F-KSS functional Knee Society Score, HSS The Hospital for 
Special Surgery Scoring System

Study Pre-ope ROM Post-ope ROM Post-ope T-KSS Post-ope F-KSS HSS Complications Radiolucent lines

Ahmed

 LPS-Flex 108 (15) 110 (17) – – – – –

 LPS 106 (15) 107 (15) – – – – –

Kim 2012

 LPS-Flex 125 (17.5)* 135 (15)* 92 (7.5)* 82 (7.3)* – 1 –

 LPS 128 (18.7)* 133 (12.5)* 93 (6.3)* 85 (11)* – 1 –

Singh

 LPS-Flex 111.7 (13.5) 122.8 (8) 94.9 (4.7) 80.2 (10.6) 91.5 (4.8) 2 –

 LPS 110.5 (13.7) 119.9 (8.7) 95.8 (3.6) 79.9 (13) 91.9 (4.1) 3 –

Nutton

 LPS-Flex 108 (15) 110 (17) – 76.9 (19.7) – 1 –

 LPS 107 (15) 106 (17) – 84.3 (10.6) – 1 –

Weeden

 LPS-Flex – – 93 (7.5)* – – 1 2

 LPS – – 92 (8)* – – 1 1

Wohlrab

 LPS-Flex 108.5 (14.8) 116.7 (9.8) – – 92.8 (5.1) – 2

 LPS 105.7 (17.8) 117.5 (9.9) – – 93.1 (7.7) – 2

Kim 2005

 LPS-Flex 127 (23.7)* 139 (11.3)* 91.6 (7.5)* – 89.4 (7.5)* – –

 LPS 126 (23.7)* 136 (11.3)* 92.5 (4.5)* – 90 (6.3)* – –

Nieuwenhuijse

 LPS-Flex 105.3 (18) 118.1 (3.4) 82.8 (3.8) 82.8 (3.2) – – 1

 LPS 108.6 (15.7) 118.3 (3.6) 83.6 (1.6) 83.6 (1.6) – – 1

Nieuwenhuijse

 LPS-Flex 110.8 (9.6) 118.9 (3.4) 81.9 (3.4) 81.9 (3.4) – – –

 LPS 103.3 (14.4) 113.7 (4.5) 84.1 (1.4) 81.4 (1.4) – – –

Guild

 LPS-Flex 113 (11.2) 120.9 (10.4) 89.8 (9.9) 85.6 (17.7) 88.9 (7.6) 2 10

 LPS 114.7 (11) 121 (9.7) 87.7 (12.7) 83 (19.1) 87.3 (8.8) 8 6
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eliminated the heterogeneity of different prostheses. Thus, 
the heterogeneity was not statistically significant, and the 
fixed model was suited to all the statistical indicators. We 
theorized and showed that the patients who underwent HF-
TKAs would achieve greater ROM without severe compli-
cations or radiographic outcomes.

The results of this meta-analysis are consistent with that of 
another meta-analysis [9], suggesting that there are advantages 
of the HF-TKA over the standard TKA, in terms of greater 
ROM and severe complications or radiographic outcome. 
The high-flexion implant was recommended to arthroplasty 
surgeons and patients based on this most current evidence. 

Table 5   Meta-analysis 
results of clinical outcomes, 
complications and radiolucent 
lines following high-flexion 
TKA, compared to conventional 
TKA

HF high flexion, STD standard, 
WMD weighted mean 
difference, OR odds ratio, CI 
confidence interval, ROM range 
of motion, n.s. nonsignificant

Outcomes Studies Knees Overall effect Heterogeneity

Total HF STD p value WMD/OR 95 % CI I2 % p value

ROM

 Preoperation 8 928 463 465 n.s. −0.45 −2.26 to 1.36 0 0.48

 Postoperation 8 928 463 465 0.004 1.62 0.52 to 2.72 45 0.07

Total KSS

 Preoperation 5 706 352 354 n.s. 1.29 −0.50 to 3.08 8 0.36

 Postoperation 6 806 402 404 n.s. −0.64 −1.41 to 0.13 35 0.16

Functional KSS

 Preoperation 5 712 355 357 n.s. 0.77 −1.75 to 3.29 0 0.74

 Postoperation 5 712 355 357 n.s. −0.53 −1.51 to 0.45 49 0.08

HSS

 Postoperation 4 538 268 270 n.s. 0.23 −0.87 to 1.33 0 0.41

Complications 5 686 341 345 n.s. 0.49 0.20 to 1.24 0 0.81

Radiolucent lines 4 429 213 216 n.s. 1.56 0.68 to 3.55 0 0.95

Fig. 2   ROM forest plot analysis (pre- and postoperation, respectively)
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Patients would benefit and achieve markedly better functional 
outcomes if doctors use patient selection when recommend-
ing a high-flexion implant. Patient motivation and the need 
to achieve deep knee flexion could contribute to the postop-
erative ROM and functional outcomes. Many authors have 

demonstrated that patients with more high-flexion activities in 
daily life, such as young patients and those in Middle Eastern 
and Asian populations, would benefit significantly from a HF-
TKA [7, 39]. The preoperative ROM is another important fac-
tor. Lee et al. [22] and Bin et al. [5] reported that high-flexion 

Fig. 3   Total KSS forest plot analysis (pre- and postoperation, respectively)

Fig. 4   Functional KSS forest plot analysis (pre- and postoperation, respectively)
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implants are more effective in restoring maximal knee flexion 
than standard implants and that the results were more notable 
when the patient had severe preoperative flexion limitations. 
We suggest that the selection of a high-flexion prosthesis 
should depend on the characteristics of the patient.

Conclusions

Our meta-analysis of the available evidence suggested that 
there are advantages of the NexGen LPS-Flex prosthesis 
over the NexGen LPS prosthesis, in terms of greater range 
of motion and no severe complications or radiographic out-
comes. The clinical advantages were not shown by the KSS 
or HSS. Thus, the selection of a high-flexion prosthesis should 

depend on the patient characteristics, particularly high motiva-
tion and limited preoperative ROM. Determining the potential 
benefits in medium- and long-term outcomes requires confir-
mation by larger, multicenter and well-conducted RCTs.
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