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Abstract
Background: Whether there was clinical superiority for the single-radius prosthesis over the multi-radius prothesis in
total knee arthroplasty (TKA) still remains to be clarified. We updated a meta-analysis including prospective random-
ized controlled trials (RCTs) to compare the clinical prognosis of patients receiving single-radius TKA (SR-TKA) or multi-
radius TKA (MR-TKA).

Methods: We searched the databases of PubMed, Web of Science, EMBASE, Cochrane Library, MEDLINE for eligible
RCTs. Two reviewers evaluated the study quality according to the Risk of Bias tool of the Cochrane Library and
extracted the data in studies individually. The extracted data included the baseline data and clinical outcome. The
baseline data include the author’s name, country, and year of included studies, the name of knee prosthesis used in
studies, sample size, follow-up time, and BMI of patients. The clinical data comprised primary indicators including postop-
erative knee range of motion (ROM), sit-to-stand rest, severe postoperative scorings, such as visual analog scale (VAS),
American Knee Society knee score (AKS), Oxford knee scoring (OKS), and SF-36 Quality of Life Scale, as well as various
secondary indicators of complications including anterior knee pain, postoperative infection, aseptic prosthesis loosening,
and prosthesis revision. The data analysis was performed using Review Manager 5.3 software and STATA 12.0. The sensi-
tivity analysis was performed using STATA 12.0.

Results: A total of 13 RCTs, along with 1720 patients and 1726 knees, were finally included in our present meta-anal-
ysis. We found that patients in SR-TKA group performed better in the sit-to-stand test (OR = 1.89, 95% CI: 1.05–3.41,
p = 0.03) and satisfaction evaluation (OR = 3.27, 95% CI: 1.42–7.53, p = 0.005), which were only evaluated in two
included RCTs. While no significant difference was found between SR-TKA and MR-TKA groups in terms of postopera-
tive ROM, VAS scoring, AKS scoring, SF-36 scoring, OKS scoring, and various complications including anterior knee
pain, postoperative infection, aseptic prosthesis loosening, and prosthesis revision.

Conclusion: In conclusion, our present meta-analysis indicated that SR implants were noninferior to MR implants in
TKA, and SR implants could be an alternative choice over MR implants, since patients after SR-TKA felt more satisfied
and performed better in the sit-to-stand test, with no significant difference in complications between SR-TKA and MR-
TKA groups. While more relevant clinical trials with long-term follow-up time and specific tests evaluating the function
of knee extension mechanism should be carried out to further investigate the clinical performance of SR implants.
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Introduction

Total knee arthroplasty (TKA) has been an effective sur-
gery to relieve pain and restore the knee function of

patients with advanced knee osteoarthritis and rheumatic
arthritis1, since many clinical trials have demonstrated the
excellent performance of different knee prostheses in terms
of long-term survival2. However, unlike total hip arthroplasty
(THA), the patient satisfactory rate for TKA was only 80%,
despite its good long-term survival3–6.

Some researchers ascribed the lower satisfaction of
TKA, compared with THA, to the difficulty and complexity
of elucidating the natural knee kinematics7–9. The knee joint
is a complex hinge joint and could achieve various degrees of
flexion, extension, abduction, adduction, intorsion, and
extorsion in sagittal, coronal, or axial plane, respectively10.
As such, there were many controversies about designing the
optimized knee prosthesis to maximize the recovery of the
natural knee movement. Among these debates, whether the
tibia rotates around the femur in a single or multiple radius
(SR or MR) still remains a major problem yet clarified11,12.

Over a long time, the TKA using MR prosthesis (MR-
TKA) was considered as a good choice to treat osteoarthritis.
In recent years, however, some postoperative complications
like instability of moderate flexion and weak quadriceps have
been reported to cause patients dissatisfaction after MR-
TKA13,14. Then the TKA using a SR prosthesis (SR-TKA),
possessing a single-radius femoral component, was intro-
duced in the expectation to overcome the disadvantages of
MR-TKA. The single-radius design theoretically could avoid
inconsistent movement of femoral component and extend
the moment arm of extension mechanism when the knee
was moderately flexed15–17. Despite the theoretical advan-
tages of single-radius femoral component, many clinical
studies comparing the clinical outcome of SR-TKA and MR-
TKA have come to contradictory conclusions18–23. Mean-
while, Liu et al.24 performed a comprehensive meta-analysis
to compare SR-TKA and MR-TKA, reaching the conclusion
that no clinical superiority for SR-TKA over MR-TKA was
found, with lower knee range of motion in the SR-TKA
group. However, the inclusion of some retrospective studies
limits its reliability. In addition, many RCTs have been
published from then on, among which the controversy still
persists20–23,25,26. Therefore, it is strongly necessary to update
this meta-analysis only including prospective randomized
controlled trials to determine whether there were clinical
advantages to SR-TKA over MR-TKA.

Herein, we update such a meta-analysis to comprehen-
sively compare the clinical outcome of SR-TKA and MR-
TKA in terms of various clinical scorings, postoperative
function recovery, and complications.

Materials and Methods

Literature Retrieval
We performed a comprehensive search in the databases
of MEDLINE, EMBASE, PubMed, Web of Science, the

Cochrane library, as well as the clinicaltrial.gov. The retrieval
formula in databases according to Boolean algorithm was
“((((((single radius [MeSH Terms]) OR (multi radius [MeSH
Terms])) OR (Scorpion [MeSH Terms])) OR (Scorpion NRG
[MeSH Terms])) OR (Triathlon [MeSH Terms])) AND
((total knee arthroplasty [MeSH Terms]) OR (total knee
replacement [MeSH Terms]))) AND (randomized controlled
trials [MeSH Terms])”, with retrieval time up to June 2019.

Literature Screening Criteria
After preliminary retrieval in various databases, we screened
the eligible prospective randomized controlled studies
according to the predetermined inclusion and exclusion
criteria. The inclusion criteria included: (i) patients ≥18 years
old with degenerative or other non-infection arthritis requir-
ing TKA; (ii) participants who underwent SR-TKR or MR-
TKA; (iii) comparison was performed between patients
receiving SR-TKR and patients receiving MR-TKA;
(iv) clinical outcomes reported in included studies compris-
ing at least one of the following items: postoperative knee
range of motion, various knee scoring, SF-36 scoring, sit-to-
stand test, and postoperative complications including ante-
rior knee pain, infection, aseptic prosthesis loosening, and
knee prosthesis revision; (v) RCTs with a minimum follow-
up over 1 year.

The exclusion criteria included: (i) retrospective stud-
ies, reviews, case reports, conference abstracts, and editorials;
(ii) RCTs without eligible data availability; (iii) studies
reporting a loss of more than 20% follow-up; (iv) non-
English publications.

Literature Screening Process
The above literature retrieval and screening process was carried
out individually by two authors. The two reviewers indepen-
dently performed the whole screening and inclusion process.
The combination of Endnote and manual screening was carried
out to remove repetitive literature. Whether to include a study
depends on the author carefully reading the full text and judg-
ing whether it meets the inclusion criteria. The controversy was
addressed by discussion to reach consensus.

Study Quality Evaluation
Two individuals evaluated the quality of included studies
independently, utilizing the Risk of Bias tool of the Cochrane
Library27, which was achieved by the software Review Man-
ager. The study evaluation tool included seven parts and
each item could be scored as high, unclear, or low risk
according to the literature’s content. Identically, if any dis-
agreement occurs, we performed a conference to reach a
consensus.

Data Extraction
The baseline data and clinical outcomes of patients was
extracted from the included studies. The baseline data com-
prised the author’s name, country, and year of included stud-
ies, the name of knee prosthesis used in studies, sample size,
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fellow-up time, and BMI of patients who were not lost to
follow-up. The clinical outcome comprised primary indica-
tors including postoperative knee range of motion (ROM),
sit-to-stand test, satisfaction evaluation, severe postoperative
scorings, such as visual analog scale (VAS), American Knee
Society score (AKS), Oxford knee scoring (OKS), and SF-36
Quality of Life scale, as well as various secondary indicators
of complications including anterior knee pain, postoperative
infection, aseptic prosthesis loosening, and prosthesis
revision.

Primary Indicators

Range of Motion (ROM) Measurement and Sit-To-
Stand Test
When evaluating the ROM of the repaired knee, patients
were in a supine position and a manual goniometer with
range of 0�–360� was used to measure the passive maximum
ROM of the knee. For the sit-to-stand test, patients firstly sit

down in a chair, with the knee flexed at 90�. Then the
patients were asked to stand up from the chair independently
without any external force. The success rate of the sit-to-
stand test was calculated according to whether patients could
complete the test.

Satisfaction Evaluation
There were two studies reporting the satisfaction evaluation of
patients after TKA, with the four-point or five-point Likert
scale used for satisfaction evaluation. Each patient would
report an attitude for their TKA, including very satisfied, satis-
fied, neutral, dissatisfied, and very dissatisfied. Then each
patient could be divided into the satisfied group (very satisfied
or satisfied) or dissatisfied group (the other answers).

American Knee Society Score (AKS) and Oxford Knee
Scoring (OKS) Scoring
The AKS scoring has been a classical score system for evalu-
ating the clinical efficiency of TKA, which was comprised of

Fig. 1 The flow gram of study screening

process, with 219 studies yielded after

preliminary searching in various databases

and 13 prospective randomized controlled

studies finally included after reading abstract

or full text
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TABLE 1 Baseline data of included studies

Included studies Year Country

Knee prothesis

Follow-up (year) Mean age BMI

Sample

SR-TKA MR-TKA SR-TKA MR-TKA

Hall18 2008 USA Scorpio, Stryker PFC, DePuy 1 71.1 UC 50 50
Schmitt28 2011 Germany Scorpio, Stryker NexGen, Zimmer 1 69.4 31.5 30 30
Molt29 2012 Sweden Triathlon, Stryker Duracon, Stryker 2 67.5 28.8 30 30
Tamakia30 2013 Japan NRG, Stryker Legacy-flex 1 74 UC 7(10) 7(10)
Jo19 2014 South Korea Scorpio, Stryker NexGen, Zimmer 3 66.9 26.9 50 50
Hamilton31 2015 England Triathlon, Stryker Kinemax, Stryker 3 68.3 UC 100 83
Kim20 2015 South Korea Triathlon, Stryker PFC, DePuy 1 67.2 27.3 55 54
Larsen32 2015 USA Triathlon, Stryker Biomet, Zimmer 1 71.3 29.6 16 16
Hinarejos21 2016 Spain Triathlon, Stryker Genutech, Surgival 5 72.2 31.3 250 224
Collados-Maestre22 2017 Spain Trekking, Samo Multigen, Lima 5 71.2 31 118 119
Wellman23 2017 USA Triathlon, Stryker NexGen, Zimmer 1 62.6 30.6 20 20
Lee25 2018 Singapore Scorpio NRG, Stryker NexGen, Zimmer 2 66 28 103 103
Mushtaq26 2018 USA Scorpio, Stryker Biomet, Zimmer 1 72.4 UC 51 54

aPatients receiving bilateral TKA using high flexion knee protheses or standard knee protheses; SR-TKA: single-radius total knee arthroplasty; MR-TKA: multi-radius
total arthroplasty; UC: unclear; BMI: body mass index.

Fig. 2 Quality evaluation summary of included RCTs utilizing the Risk of Bias tool of the Cochrane Library for RCTs: judgments review of authors

about each risk of bias item presented as percentages across all included studies

Fig. 3 The forest plot of postoperative knee ROM showing no significant difference between SR-TKA and MR-TKA. (SR-TKA: total knee arthroplasty

using single radius prosthesis; MR-TKA: total knee arthroplasty using multi radius prosthesis.)
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knee score and function score. The knee score mainly com-
prised the evaluation of pain, stability, and ROM of the
repaired knee, and patient showing no pain, well-aligned
knee prosthesis without mediolateral or anteroposterior
instability, and more than 125�of ROM would get a maxi-
mum of 100 points. The function score evaluated the
patient’s ability to walk and climb stairs, with a maximum of
100 points representing unlimited walking distance and nor-
mal stair climbing ability. The OKS is a special score for
patients after TKA, with 12-item questionnaire specifically
designed and developed to assess function and pain of the
repaired knee. The OKS score ranged from 0 to 48, and
higher score represents better function and less pain of the
repaired knee.

Visual Analog Scale (VAS) Scoring and SF-36 Quality of
Life Scale
The VAS scoring was a measurement tool to quantify the
subjective pain feeling of patients. The VAS score ranged
from 0 to 10 points, with 0 representing no pain and 10 rep-
resenting excruciating pain. The SF-36 score is a multifactor
life quality score, which comprised the physical score part
and the mental score part. The mental score was used for
evaluating the mental status and social function of patients,
while the physical score mainly evaluated the function and
pain condition of the repaired knee.

Secondary Indicators
The secondary indicators including several perioperative
complications that were reported in the included studies,
such as anterior knee pain, postoperative infection, aseptic
prosthesis loosening, and prosthesis revision.

Statistical Analysis
The extracted data was pooled and analyzed through Review
Manager 5.3 software (Cochrane Collaboration, UK) and
STATA (Computer Resource Center, USA). The sensitivity
analysis was performed through STATA (Computer
Resource Center, USA) when significant heterogeneity was
detected. The continuous or dichotomous data were com-
pared between two groups using the mean difference and
odds ratios (ORs), respectively, along with the 95% confi-
dence interval (CI). The difference was considered as statisti-
cal significance when p < 0.05 occurred. We utilized the
random-effect or fixed-effect model to analyze the pooled
results, respectively, when significant heterogeneity (p < 0.10;
I2 > 50%) appeared or not. The sensitivity analysis was per-
formed to evaluate the reliability of the pooled results
through removing some studies from analyzed studies in
each analysis.

Results

Literature Screening Results
As shown in Figure 1, there were 219 studies yielded after
preliminary searching in various databases and removing
duplicates. After carefully reading the title and abstract,
179 studies were excluded, with 40 potential eligible studies
remained to review. After screening the full text of 40 poten-
tial qualified studies and the reference lists, we finally
included 13 prospective randomized controlled studies that
compared the clinical outcome between SR-TKA and
MR-TKA.

Study Characteristics
The baseline data of included studies was summarized in
Table 1. A total of 13 RCTs7,17,18,20,23,26–28,33,35,42,44,45 along

A

B

Fig. 4 (A). The forest plot of VAS scoring showing no significant difference between SR-TKA and MR-TKA. (B). The forest plot of VAS scoring after

removing one study showing no significant difference between SR-TKA and MR-TKA
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with 1720 patients and 1726 knees were included for meta-
analysis to compare the clinical outcome after SR-TKA or
MR-TKA. There were 880 patients included in the SR-TKA

group and 840 patients in the MR-TKA group. The mini-
mum follow-up time of included patients was over 1 year,
with the mean age of 69.7 years for all included patients.

A

B

C

D

Fig. 5 The pooled results of different parts for AKS scoring: (A) The forest plot of postoperative knee society scoring of AKS and the relative forest

plot after removing one study (B) showing no significant difference between SR-TKA and MR-TKA; (C) The forest plot of postoperative knee function

scoring of AKS and the relative forest plot after removing one study (D) showing no significant difference between SR-TKA and MR-TKA
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All patients included in these studies suffered from degenera-
tive knee arthritis. The SR knee prosthesis used in included
studies comprised Scorpion, Scorpion NRG, Triathlon, and
Trekking knee system. And the MR knee prosthesis used in
included studies varied in prosthetic brands, such as Stryker,
Zimmer, and DePuy. The evaluation of study quality was
summarized in Figure 2. All included studies were prospec-
tive randomized controlled trials, while some showed high
risks in allocation bias and other bias due to the lack of allo-
cation concealment or the partial loss of patient follow-up.

Meta-analysis of Primary Clinical Outcomes

Range of Motion (ROM) Measurement
As shown in Figure 3, there were seven studies19–22,25,30,31

reporting postoperative ROM, with significant heterogeneity
occurring among compared studies (p<0.01, I2 = 89%). The
sensitivity analysis (Figure S1) indicated that the pooled
results was stable. Therefore, we utilized random-effect
model to analyze the results, showing no significant differ-
ence between SR-TKA and MR-TKA (MD = 0.94, 95% CI:
� 2.94, � 4.81, p = 0.64).

Visual Analog Scale (VAS) Scoring
The VAS scoring was utilized in three studies19,28,31 to evalu-
ate the postoperative knee pain. Due to the significant het-
erogeneity (p = 0.01, I2 = 78%), presented in Figure 4A, the
sensitivity analysis (Figure S2) was performed and indicated
that the heterogeneity came from one study28. As such, we
performed analysis again after removing the study, and the
pooled results (Figure 4B) revealed no significant difference
between the two groups (MD = � 0.24, 95% CI: � 0.49,
0.01, p = 0.06).

American Knee Society Score (AKS) Scoring
There were nine studies18,20–22,25,26,28,30,32 reporting the
AKS-society scoring along with SD. As presented in
Figure 5A, due to the significant heterogeneity (p<0.01,
I2 = 82%), the sensitivity analysis (Figure S3) was performed
and indicated that the heterogeneity came from one study22.
Therefore, we performed analysis again after removing the
study, and the pooled results (Figure 5B) revealed no signifi-
cant difference between the two groups (MD = � 0.28, 95%
CI: � 1.52, 0.96, p = 0.66).

The AKS-function scoring along with SD was available
in nine studies18,20–22,25,26,28,30,32. Because of the existence of
significant heterogeneity (p = 0.01, I2 = 60%, Figure 5C),
the sensitivity analysis (Figure S4) was performed and indi-
cated that the heterogeneity come from one study22. There-
fore, we performed analysis again after removing the study,
and the pooled results (Figure 5D) revealed no significant
difference between the two groups (MD = � 0.55, 95% CI:
� 2.07, 0.96, p = 0.48).

Oxford Knee Scoring (OKS)
The OKS along with SD was available in three studies25,26,31.
As shown in Figure 6, with slight heterogeneity identified
(p = 0.13, I2 = 51%), the random-effect model was chosen
to perform the meta-analysis of the pooled results. No statis-
tical significance was detected between SR-TKA and MR-
TKA (MD = 1.13, 95% CI: � 0.77, � 3.03, p = 0.24).

SF-36 Scoring
As shown in Figure 7A, there were three studies21,22,25

reporting the SF-36 mental scoring with SD. Due to the lack
of obvious heterogeneity (p = 0.36, I2 = 3%), we used the
fixed-effect model to analyze the pooled results, revealing no
statistical difference between the two groups (MD = 0.45,
95% CI: � 0.84, � 1.74, p = 0.50). Identically, the SF-36
physical scoring along with SD was available in three stud-
ies21,22,25, and the pooled results indicated no significant het-
erogeneity (p = 0.58, I2 = 0%) between the compared studies.
As presented in Figure 7B, there was no significant difference
between SR-TKA and MR-TKA in terms of SF-36 physical
scoring (MD = 0.86, 95% CI: � 0.29, � 2.01, p = 0.14).

Sit-To-Stand Test and Satisfaction Evaluation
As shown in Figure 8A, the sit-to-stand test was only carried
out in two studies18,22. Because no obvious heterogeneity was
detected (p = 0.74, I2 = 0%), we applied the fixed-effect model
to analyze the pooled results, which indicated significant differ-
ence between SR-TKA and MR-TKA (OR = 1.89, 95% CI:
1.05, � 3.41, p = 0.03). As for patient satisfaction evaluations,
there were two studies comparing the postoperative satisfaction
rate of patients receiving SR-TKA or MR-TKA22,31. As shown
in Figure 8B, because no evidence of significant heterogeneity
was detected (p = 0.50, I2 = 0%), we utilized the fixed-effect
model to analyze the pooled results, revealing significant

Fig. 6 The forest plot of OKS scoring showing no significant difference between SR-TKA and MR-TKA
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TABLE 2 The results of meta-analysis for various complications

complications

SR-TKA MR-TKA

Heterogeneity Analysis model ORs (95% CI) pEvents Total Events Total

Infection22,28,29,31 4 178 5 179 I2 = 0%, p = 0.95 Fixed-effect model 0.75 (0.20–2.83) 0.67
Anterior knee pain18,22,25 10 271 10 272 I2 = 45%, p = 0.16 Fixed-effect model 1.0 (0.42–2.41) 1.0
Aseptic loosening22,25,28 4 251 3 252 I2 = 0%, p = 0.83 Fixed-effect model 1.30 (0.32–5.32) 0.72
Revision22,25,29,31 7 336 5 322 I2 = 0%, p = 0.51 Fixed-effect model 1.31 (0.845–3.80) 0.62

Abbreviations: MR-TKA: multi-radius total knee arthroplasty; SR-TKA: single-radius total knee arthroplasty.

A

B

Fig. 8 The pooled results of the sit-to-stand test and satisfaction evaluation for comprehensively determining the function of quadriceps: (A) The

forest plot of postoperative sit-to-stand test showing significant difference between SR-TKA and MR-TKA; (B) The forest plot of postoperative patient

satisfaction rate showing significant difference between SR-TKA and MR-TKA

A

B

Fig. 7 The pooled results of different parts for SF-36 scoring: (A) The forest plot of postoperative SF-36 mental scoring showing no significant

difference between SR-TKA and MR-TKA; (B) The forest plot of postoperative SF-36 physical scoring showing no significant difference between SR-TKA

and MR-TKA
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difference in terms of patient satisfaction rate between SR-TKA
and MR-TKA groups (OR = 3.27, 95% CI: 1.42, � 7.53,
p = 0.005). The sit-to-stand test and satisfaction rate evaluation
indicated that patients in the SR-TKA group showed higher
rate in completing the function test and feeling satisfied after
TKA, as compared with the patients in the MR-TKA group.

Meta-Analysis of Secondary Clinical Outcomes

Postoperative Complications
The postoperative complications after SR-TKA or MR-
TKA was summarized in Table 2. Due to the limited
information of complications reported in included stud-
ies, we only analyzed postoperative infection, anterior
knee pain, and aseptic prosthesis loosening between two
groups, with the pooled results revealing no significant
difference between SR-TKA and MR-TKA.

Discussion

The present updated meta-analysis comprehensively com-
pared the clinical outcome comprising postoperative

ROM, VAS scoring, AKS scoring, OKS scoring, SF-36 scor-
ing, sit-to-stand test, and complications between SR-TKA
and MR-TKA groups. The pooled results revealed no signifi-
cant difference between the two groups in various functional
scorings and complications, except for the sit-to-stand test
and satisfaction evaluation, of which statistical significance
was detected between the two groups.

Since TKA was introduced to treat terminal osteoar-
thritis and rheumatic arthritis, it has been identified as one
of the most successful surgeries, with a 10-year prosthetic
survival rate of more than 95%33. However, good long-term
survival of knee prosthesis doesn’t necessarily mean that
patient is equally satisfied with the operations. According to
some clinical research findings, there were always 15%–20%
of patients who felt dissatisfied or stilted with their replaced
knee joints7,34. There were many factors affecting patient sat-
isfaction with TKA, such as sports demand, psychological
factors, surgical skills, postoperative rehabilitation, and pros-
thesis design6,8. Among these factors, the implant design
plays a critical role in affecting the prognosis and patient
feeling after TKA35. In order to design the more bionic knee
implants, some researchers and manufacturers have paid a
lot of attention to exploring the natural mechanism of knee
motion.

In 1971, the J-curve theory related to the knee motion
mechanism was proposed by Burstein, who thought the
radius in which the tibia rotated around the femur gradually
decreased as the knee moved from extension to flexion36,
and this theory was subsequently translated into the MR
design of knee implants. Since the first MR knee system was
explored, the MR-TKA have long been applied as a primary
knee arthroplasty operation for over 25 years. Nevertheless,
some complications occurring after MR-TKA, such as
midrange instability and unnatural feelings, raised doubts
about the J-curve theory. Some researchers ascribed the

complications to the slow recovery of extension mecha-
nism37,38. Indeed, robust extension mechanism, especially for
quadriceps, was essential to complete the daily motion of
knees39. Meanwhile, rapid recovery of quadriceps after TKA
could improve the postoperative clinical outcomes and
patient satisfaction rate15,40,41. As such, it was crucial to
enhance the strength of quadriceps and improve the function
of extension mechanism when we performed TKA for
patients. With this in mind, the first SR design of knee pros-
thesis named Scorpio was developed by Stryker42. The SR
knee implants was characterized by the single curvature of
femoral component, which could theoretically promote
quadriceps recovery and extend the moment arm of quadri-
ceps, thereby improving the knee motion function. In addi-
tion, the SR design could maintain the tension of collateral
ligaments to avoid midrange instability.

Despite these theoretical advantages, the actual com-
parison of clinical outcomes between SR-TKA and MR-TKA
were not always consistent with the expectation. In various
clinical scorings, comprising KSS, SF-36, VAS, and OKS,
no significant difference was detected in most of these
studies19–21,25,31,32, and neither did our present meta-analysis.
However, it was worth noting that these function scorings
were not sensitive enough to detect significant difference
between SR-TKA and MR-TKA, since the theoretical
advantages of SR knee prosthesis, including extended knee
extension arm, midrange stability, and rapid quadriceps
recovery, could not be embodied through these functional
scorings24,43. Given the limitations of these scorings, some
researchers tried to evaluate the postoperative performance
and function of the knee extension mechanism18,20,22,32.
Hamilton et al31 reported that patients in SR-TKA group
had better recovery of lower limb strength and began func-
tional knee activities earlier, making the patients receiving
SR-TKA more satisfied than patients in MR-TKA group.
Similarly, Larsen et al32 found that the knee forces of
patients receiving MR-TKA was significantly lower than that
in SR-TKA group. In contrast, Kim et al20 found no signifi-
cant difference between SR-TKA and MR-TKA groups in
the rate or ratio of quadriceps recovery. Due to the differ-
ences of indicators and testing methods in various studies,
we could not carry out a meta-analysis to compare the post-
operative quadriceps strength between the two groups. Iden-
tically, we could not perform a meta-analysis to compare
midrange instability between SR-TKA and MR-TKA, despite
the contradictory conclusion in different studies19,31,32,44.
However, the pooled results of sit-to-stand test and patient
satisfaction in our present meta-analysis showed significant
difference between two groups. In the sit-to-stand test,
patients were required to get up from a chair without the
help of hands or crutches, which could comprehensively
reflect the functional status of knee extension mechanism45.
And the satisfaction evaluation was performed to reflect the
subjective feeling of patients, which combined with the sit-
to-stand test could specifically determine whether the theo-
retical advantages of SR knee prosthesis could be translated
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into clinical value. Therefore, the pooled results of the sit-to-
stand and satisfaction evaluation demonstrated the advan-
tages of SR-TKA over MR-TKA to a certain degree. Besides,
we found no significant difference in terms of postoperative
ROM between the two groups. Liu et al.24 reported that the
postoperative ROM of patients in SR-TKA group was 2.47�

less than that of MR-TKA group (95% CI: � 4.31 to � 0.64,
p = 0.46), which was contradictory to the results of our pre-
sent meta-analysis. However, it did not mean clinical signifi-
cance of such a difference less than 5� in ROM46. Therefore,
we believed that patients after SR-TKA could experience
comparable knee ROM with patients after MR-TKA.

In general, the primary clinical outcomes indicating
patients after SR-TKA felt more satisfied and performed bet-
ter in the sit-to-stand test, with no significant difference in
secondary indicators of complications between SR-TKA and
MR-TKA groups. As such, we would like to recommend the
SR knee prosthesis as a noninferior choice for patients
required a TKA as compared with the MR knee prosthesis.

Study Strength and Limitations
The present meta-analysis incorporated all prospective ran-
domized controlled trials in the literature with a large sample
size of 1720 patients. In addition, we specifically analyzed the
sit-to-stand test and satisfaction outcome to determine
whether the theoretical advantages could be translated into
clinical benefits. Nevertheless, there are deficiencies of our
present meta-analysis which may affect the ability to draw
and generalizable conclusions. Firstly, the language bias of
the present meta-analysis was difficult to avoid since we only
included RCTs published in English. Secondly, the longest
fellow-up time of included studies was 5 years and the lack
of long-term fellow-up data limited the confidence level of
the present meta-analysis. Thirdly, the indication for SR
implants and surgical technique were inconsistent, which
could have caused significant heterogeneity when some clini-
cal outcomes were analyzed. In addition, due to the

significant heterogeneity of some pooled results, we per-
formed sensitivity analysis for the pooled results of postoper-
ative ROM (Figure S1), VAS scoring (Figure S2), AKS
scoring (Figures S3 and S4), and OKS scoring (Figure S5),
and re-analysis was performed to get more convincing
pooled results. In general, more relevant clinical trials with
long-term follow-up time and specific tests evaluating the
function of knee extension mechanism should be carried out
to further investigate the clinical performance of SR
implants.

Conclusion
The present meta-analysis found patients in SR-TKA group
felt more satisfied and performed better in the sit-to-stand
test, as compared with patients in MR-TKA group. No statis-
tical difference was detected in terms of knee ROM, various
scorings, and complications between the two groups. Hence,
based on this study we find that SR-TKA was noninferior to
MR-TKA and may be a preferable choice for patients suffer-
ing advanced osteoarthritis and rheumatic arthritis.

Funding

None.

Author Contributions

Yihe Hu and Pengfei Lei conceived the original idea of
this manuscript. Pengfei Lei, Zichao Jiang, and Ting Lei

screened out eligible studies separately. Yihe Hu, Pengfei Lei,
and Hu Qian discussed the controversial parts of literature
screening and selected the studies finally included. Ting Lei,
Zichao Jiang, and Pengfei Lei completed data analysis and
finished the manuscript. David Backstein and Pengfei Lei
revised the manuscript. All authors have read and approved
the manuscript.

Conflict of Interest

The authors report no conflict of interest.

References
1. Juni P, Reichenbach S, Dieppe P. Osteoarthritis: rational approach to treating
the individual. Best Pract Res Clin Rheumatol. 2006;20:721–40.
2. Pradhan N, Gambhir A, Porter M. Survivorship analysis of 3234 primary knee
arthroplasties implanted over a 26-year period: a study of eight different implant
designs. Knee. 2006;13:7–11.
3. Dunbar MJ. Subjective outcomes after knee arthroplasty. Acta Orthop Scand.
2001;72:1–63.
4. Scott C, Howie C, MacDonald D, Biant L. Predicting dissatisfaction following
total knee replacement: a prospective study of 1217 patients. J Bone Joint Surg,
Br Vol. 2010;92:1253–8.
5. Robertsson O, Dunbar M, Pehrsson T, Knutson K, Lidgren L. Patient
satisfaction after knee arthroplasty: a report on 27,372 knees operated on
between 1981 and 1995 in Sweden. Acta Orthop Scand. 2000;71:262–7.
6. Jacobs CA, Christensen CP. Factors influencing patient satisfaction two to five
years after primary total knee arthroplasty. J Arthroplasty. 2014;29:1189–91.
7. Bourne RB, Chesworth BM, Davis AM, Mahomed NN, Charron KD. Patient
satisfaction after total knee arthroplasty: who is satisfied and who is not? Clin
Orthop Relat Res. 2010;468:57–63.
8. Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the perceptions of
patients about total knee replacement. J Bone Jt Surg, Br Vol. 1998;80:63–9.
9. Cook LE, Klika AK, Szubski CR, Rosneck J, Molloy R, Barsoum WK. Functional
outcomes used to compare single radius and multiradius of curvature designs in
total knee arthroplasty. J Knee Surg. 2012;25:249–54.

10. Blackburn TA, Craig E. Knee anatomy: a brief review. Phys Ther. 1980;60:
1556–60.
11. Pinskerova V, Iwaki H, Freeman M. The shapes and relative movements of
the femur and tibia at the knee. Orthopade. 2000;29:S3–5.
12. Kessler O, Dürselen L, Banks S, Mannel H, Marin F. Sagittal curvature of
total knee replacements predicts in vivo kinematics. Clin Biomech. 2007;22:
52–8.
13. Firestone TP, Eberle RW. Surgical management of symptomatic instability
following failed primary total knee replacement. J Bone Jt Surg. 2006;88:80–4.
14. Yercan HS, Selmi TAS, Sugun TS, Neyret P. Tibiofemoral instability in primary
total knee replacement: a review, part 1: basic principles and classification.
Knee. 2005;12:257–66.
15. Browne C, Hermida JC, Bergula A, Colwell CW Jr, D’Lima DD. Patellofemoral
forces after total knee arthroplasty: effect of extensor moment arm. Knee. 2005;
12:81–8.
16. Ostermeier S, Stukenborg-Colsman C. Quadriceps force after TKA with
femoral single radius: an in vitro study. Acta Orthop. 2011;82:339–43.
17. Ezechieli M, Dietzek J, Becher C, Ettinger M, Calliess T, Ostermeier S, et al.
The influence of a single-radius-design on the knee stability. Technol Health Care.
2012;20:557–64.
18. Hall J, Copp SN, Adelson WS, D’Lima DD, Colwell CW Jr. Extensor
mechanism function in single-radius vs multiradius femoral components for total
knee arthroplasty. J Arthroplasty. 2008;23:216–9.

2094
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 9 • SEPTEMBER, 2022
SINGLE-RADIUS VERSUS MULTIPLE-RADIUS FEMUR IN TOTAL KNEE ARTHROPLASTY



19. Jo A-R, Song E-K, Lee K-B, Seo H-Y, Kim S-K, Seon J-K. A comparison of
stability and clinical outcomes in single-radius versus multi-radius femoral design
for total knee arthroplasty. J Arthroplasty. 2014;29:2402–6.
20. Kim DH, Kim DK, Lee SH, Kim KI, Bae DK. Is single-radius design better for
quadriceps recovery in Total knee arthroplasty? Knee Surg Relat Res. 2015;27:240–6.
21. Hinarejos P, Puig-Verdie L, Leal J, Pelfort X, Torres-Claramunt R, Sanchez-
Soler J, et al. No differences in functional results and quality of life after single-
radius or multiradius TKA. Knee Surg Sports Traumatol Arthrosc. 2016;24:
2634–40.
22. Collados-Maestre I, Lizaur-Utrilla A, Gonzalez-Navarro B, Miralles-Munoz FA,
Marco-Gomez L, Lopez-Prats FA, et al. Better functional outcome after single-
radius TKA compared with multi-radius TKA. Knee Surg Sports Traumatol
Arthrosc. 2017;25:3508–14.
23. Wellman SS, Klement MR, Queen RM. Performance comparison of single-
radius versus multiple-curve femoral component in Total knee arthroplasty: a
prospective, randomized study using the lower quarter Y-balance test.
Orthopedics. 2017;40:e1074–e80.
24. Liu S, Long H, Zhang Y, Ma B, Li Z. Meta-analysis of outcomes of a single-
radius versus multi-radius femoral Design in Total Knee Arthroplasty.
J Arthroplasty. 2016;31:646–54.
25. Lee M, Chen JY, Ying H, Nee PH, Tay DKJ, Chin PL, et al. Quality of life and
functional outcome after single-radius and multi-radius total knee arthroplasty.
J Orthop Surg. 2018;26:2309499018792417.
26. Mushtaq N, Liddle AD, Isaac D, Dillow K, Gill P. Patient-reported outcomes
following single- and multiple-radius Total knee replacement: a randomized,
controlled trial. J Knee Surg. 2018;31:87–91.
27. Higgins JP, Altman DG, Gøtzsche PC, et al. The Cochrane Collaboration’s tool
for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.
28. Schmitt J, Hauk C, Kienapfel H, Pfeiffer M, Efe T, Fuchs-Winkelmann S, et al.
Navigation of total knee arthroplasty: rotation of components and clinical results in
a prospectively randomized study. BMC Musculoskeletal Disord. 2011;12:16.
29. Molt M, Ljung P, Toksvig-Larsen S. Does a new knee design perform as well
as the design it replaces? Bone Jt Res. 2012;1:315–23.
30. Tamaki M, Tomita T, Yamazaki T, Yoshikawa H, Sugamoto K. Factors in high-
flex posterior stabilized fixed-bearing total knee arthroplasty affecting in vivo
kinematics and anterior tibial post impingement during gait. J Arthroplasty. 2013;
28:1722–7.
31. Hamilton DF, Burnett R, Patton JT, Howie CR, Moran M, Simpson AHRW, et al.
Implant design influences patient outcome after total knee arthroplasty: a
prospective double-blind randomised controlled trial. Bone Jt J. 2015;97-b:64–70.
32. Larsen B, Jacofsky MC, Jacofsky DJ. Quantitative, comparative assessment
of gait between single-radius and multi-radius total knee arthroplasty designs.
J Arthroplasty. 2015;30:1062–7.

33. Rand J, Ilstrup D. Survivorship analysis of total knee arthroplasty. Cumulative
rates of survival of 9200 total knee arthroplasties. J Bone Joint Surg, Am Vol.
1991;73:397–409.
34. Judge A, Arden N, Kiran A, et al. Interpretation of patient-reported outcomes
for hip and knee replacement surgery: identification of thresholds associated with
satisfaction with surgery. J Bone Joint Surg, Br Vol. 2012;94:412–8.
35. Choi Y-J, Ra HJ. Patient satisfaction after total knee arthroplasty. Knee Surg
Relat Res. 2016;28:1–15.
36. Frankel VH, Burstein AH, Brooks DB. Biomechanics of internal derangement
of the knee: pathomechanics as determined by analysis of the instant centers of
motion. J Bone Jt Surg. 1971;53:945–77.
37. Mizner RL, Petterson SC, Stevens JE, Vandenborne K, Snyder-Mackler L.
Early quadriceps strength loss after total knee arthroplasty: the contributions of
muscle atrophy and failure of voluntary muscle activation. J Bone Joint Surg, Am
Vol. 2005;87:1047–53.
38. Mahoney OM, McClung CD, dela Rosa MA, Schmalzried TP. The effect of
total knee arthroplasty design on extensor mechanism function. J Arthroplasty.
2002;17:416–21.
39. Insall JN, Lachiewicz P, Burstein A. The posterior stabilized condylar
prosthesis: a modification of the total condylar design. Two to four-year clinical
experience. J Bone Jt Surg. 1982;64:1317–23.
40. D’Lima DD, Poole C, Chadha H, Hermida JC, Mahar A, Colwell CW Jr.
Quadriceps moment arm and quadriceps forces after total knee arthroplasty. Clin
Orthop Relat Res. 2001;392:213–20.
41. Noble PC, Conditt MA, Cook KF, Mathis KB. The John Insall award: patient
expectations affect satisfaction with total knee arthroplasty. Clin Orthop Relat
Res. 2006;452:35–43.
42. Epinette J-A, Manley MT. Outcomes of patellar resurfacing versus
nonresurfacing in total knee arthroplasty–a 9-year experience based on a case
series of scorpio PS knees. J Knee Surg. 2008;21:293–8.
43. G�omez-Barrena E, Fernandez-García C, Fernandez-Bravo A, Cutillas-Ruiz R,
Bermejo-Fernandez G. Functional performance with a single-radius femoral design
total knee arthroplasty. Clin Orthop Relat Res. 2010;468:1214–20.
44. Molt M, Ryd L, Toksvig-Larsen S. Continued stabilization of triathlon
cemented TKA A randomized RSA study concentrating especially on continuous
migration. Acta Orthop. 2016;87:262–7.
45. Mizner RL, Snyder-Mackler L. Altered loading during walking and sit-to-stand
is affected by quadriceps weakness after total knee arthroplasty. J Orthop Res.
2005;23:1083–90.
46. Chaudhary R, Beaupre L, Johnston D. Knee range of motion during the first
two years after use of posterior cruciate-stabilizing or posterior cruciate-retaining
total knee prostheses: a randomized clinical trial. J Bone Jt Surg, Am Vol. 2008;
90:2579–86.

2095
ORTHOPAEDIC SURGERY

VOLUME 14 • NUMBER 9 • SEPTEMBER, 2022
SINGLE-RADIUS VERSUS MULTIPLE-RADIUS FEMUR IN TOTAL KNEE ARTHROPLASTY


	 Comparison of Single-Radius with Multiple-Radius Femur in Total Knee Arthroplasty: A Meta-Analysis of Prospective Randomiz...
	Introduction
	Materials and Methods
	Literature Retrieval
	Literature Screening Criteria
	Literature Screening Process
	Study Quality Evaluation
	Data Extraction
	Primary Indicators
	Range of Motion (ROM) Measurement and Sit-To-Stand Test
	Satisfaction Evaluation
	American Knee Society Score (AKS) and Oxford Knee Scoring (OKS) Scoring
	Visual Analog Scale (VAS) Scoring and SF-36 Quality of Life Scale

	Secondary Indicators
	Statistical Analysis

	Results
	Literature Screening Results
	Study Characteristics
	Meta-analysis of Primary Clinical Outcomes
	Range of Motion (ROM) Measurement
	Visual Analog Scale (VAS) Scoring
	American Knee Society Score (AKS) Scoring
	Oxford Knee Scoring (OKS)
	SF-36 Scoring
	Sit-To-Stand Test and Satisfaction Evaluation

	Meta-Analysis of Secondary Clinical Outcomes
	Postoperative Complications


	Discussion
	Study Strength and Limitations
	Conclusion

	Funding
	Author Contributions
	Conflict of Interest
	References


