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Unicompartmental knee arthroplasty is superior 
to high tibial osteotomy for the treatment of 
medial unicompartmental osteoarthritis
A systematic review and meta-analysis
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Abstract 
Background: Unicompartmental knee arthroplasty (UKA) and high tibial osteotomy (HTO) are widely used for the treatment of 
medial unicompartmental knee osteoarthritis (OA). However, the best approach remains controversial. This study aimed to present 
a systematic review and a meta-analysis to directly compare the clinical outcomes between HTO and UKA. We hypothesized that 
the clinical outcomes after UKA and HTO would be similar.

Methods: Electronic databases (Web of Science, PubMed, Embase, CENTRAL, and Biosis Preview) were searched for related 
studies published before November 30, 2021. Retrospective and prospective studies that directly compared the postoperative 
outcomes between UKA and HTO were included. Odds ratio (ORs) and 95% confidence interval (CIs) for complications, revision 
to total knee arthroplasty (TKA), and weighted mean difference (MD) and 95% CIs in range of motion (ROM), pain, walking speed 
and function score were evaluated. Two reviewers independently assessed the quality of the studies. Subgroup and sensitivity 
analyses were performed to explore the heterogeneity.

Results: Twenty-three retrospective and 6 prospective studies were included. A total of 3004 patients (3084 knees) were evaluated 
for comparison. Complications (OR, 4.88, 95% CI: 2.92–6.86) were significantly greater in the HTO group than in the UKA group. 
Postoperative function scores including Lysholm score (MD, −2.78, 95% CI: −5.37 to −0.18) and Hospital for Special Surgery (HSS) 
score (MD, −2.80, 95% CI: −5.39 to −0.20) were significantly lower in the HTO group than the UKA group. The postoperative ROM 
was similar between HTO and mobile-bearing UKA (MD, −3.78, 95% CI: −15.78 to 8.22). However, no significant differences were 
observed between the HTO and UKA group in terms of postoperative pain, walking speed, and revision to TKA.

Conclusions: UKA is superior to HTO in minimizing complications and enhancing postoperative function scores. Mobile-
bearing UKA has a similar ROM compared with HTO. Both HTO and UKA provide satisfactory clinical outcomes in terms of 
walking speed, relieving pain, and revision to TKA. UKA appears to be more suitable for the elderly, and both mobile-bearing UKA 
and HTO are viable surgical options for younger active individuals.

Abbreviations: AH Grade = Ahlbäck Grade, BKS = the Baily knee score, BOA = the British Orthopaedic Association score, CI = 
confidence interval, CWHTO = closed-wedge high tibial osteotomy, FB = fixed-bearing unicompartmental knee arthroplasty, FJS = 
The Forgotten Joint Score, HTO = high tibial osteotomy, HSS = Hospital for Special Surgery, IKDC = International Knee Documentation 
Committee knee score, K-L Grade = Kellgren–Lawrence grade, KSS = Knee Society score, MB = mobile-bearing unicompartmental 
knee arthroplasty, MD = the weighted mean difference, NC = not clear, OA = osteoarthritis, OR = odds ratio, OWHTO = opening-wedge 
high tibial osteotomy, RCT = randomized controlled trial, ROM = range of motion, SE = standard error, UKA = unicompartmental knee 
arthroplasty, VAS = visual analogue scale, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index
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1. Introduction

Osteoarthritis (OA) is a major cause of impairment that affects 
more people than any other joint disease. Knee joints are most 

frequently afflicted by OA.[1] It has been reported that arthritic 
change is mostly found in the medial compartment in 10%–
29.5% of all cases.[2,3] For mild medial unicompartmental knee 
OA (Kellgren–Lawrence grade [K–L grade] I), conservative 
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therapy, including functional training, physical therapy, intra-ar-
ticular injection, and oral medicines, can relieve pain and 
improve quality of life.[4] However, for more serious medial 
unicompartmental knee OA (K–L grade II–IV), operations may 
obtain more ideal results.[5,6]

High tibial osteotomy (HTO) and unicompartmental knee 
arthroplasty (UKA) are widely used in the treatment of medial 
unicompartmental knee OA.[7,8] HTO and UKA differ in terms 
of concept. HTO is designed to increase the life span of artic-
ular cartilage by unloading and redistributing the mechanical 
forces over the unaffected compartment, while UKA is intro-
duced to resurface the degenerative compartment and pre-
serve the unaffected compartment. Several studies compared 
the outcomes of HTO and UKA,[9–14] and the predominance 
of either procedure is ambiguous. Generally, HTO is regarded 
as a better option for younger and physically active patients, 
and those treated with UKA benefit from a faster recovery 
process.[15] Nevertheless, with improvements in operative tech-
niques and the quality of the implants, UKA could also obtain 
a good response to its activity.[5,7] It is difficult for surgeons 
to decide which one is more suitable for patients with medial 
unicompartmental OA.

This meta-analysis aimed to directly compare the clinical out-
comes of HTO and UKA involving complications, revisions to 
TKA, range of motion (ROM), walking speed, pain, and func-
tion score in the treatment of medial unicompartmental knee 
OA by reviewing relevant studies. We hypothesized that the clin-
ical outcomes after UKA and HTO would be similar.

2. Methods

2.1. Search strategy

The study was conducted following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
statement. All coauthors determined the research protocol 
before starting the bibliographic searches. The study proto-
col was recorded in the PROSPERO International Prospective 
Register of Systematic Reviews, Number CRD42020165829. 
The electronic databases PubMed, Embase, Web of Science, 
CENTRAL (using Ovid platform), and Biosis Preview (using 
Ovid platform) were searched for related studies until before 
November 30, 2021, without language restrictions. To maxi-
mize the search sensitivity and specificity, the search strategy for 
the 5 databases followed the combination of Medical Subject 
Headings with expressions. Ethical approval was not required, 
as this study utilized published data.

2.2. Selection criteria

Two reviewers independently evaluated the search outcomes 
for inclusion in this systematic review byinspecting abstracts, 
titles, or complete texts. Discordance between the 2 investiga-
tors was settled through consensus or discussion with a third 
researcher. All prospective and retrospective controlled stud-
ies that met the inclusion criteria were included. The inclu-
sion criteria were as follows: (1) the study was a retrospective 
or prospective controlled trial; (2) the subjects were patients 
with medial unicompartmental OA; (3) the study directly 
compared HTO with UKA; and (4) the study included at least 
one outcome, such as pain, complications, functions, and 

revision to total knee arthroplasty. The exclusion criteria were 
as follows: (1) case series; (2) registration study; (3) cost-ef-
fectiveness study; (4) study indirectly comparing HTO with 
UKA; (5) no valid data could be extracted from a published 
study; (6) cadaver or animal studies; (7) studies that included 
patients with traumatic arthritis or rheumatoid arthritis.

2.3. Data extraction

Data were independently extracted from the selected studies by 
2 researchers. The extracted data included study name, date, 
study design, participant demographics, baseline characteristics, 
and outcomes. The study authors were contacted by email to 
clarify unclear data. Data were recorded using Microsoft Excel 
and Word software. Outcomes included surgical complica-
tions (e.g. infection), pain score, functional score (e.g., Lysholm 
score), range of motion (ROM), walking speed, and revision to 
TKA at the last follow-up.

2.4. Study quality evaluation

The study quality was independently evaluated by 2 review-
ers. The Newcastle–Ottawa scale was employed to classify the 
bias risk of non-randomized comparative studies correspond-
ing to each study design (cohort or case-control)[16] and the 
Cochrane Risk of Bias tool was employed to evaluate ran-
domized control trials.[17] Discordance between the 2 inves-
tigators was settled through consensus or discussion with a 
third researcher.

2.5. Statistical analysis

The RevMan 5.3 software for Windows was employed to per-
form statistical analysis. Dichotomous data were evaluated 
using the odds ratio (OR) and associated 95% confidence 
interval (CI) through the Mantel-Haenszel (M-H) Method. The 
weighted mean difference (MD) and corresponding 95% CI val-
ues were used to define the continuous data value through the 
Inverse Variance Method. I2 tests and P values for the Cochrane 
Q tests were used to evaluate heterogeneity. When I2 value was 
< 50% and P value was > .1, a fixed-effects model was employed 
for the meta-analysis; otherwise, a random-effects model was 
selected. Subgroup and sensitivity analyses were performed to 
explore potential sources of heterogeneity. A funnel plot was 
used to examine the publication bias.

3. Results

3.1. Literature screening process and results

A total of 3672 published manuscripts were retrieved from 5 
electronic database searches. 1937 duplicates were removed 
and 1659 records were excluded after screening the titles or 
abstracts. Because there was no useful information or other 
reasons, an additional 47 studies were removed based on 
abstracts or complete articles. Eventually, 29 studies that met 
the inclusion criteria were included, 6 of them were prospective 
randomized trials and 23 were retrospective comparative stud-
ies.[9–11,13,14,18–41] The literature screening process and the results 
are shown in Fig. 1.
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3.2. Study characteristics and quality

A total of 1388 patients/1412 knees were treated with HTO and 
1616 patients/1672 knees were treated with UKA for medial 
compartmental knee OA.[9–11,13,14,18–41] The minimum mean fol-
low-up times for HTO and UKA were 3.6 months and 3.7 
months,[11] respectively. The maximum follow-up time for HTO 
and UKA was 17 years for both.[32] The HTO type has been 
reported as opening-wedge HTO (OWHTO)[9–11,18,19,21–24,26,27,29,35–

41] and closing-wedge HTO (CWHTO)[13,14,20,30–34] in eighteen 
and 8 studies, respectively. One study included 38 OWHTO 
and 19 CWHTO,[25] and 1 study included 57 OWHTO and 36 
Demo-HTO.[28] UKA protheses have been reported as fixed-bear-
ing[9,11,13,14,19,20,23,25,26,29–32] and mobile-bearing UKA[10,21,22,24,27,28,33–

36,38,39] in 13 and 12 studies, respectively, but 4 studies did not 
mention the UKA type.[18,37,40,41] Tables 1,2 show the details of the 
included studies, and Tables 3,4 show their quality. Revision to 
TKA, which was the most cited result, was employed to obtain a 
funnel plot analysis of publication bias. The asymmetric features 
of the funnel plot suggest a certain publication bias (Fig. 2).

3.4. Outcomes

3.4.1. Complications. Complications included hematoma, 
vessel and nerve injury, infection, deep venous thrombosis or 

pulmonary embolism, nonunion, dislocation, failure of fixation, 
and bedsores. Nineteen studies reported procedure-related 
complications.[9–11,13,14,19,21,23,24,26–29,31,36–39,41] Complications 
occurred at a significantly higher rate in the HTO group than 
in the UKA group (OR, 4.88, 95% CI: 2.92–6.86, I2 = 20%, P 
< .00001; Fig. 3).

3.4.2. Revision to TKA. Fourteen studies with 1965 
patients reported 176 subjects who underwent revision to 
TKA.[9,10,14,19,20,25,28,29,31,32,37–39,41] The pooled data showed that the 
OR for the revision rate was 1.70 (95% CI: 0.74–3.91, I2 = 
73%, P = .21; Fig. 4), and there was no significant difference 
between the 2 groups. Sensitivity analysis was performed to 
explore potential sources of heterogeneity. After excluding the 
study of Rodkey 2021, the OR for the revision rate was 2.35 
(95% CI: 1.16–4.77, I2 = 56%, P = 0.02). HTO had a greater 
revision rate than UKA.

3.4.3. Range of motion. Ten studies[9,11,18,20,24,29,33,35,39,40] 
compared ROM between HTO and UKA. The pooled data 
suggested that the difference in ROM between the HTO and 
UKA groups was not statistically significant (MD, 3.17, 95% 
CI: −1.63 to 7.98, I2 = 98%, P = .20; Fig.  5). In subgroup 
analysis, the HTO group showed a greater motion range than 
the fixed-bearing UKA group (MD, 9.13, 95% CI: 4.00–14.27, 

Figure 1. Preferred reporting items for systemic reviews and meta-analyses (PRISMA) flow diagram of literature selection.
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Table 1

Summary of characteristics, patient demographic details for each study.

Study Design 
HTO type/UKA 

model   
Number of 

operation knees Age (y) 
Female/

Male 
BMI  

(kg/m2) OA severtity grade Follow-up 

Liu 2021 Retrospective OWHTO/MB HTO 48 59.5 ± 3.5 32/16 28.1 ± 1.8 K-L grade 2/3  3.3 Y
UKA 49 61.2 ± 2.8 31/18 27.3 ± 2.1 3.5 Y

Watanabe 2021 Retrospective OWHTO/UKA HTO 48(46 patients) 61.3 ± 9.8 NC 26.1 ± 3.8 K–L grade 2/3  22.0 M
UKA 48(44 patients) 73.8 ± 5.2 24.1 ± 2.8 22.5 M

Rodkey 2021 Retrospective OWHTO/UKA HTO 113 40 12/101 29.8 NC  5.3 Y
UKA 270 48 80/190 31.0 6.3 Y

Lin 2021 Retrospective OWHTO/MB HTO 53 56.0 ± 10.2 40/13 26.3 ± 3.2 K–L grade 2/3  More than 
1 y

UKA 61 61.4 ± 4.7 46/15 26.0 ± 3.1  
Jin 2021 Retrospective OWHTO/FB HTO 67 64.1 ± 4.0 67/0 25.5 ± 3.1 K–L grade 3/4 16/51 More than 

1 y
UKA 67 63.1 ± 4.9 65/2 25.5 ± 2.8 15/52  

Zhang 2020 Retrospective OWHTO/UKA HTO 109 51.8 ± 6.9 86/23 26.4 ± 3.6 NC  40.2 ± 13.5 
M

UKA 83 53.7 ± 5.2 66/17 27.7 ± 4.1 39.3 ± 11.2 
M

Hou 2020 Retrospective OWHTO/MB HTO 30 NC NC NC NC  NC
UKA 30  

Chen 2020 Retrospective OWHTO/MB HTO 18 56.1 ± 6.4 13/5 NC K–L grade 2/3  1.0–2.8 Y
UKA 20 56.1 ± 6.5 14/6 1.0–3.2 Y

Jacquet 2020 Retrospective OWHTO/FB HTO 50 49.3 ± 3.9 22/28 26.6 ± 2.6 NC  3.7 ± 1.6 Y
UKA 50 50.8 ± 4.4 21/29 27.1 ± 3.1 3.9 ± 1.8 Y

Song 2019 Retrospective CWHTO/FB HTO 60 59.7 ± 4.1 51/9 25.1 ± 3.6 K–L grade 3/4 50/10 10.7 ± 5.7 
Y

UKA 50 60.8 ± 3.9 43/7 25.3 ± 3.4 34/36 12.0 ± 7.1 
Y

Koh 2019 Retrospective OWHTO/MB HTO 123 56.1 ± 5.6 104/19 25.9 ± 3.2 AH grade 
<2/≥2

97/26 2 Y
UKA 118 60.8 ± 4.7 98/20 25.8 ± 2.9 37/81 2 Y

Kim 2019 Prospective OWHTO/MB HTO 49 56.1 ± 6.2 43/6 26.6 ± 9.2 K–L grade 
2/3/4

9/28/12 2 Y
UKA 42 63.6 ± 5.5 35/7 25.3 ± 2.4 0/23/19 2 Y

Ryu 2018 Retrospective OWHTO/FB HTO 23 57.6 ± 6.4 22/1 27.7 ± 2.9 NC  40.0 ± 19.4 
M

UKA 22 60.5 ± 3.4 19/3 25.4 ± 3.6 33.1 ± 8.7 
M

Cho 2018 Retrospective OWHTO/ MB HTO 20(17 patients) 58.4 ± 5.5 12/8 26.5 ± 2.5 AH grade 2/3 18/2 48.4 ± 14.3 
M

UKA 20(17 patients) 67.9 ± 9.0 19/1 26.1 ± 2.6 13/7 39.7 ± 14.0 
M

Zhao 2017 Prospective OWHTO/UKA HTO 36 53.91 ± 7.35 33/3 NC K–L grade 2/3 10/26 2 Y
UKA 36 52.47 ± 8.41 31/5 11/25 2 Y

Maxwell 2017 Retrospective OWHTO/MB HTO 75 Under 55 NC NC NC  8.1 Y
UKA 95 Under 55 6.1 Y

Krych 2017 Retrospective OWHTO, CWHTO/
MB

HTO 57 42.7 16/41 31.8 NC  >2 Y
UKA 183 49.2 95/88 32.4 >2 Y

Jeon 2017 Retrospective OWHTO/FB HTO 26 56.8 22/4 26.6 NC  34.7 M
UKA 21 60.7 17/4 26.1 34.7 M

Petersen 2016 Retrospective OWHTO/ MB HTO 23 58.9 ± 2.8 9/14 23 AH grade 1/2/3 14/9/0 >5 Y
UKA 25 60.7 ± 2.5 16/9 25 1/20/5 >5 Y

Tuncay 2015 Retrospective OWHTO, 
Demo-HTO/MB

HTO 93(88 patients) 51.7, 53.5 70/18 NC NC  40.4 M, 
30.7 M

UKA 109(94patients) 58.7 79/15 42.5 M
Yim 2013 Retrospective OWHTO/FB HTO 58 58.3 ± 5.4 51/7 NC NC  3.6 ± 0.4 Y

UKA 50 60.3 ± 4.5 48/2 3.7 ± 0.4 Y
Takeuchi 2010 Retrospective OWHTO/FB HTO 27(24 patients) 67 ± 7 18/6 NC AH grade 

2/3/4/5
11/14/2/0 61 ± 10 M

UKA 30(18 patients) 77 ± 4 14/4 4/17/8/1 84 ± 4 M
Borjesson 2005 Prospective CWHTO/FB HTO 18 63 ± 3 8/10 NC AH grade 1/2/3 4/7/7 5 Y

UKA 22 63 ± 4 11/11 7/6/9 5 Y
Stukenborg 2001 Prospective CWHTO/FB HTO 32(32 patients) 67(60–79) 13/19 NC AH grade 

1/2/3/4/5
18/7/1/5/1 7–10 Y

UKA 30(28 patients) 67(60–80) 22/6 11/9/4/6/0 7–10 Y
Weale 1994 Retrospective CWHTO/FB HTO 49(45 patients) 74 NC NC NC  12–17 Y

UKA 42(34 patients) 80 12–17 Y
Weidenhielm 1992 Prospective CWHTO/FB HTO 25 63 14/11 NC AH grade 1/2/3 4/14/10 1 Y

UKA 28 63 14/14 3/10/12 1 Y
Ivarsson 1991 Retrospective CWHTO/FB HTO 10 62 ± 4 6/4 NC AH grade 1/2/3 4/5/1 6 M

UKA 10 64 ± 5 6/4 2/4/4 12 M
Jefferson 1989 Prospective CWHTO/MB HTO 23(20 patients) 57(31–73) NC NC NC  NC

UKA 19(15 patients) 64(55–74) NC
Broughton 1986 Retrospective CWHTO/FB HTO 49(45 patients) 63 NC NC K–L grade 3.3 7.8 ± 1.5 Y
   UKA 42(34 patients) 71    3.2 5.8 ± 1.2 Y

AH Grade = Ahlbäck Grade, CWHTO = closed-wedge high tibial osteotomy, FB = fixed-bearing unicompartmental knee arthroplasty, HTO = high tibial osteotomy, K–L Grade = Kellgren–Lawrence grade,  
M = month, MB = mobile-bearing unicompartmental knee arthroplasty, NC = not clear;OWHTO = opening-wedge high tibial osteotomy, UKA = unicompartmental knee arthroplasty, Y = year.
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I2 = 68%, P = .0005; Fig. 5). However, no significant difference 
was observed in ROM between HTO and mobile-bearing UKA 
groups (MD −3.78, 95% CI: −15.78 to 8.22, I2 = 99%, P = .54; 
Fig. 5) and unknown type UKA groups (MD, −0.63, 95% CI: 
−5.67 to 4.41, I2 = 83%, P = .81; Fig. 5).

3.4.4. Postoperative pain. Thirteen studies reported 
postoperative pain.[13,14,18,19,21–23,26,30,32,33,35,41] Different assessment 
systems have been used to assess pain. Based on the available 
data, 7 studies[18,19,21,23,26,35,41] included information on 
postoperative pain, which was assessed by the visual analogue 

Table 2

Summary of clinical outcomes for each study.

Study  Complication Revision Pain (VAS) ROM Function score Walking speed 

Liu 2021 HTO 0 0 NC 134.2 ± 2.7 93.5 ± 5.0 (Lysholm) NC
UKA 0 0 133.4 ± 3.1 93.9 ± 4.1 (Lysholm)

Watanabe 2021 HTO NC NC NC 131.9 ± 8.2 80.8 ± 17.5 (Lysholm) NC
UKA 129.5 ± 12.3 82.4 ± 16.4 (Lysholm)

Rodkey 2021 HTO 24 4 NC NC NC NC
UKA 6 37

Lin 2021 HTO 2 NC NC NC 86.58 ± 4.28 (HSS) NC
UKA 1 87.72 ± 2.80 (HSS)

Jin 2021 HTO 1 7 NC 138.1 ± 3.7 86.6 ± 11.5 (HSS) NC
UKA 0 2 135.7 ± 10.0 88.8 ± 13.2 (HSS)

Zhang 2021 HTO 0 0 0.5 ± 0.7 NC 90.6 ± 8.7 (HSS) NC
UKA 2 1 0.5 ± 0.6 91.7 ± 7.2 (HSS)

Hou 2020 HTO NC NC 1.8 ± 0.9 121.1 ± 2.7 81.9 ± 14.3 (HSS) NC
UKA 1.9 ± 0.8 135.2 ± 1.6 82.6 ± 12.9 (HSS)

Chen 2020 HTO 0 0 NC NC 90.6 ± 2.0(Lysholm) NC
UKA 0 0 91.5 ± 1.7(Lysholm)

Jacquet 2020 HTO 5 0 1.0 ± 0.5 NC 61 ± 7(KSS) NC
UKA 0 0 0.9 ± 0.4 60 ± 9(KSS)

Song 2019 HTO NC 14 NC 135.3 ± 12.3 73.9 ± 15.3(KSS) 30.6 ± 16.6(WOMAC) NC
UKA 11 126.8 ± 13.3 71.0 ± 10.5(KSS) 32.9 ± 10.2(WOMAC)

Koh 2019 HTO 0 NC 2.6 ± 1.3 NC 24.2 ± 11.4(WOMAC) NC
UKA 0 2.2 ± 1.6 13.9 ± 6.4(WOMAC)

Kim 2019 HTO NC NC 4.7 NC NC NC
UKA 5.2

Ryu 2018 HTO 0 NC 2.2 ± 1.2 NC 16.5 ± 17.5(WOMAC) NC
87.4 ± 12.0(Lysholm)

UKA 0 1.5 ± 1.7 14.9 ± 16.9(WOMAC)
89.2 ± 10.2(Lysholm)

Cho 2018 HTO 0 NC NC 149.4 ± 9.4 95.1 ± 7.6(KSS) NC
UKA 1 146.8 ± 12.7 96.3 ± 8.5(KSS)

Zhao 2017 HTO NC NC 3.54 ± 0.50 126.13 ± 1.45 82.76 ± 8.13(HSS) NC
UKA 2.45 ± 0.47 128.94 ± 1.37 93.09 ± 8.69(HSS)

Maxwell 2017 HTO 18 19 NC NC 21 (FJS) NC
UKA 3 1 67(FJS)

Krych 2017 HTO NC 13 NC NC 80.2 ± 11.8(Lysholm) NC
UKA 11 90.0 ± 11.0(Lysholm)

Jeon 2017 HTO 2 NC 3.3077 ± 2.61119 NC 50.1727 ± 17.12898(IKDC) NC
UKA 1 2.2381 ± 2.16575 56.8667 ± 15.70697(IKDC)

Petersen 2016 HTO 2 NC NC NC 7/10/2/4(HSS, Excellent/Good/Fair/Poor) NC
UKA 1 14/7/2/2(HSS, Excellent/Good/Fair/Poor)

Tuncay 2015 HTO 6 0 NC NC OWHTO 83.95(HSS) NC
Demo-HTO 83.51(HSS)

UKA 1 3 90.00(HSS)
Yim 2013 HTO 3 NC NC 138.8 ± 4.7 89.6 ± 8.7(Lysholm) NC

UKA 2 130.0 ± 8.8 90.3 ± 7.7(Lysholm)
Takeuchi 2010 HTO 2 0 NC 146 ± 5.9 89 ± 7.6(KSS) NC

UKA 1 2 127 ± 16 88 ± 7.7(KSS)
Borjesson 2005 HTO NC NC 0 (0–2) (Borg-scale) 121 37(36–39) (BOA) NC

UKA 0 (0–2) (Borg-scale) 121 37(31–39) (BOA)
Stukenborg 2001 HTO 9 10 NC 117(85–135) 76(29–100) (KSS) NC

UKA 2 6 103(35–140) 74(31–94) (KSS)
Weale 1994 HTO NC 17 9/21 (no/mild) NC 31(BKS) NC

UKA 5 12/15 (no/mild) 34(BKS)
Weidenhielm 1992 HTO 2 NC 25 (No pain) NC 37 ± 2(BOA) 1.29 ± 0.16

UKA 1 28 (No pain) 38 ± 2(BOA) 1.3 ± 0.18
Ivarsson 1991 HTO NC NC 6.3 ± 2.1 (100 mm Analogous) 121 ± 11 78 ± 19(Lysholm) 1.35 ± 0.42

UKA 4.1 ± 2.9 (100 mm Analogous) 112 ± 13 91 ± 11(Lysholm) 1.20 ± 0.24
Jefferson 1989 HTO NC NC NC NC NC 1.02 ± 0.19

UKA 0.99 ± 0.21
Broughton 1986 HTO 17 10 23 (No or mild) NC 21 (BKS good number) NC
 UKA 5 3 34 (No or mild)  32 (BKS good number)  

BKS = the Baily Knee Score, BOA = the British Orthopaedic Association score, FJS = The Forgotten Joint Score, HSS = Hospital for Special Surgery score, HTO = high tibial osteotomy, IKDC = International 
Knee Documentation Committee knee score, KSS = Knee Society Score, NC = not clear, OWHTO = opening-wedge high tibial osteotomy, ROM = range of motion, UKA = unicompartmental knee 
arthroplasty, VAS = visual analog scale, WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index.
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scale (VAS).[42] The present analysis showed no statistically 
significant difference between the 2 groups (MD, 0.39, 95% CI: 
−0.01 to 0.79, I2 = 91%, P = .06; Fig. 6).

3.4.5. Walking speed. No significant differences were found in 
walking speed between the HTO and UKA groups (MD, −0.02, 
95% CI: −0.07 to 0.04, I2 = 0%, P = .56; Fig. 7), as reported in 
4 studies[13,30,33,34] involving 148 knees.

3.4.6. Function score. There are several different scoring 
systems to compare the postoperative functional outcomes 
between the 2 groups.[9–11,13,14,18–33,35,36,38–41] However, only a 
few studies provided the mean and standard deviation (SD) 
of the same scoring system used in our meta-analysis. Seven 
studies[11,23,25,33,38–40] involving 644 patients reported a lower 
Lysholm score in the HTO group than in the UKA group (MD 
−2.78, 95% CI: −5.37 to −0.18, I2 = 78%, P =.04; Fig.  8). 
The Hospital for Special Surgery (HSS) score was estimated 
in 6 studies.[9,18,23,35,36,41] The HTO group had worse HSS than 
the UKA group (MD, −2.80, 95% CI: −5.39 to −0.20, I2 = 
75%, P = .03). Five studies[9,19,20,24,29] used the Knee Society 
Score (KSS) to assess postoperative knee function. The results 
showed no significant difference between the HTO and UKA 

groups (MD, −0.26, 95% CI: −1.94 to 1.41, I2 = 33%, P = .76). 
Four studies[9,20,21,23] used the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC). The meta-analysis 
of WOMAC results showed no differences between the 2 groups 
(MD, 4.33, 95% CI: −1.91 to 10.56, I2 = 86%, P = 0.17). The 
Tegner score was also similar between the 2 groups (MD, −0.35, 
95% CI: −0.90 to 0.20, I2 = 89%, P = .21).

4. Discussion
The main findings of this meta-analysis were that UKA was 
superior to HTO in terms of complications and postoperative 
function scores (Lysholm and HSS scores). Subgroup analysis 
revealed that mobile-bearing UKA had a similar ROM to HTO, 
whereas fixed-bearing UKA resulted in a worse ROM than 
HTO. In addition, there were no significant differences in revi-
sion to TKA, relief of postoperative pain, and walking speed 
between the 2 groups. However, there were differences among 
the included studies due to different research types, sample 
sizes, implant designs, matching criteria, operative techniques, 
and outcome measurements. These differences might be due 
to significant between-study heterogeneity which could affect 

Table 3

Risk of bias assessment using the Newcastle–Ottawa scale for cohort studies included in the systematic review and meta-analysis.

  Selection Comparability Exposure

Study

Representativeness 
of the exposed cohort 

(*) 

Selection 
of the 

nonexposed 
cohort (*) 

Ascertainment of 
exposure (*) 

Demonstration that 
outcome of interest 
was not present at 
start of study (*) 

Comparability of 
cohorts on the basis 

of the design or 
analysis (**)

Assessment of 
outcome (*) 

Was follow-up 
long enough 

for outcomes to 
occur (*) 

Adequacy of 
follow up of 
cohorts (*) 

Liu 2021 * * * * * * * *
Watanabe 2021 * * * * * * * *
Rodkey 2021 * * * * * * * *
Lin 2021 * * * * * * * *
Jin 2021 * * * * * * * *
Zhang 2020 * * * * * * * *
Hou 2020 * * * *  * * *
Chen 2020 * * * * * * * *
Jacquet 2020 * * * * ** * * *
Song 2019 * * * * ** * * *
Koh 2019 * * * *  * * *
Ryu 2018 * * * * * * * *
Cho 2018 * * * *  * * *
Maxwell 2017 * * * *  * * *
Krych 2017 * * * *  * * *
Jeon 2017 * * * * ** * * *
Petersen 2016 * * * *  * * *
Tuncay 2015 * * * * * * * *
Yim 2013 * * * * ** * * *
Takeuchi 2010 * * * * * * * *
Weale 1994 * * * * ** * * *
Ivarsson 1991 * * * * * *  *
Broughton 1986 * * * * * * * *

A study can be awarded a maximum of one “*” symbol for each numbered item within the Selection and Exposure categories. A maximum of two “*” symbols can be given for comparability.

Table 4

Risk of bias assessment using the Cochrane risk of bias tool for RCTs included in the systematic review and meta-analysis.

Study 
Random sequence 

generation 
Allocation 

concealment 
Blinding of participants 

and personnel 
Blinding of outcome 

assessment 
Incomplete 

outcome data 
Selective 
reporting Other bias 

Kim 2019 High risk High risk Low risk Low risk Low risk Low risk Unclear risk
Zhao 2017 Unclear risk Unclear risk Low risk Low risk Low risk Low risk Unclear risk
Borjesson 2005 Unclear risk Unclear risk Low risk Low risk Low risk Low risk Unclear risk
Stukenborg 2001 Low risk Low risk Low risk Low risk Low risk Low risk Unclear risk
Weidenhielm 1992 Unclear risk Unclear risk Low risk Low risk Low risk Low risk Unclear risk
Jefferson 1989 High risk High risk Low risk Low risk Low risk Low risk Unclear risk
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the accuracy of the meta-analysis results. Rodkey 2021[37] had 
a higher revision rate than other studies while contributing to 
significant heterogeneity. Therefore, a sensitivity analysis was 
applied to exclude Rodkey 2021 from the analysis to decrease 
heterogeneity. The results showed that UKA had a lower revision 
rate than HTO, which is consistent with the previous study.[43]

Traditionally, UKA has been recommended for the older sed-
entary population, and HTO has been indicated for younger 
active individuals.[44] However, with improvements in implant 
design and surgical techniques, the traditional distinction 
between UKA and HTO in terms of surgical indications is 

becoming less clear. Medial mobile-bearing UKA also showed 
excellent results in patients under 60 years of age as well as in 
patients over 60 years of age.[45] Jacquet et al.[19] reported that 
HTO offered a statistically meaningful faster return to sports 
and professional activities. HTO had a greater patient rate capa-
ble of performing impact activities (62% for HTO vs. 28% for 
UKA) and increased scores of sport-related functions 2 years 
after surgery compared to UKA.[19] Song et al.[20] suggested 
that long-term survival was similar between HTO and UKA in 
patients with similar demographic data. A previous meta-analy-
sis suggested that UKA was more appropriate for older patients, 

Figure 2. Funnel plot of revision to TKA to assess publication bias. OR = odds ratio; SE = standard error.

Figure 3. Forest plots for comparison of complications between HTO and UKA patients. CI = confidence interval; HTO = high tibial osteotomy; UKA = unicom-
partmental knee arthroplasty.
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while HTO provided a better performance of physical activity 
for younger patients, due to a shorter rehabilitation period and 
quicker functional recovery.[46] Similar results were observed 
in relation to postoperative complications, postoperative knee 
score, and postoperative revision rates to TKA when compar-
ing the OWHTO and UKA groups.[47] In our study, the pooled 
data demonstrated that UKA was superior to HTO in terms of 
complications and postoperative Lysholm and HSS scores. UKA 
may be more suitable for the elderly than HTO because of its 
safety and better postoperative function.

Various studies have pointed out that mobile-bearing UKA 
is different from fixed-bearing UKA in terms of restoring natu-
ral knee kinematics and reducing contact stress and wear.[48–52] 
In our study, subgroup analysis was performed to compare 
fixed-bearing and mobile-bearing UKA with HTO. Compared 
to HTO, fixed-bearing UKA had a lower ROM. However, no 
statistically significant difference in ROM was observed between 
mobile-bearing UKA and HTO. The advantage of HTO is that 
the integrity of the knee joint is preserved and the postoper-
ative ROM often depends on the preoperative condition. On 

Figure 4. Forest plots for revision to TKA comparison between HTO and UKA patients. CI = confidence interval; HTO = high tibial osteotomy; UKA = unicom-
partmental knee arthroplasty.

Figure 5. Forest plots for ROM comparison between HTO and UKA patients. CI = confidence interval; ROM = range of motion; HTO = high tibial osteotomy; 
UKA = unicompartmental knee arthroplasty.
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the other hand, postoperative ROM after UKA depends on the 
surgical techniques employed, prosthetic designs, and patient 
preoperative conditions.[43] For younger active individuals, both 
mobile-bearing UKA and HTO could be considered as surgical 
options.

Both HTO and UKA effectively relieved postoperative 
pain, which is the main factor that affects patient satisfac-
tion. Borjesson et al.[30] reported that patients in both groups 
improved pain during walking. In a study by Weale et al.,[32] 80% 
of the UKA group presented with mild or no pain compared to 
43% of the osteotomy group. Koh et al.[21] involved 123 HTO 
and 118 UKA patients, and the change in VAS was 5.2 and 5.8, 
respectively. Zhao et al.[18] showed that the VAS in both groups 
decreased significantly at 1, 6, 12, and 24 months after surgery. 
In addition, the VAS of the UKA group 1 month postoperatively 
was lower than that of the HTO group by 12.2% (P < .05), 
whereas no differences were found at 3 months, 6 months, and 
2 years postoperatively (P > .05).[41] The relieving pain effect on 
UKA patients was similar to that in HTO patients. Remarkably, 
this was consistent with the result of our meta-analysis.

Walking speed is a reliable functional outcome for determin-
ing the treatment results of OA patients.[30] Both HTO and UKA 
can improve postoperative walking speed. Lind et al.[53] demon-
strated that walking speed in patients undergoing HTO was sig-
nificantly enhanced in the postoperative period and that it was 
not different from that in healthy individuals. The top walking 
speed was 2.2 m/s in patients submitted to UKA, which was not 
significantly different from the healthy controls.[54] Borjesson et 
al. reported[30] that the walking speed of postoperative 5-year 
in the HTO and UKA groups increased to 1.13 m/s and 1.19 
m/s from 1.07 m/s and 1.07 m/s preoperative, respectively. In 
the other 3studies, the postoperative walking speed with HTO 
and UKA increased to a certain degree.[13,33,34] Our meta-anal-
ysis revealed no significant differences between the 2 groups. 
HTO resulted in the normalization of many dynamic knee func-
tion variables, such as the external knee flexion moment, knee 
flexion, and walking speed, by reducing the angle of varus and 
adduction moments of the operated knee.[53] UKA achieved the 
same effect by reconstructing the damaged surfaces of the osteo-
arthritic compartment using a metal/plastic construct.[44]

Figure 6. Forest plots for postoperative pain comparison between HTO and UKA patients. CI = confidence interval; HTO = high tibial osteotomy; UKA = uni-
compartmental knee arthroplasty.

Figure 7. Forest plots for walking speed comparison between HTO and UKA patients. CI = confidence interval; HTO = high tibial osteotomy; UKA = unicom-
partmental knee arthroplasty.

Figure 8. Forest plots for Lysholm score comparison between HTO and UKA patients. CI = confidence interval; HTO = high tibial osteotomy; UKA = unicom-
partmental knee arthroplasty.
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Different scoring systems lead to inconsistency in the results 
of the function score. Cho et al.[24] stated that the postoperative 
HSS score was significantly higher in the mobile-bearing UKA 
group than in the OWHTO group. Koh et al.[21] used the new 
Knee Society scoring system to evaluate patient satisfaction. The 
satisfaction level in the UKA group was greater than that in the 
HTO group for more demanding physical tasks such as leisure/
recreation activities.[21] These findings are consistent with the 
study of Kim et al..[22] Additionally, a better Lysholm score was 
observed in the UKA group than that in the HTO group.[25,55] 
However, Jacquet et al.[19] compared 91 HTO patients with 
117 UKA patients in relation to the University of California 
Los Angeles score, Knee Injury and Osteoarthritis Outcome 
Score, Sports Sub-score, and KSS activity score. All these scores 
were significantly greater in the HTO group than in the UKA 
group.[19] Yim et al.[11] did not identify significant differences 
between UKA and HTO for medial unicompartmental OA in 
relation to return to recreational activity and short-term clinical 
results. Our meta-analysis found no differences between the 2 
groups using pooled data from the KSS, Tegner, and WOMAC 
scoring systems. Good results were obtained for both the HTO 
and UKA groups. A prognostic score for medial unicompart-
mental knee OA should be established to estimate functional 
outcomes after the treatment of UKA or HTO.

The compound annual growth rate in the use of UKA from 
2001 to 2007 in the United States was +4.7%, while that of 
HTO was −3.9%.[56] Kawata et al. reported[57] that the propor-
tion of patients who underwent UKA increased from 4.0% in 
2007 to 8.1% in 2014 and that of tibial osteotomy increased 
from 2.6% in 2007 to 5.5% in 2014, according to the Diagnosis 
Procedure Combination database in Japan. In Sweden, UKA use 
increased threefold during the early decade of the 21st century, 
while HTO use halved during this period.[58] Niinimäki et al.,[59] 
using the Finnish National Hospital Discharge Register, noted a 
steady 6.8% annual decrease in osteotomies, whereas UKA use 
increased substantially after Oxford UKA was introduced. The 
current trend indicates that UKA has become increasingly pop-
ular in medial unicompartmental OA patients and orthopedists. 
Fewer complications, higher function scores, and similar ROM 
might make mobile-bearing UKA more attractive to patients 
with medial unicompartmental knee OA.

Surgeon experience may have played a key role in the final 
results. Previous studies have shown that, with increasing expe-
rience, operative factors such as surgery time and estimated 
blood loss decrease, and patient factors such as postoperative 
complications and length of hospital stay decrease.[60,61] Junior 
surgeons had higher rates of complications and surgical site 
infections than did senior surgeons.[62] Postoperative function 
after UKA was reduced in supervised junior resident and unsu-
pervised senior resident surgeon groups compared to that in 
attending surgeons.[63] In the included studies, HTO and UKA 
might have been completed by surgeons with varying levels of 
experience, which influenced the evaluation results, and thus 
affected the final conclusions drawn from our meta-analysis.

In comparison with similar previous meta-analy-
sis,[15,43,46,47,64–69] more new studies were updated (published up 
to November 30, 2021) and more accurate comparison between 
HTO and UKA was performed. More importantly, in the sub-
group analysis, our study is the first to compare HTO with 
fixed-bearing UKA and mobile-bearing UKA. An important 
result of this meta-analysis is that the mobile-bearing UKA was 
not different from the HTO in ROM, whereas the fixed-bearing 
UKA had less ROM than HTO. This difference can be attributed 
to the implant design or/and surgical technique.[49,70]

We believe that our meta-analysis has certain limitations that 
deserve consideration. First, the funnel plot indicated that there 
may be a certain publication bias in our meta-analysis, which 
may affect the accuracy of the results. Grey literature and unpub-
lished data should be extracted in future studies. Second, most 

of the included studies incompletely reported random methods, 
blind methods, and allocation concealment, which could result 
in a high risk of bias in implementation and measurement. 
Third, the lack of standardization of the clinical results in the 
evaluated articles is another important factor that can make it 
difficult to compare the results of these studies. The results of 
these studies can be influenced by the potential presence of sta-
tistical bias. Fourth, most of the included studies did not men-
tion the details of the studies. Clinical outcomes were influenced 
by surgical details such as patient characteristics, rehabilitation 
program, surgeon experience, UKA types, and HTO techniques. 
Further details should be disclosed to understand the impact 
of these confounding factors on the results. Fifth, heterogene-
ity, which is inevitable in meta-analyses, reduces the credibility 
of the results. Therefore, we applied subgroup and sensitivity 
analyses to reduce heterogeneity and improve the reliability of 
the conclusions. Furthermore, 23 of 29 included studies were 
retrospective studies, which had a lower quality of evidence 
compared to RCTs. Reliable conclusions need to be confirmed 
by multicenter RCTs with large sample sizes.

5. Conclusions
Both HTO and UKA for the treatment of medial unicompart-
mental knee OA can achieve good clinical outcomes in relation 
to revision to TKA, pain relief, and walking speed. However, 
UKA is better than HTO in minimizing complications and 
increasing postoperative Lysholm and the HSS scores. The 
ROM of mobile-bearing UKA was similar to that of HTO. 
UKA appears to be more suitable for older patients, and both 
mobile-bearing UKA and HTO are viable surgical options for 
active younger individuals. The results presented here should 
be interpreted cautiously as they may contain some limitations. 
Further multicenter RCTs with large sample sizes are needed to 
verify the findings of this meta-analysis.
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