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Fixed‑bearing unicompartmental knee arthroplasty provides a lower 
failure rate than mobile‑bearing unicompartimental knee arthroplasty 
when used after a failed high tibial osteotomy: a systematic review 
and meta‑analysis
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Abstract
Despite the fact that the choice of bearing design has been thought to influence the functional outcomes and longevity of 
unicompartimental knee arthroplasty (UKA), there is a lack of clinical evidence supporting the decision-making process 
in patients who have undergone high tibial osteotomy (HTO). A systematic review of studies was carried out that reported 
the outcomes of fixed-bearing (FB) or mobile-bearing (MB) medial UKA in patients with a previous HTO. A random effect 
meta-analysis using a generalized linear mixed-effects model to calculate revision rates was done. Seven retrospective cohort 
studies were included for this study. Regarding the fixation method, 40 were the FB-UKA and 47 were MB-UKA. For both 
groups, the mean post-operative follow-up was 5.8 years. The survival rates were 92% for the FB-UKA with a mean follow-
up of 10 years. For the MB-UKA, it ranged from 35.7 to 93%, with a mean follow-up of 4.2 years. For the FB, the time to 
revision was reported as 9.3 years, while 1.2, 2.5 and 2.91 years was reported for the MB. The results of the meta-analysis 
showed that the revision rate for the patients receiving a FB-UKA after failed HTO was 8%, compared to 17% in those who 
received an MB-UKA. The results of the review suggest that the use of the FB-UKA is associated with lower revision rates 
and a longer survival time than the MB-UKA and have similar functional ability scores.
Level of evidence: III (systematic review of level-III studies).
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Introduction

There is scarce knowledge as to whether and under what 
conditions a medial unicompartimental knee arthroplasty 
(UKA) is possible after a prior open wedge high tibial oste-
otomy (OWHTO). Even less evidence is provided about the 
outcomes of the mobile-bearing (MB) and fixed-bearing 
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(FB) UKA after an OWHTO [14, 20, 21]. Implantation of a 
UKA after an OWHTO can involve three problems: preop-
erative valgus alignment, abnormal proximal tibial geometry 
and residual medial laxity [16, 21–23]. In valgus correction 
osteotomy for the treatment of medial osteoarthritis, over-
correction to valgus alignment used to be requisite [6].

However, a more individualized approach with less over-
correction is currently recommended to decrease the risk of 
preoperative valgus alignment and abnormal proximal tibial 
geometry [15]. Partial release of the superficial medial col-
lateral ligament (MCL) has been demonstrated to be of great 
importance when performing an OWHTO for two reasons. 
The first reason is that the release helps achieve the goal of 
reducing medial cartilage pressure in an OWHTO. Then, 
there is the fact that retaining the MCL in OWHTO mostly 
results in post-operative intra-articular gap reduction [17].

As a result, increased medial laxity due to a distinct 
cause is always present after an OWHTO. Using an FB-
UKA, there is no risk of inlay dislocation, and some kind of 
medial laxity can be tolerated to prevent adding excessive 
intra-articular correction to the extra-articular correction 
of the previous OWHTO. This would result in post-oper-
ative mechanical valgus axis and cause progredient lateral 
degeneration [20]. On the contrary, using medial UKA with 
a mobile-bearing inlay does not offer the possibility of keep-
ing much medial laxity because of the risk of inlay disloca-
tion. A thicker inlay may be needed that may result in even 
more valgus alignment [14, 21]. Both of these facts may 
lead to failure or bad results in an MB-UKA after OWHTO. 
There is a lack of clinical evidence supporting a decision-
making process in patients who have undergone OWHTO. 
This justifies the uncertainty and controversy surrounding 
MB or FB-UKA implantation in patients who have already 
had an HTO.

Despite the fact that the choice of bearing design has been 
thought to influence the functional outcomes and longev-
ity of UKA [12], a lack of clinical evidence supporting a 
decision-making process in patients who underwent HTO 
still exists. Considering the specificity of the MB-UKA sur-
gical technique, we hypothesized that the use of a FB-UKA 
leads to better results than using a MB-UKA in cases of a 
prior HTO. Therefore, a systematic review of the available 
published literature was carried out to assess the outcomes 
of FB-UKA and MB-UKA after a failed HTO.

Methods

This systematic review adhered to the preferred reporting 
items for systematic reviews and meta-analyses (PRISMA) 
statement and followed the registered protocol (PROSPERO 
registration: CRD42020207858) and its preparation was 
approved by the Systematic Reviews and Meta-Analysis Unit 

of the Ethics Committee and Research Committee of the 
Research Sub-Directorate of the U.A.N.L. School of Medi-
cine with registration number RVS20-029.

Search strategy

An experienced librarian, in collaboration with the main 
investigators of the study, designed the search strategy. A 
thorough and comprehensive search was executed to find 
articles that suited the objective of the review. It included 
several databases covering the period from 1976, when the 
first use of unicompartimental knee prostheses was first 
introduced, to September 2020 [10]. The general data-
bases included MEDLINE via PubMed, Elsevier via Sco-
pus, EMBASE and Web of Science. We complemented the 
initial search strategy by looking at the references of the 
eligible selected studies for possible missing studies. Spe-
cific keywords and MeSH terms were used to assess studies 
evaluating the effect of the placement of an FB-UKA vs 
an MB-UKA on the functionality of OA in patients with a 
previous history of HTO. The complete search strategy is 
shown in Appendix 1.

Eligibility criteria

Our review used a search strategy designed to collect clini-
cal studies reporting outcomes of FB or MB medial UKA 
in patients with a previous HTO. The primary outcome 
measures were reoperation or UKA failure (conversion to 
a TKA) and the time between the surgery and the failure. 
Secondary outcomes included functional improvement 
[Western Ontario and McMaster Universities Arthritis Index 
(WOMAC), the knee society score (KSS), the oxford knee 
score (OKS), the hospital for special surgery knee score 
(HSS)] and complications related to UKA surgery.8

The inclusion criteria adopted in our systematic review 
protocol were (1) single- or double-arm studies, regardless 
of whether it had a prospective or retrospective design; (2) 
studies of patients who underwent MB or FB medial UKA; 
(3) a previous failed HTO; (4) a report of outcome meas-
urements in the studies in terms of failure rates, clinical 
and functional scores; and (5) an average follow-up of at 
least 2 years. No language or data restriction was adopted in 
our search strategy. A failed HTO was defined as persistent 
medial pain with radiological grade 3–4 osteoarthritis in the 
medial compartment of the knee [16].

Selection and data extraction process

A total of two reviewers worked independently, in duplicate, 
through each phase to assess eligibility for the studies. Prior 
to each phase, a pilot test was carried out to standardize 
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reviewer criterion until a chance adjusted inter-rater agree-
ment (Kappa index) of  > 0.7 was arrived at. In the first 
phase, the title and abstracts were screened, and discordant 
decisions were passed to the full text phase. Following that 
phase, eligibility was assessed by means of full-text screen-
ing and disagreements were resolved through consensus. 
We used the Distiller Systematic Review Software (Distiller 
SR Evidence Partners) for the selection process described 
above.

Data collection process

For the data collection process, a pilot model was inde-
pendently performed by the two reviewers, in duplicate, to 
assess possible disagreements or approaches to extraction 
and to calibrate the extraction. A web-based data extrac-
tion form was designed to standardize data extraction. This 
form included the following items: a section addressing 
the bibliographic information on the study (year, authors, 
country etc.), another section addressing the study question 
(baseline characteristics of patients, intervention, compari-
son and outcomes of interest) as well as the main results 
reported in each study. Finally, a third section was designed 
to address the risk of bias in each individual study. After the 
pilot model, the two reviewers again worked independently, 
in duplicate, extracting the data from each individual study. 
Disagreements were resolved through consensus.

Outcomes of interest

The main outcomes of interest measured in this review were 
the following (1) reoperation and failure of the UKA, defined 
as conversion to a TKA, (2) time from surgery to failure, 

(3) functional improvement measured with WOMAC, KSS, 
OKS, HSS and range of motion, (4) complications, intraop-
erative and post-operative, and (5) pain assessed with VAS.

Risk of bias

We assessed the risk of bias in individual studies by con-
ducting independent in duplicate appraisals by two reviewers 
using the risk of bias in non-randomized studies of interven-
tions (ROBINS-I) tool. The items used for the assessment 
of each study included: bias due to confounding, bias in 
the selection of study participants, bias in the classification 
of interventions, bias due to deviations from the intended 
interventions, bias due to missing outcome data, bias in the 
measurement of the outcome and bias in the selection of 
the reported results. Disagreements were resolved through 
consensus.

Data synthesis and analysis

A description from the findings of each study included in the 
review has been provided in the summary of findings that 
considers the type of intervention, target population and out-
come of interest. It also included data on study characteris-
tics like the population, sample size for each group and other 
descriptive variables (Table 1). For each study, a summary 
of the intervention effect was reported with frequencies for 
categorical variables and the mean or median for continu-
ous variables. Cochrane’s handbook formula for combining 
groups was used for combining mean and standard devia-
tion (SD) [8]. When possible, a random effect meta-analysis, 
using a generalized linear mixed-effects model to calculate 
revision rates, was done using R (Version 4.0) with R studio 
(version 1.2.5001).

Table 1   Baseline characteristics of included studies

UKA unicompartimental knee arthroplasty, HTO high tibial osteotomy, TKA total knee arthroplasty, SD standard deviation

Author UKA N study (total) N analyzed Age, mean 
(SD)

Follow-up 
(years)

Time from 
HTO to UKA 
(years)

Time to 
revision 
(years)

Conversion 
to TKA (n)

Con-
version 
to TKA 
%

Heyse et al.   
2012 [7]

Fix 223 18 53.7 (5.8) 10 (4.6) NR 9.3 2 11%

Schlumberger 
et al. 2020 
[16]

Mobile 30 21 59.5 (9.1) 4.3 (2.6) 7.7 1.2 2 10%

Rees et al. 
2001 [14]

Mobile 613 18 68 (8.0) 5.4 2.91 2.91 5 28%

Valenzuela 
et al. 2013 
[20]

Fix 388 22 64.8 (48–80) 6.4 9 NR 1 5%

Vorlat et al. 
2006 [22]

Mobile 149 8 NR 2.975 NR 2.5 2 25%
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Results

The search strategy identified 204 publications. Of those, 
176 studies did not meet the inclusion criteria and were 
excluded. A total of 27 full-text articles were reviewed for 
eligibility and 20 were excluded. Finally, 7 retrospective 
cohort studies were included for this systematic review. Of 
those 7, the study by Vorlat et al. [22] included patients from 
two of the studies included [21, 23]. To avoid patient rep-
etition and bias in this review, we opted to synthesize the 
information of those three studies into one. All the articles 
were written in English and published between 2000 and 
2020. The complete work-flow and reasons for exclusion 
are shown in Fig. 1.

Characteristics of included studies

Overall, 1428 UKA were performed on 1403 patients. Of 
those 1428, there were 87 that had had an HTO before a 
UKA. The indication for HTO in all studies was the treat-
ment of medial unicompartmental osteoarthritis of the knee 
and a varus alignment of the limb.

The mean age of the patients was 60.3 years. Regarding 
gender, only three studies mentioned the distribution (male/
female), two for the MB group (25/5) [16] and (2/5) [23], 
and one study for the FB group (13/9) [20]. As for the BMI, 
this was only reported by two studies: one for the MB group 
(23.9 ± 4.0 kg/m2) [16] and one for the FB group (27.4 kg/
m2) [20]. Relative to the removal of implants previously used 
for osteotomy, only two studies specify it. There was one 
for the MB group in which the implant was not removed 
[22] and another for the FB group in which it was removed 
without specifying when the implant had been removed) [7]. 
In terms of the number of surgeons involved in each study, 
this was mentioned in four studies. There were two studies 
for the MB group having one surgeon [21] and four surgeons 
[23] and two studies for the FB group, having only one sur-
geon in both studies [7, 20].

Only three studies reported the time interval between 
HTO and UKA [14, 16, 20] with a 9-year interval for the 
fixed-bearing [20] and a weighted mean interval of 5.49 
for the mobile-bearing [14, 16] (Table 1). With regard to 
the type of bearing, 40 were FB-UKA [7, 20] and 47 MB-
UKA [14, 16, 22]. The mean post-operative follow-up was 
5.8 years. The Oxford Unicompartimental Prosthesis was 

Fig. 1   PRISMA 2009 Flow 
Diagram showing studies identi-
fied, included and excluded with 
relative reasons for exclusion. 
UKA Unicompartimental knee 
arthroplasty
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used in all MB cases. Relative to the FB-UKA, the Gen-
esis Unicondylar implant (Smith & Nephew, Memphis, TN, 
USA) was used in in 18 cases [7] and the Miller–Galante 
metal-backed fixed-bearing prosthesis (Zimmer, Warsaw, 
Indiana) was used in 22 cases [20].

The survival rates were 92% for the FB-UKA with a 
mean follow-up of 10 years [7] and it ranged from 35.7 
[22] to 93%[16] for the MB-UKA with a mean follow-up of 
4.2 years. The study by Valenzuela et al. [20] and two of the 
previous studies from Vorlat et al. [21, 23] did not provide 
information on survival.

Revision

The mean time to revision was of 4.5 years. For the FB, 
the time to revision was reported as 9.3 years [7], unlike 
the MB that reported 1.2 [16], 2.5 [22] and 2.91 [14] years. 
Mechanical axis overcorrection brings on lateral compart-
ment osteoarthritis as causes of the revision surgery was 
found in all the studies [7, 14, 16, 20, 22]. Tibial loosen-
ing and patellofemoral degeneration [16], persistent pain 
and effusion and the feeling of instability [14] were also 
described in the MB group.

A meta-analysis was possible in five studies [7, 14, 16, 
20, 22]. The results of the meta-analysis are shown in Fig. 2. 
Revision rates for the patients receiving the FB-UKA after 
a failed HTO was 8 vs. the 17% in the studies with patients 
that received the MB-UKA.

Complications

Intraoperative complications were described in one study 
[20] and in only two situations with the FB-UKA: a tibial 
plateau fracture and an osseous loose body. Additionally, 
Schlumberg et al. reported one prosthetic infection and one 
post-operative hematoma with the MB-UKA [16].

Functional scores

All the studies analyzed used different scores to evaluate the 
functional outcomes. Four studies used the KSS [7, 16, 20, 
22], two the OKS [16, 20], one the HSS [21] and another 
one the WOMAC [16]. Regarding the MB-UKA, only two 
studies [16, 22] reported the KSS score. One of them had 
a mean score of 82.9 ± 10.1 (knee) and 93.3 ± 9.7 (function 
scores) [16] and the other only reported the score of 114 
belonging to one patient [22]. Schlumberger et al. was the 
only study to report on other outcomes for the MB. It was 
the WOMAC with a score of 7.9 ± 15.69, OKS of 42.7 ± 6. 
Verdonk et al. reported an HSS score of 155 ± 58, but the 
data provided was for only 2 of the 6 patients with prior 
HTO [21]. One study did not provide any information on 
functional outcomes [14].

On the other hand, the FB-UKA reported an excellent 
KSS (91.49 ± 9.29 for knee scores and 89.1 ± 12.54 for func-
tion scores) [7, 20] with only one study reporting an OKS 
of 43.73 ± 4.43 [20].

Fig. 2   Generalized linear mixed-effects model for the revision rates of a mobile-bearing and b fixed-bearing
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Risk of bias

The overall risk of bias was appraised as moderate. A mod-
erate risk of bias was assessed for three studies [7, 20, 22] 
and serious for two [14, 16]. The main sources of bias in the 
studies were confounding, missing data and the selection of 
reported results. The complete Risk of Bias assessment is 
in Table 2.

Discussion

The most important finding of this study was that the 
revision rates were shown to be twice as frequent in the 
MB-UKA group (17% revision rate) than in the FB-UKA 
group (8% revision rate). Additionally, the time to revision 
appears to be longer for the FB-UKA group than the MB-
UKA group. Moreover, the FB appears to have better post-
operative functional scores [11].

These results suggest that the main concern with the MB 
should be early failure. Furthermore, in the case of optimal 
implantation without early failure, patients may have similar 
functional outcomes as with the FB-UKA. There was not 
enough information to make a judgement on survival rates, 
complications and other functional outcomes for either type 
of UKA.

Our study shows similar results to those put forward by 
previous studies comparing the FB and MB in primary UKA 
[1, 3]. Cao et al. [3] reported that there were no differences 
in complications, knee function or revision rates between 
groups. However, earlier failure was seen in the MB-UKA 
group, which agrees with our results and previous reports. 
Moreover, Huang et al. [9] reported that the MB-UKA group 
achieved the expected post-operative limb alignment, while 
the FB-UKA group showed higher knee scores and superior 
ROM than the MB-UKA group. Lastly, Abu Al-Rub et al. 
found no differences between implant survival in mid and 
long-term in medial UKA [1].

The aforementioned suggests similar results between a 
primary UKA and a UKA following a failed HTO, with the 
only difference being that the MB-UKA seems to fail twice 

as much in the latter [2, 5, 13]. Thus, we can reinterpret 
the results initially presented by Rees et al. [14]. The rec-
ommendation would be that a prior HTO be considered a 
contraindication for medial UKA, suggesting that it is not 
an absolute contraindication. Nevertheless, each case should 
be evaluated individually to determine which UKA model 
is the most appropriate. The risk of failure of the MB-UKA 
may be due to its intrinsic limitation in this specific popula-
tion (post-HTO) given that the inlay is not allowed to have 
much medial laxity with the mobile-bearing because of the 
risk of inlay dislocation. Additionally, using a thicker inlay 
to restore the tension of the medial collateral ligament may 
result in valgus alignment. Both of these scenarios may lead 
to early prosthetic failure. For these reasons Schlumberger 
et al. [16] have already suggested using the MB-UKA after 
an HTO only in cases without medial laxity or preoperative 
valgus alignment.

As far as we know, no prior attempts have been made to 
evaluate whether the MB-UKA was better than the FB-UKA 
in patients who had previously undergone an HTO. Only a 
few retrospective cohort studies have focused on this topic 
in the literature even though HTO is increasingly used for 
the treatment of symptomatic varus knee and UKA might 
be the proper rescue surgery in cases of a failed HTO. Con-
sequently, it is our opinion that the topic deserves new and 
particular consideration. This study provides insight into 
an unexplored sample of patients in which the UKA is still 
viewed by many as a contraindication after a failed HTO.

Retrospective studies such as the one presented by Chal-
mers et al. [4] reveal comparable TKA results after an HTO 
and a UKA, they report a 9% TKA revision rate. It is com-
parable to the 8% FB-UKA revision rate in the present study. 
Additionally, excellent post-operative KSS scores were 
reported (mean KSS: 93), just like the ones in the present 
study. Therefore, the UKA may be a more cost-effective 
option than the TKA after a failed HTO given that it has 
been suggested that the UKA results in reduced operative 
time, fewer transfusions and shorter hospital stays [2, 18, 
19]. Although a cost-effectiveness analysis is beyond the 
scope of this paper, the possible value of these economic 
implications should not be ignored but should be taken into 
consideration for future studies.

Table 2   Risk of bias assessment

Study Confounding Selection Deviation from 
intervention

Missing data Measurement 
of outcome

Selection of 
reported results

Overall

Rees et al. 2001 [7] Serious Low Low Low Low Low Serious
Vorlat et al. 2006 [16] Low Moderate Low Moderate Low Moderate Moderate
Heyse et al. 2012 [14] Low Low Low Moderate Low Moderate Moderate
Valenzuela et al. 2013 [20] Moderate Low Low Low Low Low Moderate
Schlumberger et al. 2020 [22] Serious Low Low Low Moderate Low Serious
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Several limitations need to be acknowledged. First of all, 
there is the high heterogeneity of the studies that does not 
permit an appropriate analysis of the data (functional tests 
applied, follow-up time, type of implant used in the case of 
the FB group, etc.). Even though the most common report on 
functional outcomes was using the KSS scale, no compari-
son could be made with the WOMAC, HSS and OKS due to 
lack of data. Second, the limited number of studies presented 
represent a remarkable limitation since its design is mainly 
of a retrospective nature with inherent methodological weak-
nesses. Lastly, the risk of bias in the studies included limits 
the generalizability of the results. Hence, the results should 
be interpreted with caution.

Conclusions

The FB-UKA appears to have lower revision rates as well 
as superior functional abilities scores than the MB-UKA. 
Additionally, time to revision appears to be longer for the 
FB-UKA group than the MB-UKA group. Well-designed 
clinical trials are necessary to confirm our findings and to 
further expand on the subject of complications and func-
tional outcomes.
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