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Abstract
Purpose The aim of this meta-analysis was to evaluate differences in functional outcomes between simultaneous bi-uni-
compartmental knee arthroplasty (Bi-UKA) and total knee arthroplasty (TKA) for the treatment of medial and lateral knee 
osteoarthritis.
Material and Methods According to the PRISMA statement, a comprehensive search was conducted to identify studies 
reporting comparative results of the Bi-UKA versus the TKA. Of 953 titles, 6 studies met the inclusion criteria.
Results A total of 286 patients were identified, of which 137 underwent Bi-UKA and 149 TKA. TKA reported a mean hip-
knee-ankle (HKA) angle of 179.4 ± 2.4 compared to that in Bi-UKA measuring 177.2 ± 2.7 (p = 0.0001, 95% CI − 3.02 to 
− 1.38). No difference was found in the Western Ontario and McMaster Universities (WOMAC) pain (4 ± 1.6 and 4.2 ± 1.3 
for Bi-UKA and TKA, respectively; p = 0.4996, 95% CI − 0.86 to 0.43). Bi-UKA was favorable in terms of WOMAC func-
tion (7.5 ± 1.9 and 9 ± 1.9 for Bi-UKA and TKA, respectively; p = 0.001, 95% CI − 2.29 to − 0.61) and WOMAC stiffness 
(1.6 ± 1 and 2.4 ± 0.7 for Bi-UKA and TKA, respectively; p = 0.0001, 95% CI − 1.18 to − 0.42). Bi-UKA showed a better 
Knee Society Score (KSS) in comparison to TKA (79.7 ± 7.8 and 75.4 ± 10.5 for Bi-UKA and TKA, respectively; p = 0.0021, 
95% CI 1.58–7.02). The differences in postoperative outcomes scores between Bi-UKA and TKA were lower than their 
respective minimum clinically important differences.
Conclusions When Bi-UKA and TKA are compared for the treatment of medial and lateral knee osteoarthritis, Bi-UKA are 
favorable in terms of WOMAC and KSS even though these values are lower than the minimum clinically important differ-
ences; moreover, similar postoperative hip-knee-ankle angle can be expected 3 years after Bi-UKA and TKA.

Keywords Unicompartmental knee arthroplasty · Knee alignment · WOMAC · Knee Society Score · Knee functionality · 
Cruciate ligaments

Introduction

Unicompartmental knee arthroplasty (UKA) is a well-
accepted alternative to total knee arthroplasty (TKA) for 
isolated compartment osteoarthritis (OA) of the knee [1, 
2]. Beard et al. suggested that UKA should be considered 
the first choice for patients with late-stage isolated medial 

compartment OA [3]; moreover, reliable outcomes after lat-
eral UKA have been reported [4].

In comparison with TKA, UKA offers several potential 
advantages including less-invasive surgical exposure, less 
morbidity and mortality, preservation of native bone stock, 
retention of cruciate ligaments, enhanced postoperative 
recovery, and improved patient satisfaction [5, 6].

In early reports, medial and lateral UKAs were used in 
both compartments of the same knee to treat severe OA 
[7, 8]. This is referred to as “simultaneous” bi-unicom-
partmental knee arthroplasty (Bi-UKA). Opposed to this 
is “staged” Bi-UKA in which a lateral or medial UKA is 
added, due to the progression of contralateral femorotibial 
OA, to a knee with an existing, well-functioning UKA [9]. 
An alternative option for lateral compartment OA after 
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medial UKA is a revision to TKA which exposes these 
patients to the risks of revision knee arthroplasty. Moreo-
ver, it has been reported that 28% of total knee replace-
ment candidates had a bicompartmental disease and infre-
quent impairment of cruciate ligaments, indicating that 
between one-fourth and one-third of patients undergoing 
TKA could be considered for bone-sparing Bi-UKA [10].

In recent years, simultaneous Bi-UKA is regaining 
interest amongst surgeons to treat bi-compartmental knee 
OA. Therefore, the purpose of this study was to perform 
a systematic review and meta-analysis of comparative 

studies evaluating outcomes of simultaneous medial and 
lateral Bi-UKA versus TKA for the treatment of knee OA.

Materials and Methods

Search Strategy

A systematic review of the published literature was con-
ducted and reported according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement (Fig. 1) [11]. PubMed, MEDLINE, Scopus, and 
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Fig. 1  Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flowchart for the searching and identification of included 
studies.
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Cochrane Central databases were searched in February 
2022. The terms “knee”, “arthroplasty”, “replacement”, “bi-
unicompartmental”, “biunicompartmental”, “bi-compart-
mental”, “bicompartmental”, “bi-condylar”, “bicondylar” 
and “bi-unicondylar” were used in different combinations 
to retrieve relevant articles. Two authors (MM and DC) inde-
pendently conducted all the searches and screened the titles 
and abstracts to identify relevant studies published. Differ-
ences were resolved by consulting a third senior reviewer 
(OG). An additional search was conducted by screening the 
reference list of each selected article, as well as the available 
grey literature at our institution.

Inclusion Criteria and Study Selection

During title, abstract, and full-text screenings, included 
studies had to: (1) report comparative outcomes of primary 
Bi-UKA versus TKA for the treatment of medial and lateral 
knee OA; (2) report more than five cases treated for each 
surgical technique; and (3) be written in English. Studies 
including patellofemoral arthroplasty as an additional pro-
cedure, reviews, technical articles, case reports, cadaveric/
biomechanical studies, editorials, letters to the editor, and 
expert opinions were excluded from the analysis but consid-
ered for writing the discussion.

Data Extraction and Quality Assessment

Two authors (MM and DC) examined all the identified stud-
ies and extracted data. The first author, journal name, year of 
publication, study design, type of surgery and patient demo-
graphics were recorded for each article. Data considered for 
quantitative analysis consisted of the hip-knee-ankle (HKA) 
angle, the Western Ontario and McMaster Universities 
(WOMAC) questionnaire [12, 13] to assess pain, physical 

function disability and stiffness, and the Knee Society Score 
(KSS) [14, 15] to rate patient’s knee and functional abili-
ties. The methodological quality of the included studies was 
assessed independently by three authors (MM, DC, and FF); 
cohort studies were assessed using the Modified Newcas-
tle–Ottawa Quality Assessment Scale [16]. Based on the 
total score, quality was classified as “low” (0–3), “moderate” 
(4–6) and “high” (7–9). Randomized controlled trials were 
assessed with version 2 of the risk of bias tool (RoB2) [17, 
18], recommended by the Cochrane Collaboration. Discrep-
ancies were resolved by consulting a senior reviewer (OG) 
[19]. Details of this quality assessment are shown in Table 1.

Qualitative Analysis

A study was declared to have found an association for a 
factor when it was demonstrated with at least one of the 
outcomes utilized and only if statistically significant. Qual-
itative analysis was performed through the best evidence 
synthesis (BES), a concept first described by Slavin [20]. By 
taking into account the weight of each study in demonstrat-
ing an association between an outcome and a factor (weight 
provided by the risk of bias), the findings were aggregated 
to determine the strength of the evidence for each associa-
tion reported in the literature. In particular, (1) strong evi-
dence was found if an association was reported by two or 
more high-quality studies and by generally consistent find-
ings across the studies (> 75% of the studies); (2) moderate 
evidence was found with one high-quality study, and two 
or more moderate/low-quality studies, or by two or more 
moderate/low-quality studies and generally consistent find-
ings across the studies (> 75%), and (3) limited evidence 
was found with one or more moderate/low-quality studies 
or one high-quality study and generally consistent findings 
across the studies (> 75%). Conflicting evidence was found 

Table 1  Quality assessment of 
included studies according to 
the Modified Newcastle–Ottawa 
scale

Based on the total score, quality was classified as “low” (0–3), “moderate” (4–6) and “high” (7–9). Cri-
terion number (in bold): 1—representativeness of the exposed cohort; 2—selection of the nonexposed 
cohort; 3—ascertainment of exposure; 4—demonstration that outcome of interest was not present at the 
start of the study; 5—comparability of cohorts on the basis of the design or analysis; 6—assessment of out-
come; 7—was follow-up long enough for outcomes to occur?; 8—adequacy of follow up of cohorts. Each 
study was awarded a maximum of one or two points for each numbered item within categories, based on 
the Modified Newcastle–Ottawa scale rules
Banger et al. and Blyth et al. are not included in this assessment, as these were randomized controlled tri-
als. These studies were assessed with the RoB2 tool, recommended by the Cochrane Collaboration, and 
they were scored as “low risk” for bias

Study author (year) Criteria Total Quality

1 2 3 4 5 6 7 8

Biazzo et al. (2018) [25] 1 1 1 1 2 1 1 1 9 High
Confalonieri et al. (2008) [26] 1 1 1 1 2 1 1 1 9 High
Dettmer et al. (2015) [27] 1 1 1 1 1 1 0 1 7 High
Fuchs et al. (2004) [28] 1 1 1 1 1 1 0 1 7 High
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where the findings were conflicting (< 75% studies reported 
consistent findings). This algorithm was described by van 
Tulder et al. [21] and has been adopted in recent systematic 
reviews [22, 23].

Statistical Analysis

The quantitative data were organized for statistical analy-
sis; all data were collected, measured, and reported with 
one-decimal accuracy. Weighted means and standard devia-
tions (SD) were calculated for data concerning demographic 
characteristics and outcomes. When SD were not directly 
provided, these were calculated with the equation [max 
range–min range/4], to allow for statistical aggregation. The 
weighted mean and SD comparisons were performed using 
unpaired t-tests. All tests were performed with IBM SPSS 
Statistics software (version 25.0, IBM Corp., Armonk, NY) 
and GraphPad Prism (version 7.0, GraphPad Software Inc., 
San Diego, CA), Confidence intervals (CIs) were set at 95% 
and a p value less than 0.05 was considered significant.

Results

A total of 953 relevant articles were identified through the 
initial search, with 388 abstracts being screened. After this 
initial screening, 17 full-text articles were assessed for eli-
gibility against our inclusion criteria, leading to 6 compara-
tive studies entering the meta-analysis (Fig. 1) [24–29]. All 
articles were judged to be of high quality, scoring from seven 
to nine points on the Modified Newcastle–Ottawa Quality 
Assessment Scale (Table 1). The results of the qualitative 
analysis performed through the BES algorithm are shown in 
Table 2. The basic characteristics of these studies are shown 
in Table 3. A total of 286 patients were identified, of which 
137 underwent Bi-UKA and 149 TKA. The mean follow-up 
was 40.4 months. In total, 56.8% of the cases were females, 
with a total mean age of the cohort of 65.2 ± 8.3 years 
(range 45–82). Types of implants, surgical technique, and 
indications for surgical treatment of the included studies are 
reported in Table 4. Patellofemoral joint was asymptomatic 

in two studies [25, 26] and radiological evidence of patel-
lofemoral osteoarthritis was less than Kellgren and Law-
rence grade III in the other two studies [24, 29]. Banger et al. 
[24] and Blyth et al. [29] reported that neither the trochlea 
nor the patella was resurfaced, nor was there a specific need 
to remove patellar osteophytes or remove overhanging lateral 
facets and circumferential denervation of the patella was not 
performed. Biazzo et al. [25] and Confalonieri et al. [26] 
reported that the patella was not resurfaced in any patients. 
Dettmer and Kreuzer [27] did not report detailed data on 
patella procedures. Fuchs et al. [28] reported that patella 
replacement was performed only among patients that under-
went TKA.

Outcomes

Pre- and postoperative functional outcomes are shown in 
Table 5. Data on postoperative HKA angle values were 
available for 73 Bi-UKA and 78 TKA. TKA reported a bet-
ter neutral alignment with a mean HKA angle of 179.4 ± 2.4 
compared to that in Bi-UKA of 177.2 ± 2.7 (p = 0.0001, 95% 
CI − 3.02 to − 1.38). This outcome was reported in three 
studies [24–26] and the BES confirmed this result with 
strong evidence of better neutral alignment in favor of the 
TKA.

The postoperative WOMAC was evaluated in two stud-
ies [25, 26] for 41 and 40 Bi-UKA and TKA, respectively. 
No difference was found in WOMAC pain between the two 
surgical procedures (4 ± 1.6 and 4.2 ± 1.3 for Bi-UKA and 
TKA, respectively; p = 0.4996, 95% CI − 0.86 to 0.43). 
Postoperative pain was also assessed throughout the BES 
on five studies [25–29]; among these, three studies [25–27, 
29] found no significant differences between the two surgi-
cal procedures while only one study [28] was in favor of the 
Bi-UKA resulting in limited evidence in favor of the latter.

Bi-UKA was favorable in terms of WOMAC function 
(7.5 ± 1.9 and 9 ± 1.9 for Bi-UKA and TKA, respectively; 
p = 0.001, 95% CI − 2.29 to − 0.61) and WOMAC stiffness 
(1.6 ± 1 and 2.4 ± 0.7 for Bi-UKA and TKA, respectively; 
p = 0.0001, 95% CI − 1.18 to − 0.42).

Table 2  Best Evidence 
Synthesis

The best evidence synthesis table illustrates outcomes that were reported in at least two studies
Bi-UKA bi-unicompartmental knee arthroplasty, TKA total knee arthroplasty

Outcomes Studies (N) Significant 
association in 
favor of

No signifi-
cant differ-
ences

Best evidence synthesis

Bi-UKA TKA

Functionality 5 2 3 Moderate evidence in favor of Bi-UKA
Pain 5 1 4 Limited evidence in favor of Bi-UKA
Neutral alignment 3 3 Strong evidence in favor of TKA
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Four studies reported comparative outcomes on function-
ality assessed by KSS [25, 26, 28, 29], and postoperative 
KSS was available for 88 Bi-UKA and 94 TKA: Bi-UKA 
showed a better KSS (79.7 ± 7.8 and 75.4 ± 10.5 for Bi-UKA 
and TKA, respectively; p = 0.0021, 95% CI 1.58–7.02) in 
comparison to TKA. Five studies reported comparative 
outcomes on functionality assessed by the Knee Injury and 
Osteoarthritis Outcome Score (KOOS) [27], the Hospital for 
Special Surgery (HSS) score [28], the Tegner Activity Score 
[28], the Forgotten Joint Score (FJS) [29], the Oxford Knee 
Score (OKS) [29], the University of California, Los Angeles 
activity scale (UCLA) [29], and a dedicated UKA outcome 
score (i.e. GIUM) [25, 26] in addition to the KSS [25, 26, 
28, 29]. In detail, two studies [27, 28] were in favor of the 
Bi-UKA while three studies [25, 26] found no significant 
differences. Therefore, moderate evidence in favor of the 
Bi-UKA according to the BES was noted in terms of knee 
functionality.

Discussion

The main findings of this study were that TKA reported a 
better neutral alignment compared to Bi-UKA, there were 
no differences in terms of pain between the two surgical 
procedures, and Bi-UKA was favorable in terms of function 
as expressed by WOMAC and KSS. The differences in post-
operative KSS and WOMAC score between Bi-UKA and 
TKA were lower than their respective minimum clinically 
important differences (MCIDs). In addition, the postopera-
tive values of the HKA angle were in the safe zone for either 
Bi-UKA and TKA.

The premise for any surgical operation to obtain satisfac-
tory clinical efficacy and high safety is to strictly grasp its 
indications and contraindications. In this light, similar inclu-
sion criteria for Bi-UKA and TKA were noted in the studies 
included in the current review. Furthermore, no significant 
differences were observed in the preoperative radiological 

or functional values between the groups that were compared 
in the current meta-analysis. The similar characteristics of 
the patients evaluated to allow for an appropriate assess-
ment of the two surgical techniques through the analysis of 
the objective and reliable outcome data of all comparative 
studies included in the current meta-analysis.

In striving to improve patient satisfaction, alignment in 
knee arthroplasty surgery is gaining increased attention in 
recent years. HKA is a measure of lower limb alignment, 
defined as the angle between the mechanical axes of the 
femur and the tibia on a full-length lower-limb radiograph. 
In healthy adults with a neutral alignment, the HKA meas-
ures between 1.0° and 1.5° of varus [30]. In the present 
review, no differences were noted for the preoperative HKA 
angles between Bi-UKA and TKA; however, a better postop-
erative neutral alignment was reported for TKA compared to 
Bi-UKA in three studies with strong evidence as evaluated 
through the BES. Interestingly, it was reported a greater sen-
sitivity to the native knee in the Bi-UKA surgery and fewer 
theoretical limits on the amount of varus or valgus to which 
the femoral and tibial components can be aligned. Indeed, 
decoupling the medial and lateral sides of the joint removes 
the concerns about cantilever loading on monoblock compo-
nents used in TKA [24]. It should also be considered that the 
mean postoperative HKA angles here reported for both TKA 
and Bi-UKA (179.4 ± 2.4 and 177.2 ± 2.7, respectively) 
resulted within the safe zone of 177° to 183° [31]. Further-
more, it has been suggested [29] that Bi-UKA maintains the 
natural anatomy of the knee better in the coronal, sagittal, 
and axial planes and may therefore preserve normal joint 
kinematics, compared with a mechanically aligned TKA.

With regards to pain, limited evidence in favor of the Bi-
UKA according to the BES was found and we were unable 
to detect a significant WOMAC pain difference between 
the two surgical procedures. Significantly lower postopera-
tive pain scores for the UKA group than those of the TKA 
group were reported in a recent study [32]. Fuchs et al. [28] 
using the visual analogue scale (VAS) for assessment of pain 

Table 5  Preoperative and postoperative clinical and functional outcomes

Bi-UKA means bi-unicompartmental knee arthroplasty, TKA total knee arthroplasty, CI confidence interval, SED standard error of difference, SD 
standard deviation, HKA hip-knee-ankle, WOMAC Western Ontario and McMaster Universities, KSS Knee Society Score

Outcomes Bi-UKA TKA P value 95% CI SED

Mean SD Range Mean SD Range

Preop. HKA angle 176.2 3.5 172–178 176.2 3 172–180 0.3465 − 1.55 to 0.55 0.529
Postop. HKA angle 177.2 2.7 173–182 179.4 2.4 177–181 0.0001 − 3.02 to − 1.38 0.415
Postop. WOMAC pain 4 1.6 1–7 4.2 1.3 2–7 0.4996 − 0.86 to 0.43 0.324
Postop. WOMAC function 7.5 1.9 4–11 9 1.9 6–13 0.001 − 2.29 to − 0.61 0.422
Postop. WOMAC stiffness 1.6 1 0–4 2.4 0.7 1–4 0.0001 − 1.18 to − 0.42 0.192
Preop. KSS 47 5.4 39–52 46.3 5.5 36–51 0.4303 − 1.05 to 2.45 0.885
Postop. KSS 79.7 7.8 71–88 75.4 10.5 70–87 0.0021 1.58 to 7.02 1.379
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further supported this result while Blyth et al. [29] reported 
similar VAS scores between Bi-UKA and TKA at both 
3 months and 1 year after surgery.

Bi-UKA was favorable in terms of WOMAC function 
and WOMAC stiffness. This is statistically significant but, 
probably, clinically irrelevant. Indeed, a significant p value 
may be too small for a patient to notice or consider important 
[33]. The MCID has been defined as 11 for pain, 9 for func-
tion, 8 for stiffness, and 10 for the total WOMAC score after 
TKA [34]. Notably, in the current review, the differences 
between Bi-UKA and TKA in the WOMAC function and 
stiffness scores (i.e., 1.5 and 0.8, respectively) were lower 
than MCID.

Bi-UKA showed better patient’s knee and functional 
abilities assessed by the KSS but the difference (i.e., 4.3) 
between the groups was lower than the MCID that was 
reported to be 9 for the KSS-knee score and 10 for the KSS-
function score after primary TKA [35]. It has been hypoth-
esized that Bi-UKA can achieve better functional results 
compared to TKA, probably because it retains both cruciate 
ligaments and so preserve and maintain knee propriocep-
tion [36, 37]. Indeed, patient satisfaction and functional out-
come have been closely correlated with knee proprioception 
[36]. Fuchs et al. emphasized that by maintaining both the 
cruciate ligaments, a bicondylar sledge prostheses achieves 
functional results as good as TKA, avoiding the potential 
complication of progressive OA in the contralateral com-
partment [28].

To the best of our knowledge, this appears to be the first 
meta-analysis to compare medial and lateral Bi-UKA and 
TKA in terms of knee alignment, pain, and function. We 
conducted the current study in accordance with the PRISMA 
statement and critically evaluated the quality of all selected 
studies. The great strength of this study is that it is the only 
meta-analysis to compare the efficacy objectively and quan-
titatively between the two surgical techniques. We selected 
comparative studies only, allowing for pooling of effect 
sizes. This minimized the bias coming from the aggregation 
of data of single-arm heterogeneous trials, typical of previ-
ous systematic reviews, which gave rigor and credibility to 
our findings. Notably, we found similar indications for Bi-
UKA and TKA and comparable preoperative radiological 
and clinical characteristics of the patients evaluated in the 
current work.

The following limitations of this meta-analysis should 
be acknowledged. First, only six studies with a small num-
ber of cases were included due to limited literature available, 
and more randomized controlled trials are needed to obtain 
robust conclusions. Second, there was a great heterogeneity 
in the reporting of subjective and objective outcomes. Third, 
it is possible that relevant articles or patient populations were 
not identified with our search criteria, as with all systematic 
reviews. Fourth, we included studies with different evaluation 

times; it is likely that outcome scores are affected by the 
length of patient follow-up, and these outcomes could also be 
potentially different between the two procedures if a specific 
follow-up time was determined. In addition, we selected only 
literature in the English language, potentially contributing to 
publication bias even if it has been reported that restricting 
systematic reviews to English-language publications appears to 
have little impact on the effect estimates [38]. Another source 
of limitation was the lack of long-term data. Finally, the results 
of our systematic analysis may be influenced by different pros-
thesis types, surgical techniques, and postoperative care and 
should be interpreted with caution. The search for the best 
treatment for patients with severe knee OA should not encour-
age clinicians to ignore that differences in patients’ characteris-
tics might favor a certain treatment option and that appropriate 
patient selection, newer implant designs, and surgical tech-
niques are critically important to maximize outcomes.

In conclusion, this meta-analysis reveals that when Bi-
UKA and TKA are compared for the treatment of medial and 
lateral knee osteoarthritis, Bi-UKA are favorable in terms of 
WOMAC and KSS even though these values are lower than 
the minimum clinically important differences; moreover, the 
similar postoperative hip-knee-ankle angle can be expected 
3 years after Bi-UKA and TKA. Future studies including a 
higher number of patients and more randomized controlled 
trials should confirm these findings.
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