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Abstract

Introduction Unicompartmental knee arthroplasty (UKA) is a well-accepted treatment for isolated unicompartmental osteo-
arthritis (OA) of the knee. In previous literature, it has been suggested that bi-unicompartmental knee arthroplasty (bi-UKA)
which uses two UKA implants in both the medial and lateral compartments of the same knee is a feasible and viable option
for the treatment of knee OA. Given the advantages of UKA treatment, it is warranted to review the literature of bi-UKA and
discuss the evidence in terms of implant selection, indications, surgical techniques, and outcomes, respectively.

Materials and methods Following the PRISMA guidelines, PubMed, Medline, Embase, CINAHL, Web of Science, and
Cochrane Library were searched for studies presenting outcome of bi-UKA. Studies were included if they reported clinical
outcomes using two unicompartmental prostheses for both medial and lateral femorotibial arthritis. Studies with the addition
of patellofemoral arthroplasty or concomitant soft-tissue reconstruction and those not published in English were excluded.
Results In the early literature, the procedure of bi-UKA were performed for very severe OA and rheumatoid arthritis, but indi-
cations have evolved to reflect a more contemporary case-mix of knee OA patients. Both mobile and fixed bearing implants
have been used, with the latter being the most frequent choice. A medial parapatellar approach for incision and arthrotomy
has been the most frequently used technique. The present review found a promising clinical outcome of both simultaneous
and staged bi-UKA although the number of long-term follow-up studies was limited.

Conclusions Both simultaneous and staged bi-UKA has demonstrated good functional outcomes. However, the volume and
level of evidence in general is low for studies captured in this review, and the data on long-term outcomes remain limited.
The present review indicates that bi-UKA is a feasible and viable surgical option for bicompartmental femorotibial OA in
carefully selected patients.
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HTO High tibial osteotomy

GIUM A dedicated UKR outcome score developed
by the Italian Orthopaedic UKR’s Users
Group

HSS Hospital for Special Surgery score

VAS Visual analog scale

AKSS American Knee Society Score

Introduction

Unicompartmental knee arthroplasty (UKA) is a well-
accepted treatment for isolated compartment osteoarthritis
(OA) of the knee [1, 2]. It has been estimated that medial
UKA may be performed in up to 50% of all primary knee
arthroplasties [3]. Refinement of indications, instrumenta-
tion, and implant designs has resulted in implant survivor-
ship for medial UKA that is similar to those reported for
total knee arthroplasty (TKA) when medial UKA is used
appropriately [4, 5]. Reliable outcomes after lateral UKA
have also been reported [6—8]. In comparison with TKA,
UKA allows for smaller implants, shorter operative times,
less blood loss, preservation of both cruciate ligaments, and

minimal bone resection [9, 10]. The kinematics and pro-
prioceptive activities of the native knee have been reported
to be better preserved by UKA than by TKA [11-13]. Per-
haps most important are the reports of a significantly higher
probability of excellent patient-reported outcome measures
(PROMs) and lower rates of complications, readmissions,
and mortality after medial UKA compared with TKA [14,
15].

In early reports concerning UKA designs, unicompartmen-
tal femorotibial joint implants were used in both the medial
and lateral compartments of the same knee to treat severe
arthritis [16, 17]. This is referred to as “simultaneous” bi-
unicompartmental 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 [5, 18-21]
(Fig. 1). In more recent literature, it has been suggested that
bi-UKA is a feasible and viable option for the treatment of
knee OA in the ACL intact patient [22-24], but reports are
scattered and an overview is in demand. Given the advantages
of UKA treatment, it is warranted to establish if there is proof
of a bi-UKA concept in the existing literature. Therefore, the
present paper reviews the literature on bi-UKA and discusses

Fig. 1 Postoperative radiograph of the knee with staged bi-UKA. a Anteroposterior view. b Lateral view. A fixed bearing lateral UKA was added
to the knee with an existing mobile bearing medial UKA due to progression of lateral compartment OA
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the evidence for bi-UKA in terms of implant selection, indica-
tions, surgical techniques, and outcomes.

Materials and methods

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed [25].
An electronic database search of PubMed, Medline, Embase,
CINAHL, Web of Science, and Cochrane Library was per-
formed to identify studies reporting outcome of bi-UKA for
both medial and lateral femorotibial arthrosis. The following
search strategy was used: “(Knee) AND (arthroplasty OR
replacement) AND (bi-unicompartmental OR bi-compart-
mental OR bicompartmental OR bi-condylar OR bicondylar
OR bi-unicondylar).” This search returned relevant studies
published between the time of inception of the databases to
July 2019.

The inclusion criteria were agreed upon by authors
KW and AT prior to the identification phase. Studies were
included if they were reported clinical outcomes using two
unicompartmental prostheses for both medial and lateral
femorotibial arthritis. Studies with addition of patellofemo-
ral arthroplasty or concomitant soft tissue reconstruction and
those not published in English were excluded. Studies that
did not individually state clinical outcomes of bi-UKA or
that did not specify a follow-up period were considered inap-
propriate to review. Studies that appeared to report on the
same or similar cohorts as other studies were also excluded.
The articles of review or meta-analysis were also excluded.

Screening was performed in three phases to identify rel-
evant titles, abstracts, and full texts. Two reviewers (KW,
AT) extracted the data through a standardized data collection
form and checked the data for accuracy and any inconsist-
ent results were handled by discussion. The following data
were extracted: number of knees, number of patients and
patient’s demographic data, type of prosthesis, inclusion cri-
teria, contraindications, surgical approach, clinical outcome
measurements, and follow-up period.

The risk of bias of each study has been assessed with
a methodological index for evaluation of non-randomized
studies (MINORS) score [26]. MINORS is a validated
instrument for assessing the methodologic quality of stud-
ies and is scored on a scale from 0 to 16 for noncomparative
studies (8-item checklist scored from 0-2) and a scale from O
to 24 for comparative studies (12-item checklist scored from
0-2), in which higher scores represent lower levels of bias.

Results
The PRISMA flowchart for study selection is shown in

Fig. 2. The initial search identified 903 studies which were
screened for eligibility. After removing duplicates and

reviewing the titles and abstracts, 15 studies were reviewed
in full-text version. Additional five articles were identified
through cross-referencing. After reviewing the full text arti-
cles, 12 studies were considered eligible for inclusion in the
systematic review (Tables 1, 2, 3).

Implant selection

The results are summarized in Table 1. In 1971, Gunston
described the performance of bi-UKA with the use of
polycentric, fixed-bearing components [16]. In the litera-
ture review, the choice of fixed bearing components has
been predominant [22-24, 27-30]. In contrast, Goodfellow
and O’Connor published on the use of mobile bearing com-
ponents for bi-UKA [17]. They focused on the theoretical
advantages of including analogs of the natural menisci of the
knee in the design of their prosthesis, which was the origin
of the Oxford UKA [31]. In the report on staged bi-UKA
by Pandit et al., a mobile bearing lateral UKA was inserted
with the existing mobile bearing medial UKA [19], whereas
Lustig et al. used fixed bearing UKA in both compartments
[20].

Indication

The results are summarized in Table 2. Gunston performed
bi-UKA mainly in patients with longstanding rheumatoid
arthritis (RA) [16]. Walker et al. had a similar concept and
used the prosthesis for both RA and OA, reporting a total
loss of articular surface of less than 12 mm and a body
weight of under 73 kg as their inclusion criteria [27]. Good-
fellow and O’Connor considered these joints suitable for
the procedure if the patient had an adequate range of motion
(ROM) (at least 75° of flexion under anesthesia), flexion
deformity of not more than 40°, and varus or valgus deform-
ity of not more than 30° [17]. Absence of the posterior cruci-
ate ligament was deemed a contraindication, but not absence
of the anterior cruciate ligament (ACL). However, in their
series, there were no failures in knees when the ACL was
intact, and the revision rate was low. These authors sug-
gested that the presence or absence of the ACL was a signifi-
cant determinant of the outcome of bi-UKA [17].

After the initial reports, the criteria for bi-UKA evolved
to reflect more contemporary constitutions of patients
undergoing knee arthroplasty. In 2005, Confalonieri et al.
described the typical selection criteria for simultaneous
bi-UKA as bi-unicompartmental OA, an asymptomatic
patellofemoral joint, ROM greater than 90°, axis devia-
tion less than 10°, and no important anterior or posterior
laxity, systemic articular disease, or severe postural defect
[30, 32]. Obesity, varus deformity associated with osteo-
porosis, RA, significant symptomatic patellofemoral OA,
extreme laxity, and flexion contracture of more than 10°
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Identification

Screening

Initial search in PubMed, Embase, Medline, Cinahl,
Cochrane Library, Web of Science

Eligibility

Identified from

references

n=>5
(Full article screened)

Included

Fig.2 Flowchart of the systematic search

n=903
Duplicates
n=59%4
Title and abstract screened
n=309
N Excluded
n=294
Full article accessed
n=15
N Excluded
Il n=28

Included studies
n=12

Table 1 Summary of all studies included in the systematic review

Study Year Number of Number of Prosthesis type Minors
bi-UKA patients
Simultaneous bi-UKA
Biazzo et al. [22] 2018 19 19 UC-Plus; 16 cases 19/24
GMK-Uni; 3 cases (fixed bearing)
Dettmer et al. [23] 2015 NA 17 Restoris MCK (fixed bearing) 5/16
Parratte et al. [24] 2010 94 78 Zimmer Condylar 2, Alpina, Miller-Galante (fixed bearing) 8/16
Confalonieri et al. [30] 2009 22 22 UC-Plus (fixed bearing) 22/24
Fuchs et al. [29] 2005 15 15 Endo; 7 cases 16/24
Search; 8 cases (fixed bearing)
Barret et al. [31] 1990 67 62 Oxford knee (mobile bearing) 7/16
Stockley et al. [28] 1990 44 35 St. Georg sledge (fixed bearing) 6/16
Goodfellow et al. [17] 1986 125 107 Oxford knee (mobile bearing) 9/16
Walker et al. [27] 1986 105 71 Liverpool Mark 1II (fixed bearing) 4/16
Gunston et al. [16] 1971 22 20 Polycentric knee (fixed bearing) 8/16
Staged bi-UKA
Pandit et al. [19] 2017 27 25 Medial (Primary implant): Oxford UKA (mobile bearing), lateral (Addi- 15/16
tional implant): Oxford Domed Lateral UKA; 70%, (mobile bearing)
Vanguard M; 30% (fixed bearing)
Lustig et al. [20] 2008 6 6 HLS Evolution Uni (fixed bearing) 8/16

NA not available; OA osteoarthritis; RA rheumatoid arthritis; UKA unicompartmental knee arthroplasty; MINORS methodological index for non-

randomized studies
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cruciate and/or collateral ligament deficiency or medial approach (8-cm security distance)

major bone loss extension deficit higher than 10

condyle osteonecrosis absence of UKA wear or
migration hypercorrection beneath 5 degrees of

degrees

first implant good initial results after UKA elective

complaints in compartment opposite to UKA reduc- Relative: associate patellofemoral arthritis body

ibility of frontal plane’s deformity central pivot

weight greater than 80 kg young and active patients

ligaments competence near normal range of motion

less demanding patients (age over 65 years) higher

comorbidity (higher risk for TKA)

NA not available; OA osteoarthritis; RA rheumatoid arthritis; UKA unicompartmental knee arthroplasty; TKA total knee arthroplasty; ROM range of motion; ACL anterior cruciate ligament

were considered absolute contraindications. Parratte et al.
reported similar indications, except that the acceptable
ROM was greater than 100° [24]. They also added the fol-
lowing contraindications: planned high tibial osteotomy,
planned or previous ACL reconstruction, and revision
arthroplasty.

Staged bi-UKA was mainly developed for patients with
progressive OA in the retained compartment after UKA.
Pandit et al. considered that patients with clear evidence
of progression of OA in the lateral compartment were suit-
able candidates for the addition of lateral UKA without
any evidence of loosening of medial UKA [19]. During
surgery, the authors considered TKA if there was severe
patellofemoral OA or ACL insufficiency. Lustig et al. addi-
tionally stated that staged bi-UKA is particularly attractive
for patients with high demands or suffering from comor-
bidity [20].

Surgical technique

The results are summarized in Table 2. Simultaneous bi-
UKA has mainly been performed through a medial parapa-
tellar approach with lateral dislocation of the patella [16, 17,
23,24, 28-30]. Walker et al. inserted the prosthesis through
two parapatellar incisions using stereotactic jigs to ensure
the accuracy of alignment [27]. In the report on staged bi-
UKA by Pandit et al., the medial UKA incision was opened
and extended proximally and distally and the lateral com-
partment was approached using a lateral parapatellar arthrot-
omy [19]. Lustig et al. suggested to use standard lateral and
medial approach for staged bi-UKA if there are at least 8§ cm
security distance to the previous scar [20].

Goodfellow and O’Connor preserved the joint line at the
same level as the natural articular surface [17]. Using an
extramedullary guide, the tibial cut was made with a pos-
terior slope of 7°. After the trial components were inserted,
gap gauges with a range of thickness to match the implant-
able bearings were used to determine by trial and error the
thickest size that each component could accept comfortably.
They also stated that no effort was made to align the bone of
the limb and that their focus was on prevention of soft tissue
release to preserve the native soft tissue balance. In contrast,
Confalonieri et al. reported making the tibial cut using an
extramedullary guide [30], which allowed for correct re-
alignment of the limb by replacing the most severely affected
compartment first. They calculated the amount of bone to
be resected to correct the limb alignment based on the pre-
operative radiographs and the thickness of the implanted
components. They also tried to restore the original tibial
slope of the different compartments. Dettmer and Kreuzer
presented usefulness of robotic arm-assisted, 3D-navigation
system for accurate bi-UKA [23].
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Outcome

The results are summarized in Table 3. The first report on
simultaneous bi-UKA by Gunston stated that polycentric
arthroplasty provided a painless knee and eliminated preop-
erative lateral instability in almost all patients. One (4.5%)
knee was later arthrodesed because of the lack of functional
improvement [16]. Walker et al. performed bi-UKA using
the prosthesis in the manner described by Gunston and
reported that 77.3% of patients were enthusiastic about or
satisfied with their results. In their report, eight (7.6%) knees
required revision or were arthrodesed because of infection or
loosening [27]. Stockley et al. also reported the outcomes of
using a bicondylar sledge prosthesis, stating that pain relief
was substantial (75%) and that functional ability improved
in a commensurate manner [28]. In their series, 3 (5.7%) of
the arthroplasties failed and required revision.

In the report on mobile bearing bi-UKA by Goodfellow
and O’Connor, pain was relieved in 90% of cases, the mean
flexion limit was 99°, and the mean flexion deformity was
7° [17]. Failure occurred in six knees (four loosening, one
recurrent dislocation of the bearings, and one infection),
which were arthrodesed or converted to another prosthe-
sis. Eight (6.4%) knees required revision surgery because
of dislocation of the bearings (five cases) or loosening of
components (two tibial, one femoral). They also reported
that there were no failures and that the revision rate was low
in knees with an intact ACL. Barret et al. reported similar
result of mobile bearing bi-UKA, and stated that 57 (85%)
of the knees had significant relief of pain [31].

More recently, Parratte et al. performed a retrospective
analysis of their cases with a fixed bearing bi-UKA and
reported that implant survival was 78% at 17 years [24]. The
authors stated that bi-UKA alleviated pain effectively, with
an increase in mean Knee Society knee and function scores.
In their report, 17 knees underwent revision surgery after a
mean 6.5 (range 0.8—12) years (16 for aseptic loosening and
one for symptomatic progression of OA in the patellofemo-
ral compartment).

The literature on staged bi-UKA is limited. Pandit et al.
reported a significant improvement in the mean Oxford Knee
Score (OKS). In their report, there were no significant sur-
gery-related complications and there was no need for any
further surgical procedures or revisions at the final follow-up
[19]. Lustig et al. described that the mean International Knee
Society Score for knee and function were improved at the
latest follow-up [20].

There have been some studies comparing bi-UKA with
other prostheses. Fuchs et al. compared a simultaneous
fixed bearing bi-UKA group to a UKA group and stated that
implantation of bi-UKA retaining both cruciate ligaments
achieved functional results as good as for UKA [29]. Confa-
lonieri et al. reported a matched-pair study of simultaneous
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fixed bearing bi-UKA and TKA for the treatment of isolated
bicompartmental tibiofemoral arthritis with an asympto-
matic patellofemoral joint [30]. The Western Ontario and
McMaster Universities Arthritis Index (WOMAC) function
and stiffness scores were significantly better in the bi-UKA
group and the implants were significantly better aligned in
the TKA group. The researchers concluded that bi-UKA
is a viable option for bicompartmental tibiofemoral OA,
with results that are at least as good as those for TKA but
with preservation of a higher level of function. Dettmer
and Kreuzer (n=17 patients) also matched patients who
received simultaneous bi-UKA with a similar age group of
patients who received TKA and compared the subscales of
postoperative knee injury and osteoarthritis outcome scores
(KOQOS) of both the groups [23]. The authors concluded
that bi-UKA group had significantly better score in symp-
toms and activities of daily living. Biazzo et al. matched and
compared the long-term outcomes of bi-UKA with those
of computer assisted TKA, and described that there were
no statistically significant differences were seen for KSS,
Function scores and WOMAC Arthritis Index (pain score)
at the latest follow-up.

Discussion

The most important finding of this literature review is the
favorable clinical outcomes of bi-UKA. However, knowledge
of the long-term outcome remains limited, and MINORS
scores of the studies were relatively low.

Implant selection

The choice of fixed bearing components for bi-UKA has
been predominant in the present review. This is likely to
reflect the preferred implant by the authors for medial and
lateral UKA in isolation. The optimal design for medial
UKA continues to be debated [33, 34], and probably the sur-
geon should choose the implant design that he/she is familiar
with for bi-UKA. Especially, the reports of outcome after
mobile-bearing lateral UKA have been diverse [35-37]. Pan-
dit et al. used the Oxford Domed Lateral for staged bi-UKA
and reported that there were no significant surgery-related
complications and that there was no need for any further
surgical procedures or revisions [19]. Based on the literature
review, it seems the authors chose the implant that they were
familiar with in UKA for bi-UKA.

Indication
In early studies, bi-UKA was used for both medial and lat-

eral arthrosis mainly in patients with RA. In recent reports,
only knees with OA were candidates for bi-UKA. The
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indications and exclusion criteria described by Confalonieri
et al. were used in recent studies. Although some previous
reports suggested that the presence or absence of the ACL
was a significant determinant of the outcome of bi-UKA,
Romagnoli et al. have introduced a surgical technique that
includes bi-UKA with concomitant reconstruction of the
ACL [38]. However, use of this technique should be consid-
ered carefully, given that no long-term results are available
at present for patients who have undergone this procedure.
Based on the contemporary reports, it seems appropriate
to recommend the following inclusion criteria for bi-UKA:
bicompartmental tibio-femoral OA, asymptomatic patella-
femoral joint, intact ACL, correctable deformity, and pre-
served ROM.

Surgical technique

The medial parapatellar approach was mainly used for
exposure of bi-unilateral compartments in simultaneous
bi-UKA. In some reports, two parapatellar incisions were
used, and Romagnoli et al. mentioned that an advantage of
this approach is its ability to reduce damage to the extensor
mechanism [38]. They also pointed out that the superome-
dial geniculate artery ensures a blood supply to the patella
because the superomedial area of the knee is preserved.
Nevertheless, some previous reports have warned that ana-
tomic considerations are needed to prevent necrosis when
performing multiple skin incisions on the knee [39, 40].
Further discussions are required regarding the prevention
of complications after bi-UKA. From the viewpoint of vas-
cularity, it would be suggested to use the approach which
was described by Pandit et al. [19]. They opened the medial
UKA incision and extended proximally and distally, and the
lateral compartment was approached using a lateral parapa-
tellar arthrotomy. The benefit of this approach is performing
the surgery with all ligaments in situ.

In terms of alignment and implant positioning for bi-
UKA, there were too few studies to discuss about what was
appropriate. In addition, discussing these parameters seems
to require evaluation with implant selection [41, 42]. Fur-
thermore, to perform bi-UKA procedure accurately, it seems
to be useful to use a navigation system or a robotic arm
which recently reported favorable outcome after UKA [43].

Outcome

In the present review, the favorable outcomes of bi-UKA
were found. Especially in recent literature, good results
of PROMs after bi-UKA were reported. However, var-
ied scoring systems were used for outcome evaluation. In
addition, there were limited data about revision surgery
procedure after bi-UKA. Further long-term follow-up
studies using contemporary PROMs should be conducted

to assess functional benefits and durability including pro-
cedure of revision surgery after bi-UKA.

Considering the good outcomes of bi-UKA, Fuchs
et al. presented that bi-UKA that retains all intraarticu-
lar ligaments achieves proprioceptive results comparable
with healthy subjects of the same age [44]. The author’s
group also described that the clinical scores were signifi-
cantly better in the bi-UKA group than in the constrained
TKA group [45], and stated that the knees after bi-UKA
which preserves the native ligaments could be expected to
show better joint kinematics than those after TKA. How-
ever, previous reports have indicated that the kinematics
of the native knee is not restored after bi-UKA. Banks
et al. reported that knees that had undergone bi-UKA
showed kinematics that were closer to those after TKA
than those after medial UKA [46]. Watanabe et al. com-
pared the kinematics of the knee in patients after medial
UKA, medial UKA, and patellofemoral arthroplasty, or
bi-UKA and found that knees with bi-UKA showed the
least femoral external rotation and posterior translation
during knee flexion [47]. Nevertheless, there have been
few kinematic studies of bi-UKA and no kinematic stud-
ies that have included bi-UKA with mobile bearing-type
implants. Therefore, further research is needed to evaluate
the kinematics after bi-UKA.

The evidence to determine the outcome of staged bi-
UKA is limited. A report by Lewold et al. did not recom-
mend the addition of lateral UKA for progression of OA
in a retained compartment after medial UKA [48]. How-
ever, there has been a report of favorable outcomes after
staged bi-UKA: Pandit et al. reported significant increases
in PROMs and no cases of revision surgery [19]. Using
similar indications, Lustig et al. performed medial UKA
for progression of medial compartment disease after lat-
eral UKA with no need of revision surgery for the progres-
sion of patellofemoral OA or implant loosening [20, 21].
Although these reports are promising, further studies are
necessary to determine the efficacy of staged bi-UKA.

Limitation of review and the published literature

This systematic review is limited by the small number of
studies reporting the outcomes of bi-UKA, and in general,
the number of patients in all the studies was low. Fur-
thermore, MINORS scores of the studies included in this
review were relatively low. In the future, there is a need
for more prospective, randomized controlled or compara-
tive studies to bring forward higher level evidence in the
comparison of bi-UKA with TKA for the treatment of both
medial and lateral arthritis. In addition, evidence consider-
ing the long-term outcomes should be further investigated.
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Conclusion

Both simultaneous and staged bi-UKA have demonstrated
good functional outcomes. However, the volume and level
of evidence in general are low for studies captured in this
review, and the data on long-term outcomes remain lim-
ited. The general experience with the procedure amongst
knee surgeons must be considered low, perhaps highlight-
ing the perceived technical difficulty of the procedure.
The present review indicates that bi-UKA is a feasible and
viable surgical option for bicompartmental femorotibial
OA in carefully selected patients.
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