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Abstract

Purpose Lateral progression of arthritis following medial
unicompartmental knee arthroplasty (UKA), although
infrequent, is still the most common reason for revision
surgery. Treatment options normally include conversion
to total knee arthroplasty. An alternative strategy for some
patients may be addition of a lateral UKA. We report the
first results of staged bi-compartmental UKA (Bi-UKA)
Strategy.

Methods We retrospectively selected from our UKA data-
base patients who underwent a lateral UKA to treat a symp-
tomatic lateral osteoarthritis progression after a medial
UKA. The analysis included a clinical and radiological
assessment of each patient.

Results Twenty-five patients for a total of 27 knees of
staged Bi-UKA were carried out in a single centre. The
mean time interval between primary medial UKA and the
subsequent lateral UKA was 8.1 years (SD =+ 4.6 years).
The mean age at the time of the Bi-UKA was 77.1 years
(SD = 6.5 years). The median hospital stay was 3 (range
2-9 days) days, and the mean follow-up after Bi-UKA was
4 years (SD +£ 1.9 years). The functional scores showed a
significant improvement as compared to the pre-operative
status (paired ¢ test, p = 0.003). There were no radiologi-
cal evidences of failure. None of the patients needed blood
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transfusion, and there was no significant complications
related to the surgical procedure without further surgeries
or revisions at final follow-up.

Conclusions These results suggest that addition of a lat-
eral UKA for arthritis progression following medial UKA
is a good option in appropriately selected patients.

Level of evidence Observational study without controls,
Level IV.

Keywords Arthroplasty - Medial unicompartmental
knee arthroplasty - Lateral arthritis progression - Staged
bi-unicompartmental knee arthroplasty

Introduction

Medial unicompartmental knee arthroplasty (UKA) is a
successful treatment for end-stage anteromedial osteoar-
thritis (OA). It has many advantages compared to total knee
arthroplasty (TKA) including less morbidity and mortal-
ity, improved tissue preservation, more rapid recovery with
reduced hospital stay and greater implant function [13, 14,
17, 19, 22]. Its disadvantage is that it has a higher revision
rate due primarily to progression of OA in the lateral com-
partment [21]. Although the incidence varies in different
series and joint registry reports, the risk of developing severe
lateral compartment osteoarthritis (LCOA) requiring revi-
sion after medial UKA is low, especially if overcorrection
is avoided [15, 20]. In a recently published series of 1000
cemented Phase 3 Oxford UKAs with up to 15-year follow-
up, 25 (2.5 %) patients required revision for lateral progres-
sion at a mean of 7.0 years (range 1.9—11.4 years) [19]. In
Svard’s 20-year series, the revision rate for LCOA was 2.3 %
[20]. In the National Joint Registry (NJR), lateral progres-
sion as the reason for revision following UKA is 2.6 % [6].
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The standard treatment for LCOA after medial UKA is
revision to TKA. This usually involves the removal of a
well-fixed and well-functioning medial UKA and exposes
these patients to the risks of revision knee arthroplasty. If
the medial UKA is functioning well, then a feasible option
is to implant a lateral UKA with the potential advantages
of recovery following UKA surgery and lower risks this
entails. While simultaneous bi-unicompartmental UKA is
regaining interest amongst surgeons to treat bi-compart-
mental knee OA, this paper focuses on the implementa-
tion of a staged unicompartmental knee replacement to be
performed in those patients with LCOA progression after
medial UKA, as an alternative and less invasive treatment
option to revision TKA. At present, there are no clini-
cal data available for this indication using the technique
described in this paper. This paper describes indications,
key surgical steps and preliminary results of lateral UKA
(for progression of osteoarthritis in the lateral compartment
after medial UKA) carried out in a consecutive series of 27
patients in a single centre.

Materials and methods

Between 2006 and 2014, 25 patients (27 knees) underwent
a “two-stage” Bi-UKA knee replacement for symptomatic
“bone-on-bone” arthritis in the lateral compartment follow-
ing medial Oxford UKA (Zimmer Biomet, Swindon, UK).
Before the lateral UKA, a clinical and radiological assess-
ment of each patient was performed. Clinical assessment
included Oxford Knee Score (OKS), Tegner score and
American Knee Society Score Objective and Functional
(AKSS-O and -F) [4, 16, 23], while radiological evaluation
included AP, Rosenberg, lateral and skyline views [9].

This is a retrospective study of prospectively collected
data. Ethics approval was not requested for the study design
as previous communication with the Chair of local ethic
committee confirmed that for such a study formal ethical
approval is not necessary.

All patients were prospectively followed by an inde-
pendent physiotherapist at 6 weeks, 1, 2, 5 and 7 years.
The pre-operative clinical assessment was repeated along
with an aligned AP and lateral radiographs, to study the
progression of OA in the retained compartments. The
radiographs were taken using fluoroscopy using a method
described previously [24]. The X-ray beam was aligned
parallel to the tibial base plate for the AP radiograph and
centred over the femoral condyle for the lateral radiograph.
Progression of OA in the retained lateral compartment
was confirmed by comparing the joint space on immedi-
ate post-operative radiographs and subsequent ones. In the
patients described, there was clear evidence of progres-
sion of OA with the presence of bone on bone in the lateral
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compartment. In addition, in none of the patients there
was any evidence of implant loosening (medial UKA) or
the presence of pathological radiolucency under the tibial
tray [8]. Assessment of post-operative radiographs con-
firmed satisfactory alignment of the medial UKA in all the
patients as recommended by Goodfellow et al. [6]. All the
post-operative radiographs were assessed by an independ-
ent observer twice with an interval of 4 weeks between the
two assessments.

The surgical technique was similar to that for a primary
lateral Oxford Domed Lateral UKA. The medial UKA inci-
sion was opened and extended proximally and distally. The
lateral compartment was approached using a lateral parapa-
tellar arthrotomy. Final decision on LCOA treatment was
taken intra-operatively, after direct visualisation and joint
evaluation. Thus, prompt availability of total knee implants
and both mobile- and fixed-bearing lateral UKA is man-
datory. If the PFJ was severely damaged with substantial
bone loss laterally, patients were not considered for the
current series, as a TKA was performed. If the ACL was
found to be non-functional, a decision on whether to do a
TKA or a fixed-bearing lateral UKA (Vanguard M tibial
component and Oxford femoral component) depended on
the patient’s age, health and referred symptoms, with insta-
bility being an indication towards TKA. The components
were cemented. The post-operative recovery was managed
as for primary UKA.

There were 16 males (64 %) and 9 females (36 %).
The mean age of the patients at the time of the pri-
mary medial UKA was 68.9 years (standard deviation
(SD) % 6.1 years), and the mean age at the time of the lat-
eral UKA was 77.1 years (SD &+ 6.5 years). The mean time
between implantation of the primary medial UKA and the
lateral UKA was 8.1 years (SD =+ 4.6 years). The indica-
tion for the primary procedure was anteromedial OA in all
the patients. The mean follow-up since the lateral UKA
was 4.0 years (SD £ 1.9 years). A mobile-bearing Oxford
Domed Lateral UKA was used in 19 patients (70 %), while
a fixed-bearing lateral UKA was used in eight patients
(30 %), as the ACL was non-functional in these patients at
the time of implanting a lateral UKA.

Statistical analysis

A paired ¢ test was used to compare the clinical outcome
data with pre-operative scores. Survival, with failure
defined as any revision, was assessed using the life table
method, with 95 % confidence intervals (CI) calculated
using the method described by Peto et al. Revision was
defined as any further operative intervention. A p value of
<0.05 was considered statistically significant.

Primary outcome measure was length of stay. The
median length of stay of patients treated with lateral UKA
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was 3 days with a reduction by 1 day being considered
clinically significant. Assuming a standard deviation of
1.25 days (as is the case in our centre), a sample size of
25 knees per arm is required to detect this clinically rel-
evant difference with 80 % power and 5 % two-sided
significance.

Results

The median hospital stay was 3 days (range 2-9 days),
and none of the patients needed blood transfusion. There
were no significant medical complications, no re-admis-
sions, no requirement for manipulation under anaesthesia
and no mortality related to the surgical procedure. None
of the patients needed a further intervention, one patient
died 4.3 years after the second operation (due to unrelated
causes) and no patients were lost to follow-up; therefore,
the 5-year survival is 100 % (number at risk = 15).

The intra-observer correlation (r) was 0.94. There were
no patients with radiological evidence of failure, in terms
of progression of PFJ OA or radiolucencies.

The functional outcome is presented in Table 1. All the
scores showed a significant improvement as compared to
the pre-operative status (p = 0.003). Average knee flexion
was 123.0° (SD £ 16.0°).

Discussion

The most important finding of this study was the low com-
plications rate and quicker recovery after a staged Bi-UKA
as a viable option to treat symptomatic end-stage lateral
compartment arthritis after medial UKA. It is particularly
advantageous as many patients with this condition are
elderly often with significant comorbidities.

There are many advantages of lateral UKA compared to
TKA for treating lateral OA after a primary medial UKA.
There is minimal soft tissue or bony damage, recovery
is fast, hospital stay is comparable to primary UKA and
therefore shorter than TKA. Patients tend to get a good
range of flexion. The clinical outcome, as evidenced by
the OKS (mean 36.5), is only slightly worse than that
of a primary medial UKA if it was implanted in patients

Table 1 Functional outcome

Pre-lateral UKR (+SD) Post-lateral UKR (£SD)

OKS 26 (£8.5) 36.5 (£9.2)
Tegner 2 (range 0-3) 3 (range 1-5)
AKSS-O 53.4 (£24.9) 81.5 (£12.7)
AKSS-F 66.7 (£15.8) 73.8 (£18.9)

of similar age (mean OKS 40.0 (SD £ 8.0) in patients
70 years or above). It is also better than that reported fol-
lowing primary TKA in national databases (mean OKS 34)
[2], although this is not necessarily an appropriate com-
parison. The procedure is not only safe but also still gives
the surgeon an option of conversion to a TKA if the need
arises in the future.

As regards the surgical technique, extending the previ-
ous medial parapatellar skin incision and using a lateral
parapatellar approach to implant a lateral UKA decrease the
risk of skin necrosis, avoiding a cutaneous bridge between
two scars. After the approach, the surgeon can evaluate the
state of the lateral compartment, the ACL and the PFJ (the
medial compartment is not seen well), and decide how to
proceed. The domed lateral mobile UKA is appropriate
if the ACL is intact [25]. However, a fixed-bearing UKA
may be more appropriate for surgeons inexperienced with
the domed lateral or if the ACL is non-functional. In these
patients; even though described in simultaneous Bi-UKA
[21], a combined lateral UKA and ACL reconstruction
may not be considered as a feasible option because of the
further difficulties it may add to the procedure. If cruciate
ligaments are intact, it is expectable that the final result is
comparable to a bicruciate retaining TKA, in terms of pro-
prioception and kinematics. The staged Bi-UKA option
shares the same advantages of that implant design, which is
nowadays gaining greater interest.

As reported in the original paper on simultaneous
Oxford Bi-UKA, convergence or divergence of the com-
ponents does not matter because of their spherical design
and the fully congruous freely mobile bearings (Figs. 1,
2). This may lead to the conclusion that when doing the
lateral UKA the position and orientation of the medial
UKA components may be ignored. Although the slope of
the tibial components should be similar (about 7° as set by
the tibial saw guide), the height of the components does
not matter as the bearing thickness on the lateral side can
be adjusted [7]. In our series, the same thickness bearings
were used in the two compartments in 47 % of patients,
while a thinner lateral one was used in 24 % of patients
and a lateral bearing one size thicker in the remaining.
Care should be taken not to undermine the tibial eminence
as avulsion is a known complication seen in simultane-
ous Bi-UKA or bicruciate preserving TKA. Indeed, in the
original series of Oxford Bi-UKA there were 5 patients
out of 125 (4 %) with an intra-operative avulsion of the
tibial eminence [7]. In the current series, we have had no
avulsions of the tibial eminence and suspect that it is less
likely to occur with staged rather than simultaneous Bi-
UKA, as the bone medially will have had time to heal and
strengthen.

This paper has some limitations. This is a small series
with midterm follow-up. Limited follow-up makes it
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Fig.1 AP—X-ray of a Bi-UKA with well-aligned components
(OKS of 31 at last follow-up)

Fig. 2 AP—X-ray of a Bi-UKA with convergence of components
(OKS of 39 at last follow-up)
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impossible to draw definite conclusions about the long-
term outcome of this treatment option. However, the short-
term outcome reported in this series demonstrates that the
technique is safe and highly effective. Usually, patients
with good short- to midterm outcome after UKA continue
to have excellent outcome in the long term. Although the
number of patients is limited, this is a relatively uncommon
clinical situation, and we have followed each patient with-
out any loss to follow-up. As said before, lateral progres-
sion is an infrequent reason to revise an UKA; therefore, it
is difficult to enrol larger cohorts. Another weakness of the
study is lack of a comparative group. It is hard to compare
this treatment option to other treatment options such as a
revision to a TKA as the indication for revision needs to be
matched for fair comparison.

For the past 30 years, we have not used or recom-
mended Bi-UKA as a primary procedure, as we have not
found an appreciable need for this. Recently, simultane-
ous Bi-UKA are gaining interest with some doing large
numbers, but it is probably too soon to consider this
operation as a primary and widely indicated procedure.
The reason behind the different approach may relate to
the implants. Following an Oxford medial UKA, damage
to the PFJ, however severe, does not appreciably compro-
mise the outcome, and long-term failure due to PFJ prob-
lems is extremely uncommon [3]. However, with fixed-
bearing UKAs, such as the Miller-Galante, PFJ problems
are the commonest failure mode in the second decade,
and it is recommended that damage to the PFJ is a con-
traindication [1]. Similarly with the Oxford UKA, full-
thickness cartilage loss on the medial, not weight-bear-
ing aspect of the lateral femoral condyle, can be ignored
[11]. In a hypothetic treatment algorithm, it seems sen-
sitive that the first procedure should be a medial UKA,
and if symptomatic arthritis develops in the other com-
partments, a staged Bi-UKA should be done. The need
for a secondary PFJ replacement has been found to be
an exception, and the incidence of lateral progression is
very rare as well (2.5 % over 15 years) [18]. Most other
surgeons using the Oxford UKA have had similarly low
rates of progression of disease laterally [20]. However,
this is not always the case [5, 12], and there is evidence
that the higher incidence of progression is associated
with some release of the medial collateral ligament dur-
ing surgery.

Improved life expectancy and broadening of surgical
indications does mean that the incidence of patients pre-
senting with symptomatic LCOA after a successful medial
UKA is likely to rise with time. Patients who presented
with lateral progression after medial Oxford UKA in our
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series are typically elderly and have associated comor-
bidities; thus, performing a UKA-to-TKA revision may be
challenging. It is important that they are offered a reliable
solution, which has low morbidity and mortality, and a sat-
isfactory functional outcome.

Conclusions

Use of a lateral UKA represents a promising solution in
selected patients, provided the medial UKA is function-
ing well. Thus, this is one more option to consider before
performing an UKA-to-TKA revision, according to patient
features and surgeon experience. When the Oxford UKA
is used as the primary procedure, wear rates are negligible
and implant loosening is rare [10, 19]. Therefore, we found
staged Bi-UKA represents an extremely good alternative
to TKA for the treatment of LCOA after medial UKA,
although long-term follow-up and a comparison group are
needed to draw definitive conclusions.
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