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Unicompartmental knee replacement – Current perspectives
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A B S T R A C T

Unicompartmental knee replacement (UKR) is an effective treatment for end-stage, symptomatic
unicompartmental osteoarthritis of the knee. However, certain aspects of the procedure are still debated.
These areas of discussion include patient selection criteria, implant design and the discrepancy in
survival rates between national registries and independent case series. These may contribute in limiting
the more widespread acceptance of unicompartmental knee replacement.
The aim of this paper is to review the up-to-date evidence on UKR and discuss the most relevant

controversies regarding this procedure.
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1. Introduction

Unicompartmental knee replacement (UKR) is an effective
treatment for end-stage, symptomatic osteoarthritis (OA) of the
knee that is limited to a single compartment. Despite growing
evidence in its favour, many surgeons still consider UKR as a niche
option for a limited number of patients. It has been estimated that
worldwide only 10% of orthopaedic surgeons perform unicom-
partmental knee replacements. This number is surprisingly low
considering the potential efficacy and safety of a minimally
invasive procedure that could be offered to a larger proportion of
patients requiring knee replacement surgery. The indications for
UKR play an important role in generating these controversies,
alongside the discrepancy in clinical results reported in National
Joint Registries and case series from high volume centres.

The aim of this paper is to review the up-to-date evidence on
medial UKR and discuss the most relevant controversies concern-
ing this procedure.

2. Historical overview

McKeever and MacIntosh first proposed the theory of UKR in
the 1950s, with the introduction of a metallic component that was
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used to replace the tibial surface.1 The results of these procedures
were unsatisfactory, with a high incidence of complications and
poor functional results.

The first modern unicompartmental designs, the “St. Georg”
and the “Marmor Knee”, were introduced in 1969 and 1972,
respectively.2 Both presented a polyradial metallic femoral
component and a flat tibial component made of polyethylene.
Initially, the results were controversial. Wear and polyethylene
deformation were the biggest problems, which led to the
introduction of metal-backed tibial component.3 In the 1970s
and 1980s, the understanding of OA as a pathology of the entire
joint and the rising interest in total knee replacement led to a
fervent development of these implants. In contrast, UKRs had
limited innovation, such that some implants still in use remain
almost unchanged.4

In the late 1980s, Goodfellow, Tibrewal et al. believed that some
of the disappointments in previous attempts at UKR had arisen
from inadequacies in prosthetic design, poor patient selection, and
surgical techniques.5 The authors discussed the theoretical
requirements of a successful UKR and presented their preliminary
results using the Oxford meniscal components in a unicompart-
mental mode in 25 knees. It is worth noting that in 1976
Goodfellow & O’Connor had initially proposed the use of a meniscal
bearing design of knee prosthesis and implanted these for
bicompartmental tibiofemoral arthroplasty from 1978. Over the
years, many of these issues have been addressed with refinements
in prosthetic designs and UKR is widely accepted as a valid
procedure in the treatment of unicompartmental osteoarthritis of
the knee (Figs. 1 and 2).
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Fig. 1. Preoperative weight-bearing radiographs showing bone-on-bone AMOA. The presence of osteophytes in the lateral compartment is not a contraindication for UKR
using the Oxford criteria.

Fig. 2. Immediate post-operative radiographs showing a mobile-bearing UKR. The joint line in re-established with full thickness cartilage in the lateral compartment.
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3. Results of unicompartmental versus total knee replacement

Several studies have confirmed the excellent clinical outcome
and survival of unicompartmental knee replacement (fixed or
mobile bearing implants), with a reported ten-year survival greater
than 90%.6,7 In a prospective series of 1000 cases, Pandit et al.
reported a ten-year survival of 96% for the Oxford Phase 3
Unicompartmental Knee Replacement.8 Some authors have
expressed concern regarding the reproducibility of these results
in non-designer centres,9 however the results of several studies
(Table 1) demonstrate comparable survival rates for independent
surgeons worldwide.

Recent studies have highlighted the advantages of UKR over
total knee replacement (TKR) in patients with medial compart-
ment OA, including reduced blood loss and risk of transfusion,15,16

better restoration of physiological gait pattern,17 shorter length of
stay and a lower 30-day readmission rate,18 better patient-
reported pain and function scores and forgotten joint scores.19–22

Furthermore, a matched comparison of UKA and TKA based on
NJR data including over 100,000 knee arthroplasties demonstrated
that major medical complications, such as thromboembolism,
infection, stroke and myocardial infarction occurred between a
quarter and a half times less frequently in UKR than in TKR.
Moreover, the mortality was significantly lower for UKR. However,
the revision rate of UKR was 2.1 times higher than for TKR.23

In a further matched study on 15,000 patients from the National
Joint Registry for England and Wales, the patient reported outcome
measures score (PROMS) were superior for UKR (mean Oxford
Knee Score (OKS) 38) than TKR (mean OKS 36). In addition, many
more patients undergoing UKR achieved an OKS greater than 41.

However, unadjusted data from national registries show a
significantly higher revision rate for UKR than for TKR, with the
chance of revision of UKR at each estimated time point being more
than double that of a TKR (Table 2).24,25 A higher revision rate was
also confirmed when patients were matched: UKR had worse
implant survival both for revision (sub-hazard ratio 2�12, 95% CI
1�99–2�26) and for revision/reoperation (1�38, 1�31–1�44) than TKR
at 8 years.23

The interpretation of such data from national registries is
controversial and it has been argued that survival “is not an
objective measurement and should not be used to compare these
two types of implant”, claiming a “different sensitivity of revision
rate to clinical failure” for UKR and TKR. This was based on the
observation that, of joint replacements with an OKS <20 (poor
outcome), only 12% of TKR were revised compared with
approximately 63% of UKR.26

Further, as evidenced in Table 3, outcome measures differ
significantly between national arthroplasty registries and sample
based clinical studies. In a systematic review of UKR with the
Oxford partial knee (including 15 studies of which only 1 was
based on data from designer surgeons) a 10 year survival rate of
93% was reported6. Contrastingly, UK registry data estimates a
12.04% probability of first revision at 10 years in the same implant.

In addition to the different threshold for revision, other factors
may interact in a complex way to explain the higher incidence of
Table 1
Ten-year survival for medial Oxford Phase 3 unicompartmental knees in non-designer

Study Year Location 

Faour-Martin et al.10 2013 Valladolid, Spain 

Yoshida et al.11 2013 Osaka, Japan 

Kim et al.12 2015 Seoul, South Korea 

Edmondson et al.13 2015 East Sussex, United Kingdom
Emerson et al.14 2016 Texas, United States 
revision of UKR and thus bias the comparison of UKR and TKR.
Some of these factors are patient-related, such as the differences in
the baseline characteristics of patients being offered each
procedure. According to the traditional indications, UKR is often
performed in younger patients who, because of their activity level,
tend to achieve superior functional outcomes and live longer but
then also have higher failure rates.23

4. Indications for UKR

The classic indications for UKR were outlined by Kozinn and
Scott in 1989. They suggested that the ideal candidate would be a
patient with a) isolated medial compartment disease, b) aged less
than 60 years, c) low level of physical activity, d) weight less than
82 kg, e) a cumulative angular deformity of less than 15�, f) both
cruciate ligaments intact, g) a pre-operative range of flexion of 90�,
g) a flexion contracture of <5�, and h) minimal pain at rest, no
radiographic or intraoperative evidence of chondrocalcinosis or
patello-femoral osteoarthritis. Lastly, the patient should not have
an inflammatory arthropathy.27

Many surgeons still follow these indications, although extended
criteria are usually applied in relation to age and level of activity.

By contrast, the Oxford group outlined a more liberal set of
criteria for mobile-bearing medial UKR based on the pathoanat-
omy of OA. According to these indications, the ideal candidate for
UKR would be a patient with symptomatic anteromedial osteoar-
thritis (AMOA) or avascular osteonecrosis of the knee.4 AMOA is
specific pattern of knee OA with bone on bone wear in the medial
compartment, anterior cruciate and medial collateral ligaments
that are functionally intact and full-thickness cartilage in the
lateral compartment.28

Accordingly, the traditional contraindications, including
weight, age, activity, the state of the patellofemoral joint and
chondrocalcinosis could be ignored for mobile-bearing UKR.4,29,30

Recent studies have confirmed that obesity has no adverse effect
on the outcome of fixed bearing UKR.31–33 Additionally, it has been
reported that the presence of lateral osteophytes in a varus knee is
not associated with cartilage wear in the lateral compartment and
should not be considered as a contraindication to medial UKR.34–36

Active infection, inflammatory disease, ligamentous instability
or medial collateral ligament contracture, absence of the anterior
cruciate ligament, and history of high tibial osteotomy remain
contraindications for UKR.4

If the indications proposed by Kozinn and Scott are applied to
the knee arthroplasty population, it has been reported that around
6% to 12% of patients would be considered as appropriate
candidates for UKR,37–39 whereas up to 50% of patients may be
eligible using the more modern Oxford criteria for mobile-bearing
UKR.29,40

5. Surgeon related considerations

Surgeon-related factors include technical skills and non-
technical skills. Technical skills play an important role in TKR: it
has been demonstrated that high-volume surgeons achieve better
 studies.

Number of knees Ten-year survival rate (95% CI)

511 96.0
1279 95.4 (91.2–99.7)
166 90.5 (85.9–95.0)

 364 88 (83.0–93.0)
213 95.0 (91.8–98.80)



Table 2
United Kingdom National Joint Registry Kaplan-Meier estimates of the cumulative percentage probability of first revision (95% CI) in knee arthroplasty.

Study Arthroplasty Fixation/Brand Number of knee joints Cumulative percentage probability of a first revision (95% CI) if time elapsed since primary
operation is:

1 year 3 years 5 years 7 years 10 years

UK NJR, 2016 TKR Cemented 737,759 0.39 (0.38–0.41) 1.50 (1.47–1.53 2.14 (2.10–2.18) 2.65 (2.60–2.70) 3.37 (3.30–3.45)
UK NJR, 2016 TKR Cementless 38,428 0.58 (0.51–0.66) 2.10 (1.95–2.26) 2.89 (2.71–3.08) 3.42 (3.22–3.64) 4.19 (3.92–4.48)
UK NJR, 2016 UKR All 75,719 1.13 (1.05–1.21) 4.27 (4.12–4.44) 6.44 (6.24–6.65) 8.49 (8.24–8.76) 11.94 (11.53–12.38)
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results and lower complications.41 This is even more important in
UKR, where the revision rate for the lowest volume surgeons is four
times higher than that for the highest volume surgeons.42

A further surgeon-related factor is represented by patient
selection and indications. The surgeons’ attitude towards UKR and
TKR is inevitably reflected in the relative proportions of primary
UKR and TKR in his practice. For mobile bearing UKR, it has been
demonstrated that surgeons performing UKR in more than 20% of
their knee arthroplasties achieve acceptable revision rates, and
those who perform around 50% achieve optimal results.43

A recent meta-analysis reviewing the results of the Phase 3
cemented Oxford UKR studying the relative relevance of usage and
caseload, revealed that the proportion of UKR performed was more
important than the number of procedure per year. With a usage
above 20% of volume, the revision rate was low regardless of
caseload. In contrast, a usage below 20% of the volume of the
practice reflected in a high revision rate, despite the number of
procedures performed.44

These results stress the importance of indications, which are
key to determining the outcome of UKR. In mobile-bearing UKR,
broader indications lead to the best results, which are similar to
those reported in case series from high volume centres. This is the
case even in the hands of low-volume surgeons if they adhere to
the recommended indications.

6. Implant related considerations

6.1. Fixed vs mobile bearing

UKR can be performed using either a fixed bearing (FB) or a
mobile bearing (MB). In a prospective study of 48 patients,
randomized into either FB or MB UKA, Li et al. found better knee
kinematics and lower incidence of radiolucencies with MB but
equivalent Knee Society, WOMAC, and SF-36 scores.45 Cheng et al.
found equivalent range of motion, limb alignment, patient-
reported outcomes, incidence of aseptic loosening, and reopera-
tion rates between the two bearing designs. However, the time to
reoperation and failure mode were different. Early failure from
bearing dislocation occurred with the MB design while late failure
from polyethylene wear occurred with the FB design.46 Kwon et al.
used finite element analysis to investigate the effects of PE insert
contact pressure and stress in opposite compartments for fixed-
and mobile-bearing UKA. They reported that fixed-bearing UKA
increased the overall risk of progressive OA in the knee due to
Table 3
Comparison of long-term outcomes for the Oxford partial knee in registry data and ca

Study Implant Number of knee joints Cumulative percentage pr

1 year 3 year

UK NJR, 2016 Oxford UKR 50,033 1.16 (1.07–1.27) 4.19 (4

Mohammad et al.6 Oxford UKR 8658 
higher stress on the opposite compartment. They also found that
with mobile bearings lower stress on the opposite compartment
reduced the overall risk of progressive OA in the knee. However,
the polyethylene insert of mobile-bearing showed pronounced
backside stress at the inferior surface.47 In their systematic review,
Ko et al. reported that the overall reoperation rate per hundred
component years was similar between the mobile bearings (1.39)
and fixed bearings (1.38). They also found that the overall incidence
of complications is similar for fixed and mobile bearing designs in
UKA.48

In a systematic review on the causes of failure of the Oxford
Phase 3 UKR, which is the most commonly used MB implant, the
incidence of bearing dislocation was 1.5%.49 However a meta-
analysis comparing a variety of implants reported a dislocation rate
of 0.29% in the MB group.50

6.2. Cemented vs cementless

Cementless UKR have been available for over 20 years. However,
their diffusion and development have been limited by the
unacceptable failure rate of the first implants. These failures were
often related to materials and design issues. In the last ten years,
specialist centres have presented the results of modern cementless
implants reporting excellent results and survival.

A recent systematic review revealed that “cementless fixation is
a safe and effective alternative to cementation in medial
unicompartmental knee arthroplasty”. The clinical outcome,
reoperation and revision rate were similar to those of cemented
implants in case series, with some advantages over cementation
such as a lower incidence of radiolucent lines, avoidance of
cementation errors and faster surgical time.51

Although cemented and cementless implants had similar
performances in case series and RCTs from high volume centres,
the revision rate of cementless UKR was almost half that of
cemented UKR in the New Zealand Joint Registry (0.67/100 vs 1.33/
100 components-year),52 suggesting that cementless fixation has
the potential to improve the survival of UKR in national registries.

6.3. Navigation and robotics

Technological advancement in UKR seeks to optimise the
precision of manually controlled intra-operative variables which
may impact on outcomes and prosthesis survival. Subsequently,
several computer navigation and robotic assisted systems have
se series (systematic review of literature).

obability of a first revision (95% CI) if time elapsed since primary operation is:

s 5 years 7 years 10 years

.00–4.38) 6.31 (6.07–6.57) 8.33 (8.02–8.64) 12.04 (11.54–12.57)

10 year survival rate: 93% (91.9–93.3)
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been developed which are focussing on improving the accuracy of
lower leg alignment, component positioning and soft tissue
balancing. Early results have been promising; in a study of 68
patients at a mean 9 year follow-up, Song reported significantly
improved outcomes and pain scores in the navigated UKA group.
Furthermore, post-operative X-ray confirmed better coronal
alignment in the navigated group, with fewer radiological
outliers.53 Similarly, early research suggests robotic assisted
systems improve precision and reduce outliers compared to
conventional knee arthroplasty. In a cadaveric trial, Citak
established more accurate implant positioning in both compo-
nents using the MAKO robotic system.54 This success translated to
clinical practice � with the first 10 patients treated with the MAKO
system all within 1.6� of the mechanical axis .55 Moreover, in a
study of 52 patients undergoing UKA using the MAKO system, Plate
illustrated soft tissue balancing was accurate up to 0.53 mm
compared to the operative plan, with 83% of cases within 1 mm at
0�, 30�, 60�, 90�, and 110� of flexion.56

Although these findings suggest the potential to improve the
accuracy of implant positioning, so far there is no evidence to show
an improvement in clinical outcomes or survival for robotic
assisted implants. Further studies are needed to balance the
increased reliability and reproducibility of intraoperative variables
against the higher costs of navigation and robotic surgery.

7. Cost-effectiveness of UKR

In an era of value-based healthcare, the cost-effectiveness of
surgical alternatives for the same clinical condition warrant
consideration. Using a Markov analytical model, Ghomrawi
calculated lifetime costs, quality-adjusted life year (QALY) gains
and incremental cost-effectiveness ratio (ICER) for UKR and TKR.
Results in patients over 65 years of age were emphatic – with lower
lifetime costs and higher QALYs for UKR. Indeed, the potential
societal cost savings for performing UKR rather than TKR was
estimated at $84 to $544 million in 2020.57

In younger patients (45 and 55 years of age), TKR had an ICER of
$30,300/QALY and $63,000/QALY respectively. However, UKR
would become cost-effective with only incremental improvements
in implant survivorship (an average 1.5% drop in 10 year revision
rate). Soohoo echoed these findings, reporting UKR to have similar
lifetime costs and improved effectiveness comparative to TKR in
patients aged 65, but only as long as UKR survival was within 3–4
years of TKR survival.58 Smith agreed, suggesting the use of UKR
rather than TKR in patients over the age of 70 would lead to savings
of approximately £1500 per patient.59

Focused analysis of hospital billing figures favours the cost-
effectiveness of UKR further. Shankar reported reduced operative
time, fewer transfusions and shorter hospital stays with UKR
compared to TKR � resulting in a reduction in total costs of $4846
per patient. Moreover, supply and implant costs were also
significantly lower using UKR ($4149) compared to TKR ($5787).60

The results of these analyses of cost-effectiveness suggest the
use of UKR in carefully selected patients offers substantial financial
benefit alongside QALY gains. Given the anticipated rise in
utilisation of knee arthroplasty, the significance of these economic
implications should not be ignored.

However, care should be taken in the analysis of cost-
effectiveness with regard to clinical decision making, which
should always be patient centred.

8. Discussion

Unicompartmental knee replacement is a successful treatment
for end-stage, symptomatic anteromedial osteoarthritis of the
knee. Compared to TKR, UKR have a lower incidence of
complications, morbidity, mortality, a faster recovery, better
functional outcomes and is more cost-effective. However, the
revision rate is higher.

Despite the controversies around the revision rate as a means of
comparison of UKR and TKR, it cannot be ignored and should be
taken into consideration when deciding which procedure to
perform. The higher risk of revision and reoperation should be
balanced against the many advantages of UKR. A matched study on
data from the National Joint Registry suggested that “If 100
patients receiving TKR received UKR instead, the result would be
around one fewer death and three more reoperations in the first 4
years after surgery”.23

In contrast with the hypothesis raised by Kozin and Scott that
the use of broader indications would increase the revision rate, the
Oxford group have demonstrated that a usage proportion greater
than 20% is related with superior outcomes.43,44

A higher usage is achievable if broader modern indications are
used and traditional contraindications are ignored. While it is not
surprising that a higher caseload correlates with superior results, it
is interesting to notice that the proportion of usage of UKR is even
more important. Hypothetically, this finding can explain part of the
discrepancy in revision rate between the national registries and
case series from high volume centres.

The NJR (national joint registry UK) reports that for surgeons
performing UKR, the most common number of UKR performed
every year is one, and the second most common number is two.24

This implies that the surgeon has a low surgical caseload per year
or their indications are narrow. Consequently, that surgeon is going
to perform a UKR only in those patients in whom he is not happy to
perform a TKR, i.e. those who are particularly young and/or
without bone-on-bone wear. However it is known that patients
with early osteoarthritis (not bone on bone) who undergo
arthroplasty are at high risk of achieving poor results, therefore
once again highlighting the importance of careful patient
selection.61

A few studies have assessed the influence of preoperative MRI
findings on the indications and results of UKR focusing on the
presence and location of subchondral bone marrow lesions (BMLs)
and extent of cartilage loss. Berend et al. concluded that medial
tibial BMLs were not associated with inferior outcomes, either in
patients with partial- or full-thickness cartilage loss, suggesting
that BMLs are not a contraindication for medial UKA.62,63 In
contrast, Hamilton et al. suggested that the evidence of partial
thickness cartilage loss is correlated with inferior clinical results
and that medial UKR should be performed only in presence of full
thickness cartilage loss.61

Altinel and Sharpe both concluded that pre-operative MRI for
assessing ACL status was not of sufficient practical nor diagnostic
value and thus did not advocate its use prior to UKR.64,65

Baker et al. recently reported from the NJR UK that the risk of
revision decreased as both centre volume and surgeon volume
increased for the Oxford implant, the most commonly used in
England and Wales. Their study suggested a minimum annual
procedure volume of 13 – both for hospital volume and surgeon
volume.66

The current evidence suggests that excellent clinical results and
survival are achievable with both mobile and fixed bearing UKR,
each device having advantages and disadvantages. The debate
should be focused on the controversies between UKR and TKR
rather than bearing type in UKR.

Cementless fixation is a viable alternative to cementation, with
consistent evidence supporting its clinical use. The early data from
national registries are encouraging. It has to be taken into
consideration that the results of cementless devices are strongly
influenced by the implant design. Most of the recent evidence on
cementless UKR is in relation to the Oxford prosthesis. Caution is
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therefore required in extending the results of this specific implant
to other prosthetic designs.

Finally, navigation and robotics aim to improve the accuracy
and reproducibility of the surgical procedure. So far, the results
suggest that these techniques are successfully achieving this goal.
However, there is no evidence of improved clinical outcome and/or
survival from their use to justify the increased cost of the
procedure. Further studies are needed to address this controversy.

9. Conclusions

Unicompartmental knee replacement is safe and effective for
the treatment of anteromedial osteoarthritis of the knee.

Long-term studies suggest that compared to TKR, UKR has
superior clinical and functional outcomes, significantly reduced
morbidity and mortality, and is more cost effective. However, the
revision rate is higher; this data is controversial and is likely to be
influenced by the susceptibility of UKR to revision and the use of
inappropriate indications.

A usage of 20% of caseload implies the implementation of
“optimal indications” and surgical technique. This practice
correlates with a lower revision rate and should be the aim of
surgeons who want to undertake UKR. Surgeons with a low volume
UKR practice (less than 13 per year) should consider the possibility
of higher complication rates and may wish to consider other
options, including referring these cases to a colleague with a higher
volume UKR practice.

A better understanding of the optimal indications, patient
selection and usage of UKR, as well as design, material and
technical improvements have the potential to decrease the
revision rate and improve the survival of UKR in national registries.
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