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Abstract
Purpose  The purpose of this study is to analyse long-term unicompartmental knee arthroplasty (UKA) focusing on survivor-
ship, causes of failure and revision strategy.
Methods  This study is a retrospective analysis of data from a regional arthroplasty registry for cases performed between 
2000 and 2017. A total of 6453 UKAs were identified and the following information was analysed: demographic data, diag-
nosis leading to primary implant, survivorship, complication rate, causes of failure, revision strategies. UKA registry data 
were compared with total knee arthroplasty (TKA) registry data of 54,012 prostheses, which were implanted in the same 
time period.
Results  6453 UKAs were included in the study: the vast majority of them (84.4%) were implanted due to primary osteo-
arthritis followed by deformity (7.1%) and necrosis of the condyle (5.1%). When compared to TKA, UKA showed lower 
perioperative complication rate (0.3% compared to 0.6%) but higher revision rate (18.2% at 15 years, compared to 6.2% for 
TKA). No correlation was found between diagnosis leading to primary implant and prosthesis survival. The most frequent 
cause of failure was total aseptic loosening (37.4%), followed by pain without loosening (19.8%). Of the 620 UKAs requir-
ing revision, 485 were revised with a TKA and 61 of them required a re-revision; on the other hand, of the 35 cases where 
another UKA was implanted, 16 required a re-revision.
Conclusion  UKA is associated with fewer perioperative complications but higher revision rates when compared to TKA. 
Its survivorship is not affected by the diagnosis leading to primary implant. Revision surgery of a failed UKA should be 
performed implanting a TKA, which is associated with a lower re-revision rate when compared to another UKA.
Level of evidence  Level 3, therapeutic study.

Keywords  Unicompartmental knee arthroplasty · Modes of failure · Revision rate · Usage · Arthroplasty registry · Registry 
study · Total knee arthroplasty

Introduction

Unicompartmental knee arthroplasty (UKA) was intro-
duced in the 1970s as an alternative to total knee arthro-
plasty (TKA) for single-compartment osteoarthritis (OA) 
of the knee [24]. The well-known advantages of this type of 
implant over TKA include bone stock and soft tissue pres-
ervation, central pivot retaining, earlier recovery, and bet-
ter functional outcome [1, 37]; moreover, patients report a 
subjective feeling of a more natural knee when compared to 
TKA [36, 37]. Therefore, in the last two decades, there has 
been a growing interest in the use of UKA implants [13, 37].

Despite the overall encouraging results, UKAs still show 
a relatively higher revision rate compared to TKA implants 
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[13, 19, 20, 21, 27, 35, 37]. The mechanisms of failure are 
poorly understood and a consensus on the causes and proper 
treatment methods has been elusive [20, 24, 35]. Moreo-
ver, the type and incidence of perioperative complications 
depend on the type and design of implants, in the follow-up 
period, and on the expertise of the surgeon performing the 
procedure [14, 15].

With the clear potential advantages of UKA, critical eval-
uation of the correct indications and corresponding causes of 
UKA failure is necessary. To this effect, only a few studies 
report the results of large datasets from European National 
or Regional Registries; for this reason, a registry report from 
a European country might contribute to fill this gap.

The purpose of the current study is, therefore, to report 
the long-term results of a large population of unicompart-
mental knee replacement implants, by analysing the follow-
up data of a regional registry from Italy. In particular, the 
following questions were the aim of the study: is implanting 
a UKA a safer and less invasive surgery compared to TKA? 
How long do UKAs survive and why do they fail? Is there 
a correlation between diagnosis leading to primary implant 
and failure of the prosthesis? In case of failure, what is the 
best and most definitive revision strategy?

Materials and methods

A registry-based population study has been conducted 
by reporting and analyzing data collected by the Emilia 
Romagna orthopaedic arthroplasty implants register 
(called RIPO) [3, 4, 6]. Emilia Romagna (ER) is an Ital-
ian region with 4.5 million inhabitants and reports data 
about hip, knee and shoulder arthroplasty procedures per-
formed inside the region are collected in the register RIPO 
(Registro Implantologia Protesica Ortopedica). Founded 

in 1990, RIPO has a capture rate of approximately 95% 
on the implants performed in all orthopaedic departments 
of the region (both public and private), involving a total 
of 62 hospitals. The design of this register was conceived 
to allow the comparison with the most important national 
registries.

For the research, knee arthroplasty implants in the 
period between 2000 and 2017 were considered. Failures 
were recorded up to the 31/12/2017.

The extraction from the database was made on 
21/06/2019. A total of 94,840 primary knee replacement 
procedures were performed in ER during the selected 
period, 10,971 of which being femorotibial (medial or 
lateral) unicompartmental and 83,869 being bi- or tri-
compartmental implants. No patellofemoral implants were 
considered.

All procedures performed on patients living outside ER 
(4518 UKA and 29,857 TKA) were excluded, to minimize 
bias due to loss to follow-up; in fact, if a patient residing 
outside ER has primary surgery in this region but revision 
surgery outside, RIPO does not capture it and survival data 
would be biased.

A total of 6453 UKA and 54,012 TKA implants per-
formed on patients living in ER during the 17-year period 
were included (Fig. 1). The 6453 UKAs were performed on 
5,948 patients. About the 5948 included patients receiving 
a UKA implant, the following information was considered: 
demographic data, diagnosis leading to primary implant, 
primary implant survival, perioperative complication rate, 
number and causes of failure, implant used for revision 
(TKA or UKA). UKA registry data were compared with 
total knee arthroplasty (TKA) registry data of 54,012 pros-
theses, which were implanted in the same time period.

94840 PRIMARY PROCEDURES

10971 UKA 83869 TKA

4518 procedures 
were excluded 

because the pa�ent 
lived outside ER

6453 were performed on 
pa�ents living in ER and 
were therefore included

29857 procedures were 
excluded because the 

pa�ent lived outside ER 

54012 were performed on 
pa�ents living in ER and 
were therefore included

Fig. 1   Flowchart showing included and excluded patients and procedures (ER Emilia Romagna)
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Ethical approval for the study was not necessary because 
the registry collects data as standard practice on all patients, 
using a format protecting their identity.

Statistical analysis

Preoperative features, demographics and causes of revi-
sion were presented as percentages of the total cohort. 
Complication rates were compared using Chi Square analy-
sis. The survival curves were calculated and plotted using 
Kaplan–Meier method.

Differences between groups were considered as statis-
tically significant for p values < 0.05. The Cox multiple 
regression model was considered to calculate the hazard 
ratio.

The proportionality hazards assumption was tested by the 
Schoenfeld residual method; the Wald test was used to cal-
culate the p values for data obtained from the Cox multiple 
regression analyses.

All data came from the registry. The study was a pop-
ulation study including all UKA procedures undertaken 
on patients living in ER reported by RIPO; therefore, the 
sample size was not calculated given that all the cases were 
included.

Revision for any cause was set as the endpoint; revision 
was defined as the removal or change of any implant that 
would impact the survival rate.

The statistical analysis was performed using SPSS 14.0 
for Windows, version 14.0.1 (SPSS Inc, Chicago, IL, USA) 
and JMP, Version 12.0.1 (SAS Institute Inc., Cary, NC, 
1989–2007).

Results

The analysis of the population started from the descrip-
tion of demographics and surgical indications. Of the 5948 
included patients, 67.9% were females with a mean age of 
67 years (range 24–92).

The most common diagnoses leading to primary implant 
were primary osteoarthritis in the vast majority of patients 
(84.4%; 5,445 knees), 7.1% deformity and 5.1% necrosis 
of the condyle, and post-traumatic osteoarthritis (1.9%). 
Considering implant design, the insert was fixed in 5475 
(84.8%), while 972 (15.1%) were mobile bearing; data about 
the insert were missing in 6 implants (0.1%).

UKA surgery showed lower perioperative complication 
rate when compared to TKA (Table 1); in fact, both intraop-
erative and postoperative complications were more frequent 
in TKA (321/54,012 procedures; 0.6%) compared to UKA 
(20/6,453 procedures; 0.3%), p = 0.004.

The revision rate was higher in UKA when compared 
to TKA. The cumulative survival of UKA implants was 

92.6% (CI 91.8–93.2) at 5 years, decreasing to 81.8% (CI 
79.7–83.7) at 15 years follow-up; when compared to TKAs, 
these latter showed a significantly (p < 0.05) higher survival 
at 5- and 15-year follow-up: 96.8 (CI 96.6–97.0) and 93.8% 
(CI 93.4–94.3), respectively (Fig. 2).

Of the 6453 implants described in this study, 620 failed 
during the follow-up period; of these, 51.1% failed within 
the first 3 years after surgery. UKA survival curve (blue line, 

Table 1   Intraoperative and postoperative complications in UKA and 
TKA

Complication UKA TKA

Intraoperative
 Tibial fracture 5 (0.1%) 24 (0.04%)
 Femoral fracture 5 (0.1%) 45 (0.1%)
 Anesthesiological complications 1 (0.02%) 16 (0.03%)
 Tibial tuberosity or patellar tendon lesions 1 (0.02%) 31 (0.1%)
 Collateral ligaments lesions – 29 (0.1%)
 Vascular lesions or haemorragic complica-

tions
1 (0.02%) 27 (0.05%)

 Others 3 (0.05%) 33 (0.1%)
 Total 16 (0.2%) 205 (0.4%)

Postoperative
 Early infection 2 (0.03%) 29 (0.1%)
 Deep vein thrombosis 2 (0.03%) 87 (0.2%)
 Total 4 (0.1%) 116 (0.2%)

Fig. 2   Kaplan–Meier curves showing survivorship of total (red) and 
unicompartmental (blue) knee replacements. Yrs = years
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Fig. 2) showed a quicker decline within the first 3 years after 
surgery; then, the slope became more gradual.

Cox multivariate analysis showed that the survival uni-
compartmental knee prosthesis is negatively influenced by 
type of insert. Mobile insert is worse than fixed insert with 
a hazard ratio of 1.3 (95% Confidence Interval 1.2–1.4, 
p = 0.0031).

Considering the causes of failure (Fig. 3), the most fre-
quent was aseptic loosening (total in 37.4%; only tibial in 
12.7%; only femoral in 3.2%). No significant correlation was 
found between the diagnosis leading to primary implant and 
implant survival (Fig. 4).

The vast majority of the failed UKAs were revised with a 
TKA. Of the 620 implants that required revision, 485 were 
revised with a bi- or tricompartmental TKA, 35 with another 
UKA, 70 were implant removal and 30 performed outside 
region. A significantly increased number of re-revisions 
were performed in UKA (16/35; 45.7%) vs TKA (61/485; 
12.5%) (p < 0.05).

Discussion

The most important finding of the present study was that 
UKAs resulted to be associated with fewer perioperative 
complications compared to TKA, but also to a higher rate 
of revisions. Mobile insert UKA showed a significantly 
increased risk of revision surgery, with a hazard ratio of 
1.3. Revision surgery of a failed UKA, if performed by a 

Fig. 3   Causes of UKA failure 
leading to surgical revision

Fig. 4   Kaplan–Meier curves of implants survival related to the pri-
mary diagnosis leading to UKA. Yrs years
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TKA, is associated with a better implant survival and lower 
rates revision surgery.

Considering the safety and low invasiveness of UKA pro-
cedure, our results lead to the same conclusion reached by 
multiple authors; coupled with smaller incision surgery and 
faster recovery protocols, UKA is a less invasive and safer 
procedure compared to TKA [5, 23, 24, 37]. In particular, we 
focused on two of the most potentially devastating perioper-
ative complications of any joint replacement (Deep Venous 
Thrombosis—DVT and periprosthetic infection) and found 
UKA to have a lower risk of DVT when compared to TKA. 
Similar results about DVT were obtained by Lombardi et al. 
[21], who performed a retrospective study regarding the inci-
dence of thromboembolic events after UKA (n = 432), and 
no patient experienced a symptomatic DVT or pulmonary 
embolism. In addition, Brown et al. [5] compared 2.235 
TKAs and 605 UKAs in a retrospective study and reported 
symptomatic thromboembolic events in 1% of the TKA 
patients and 0.64% of the UKA patients.

On the other hand, no statistically significant difference 
was found in periprosthetic infection risk between UKA 
and TKA group; both groups had the same very low infec-
tion rate (0.04%). Higher rates of infection for both UKA 
(0.3–0.58%) and TKA (0.15–2.5%) implants have been 
reported [12, 37].

This registry study also compared survival of UKAs to 
survival of TKAs; an overall UKA implants survival of 
81.8% at 15 years was reported. Our results are in agree-
ment with studies from other international registries [16, 28, 
29, 32]. In New Zealand, a 15-year implant survival rate of 
81.1% was recorded [32]. The data were similar in Austral-
ian and UK registries with 78% and 83.1% implant survival 
at 14 years, which were significantly lower than the TKR 
survival rates of 92.5% and 94%, respectively [28, 29]. The 
highest UKA survival rate has been reported by Mohammad 
and Strikland [25, 26], who analysed more than 8000 Oxford 
implants; however, their research was biased by the fact that 
Oxford UKAs can be implanted only by specifically trained 
orthopaedic surgeons.

Many authors have tried to explain this difference in revi-
sion rate and studied the most common causes of UKA fail-
ure [28–30, 34, 35]: in a study including 3,967 medial UKA, 
Van der List et al. reported aseptic loosening (36%), OA 
progression (20%) and pain (14%) to be the main reasons 
for failure [33]. Similarly, in our cohort, aseptic loosening 
was found to be the leading cause (53.38%, including single 
tibial or femoral component loosening, and total loosen-
ing) and pain as the second most common cause of revision 
(19.8%). Our data are in agreement with the results of other 
international registries: Australian, UK and New Zealand 
Registries report loosening (35–40%), progression of disease 
(20–30%), and pain (8–16%) as the three most important 
causes of UKA failure [28–30].

A multicentre analysis by Epinette et al. [10] and the UK 
National Registry [28] both showed that the majority of 
aseptic loosening cases occurred in the early period (within 
2 years postoperatively) and are related to technical pitfalls 
including malalignment, under or over correction of deform-
ity, mal positioning of components.

Moreover, several studies have shown that high-volume 
centres and surgeons who performed more UKA per annum 
had significantly lower revision rates [21, 27, 37]. The New 
Zealand Registry reported a lower revision rate among sur-
geons who perform more than 10 UKAs/year (6%) com-
pared to surgeons who perform less than 10 (10%) [32]. 
This illustrates the importance of the technical aspects in the 
performance of this surgery, in addition to accurate patient 
selection. For this reason, improvements in instrumentation 
and surgical technique, along with assistive devices, such 
as computer navigation and robotic-assisted surgery, might 
lead to better accuracy and reduction of technical errors, 
hopefully improving survivorship of UKA implants [11].

According to our results, insert type has an influence on 
survival; in particular, mobile-bearing implants are associ-
ated with a slightly higher revision rate; this result may have 
been influenced by the low number of mobile-bearing UKA 
implanted (15.1%) and the consequently lower surgical expe-
rience. In fact, the highest mobile-bearing implants survivor-
ship rates have been reported by high-volume centres [9]. 
This remains a controversial topic; the bearing modularity 
continues to incite debates and the superiority of one design 
over the other has not been demonstrated yet. Other arthro-
plasty registries who compared fixed and mobile-bearing 
designs of UKA suggested no conclusive advantage of one 
over another, citing differing reasons for the failure of each 
design [17, 31]. In particular, while mobile-bearing implants 
have a higher re-operation rate due to aseptic loosening and 
arthritis progression, they show an almost absent incidence 
of insert wear [8, 33]. In 2015, Ko et al. [15] analysed com-
parative studies between fixed and mobile bearings focus-
sing on complications: the overall re-operation rate per 100 
component years was comparable between the two groups. 
Nevertheless, the mobile bearings resulted to be more prone 
to re-operations in patients from aseptic loosening, progres-
sion of arthritis and implant dislocation. Therefore, despite 
the fundamentally different design concepts, both bearings 
yield similar long-term outcomes and the debate remains 
open.

Considering surgical indication, no difference was found 
in survival of implants depending on the diagnosis at pri-
mary surgery: our data highlight that UKAs implanted for 
post-traumatic arthritis, post-traumatic necrosis or deform-
ity did not show a higher risk of failure compared to those 
implanted for primary arthritis. Only few studies and no 
other national registry explored this topic. Chalmers et al. 
[7] found survivorship of UKAs for primary osteonecrosis 
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to be 93% at 10 years, and stated that, as long as correct sur-
gical indication is respected, the diagnosis leading to UKA 
does not affect implant outcome.

Finally, analysis of revision strategies in the case of 
UKA failure showed a considerably better outcome when 
the failed UKA was converted to a TKA (U2T) rather than 
to another UKA (U2U): 82.6% (CI 77.8–86.5) vs 46.9% (CI 
28.0–66.6) at 10 years, p < 0.05. These data are in agreement 
with reports by other national registries, such as the Swedish 
knee arthroplasty register [17, 18], in which the cumulative 
rate of re-revision was 7% for U2T and 26% for U2U. The 
disproportionate number of failed U2U implants suggests 
that a simple exchange of bearing surfaces does not address 
the fundamental cause of failure (such as disease progres-
sion, malalignment or unequal flexion–extension gap).

We can, therefore, state that revision of a failed UKA with 
another UKA is associated with an unacceptably high rate of 
failure and should be avoided when possible.

This study has several limitations. First, it lacks patient-
reported outcomes, and information about specific comor-
bidities associated with inferior arthroplasty survival, such 
as diabetes or obesity [2, 22, 23], is missing. Second, the 
registry does not report any functional data about the oper-
ated knee. Moreover, the study has all the limitations asso-
ciated to retrospective studies; as they are not randomized, 
unmeasured confounders might affect the results. Moreover, 
the procedures were performed by different surgeons at dif-
ferent hospitals, and results are affected by data collection 
modality, adherence to the initiative and capture rate.

Conclusion

UKA is associated with fewer perioperative complications 
but higher revision rates compared to TKA. Both surgeon 
and patients should be aware of pros and cons of these 
implants, which are a good option when lower invasiveness 
and quick recovery are pursued. In case of failure of a UKA 
implant, revision surgery by a TKA is associated with a bet-
ter implant survival and lower requirement of re-revision 
surgery.
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