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Background   The choice and use of unicondylar knee 
arthroplasty (UKA) has gone through a nation wide 
resurgence at the start of the 21st century in Finland. 
We evaluated the population-based survival of UKA in 
patients with primary osteoarthritis (OA) in Finland, 
and the factors affecting their survival.

Method   The Finnish Arthroplasty Register was 
established in 1980. During the years 1985–2003, 1,928 
primary UKAs were recorded in the register; 1,819 of 
these were performed for primary OA. Of these 1,819 
UKAs, we selected for further analysis implants that had 
been used in more than 100 operations during the study 
period. The survival rates of UKAs were analyzed using 
Kaplan-Meier analysis and the Cox regression model.

Results   Analysis of the whole study period showed 
that UKAs had a 73% (95% CI: 70–76) survival rate at 
10 years, with revision for any reason as the end point. 
Those patients who received the Oxford menisceal bear-
ing unicondylar (n = 1145) had a survival rate of 81% 
(95% CI: 72–89) at 10 years. The group that received 
the Miller-Galante II unicondylar (n = 330) had a 79% 
survival rate (95% CI: 71–87) at 10 years, whereas the 
Duracon (n = 196) had a survival rate of 78% (95% 
CI: 72–84) and the PCA (n = 146) had a survival rate 
of 53% (95% CI: 45–60) at 10 years. The number of 
UKA operations in Finland has increased markedly in 
recent years. At the time of operation, the mean age of 
the patients was 65 (38–91) years. Younger patients (≤ 
65 years of age) were found to have a 1.5-fold (95% CI: 

1.1–2.0; p = 0.04) increased risk of revision compared to 
older patients (> 65 years).

Interpretation   UKA is a viable option for the 
treatment of unicompartmental osteoarthritis of the 
knee. However, patients should be made aware of the 
lower survival of the UKAs compared with total knee 
arthroplasties.

■

Unicondylar knee arthroplasty (UKA) has been 
performed for more than three decades. Ini-
tial results with the very first designs were not 
promising, although the basic idea was appro-
priate. If only one compartment of the knee is 
affected, is there really a need to replace the 
whole knee joint? Skolnick et al. (1975) pub-
lished results of a series of 14 knees with a UKA.  
Other early reports also included papers by Marmor 
(1976) and by Scott and Santore (1981) with series 
of 124 and 100 knees, respectively. Prerequisites 
for a UKA such as unicompartmental disease, 
functioning anterior cruciate ligament, tibiofemo-
ral angles between physiological valgus and 10° 
varus and no subluxation are largely accepted 
in retrospective studies (Deschamps et al. 1987, 
Goodfellow et al. 1994).

There has only been one randomized, prospective 
study comparing 5-year results of UKA and total 
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knee arthroplasty (TKA) in osteoarthritic knees 
(Newman et al. 1998). The authors concluded that 
it seems reasonable to offer suitable patients the 
benefits of a more normal knee by preserving the 
cruciate ligaments and intact articular cartilage 
whenever possible. Retrospective direct compari-
son studies comparing UKA with TKA (Cobb et al. 
1990, Rougraff et al. 1991) have shown the supe-
riority of UKA. These studies may be criticized 
for their lack of randomization. In addition, we 
were able to find one systematic review compar-
ing bi- and unicompartmental prostheses (Callahan 
et al. 1995). The review found both procedures to 
be effective—based on pain, function, and range 
of movement on a global rating scale (Drake et al. 
1994). Since 1987, however, UKA operations have 
been reported to be more effective due to improved 
patient selection procedures and advanced implant 
design. In their study comparing UKA and TKA, 
Bengtson and Knutson (1991) stated that the risk 
of serious complications—such as infection of 
prostheses—is lower for UKAs. Register-based 
results of UKA have only been reported previously 
from Sweden (Robertsson et al. 1999, 2000) and 
from USA (Gioe et al. 2003).

We evaluated the survival of UKAs in patients 
with primary osteoarthritis (OA) and the factors 
affecting survival of the implants by means of a 
prospective population-based study based on data 
obtained from the Finnish Arthroplasty Register.

Patients and methods

Our study was based on information recorded in 
the Finnish Arthroplasty Register (Paavolainen et 
al. 1991, Puolakka et al. 2001) relating to patients 
who underwent UKA between January 1, 1985 
and December 31, 2003 inclusive. Information on 
1,928 UKAs had been recorded individually for all 
such operations since the beginning of the Regis-
ter. An English translation of the form used for this 
purpose has been discussed previously (Puolakka 
et al. 2001). Revisions were linked to the primary 
operation using the unique personal ID number 
assigned to each resident of Finland. Information 
on dead or emigrated patients was provided by the 
Population Register Center, which has data on all 
citizens of Finland. Of the 1,928 UKAs in the reg-

ister, 1,819 (94%) were performed on patients with 
primary OA. These 1,819 UKAs were included in 
our analysis.

Time-dependent trends

The number of hospitals performing UKAs was 
analyzed for three time periods: 1985–1986, 
1992–1993, and 2002–2003. Survival of UKAs 
was analyzed separately for the whole study period 
and for 3 consecutive time periods (1985–1990, 
1991–1996, and 1997–2003). The results of the 
first time period are based almost exclusively on 
the PCA prosthesis.

Inclusion criteria for design analysis 

We selected UKA designs that had been used in 
more than 100 operations during the study period 
(Espehaug et al. 1995, Havelin et al. 1995, Eske-
linen et al. 2006). In addition, only implants with 
more than 20 patients at risk at 10 years (Dorey 
2004) were included. 

According to our inclusion criteria, 4 implant 
designs were included: the Oxford menisceal bear-
ing (Biomet, Warsaw, IN), the Miller-Galante uni-
condylar (Zimmer, Warsaw, IN), the PCA unicon-
dylar (Howmedica, Rutherford, NJ) and the Dura-
con unicondylar (Howmedica). These 4 designs 
covered 92% of all UKAs implanted in Finland in 
patients with primary OA (Table 1). Thus, 1,736 
UKAs were included in the design analysis.

Statistics

In all analyses, the endpoint for survival was 
defined as revision for any reason. The Kaplan-
Meier survival data were used to construct the sur-
vival probabilities of implants at 5, 7 and 10 years 
of follow-up. Survival data obtained in the Kaplan-
Meier analysis were compared by the log-rank test. 
The Cox multiple-regression model was applied to 
study differences between groups and to adjust for 
potential confounding factors. The factors stud-
ied with the Cox model were as follows: implant 
designs, hospital UKA volume (≤ 10 or > 10 UKAs 
annually), time periods (1985–1990, 1991–1996, 
and 1997–2003), age group (≤ 65 and > 65 years) 
and sex. All models included adjustment for differ-
ences in age (≤ 65 and > 65 years) and sex. When 
UKA designs were analyzed in the Cox model, the 
most commonly implanted UKA (Oxford menis-
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ceal bearing) served as the reference design. Dead 
or emigrated patients were censored at the time 
point at which they had emigrated or died. For fur-
ther analysis, the Cox regression analyses provided 
estimates of survival probabilities and revision risk 
ratios (RR) for different factors. Estimates from 
Cox analyses were used to construct adjusted sur-
vival curves at mean values of the risk factors. The 
Wald test was used to calculate p-values for data 
obtained from the Cox multiple regression analy-
sis. Differences between groups were considered 
statistically significant if the p-values were less 
than 0.05 in a two-tailed test.

We used SPSS software version 12.0 for the sta-
tistical analyses.

Results

Primary operation

Patient characteristics. Of the 1,819 UKA opera-
tions, 1,244 (68%) were performed on female 
patients and 575 (32%) on male patients. At the 
time of operation, the mean age of the patients 
was 65 (38–91) years (Table 2). Of all UKAs, 
913 (50%) were performed on the left knee. The 
number of UKA operations has increased mark-
edly over the last years in Finland (Table 3). 

The number of hospitals performing UKAs for 
primary OA increased from 2 over the first period 
(1985–1986) to 19 in the early years of the next 
decade (1992–1993), and to 40 at the end of the 
study period (2002–2003). During the last time 
period analyzed (2002–2003), 28 of the 40 hospi-
tals included in the study performed less than 10 
UKAs annually.

Implants

Over the whole study period 9 UKA designs were 
used, 5 of them in fewer than 100 operations. All 
implants were cemented. At the end of the study 
period (2002–2003), only 2 UKA designs were 
being used in Finland: the Oxford menisceal bear-
ing (Biomet) and the Miller Galante II unicondylar 
(Zimmer).

Revision operations

During 1985–2003, 234 revisions were performed. 
The most common reason for revision was aseptic 
loosening (n = 104, 44%). Progression of the OA in 
other compartments of the knee accounted for 33% 

Table 1. Bearing types of the four most commonly used unicompartmental knee prostheses (n=1,817)

Implant n Mobile vs.  Mean  Women  Implanting   No. of  Operations per
  fixed bearing age (%) period hospitals hospital a

Oxford menisceal 1,145 Mobile 64 67 1990–2003 48 24
Miller- Galante II 330 Fixed 66 65 1990–2003 8 41
PCA 196 Fixed 66 75 1985–1995 15 11
Duracon 146 Fixed 69 68 1993–2000 16 9

a Mean number of operations performed in hospitals. 

Table 2. Age distribution of UKAs (n=1,819)

Age group Number Distribution
(years) of UKAs (%) 

≤ 49 67 3.7 
50–59 453 25
60–69 697 38 
70–79 522 29 
≥ 80 80 4.4 

Table 3. The number of UKA for primary osteoarthritis 
have increased from 1985 to 2003 in Finland  (n=1,819)

Period No. of No. of hospitals performing
 UKAs < 10 UKA/year          UKA

1985–1986  11 2  2
1987–1988 51 7  8
1989–1990 97 15  16
1991–1992 152 22  23
1993–1994 185 20  21
1995–1996 136 11  12
1997–1998 90 9  10
1999–2000 161 23  23
2001–2002 536 30  38
2003 400 23  36



Acta Orthopaedica 2007; 78 (1): 128–135 131

of the revisions (n = 77). Breakage of the polyeth-
ylene matrix accounted for 9% of the revisions (n = 
22), malalignment of the prosthesis for 6% (n = 
14), and fracture of the bone for 3% (n = 8). 49% 
(n = 114) of the revisions were performed on the 
right knee, and 51% (n = 120) on the left knee.

When a reoperation was performed, conversion 
to bi- or tricompartmental arthroplasty (TKA) was 
the most common procedure, totaling 197 (84%) 

re-operations. TC-3 or hinged implant was used 
in 20 cases (9%) and uni- to uni-revision was per-
formed in 17 cases (17%).

Follow-up results for all primary operations

In the Kaplan-Meier analysis, UKAs showed a 
73% (95% CI: 70–76) survival rate at 10 years.

Survival of UKA cohorts

At 10 years, UKAs implanted during the first 
period (1985–1990) showed a survival rate of 63% 
(95% CI: 55– 71), and UKAs implanted during the 
second period (1991–1996) showed a survival rate 
of 74% (95% CI: 70–79). Long-term follow-up 
data were not available for UKAs implanted during 
the last period (1997–2003); at 6-year follow-up, 
however, they had an 84% (95% CI: 78–89) sur-
vival rate. Kaplan-Meier analysis of UKAs indi-
cated that the 1991–1996 cohort had better over-
all survival than the 1985–1990 cohort (p = 0.02). 
There were no differences in survival between the 
other cohorts. The Cox regression analysis (with or 
without adjustment for age and sex) gave similar 
results (Figure 1).

Survival of UKA designs (Table 4)

At 7 years, only the Oxford menisceal bearing and 
the Miller-Galante unicondylar had survival rates 
over 85%. However, at 10 years survival rates for 
all UKA designs had declined to < 85%. In the Cox 
regression model (with or without adjustment for 
age and sex), both the Duracon and the PCA uni-
condylar implants were found to have an increased 

Table 4. Survival of UKA designs. The endpoint was defined as revision for any reason. 5-, 7-, and 10-year survival 
rates were obtained from the Kaplan-Meier analysis (n=1,736)

Implant brand n a MF  5-year  7-year 10-year Adjusted RR
   AR % survival AR % survival AR % survival  for revision P-value

Duracon uni  26 / 140 6.5 108 84.0 73 81.2 24 78.6 1.9 0.02
  95% CI     (77.8–90.1)  (74.6–87.9)  (70.4–86.8) (1.1–3.2)  
PCA uni 89 / 171 8.4 132 75.5  106 63.5  74 52.5  2.3  < 0.001
  95% CI    (69.0–82.0)  (56.0–71.0)  (44.5–60.5) (1.6–3.4)
Miller-Galante uni  50 / 312 7.1 241 89.5  188 85.9  82 78.5  0.9  0.6
  95% CI    (85.9–93.1)  (81.7–90.2)  (72.6–84.3) (0.6–1.4)
Oxford meniscal 51 / 1113 2.0 76 91.7  62 90.3  45 80.2  1.0 –
  95% CI    (88.0–95.4)  (85.7–94.8)  (71.6–88.9)

a Number of revisions / number of total operations. MF: mean follow-up (years); AR: at risk; RR: risk ratio from the Cox 
regression analysis (other brands compared to the Oxford UKA; adjustment made for age and gender)

Figure 1. Cox-adjusted survival curves of UKA cohorts 
comprising patients with primary osteoarthritis. UKA cohort 
served as the strata factor. The endpoint was defined as 
revision for any reason. Adjustment has been made for age 
and sex.
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risk of revision as compared to the Oxford (Table 
4; Figure 2).

Effect of gender and age on risk of revision

Cox regression analysis of all data showed that 
there was no significant difference in revision risk 
between males and females (with adjustment for 
age and type of UKA). Younger patients (≤ 65 
years of age) were found to have a 1.5-fold (95% 
CI: 1.1–2.0) increased risk of revision as compared 
to patients of > 65 years (p = 0.04) (with adjust-
ment for sex and brand of UKA).

The effect of hospital volume on survival of 
implants

Neither the Kaplan-Meier analysis nor the Cox 
multiple-regression analysis model revealed any 
significant difference in revision risk between hos-
pitals performing ≤ 10 UKAs annually and hospi-
tals performing > 10 UKAs annually (with adjust-
ment for age, sex, and UKA design).

Discussion

The Finnish Arthroplasty Register was established 
in 1980 with the intent of tracking the use and fail-

ure rates of different implants. This population-
based study was designed to review outcomes of 
primary UKA implantation and evaluate the long-
term durability of UKAs.

Nationwide studies enable trends in the use of 
UKAs to be shown more accurately and on a larger 
scale than studies from specialized centers. The 
limitations of register-based studies have been well 
defined (Paavolainen et al. 1991, Kim et al. 2002, 
Eskelinen et al. 2005). For example, we cannot 
report any subjective outcome measurements such 
as the Knee Society score or WOMAC; nor did we 
include quality of life evaluations such as the SF-
36.

The choice and use of UKA has gone through 
a second peak at the start of the 21st century 
(Table 3). This is partly because of new prosthe-
sis designs, a less invasive operation technique, 
and a good patient response with good long-term 
results compared to TKA or high tibial osteotomy 
(HTO) (Jenny et al. 1998, Argenson et al. 2002, 
Naudie et al. 2004, Price 2005). There was, how-
ever, a decrease in the number of UKAs over the 
period 1994–1999, due to poor outcomes of ear-
lier designs (PCA unicondylar) and less rigorous 
selection of patients. When the modified Oxford 
menisceal bearing UKA (phase 3) was introduced 
in Finland in 1999, enthusiasm for its use began to 
rise and since the turn of the century, the number of 
UKAs implanted has progressively increased.

As much as 25% of all the UKAs were implanted 
in patients aged between 50 and 59 years. Being a 
younger group, they are more active, which places 
more demands on their prostheses. There is varia-
tion among hospitals performing UKAs in Finland. 
One reason for this may be that in some hospitals, 
UKAs have replaced HTOs in younger patients with 
medial compartment osteoarthritis. On the other 
hand, some hospitals seem to prefer the TKA over 
the UKA type due to poorer survival of the latter. 
In this study, most of the patients were females, but 
this should not have any clinical significance for 
the survival of UKAs (Kurtz et al. 2005).

Several studies have emphasized the importance 
of patient selection when performing either a UKA 
or an HTO (Scott and Santore 1981, Thornhill 
1986, Iorio et al. 2003, Naudie et al. 2004). Gill 
and co-workers made the controversial statement 
that HTO should be superior to UKA. Moreover, if 

Figure 2. Cox-adjusted survival curves of 1,736 UKAs in 
patients with primary osteoarthritis. UKA design served as 
the strata factor. The endpoint was defined as revision for 
any reason. Adjustment has been made for age and sex.
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arthroplasty is required, one should favor the use of 
TKA implants (Gill et al. 1995). Similarly, in our 
hospital HTO is chosen for younger, active patients 
with unicompartmental medial osteoarthritis (Gill 
et al. 1995, Price et al. 2001) combined with a limb 
deformity, and who have a projected life expec-
tancy of 20 years or more (Iorio et al. 2003). For 
other patients, we favor UKA or TKA.

There is also a group of older patients, with iso-
lated medial compartment disease. Some orthope-
dic surgeons recommend that these patients should 
be treated with a UKA implant because of better 
rehabilitation (Price et al. 2001). The other point 
of view is to make a permanent solution for the 
elderly on the basis of their projected life expec-
tancy and choose a TKA because of the better 
long-term implant survival rates.

Aseptic loosening has been one of the most 
common reasons for a revision (Robertsson et al. 
1999, Robertsson 2000, Gioe et al. 2003). One 
cause of aseptic loosening is abrasion of the poly-
ethylene matrix of the implant (Wright 2005). The 
Finnish Arthroplasty Register reports these phe-
nomena separately, even though they are causally 
related. On the other hand, there have been reports 
concerning polyethylene wear in a menisceal bear-
ing component, which was found to be minimal 
even in vivo (Argenson et al. 1992, Psychoyios et al. 
1998, Robertsson 2001). A study showing abrasion 
of polyethylene over a range of 0.026–0.043 mm a 
year has been published (Argenson and O’Connor 
1992). The Oxford menisceal bearing is the only 
knee prosthesis design among total and unicon-
dylar prostheses providing identically compatible 
sliding surfaces. Thus, in theory this factor should 
be greatly beneficial to patients in terms of minimal 
polyethylene abrasion (Wright 2005). However, in 
a comparative nationwide register study in Sweden 
(Robertsson 2000), contrary to expectations, such 
a benefit was not reflected by any reduction in the 
cumulative revision rate (CRR) for the Oxford 
knee compared to others. 

The Oxford unicondylar arthroplasty had the best 
survival rate in this study, but a word of caution is 
in order. In the Swedish arthroplasty register study 
(Robertsson et al. 2001), results from 1987–1998 
showed that the Oxford mobile bearing had a sig-
nificantly higher CRR than fixed-bearing models. 
Moreover, the higher CRR for the Oxford UKA 

was associated with hospitals with low surgical 
volume of prostheses replacement (Robertsson et 
al. 2001). In our study, the number of hospitals per-
forming less than 10 operations a year has begun 
to increase during the past years. This may have 
a detrimental effect on survival rates in the years 
to follow. On the other hand, better survival rates 
have been obtained with fixed-plateau type UKAs 
(Rougraff et al. 1991, Argenson et al. 2002, Naudie 
et al. 2004). In a study of 160 Miller-Galante II 
unicondylar prostheses with a 3–10-year follow-up 
(Argenson et al. 2002), there was only one revision 
due to polyethylene wear at 9 years. 

Clinical studies (Capra and Fehring 1992, 
Murray et al. 1998, Berger et al. 1999, Squire et 
al. 1999) on unicondylar arthroplasties with as 
much as a 20-year follow-up have achieved 98% 
survival rates at 10 years. There has only been 
one prospective, randomized comparison study 
between UKAs and TKAs, with the mid-term 
results published (Newman et al. 1998). In other 
studies, it is questionable whether patient selection 
and primary diagnoses are truly comparable—or 
whether the groups studied are equally paired. In 
an earlier study using a community-based implant 
register, Gioe et al. (2003) obtained a 89% survival 
rate for a UKA at 10-year follow-up. In their study, 
revision for any reason was used as the endpoint. 
Similarly, using a population based-register Rob-
ertsson and co-workers (1999) found an 85% sur-
vival rate for a UKA at 10-year follow-up. In the 
past decade, long-term survival rates for UKAs 
have been approaching the survival rates of TKAs 
(Deshmukh and Scott 2001).

In our study, when revision of the UKA was per-
formed only 7% of the revised knees were actually 
replaced with a new UKA. Generally speaking, 
this is the correct approach because a significantly 
higher revision rate was reported after a UKA to 
a UKA revision, as compared to replacement of 
a UKA by a TKA (Robertsson 2000). Moreover, 
Lewold et al. (1998) found that 4 years after a 
UKA to a UKA revision, one quarter of the patients 
required another revision operation. The same 
authors suggested that once it has failed, a UKA 
should be revised with a TKA. In our study, the 
most common cause of revision was aseptic loos-
ening. Aseptic loosening and progression of knee 
osteoarthritis have also been the two most common 
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reasons for a revision in previous registry-based 
studies (Robertsson et al. 1999, Robertsson 2000, 
Gioe et al 2003). 

The survival rate of UKAs has improved in Fin-
land. However, it seems that our results are not 
similar to those reported by surgeons designing 
UKAs, or to results from specialized centers (Price 
2005). Based on the Swedish Arthroplasty Register, 
Robertsson et al (2001) showed that the long-term 
results of UKA are related to the number of UKAs 
performed by a hospital. In particular, the survival 
rate of a technically demanding implant (Oxford) 
was most affected by volume in that hospital. Con-
sequently, the risk of revision for the Oxford UKA 
was 3 times higher when surgery was performed in 
a low-volume unit. Although we measured no dif-
ference in revision risk between hospitals perform-
ing more than 10 UKAs and those performing less 
than 10 UKAs annually, it is reasonable to assume 
that the fact that the 400 UKAs implanted annually 
were decentralized over 40 different arthroplasty 
centers in Finland cannot lead to optimum long-
term results. Thus, in order to increase the survival 
of UKAs in Finland, we do need centralization of 
arthroplasty surgery.
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