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Mid-Term Results of Oxford Medial Unicompartmental
Knee Arthroplasty in Young Asian Patients Less than 60
Years of Age: A Minimum 5-Year Follow-up
Yeong-Joon Kim, MD, Bu-Hwan Kim, MD, Seong-Ho Yoo, MD, Suk-Woong Kang, MD, Chang-Hun Kwack,
MD, and Moo-Ho Song, MD
Department of Orthopaedic Surgery, Daedong General Hospital, Busan, Korea

Purpose: The purpose of this study was to evaluate the efficacy of unicompartmental knee arthroplasty (UKA) in young active Asian patients by
analyzing clinical outcomes, complications and survival rates.
Materials and Methods: Eighty-two knees were evaluated with a minimum follow-up of 5 years after Oxford phase 3 UKA in patients less than 60
years of age at the time of surgery. Their mean age was 54.7 years (range, 44 to 59 years). The mean follow-up period was 8.9 years (range, 5.3 to 12
years). Kaplan–Meier survivorship analysis was used to estimate implant survival.
Results: Including 3 bearing dislocations, 1 medial tibial collapse and 1 lateral osteoarthritis, the total complication rate was 6.1% (5/82). Of the 3
cases of bearing dislocation, 2 cases were resolved by replacing with a thicker bearing and 1 case was converted to total knee arthroplasty (TKA)
due to repeated dislocation. The two knees with a medial tibial collapse and a lateral osteoarthritis were converted to TKA. The 10-year cumulative
survival rate using Kaplan-Meier survival method was 94.7% (95% confidence interval: 88.7%–100%).
Conclusions: Oxford medial UKA was reliable and effective in young active Asian patients providing good clinical results and survival rate in the
mid-term follow-up.
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Introduction
Unicompartmantal knee arthroplasty (UKA) for the treatment
of isolated compartment osteoarthritis of the knee has been continuously improved since its introduction in the 1950s. In 1989,
Kozinn and Scott1) reported the ideal candidates for UKA as inactive elderly (≥60 years old) patients. Active patients and manual
laborers were described as inappropriate candidates due to the
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risk of mechanical failure and component loosening increased by
repetitive high-impact loading. Thus, <60 years of age has been
considered a contraindication for the procedure, and high tibial
osteotomy (HTO) has been traditionally performed for relatively
young patients. However, with advances in surgical instruments
and techniques, a growing body of studies have demonstrated
the outcomes of UKA in <60-year-old patients were comparable
to those in ≥60 years2-4). Furthermore, some studies have shown
comparable or better results of UKA than HTO in young patients5,6).
However, it is disconcerting that young age appears to be associated with the increased risk of revision UKA7,8). In particular,
there are a number of studies suggesting polyethylene wear as a
major mode of failure in fixed-bearing UKA9-12). On the contrary,
the use of a fully congruent mobile-bearing lowers contact stress,
reducing the prospect of polyethylene wear and allowing for
long-term follow-up of UKA13-15). In this study, we retrospectively
reviewed the mid-term results of minimally invasive Oxford mewww.jksrr.org
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dial UKA performed in young Asian patients (<60 years of age at
the time of surgery). The purpose of this study was to determine
whether the procedure can be effective in young and active Asian
patients based on the assessment of clinical outcomes, complications, and survivorship.

Materials and Methods
We obtained Institutional Review Board approval for retrospective data analysis. Between November 2003 and December 2010,
438 knees underwent medial UKA for the treatment of osteoarthritis. Of those, 82 knees in 78 patients <60 years of age and
available for a minimum 5-year follow-up were included in this
study. The age distribution of the total UKA patients (438 knees)
was as follows: under 45 years, 1 (0.2%); 45–49 years, 11 (2.5%);
50–54 years, 42 (9.6%); 55–59 years, 64 (14.6%); 60–64 years,
85 (19.4%); 65–69 years, 124 (28.4%); 70–74 years, 81 (18.5%);
75–79 years, 29 (6.6%); and over 80 years, 1 (0.2%). Patients <60
years of age accounted for 26.9%. Of the 78 patients (82 knees),
74 underwent unilateral UKA and 4 underwent bilateral UKA,
and there were 75 female knees and 7 male knees. The mean
follow-up period of the 82 knees was 8.9 years (range, 5.3 to 12
years): 5 years, 7 (8.54%); 6 years, 3 (3.66%); 7 years, 17 (20.73%);
8 years, 10 (12.20%); 9 years, 15 (18.29%); 10 years, 21 (25.61%);
11 years, 8 (9.76%); and 12 years, 1 (1.22%). Their mean age was
54.7 years (range, 44 to 59 years); mean height was 158 cm (range,
149 to 170 cm); mean weight was 63.7 kg (range, 44 to 105 kg),
and mean body mass index was 25.5 kg/m2 (range, 18.1 to 36.5
kg/m2) (Table 1).
The clinical indication for surgery was pain in the medial aspect of the knee and the radiographic indication was Kellgren
and Lawrence grade IV osteoarthritis. The patients’ symptoms
were refractory to prolonged conservative treatment, and thus
knee replacement surgery was unavoidable. In all patients, the
Table 1. Dermographics
Characteristic

Value

No. of cases

82

Gender (female:male)

75:7

Follow-up (mo)

106.7±20.6 (63–144)

Age (yr)

54.7±4.07 (44–59)

Height (cm)

158.0±4.80 (149–170)

Weight (kg)

63.7±8.64 (44–105)
2

Body mass index (kg/m )

25.5±2.79 (18.1–36.5)

Values are presented as mean±standard deviation (range).
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range of motion (ROM) was ≥110°, ≤10° flexion contracture
and ≤10° varus deformity were observed, and the anterior and
posterior cruciate ligaments were intact. Age and weight were
not considered contraindications. Immediately before surgery, an
arthroscopic examination was undertaken if necessary.
The surgery was performed by the same surgeon in all cases using the Oxford phase III (Biomet, Warsaw, IN, USA) prosthesis.
Under spinal anesthesia, with a tourniquet applied to the upper
thigh, the surgery was performed in a minimally invasive manner through a short longitudinal incision created on the medial
aspect of the knee. Following cement fixation of the tibial and
femoral components, a polyethylene insert was placed. Suction
drainage was not inserted, and a compression bandage was applied after wound closure. Joint motion exercises and weightbearing ambulation with a walker was allowed from the 1st postoperative day.
Clinical assessment was performed preoperatively, 1 year after
surgery, 2 years after surgery, and at the last follow-up using the
ROM, Knee Society score (KSS), Western Ontario and McMaster
Universities Osteoarthritis index (WOMAC). For radiological
assessment, the tibiofemoral angle was measured on the weightbearing long leg radiograph, and component loosening or osteoarthritis in the other compartments was investigated on anteroposterior and lateral radiographs of the knee and patella
Statistical analysis was performed using IBM SPSS ver. 21 (IBM
Co., Armonk, NY, USA). A paired t-test was used to compare
pre- and postoperative differences in clinical assessment. A pvalue <0.05 was considered statistically significant. Kaplan-Meier
survival analysis was performed to estimate the overall survival
rate at 5, 7, and 10 postoperative years. Failure was defined as
conversion to total knee arthroplasty (TKA) due to a complication.

Results
During the minimum 5-year follow-up of medial Oxford UKA
in <60-year-old patients, complications occurred in 5 (6.1%) of
the total 82 knees: bearing in 3, medial tibial collapse in 1, and
lateral osteoarthritis in 1. Of the 3 bearing dislocation cases, replacement with a thicker bearing was done in 2 (Fig. 1) and the
remaining 1 case was converted to TKA due to repeated dislocation. For medial tibial collapse (Fig. 2) and progressive lateral
osteoarthritis (Fig. 3), conversion TKA was performed (Table 2).
Other possible complications of UKA including infection, venous
thromboembolism, ankylosis, and femoral/tibial component
loosening were not observed.
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Fig. 2. (A) Medial tibial collapse of a 60-year-old female with a prior
history of Oxford medial unicompartmental knee arthroplasty (7 years
before the incident). (B) Conversion to total knee arthroplasty was performed with a metal block and a long tibial stem.

The mean KSS knee score was improved from 60.4 (range, 23
to 87) preoperatively to 94.2 (range, 68 to 100) postoperatively.
The mean KSS function score increased from 51.7 (range, 20 to
90) preoperatively to 92.3 (range, 60 to 100) postoperatively. The
mean preoperative WOMAC score was 58.4 (range, 34 to 87),
which was statistically significantly improved to a mean of 10.8
(range, 0 to 28) postoperatively (p<0.001) (Table 3). However,
there was no notable improvement in ROM: the preoperative
mean value was 135.5° (range, 120° to 150°) and the last follow-up
mean value was 137.9° (range, 120° to 150°) (p=0.246) (Table 3).
Patient satisfaction grade according to the WOMAC score
was fair in 31.7% and poor in 68.3% preoperatively. There was

C

Fig. 1. (A) A 59-year-old female underwent
Oxford medial unicompartmental knee
arthroplasty 10 years ago. (B) Posterior
dislocation of the meniscal bearing occurred 3 months after the operation. (C)
She remained pain-free and obtained normal function of the left knee 9.8 years after
bearing exchange.

A

B

Fig. 3. (A) Progressive lateral osteoarthritis of a 65-year-old female with
a previous history of Oxford medial unicompartmental knee arthroplasty (9.5 years previously). (B) Conversion to total knee arthroplasty
was performed with a metal block and a long tibial stem.

a significant improvement at the last follow-up with excellent in
65.8%, good in 29.3%, fair in 4.9%, and poor in 0%. Patients with
good or excellent scores were 95.1%, indicating high patient satisfaction.
The mean femorotibial angle measured on the weight-bearing
radiograph was 2.6° varus (range, 9.1° varus to 2.3° valgus) preoperatively and 3.2° of valgus (range, 2.2° varus to 8.1° valgus)
at the last follow-up. There were no cases with radiographic evidence of ≥2 mm pathological radiolucency around the femoral/
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Table 2. Details of 5 Cases with Complications
Case
1

Complication

Time to reoperation

Bearing dislocation

3 mo

Operative findings
MCL laxity

Procedure
Bearing exchange, good result at 9 yr 10 mo

2

Bearing dislocation

1 yr 4 mo

MCL laxity

Bearing exchange, good result at 7 yr 4 mo

3

Bearing dislocation

2 yr 6 mo

Chronic MCL laxity

Conversion to TKA after recurrent bearing dislocation

4

Medial joint collapse

7 yr

Medial tibial plateau fracture

Conversion to TKA with metal block and tibial stem

5

Progressive lateral arthritis

9 yr 6 mo

Lateral osteoarthritis

Conversion to TKA with metal block and tibial stem

MCL: medial collateral ligament, TKA: total knee arthroplasty.
Table 3. Clinical Results
Variable

Preoperative

Postoperative

p-value

Knee score

60.4±18.46

94.2±7.43

<0.001

Function score

51.7±10.89

92.3±9.82

<0.001

WOMAC (total)

58.4±10.72

10.8±7.04

<0.001

137.9±6.74

0.246

Knee Society score

Range of motion (°)

135.5±5.66

Table 4. Survival Rate at Each Time Point and 95% Confidence Interval
(CI)
Set time (yr)

Estimate (SD)

95% CI

5

0.988 (0.012)

0.964–1.000

7

0.974 (0.018)

0.940–1.000

10

0.947 (0.032)

0.887–1.000

SD: standard deviation.

Values are presented as mean±standard deviation.
WOMAC: Western Ontario and McMaster Universities Osteoarthritis
index.

Discussion
We followed 82 knees in 78 relatively young (<60 years of age)
Asian patients after Oxford UKA for a minimum of 5 years
(mean, 8.9 years; range, 5.3 to 12 years). The significance of this
study is that the 10-year survivorship of the implant with conversion to TKA as the endpoint was 94.7% in the Kaplan–Meier
analysis. This finding is in disagreement with Kozinn and Scott1)
who reported that UKA was not an appropriate treatment option for <60-year-old young and active patients. There still is no
consensus on the application of the procedure in young and active patients. Thompson et al.2) and Pandit et al.4) suggested that
the <60-year-old contraindication should be modified. To our
knowledge, however, mid-term results of UKA in <60-year-old

Survival probability (%)

tibial component or osteolysis. Although patellofemoral joint
arthritis has been suspected in 2 cases, they are under close observation without any treatment due to the absence of symptoms.
Three knees were found to have progressive arthritis in the lateral
compartment, but only 1 knee with symptomatic arthritis was
treated with TKA. On the Kaplan-Meier survival analysis, the
median follow-up was 9.2 years, and the 5-year, 7-year, and 10year survival rates were 98.8%, 97.4%, and 94.7%, respectively.
However, considering the small case number, the results should
be interpreted with caution (Table 4 and Fig. 4).
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Fig. 4. Kaplan-Meier survivorship curve with conversion to total knee
arthroplasty as the endpoint. The cumulative survival rate is 94.7% at 10
years (95% confidence interval: 88.7%–100.0%).

Asian patients with a different lifestyle from Westerners have not
been reported yet.
In the absence of gold standard treatments for medial unicompartmental arthritis in relatively young patients, TKA, UKA, and
HTO have been considered the treatments of choice. In the past,
TKA was most commonly performed among the three procedures. However, TKA has been associated with higher complication rates than UKA16). In the meantime, clinical outcomes and
long-term survivorship of UKA and HTO have been improved
with advances in surgical instruments and techniques17-20). Accordingly, the incidences of UKA and HTO are relatively increas-
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ing21,22).
Traditionally, HTO has been the preferred option for the treatment of unicompartmental osteoarthritis of the knee in young
and active patients; however, it can also lead to various complications19,23). Based on a review of the literature, Dettoni et al.5)
reported that 55 to 65 years old medial osteoarthritis patients
were amenable to either HTO or UKA if they were non-obese
and moderately active without joint instability and had mild
varus deformity and good ROM. They also described that both
procedures produced satisfactory outcomes with UKA offering
slightly superior but statistically insignificant results in terms
of clinical results and survivorship. Spahn et al.6) reviewed 5- to
8-year follow-up studies on HTO and UKA in a meta-analysis.
They found that the two procedures were reliable and effective
for medial osteoarthritis of the knee and had similar reoperation
rates; however, clinical outcomes of UKA was superior to those
of HTO. Recently, Petersen and Metzlaff24) compared minimum 5
year follow-up results of the frequently used opening wedge HTO
and mobile-bearing UKA performed in patients between 55 and
65 years of age. There was no significant difference in terms of
reoperation rates; however, the incidence of residual pain and
symptoms was higher after HTO, which they suggested patients
should be informed of prior to surgery. Furthermore, they recommended UKA for patients expecting a higher quality of life.
The advantages of UKA include preservation of the intact
weight-bearing compartment and anterior and posterior cruciate
ligaments, which contributes to reducing intraoperative blood
loss and postoperative pain for early rehabilitation, increasing the
ROM, and causing low morbidity and mortality. In spite of such
benefits, it has been contraindicated for <60 years of age since
the report by Kozinn and Scott1). However, recent studies have
reported promising results in young patients, raising the question on the validity of the age-related contraindication2,4). The 8to 12-year survival rates of UKA in <60-year-old patients range
from 80% to 92%3,9,25). Still, it is discouraging to note that high
levels of activity in young patients increase the risk of developing
complications that eventually require a reoperation. W-Dahl et
al.7) reported that the reoperation rate was 3 times higher among
patients <55 years of age than those ≥55 years of age during a 10year follow-up. Kuipers et al.8) reported that patients <60 years of
age had a 2.2-fold increased risk of revision when compared to
those ≥60 years of age. In particular, polyethylene wear has been
frequently identified as the major cause of failure of fixed-bearing
UKA9-12). In contrast, the use of a fully congruent mobile-bearing
lowers contact stress, reducing the prospect of polyethylene wear
and thus allowing for a long-term follow-up of UKA13-15). Howev-

er, dislocation of the mobile-bearing may also occur, which puts
the surgeons in dilemma. Bearing dislocation is the most common cause of failure that requires reoperation after UKA. The
risk of bearing dislocation is 3 times higher in Asian patients than
in their Western counterparts. Accordingly, mobile-bearing UKA
may not be a proper solution for osteoarthritis in Asian patients
living in cultures where high flexion of the knee is essential26).
In our patients, bearing dislocation was also found to be the
most common complication with an incidence of 3/82 (3.6%),
which is high compared to that in Western populations. Bearing dislocation should be considered as a potential complication
for Asian patients undergoing mobile-bearing UKA considering their lifestyle that necessitates high flexion postures such as
kneeling and squatting. The possible causes of bearing dislocation include inequality of the flexion and extension gaps, bearing impingement, abnormal positioning of the femoral or tibial
component, chronic laxity of the medial collateral ligament, and
habitual high flexion postures27). If bearing dislocation occurs,
replacement of the bearing, revision UKA, or conversion to TKA
can be considered as possible treatment options. In a study by
Lim et al.28), bearing dislocation was found in 12/400 knees (3%)
at a mean of 5.2 years after Oxford UKA. Of these 12 dislocation
cases, 10 knees were treated by insertion of a thicker bearing, but
conversion to TKA was required in only 2 knees. In our study,
bearing dislocation occurred in 3 knees. Conversion to TKA was
performed in only 1 knee for repeated dislocation. The remaining 2 knees exchanged with a thicker bearing has shown no further complication necessitating a revision surgery until the latest
follow-up. Patient satisfaction at the last follow-up was good or
excellent in 78 (95.1%) of the total 82 knees except for 4 (fair,
4.9%). According to Nwachukwu et al.21), both HTO and UKA
can result in satisfying results if appropriate patients are selected
for each procedure; however, there is a growing trend toward
increased utilization of UKA while HTO is falling out of favor in
the USA. They noted an overall 15-fold preference for UKA and
it was more frequently performed in women and patients >34
years of age. This may be attributable to the fact that UKA allows
for immediate weight-bearing after surgery and faster postoperative recovery. In contrast, HTO requires restrictions on weightbearing and a longer rehabilitation period. This process may
be more difficult for older patients, and thus they prefer more
convenient UKA. In addition, UKA is a cost-effective procedure
because it necessitates shorter hospital stay and rehabilitation
period and allows faster return to work than HTO. Furthermore,
recent advancements in surgical instruments contributed to decreasing the learning curve of the once technically challenging
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procedure29). In spite of such advantages, Korean national registry
data22) shows that the utilization of HTO is more than twice that
of UKA, contrary to the trend in the USA. In our opinion, this
may not be because the outcomes of HTO are more satisfactory than those of UKA. Rather, it appears to be associated with
economic reasons, such as reimbursement policies of the Health
Insurance Review and Assessment Service in Korea.
Limitations of this study include the retrospective design and
lack of comparison with ≥60-year-old UKA patients or with
fixed-bearing UKA in <60-year-old patients. However, the significance of this study is that mobile-bearing UKA showed promising results in <60-year-old Asian patients with a different lifestyle
from Westerners in terms of the clinical improvement and longterm survivorship. Therefore, mobile-bearing UKA can be a
viable alternative to the traditional HTO in young osteoarthritis
patients where maintenance of activity levels and long-term survivorship are of prime importance in selecting surgical treatment.

Conclusions
Minimally invasive Oxford mobile-bearing UKA demonstrated
excellent clinical improvement and survivorship in <60-year-old
young Asian patients. Further follow-up should be performed to
determine the long-term efficacy of the procedure.
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