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Long-Term Clinical Results of Unicompartmental Knee
Arthroplasty in Patients Younger than 60 Years of Age:
Minimum 10-Year Follow-up
Kyung Tae Kim, MD, Song Lee, MD, Jung Soo Lee, MD, Min Su Kang, MD, and Ki Hyuk Koo, MD
Department of Orthopedic Surgery, Seoul Sacred Heart General Hospital, Seoul, Korea

Purpose: To evaluate the long-term clinical results and survivorship of unicompartmental knee arthroplasty (UKA) in patients younger than 60 years
of age.
Materials and Methods: One hundred and six cases of medial UKA with a minimum follow-up of 10 years were selected for this study. There were
80 patients and the preoperative diagnosis was osteoarthritis in all cases. The mean age of the patients was 54.2 years and the mean duration of followup was 12.1 years. Clinical assessments were performed using the Knee Society clinical rating system, and a survival analysis was performed using the
Kaplan-Meier method.
Results: The mean knee and function scores improved from 52.8±8.4 points and 56.6±10.6 points preoperatively to 85.4±9.1 points and 84.7±10.4
points at the last follow-up, respectively (p<0.001). The mean range of motion was recovered from 130.7° to 132.8° at the last follow-up. Complications
occurred in 20 cases (16.7%) and the most prevalent complication was mobile bearing dislocation (n=9, 7.5%). The 10-year survival rate was 92.8%
when conversion to total knee arthroplasty was defined as failure, whereas 89.3% when failure was defined as all revision surgeries.
Conclusions: The long-term clinical results of UKA were satisfactory in patients under 60 years of age. Therefore, UKA could be a useful method for
the treatment of medial compartment osteoarthritis of the knee in patients younger than 60 years of age.
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Introduction

high expectation on postoperative knee function and long life ex
pectancy, and there is a concern that they are exposed to a higher
risk of revision3,6,7).
There is a broad consensus that UKA in less than 60-yearold patients offers good clinical outcome in terms of pain relief
and improvement of knee and function scores, and recovery of
range of motion (ROM); however, there is still controversy over
the long-term survivorship of the implant6-9). A relatively small
number of studies have been published on the long-term results
of UKA in young patients. In addition, survivorship studies with
only the cases of more than 10-year follow-up are almost non
existent. Therefore, the purpose of this study is to investigate the
long-term survivorship and functional outcome of UKA in less
than 60-year-old patients based on minimum 10-year follow-up
clinical data. Our hypothesis is that UKA provides good longterm clinical outcome in relatively young patients.

Unicompartmental knee arthroplasty (UKA) was primarily per
formed in patients over 60 years of age in the past. Its indications
have since been expanded based on promising results in various
recent studies. Accordingly, the incidence of UKA is also increas
ing in relatively young less than 60-year-old patients1-6). However,
UKA in young patients is a challenging procedure due to their
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Materials and Methods
A total of 120 cases of UKA were performed for 2 years between
January 2002 and December 2003 on 93 patients younger than
60 years of age. Of those, 106 cases (80 patients) were available
for more than 10 years of follow-up, excluding 14 cases (1 due to
death and 13 due to loss to follow-up). All patients were female
with a mean age of 54.2 years (range, 45 to 59 years). The mean
follow-up was 12.1 years (range, 10 to 13 years). The preoperative
diagnosis was degenerative osteoarthritis in all cases.
The surgery was indicated for patients with medial compart
ment pain and limited mobility without any inflammatory knee
joint disease if the anterior and posterior cruciate ligaments were
functionally intact and varus deformity and flexion contracture
was ≤15° and ROM was ≥110°. UKA was performed on patients
with radiographic evidence of osteophyte formation without nar
rowing of the lateral joint space and patellofemoral joint space
and those without patellofemoral joint pain in the presence of
degenerative osteoarthritis. The exclusion criteria included pre
operative findings of anterior/posterior instability, degenerative
changes such as joint space narrowing in the lateral compart
ment, and anterior knee pain during level-ground walking or
stair climbing in patients with patellofemoral joint osteoarthritis.
The surgery was performed at a single institution in all cases
by two surgeons using a minimally invasive surgical technique.
The Oxford phase 3 (Biomet, Warsaw, IN, USA) mobile bearing
knee prosthesis was implanted in all knees (Fig. 1). A short skin
incision was made on the medial side of the patella from the su
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perior border of the patella to inferior to the joint line. The joint
was exposed via a medial parapatellar capsulotomy, and after
checking the structures inside the joint, osteophyte removal was
performed. Using an extramedullary tibial resection guide, proxi
mal tibial resection was performed. The posterior condyle of the
femur was resected using a femoral drill guide and a femoral cut
ting block. After flexion and extension gaps were measured using
a feeler gauges, they were equalized by milling of the distal femo
ral condyle. The tibial and femoral components were fixed with
bone cement, and a mobile polyethylene bearing was inserted
between them.
Preoperative data were prospectively collected and regular
follow-up was performed to assess clinical outcome. Clinical
and radiographic assessments were performed through regularly
scheduled follow-up at 3 months, 6 months, and 12 months after
surgery and yearly thereafter. A phone interview was conducted
for patients who were not available for a follow-up visit and their
status was examined in later follow-up visits. On the clinical as
sessment, knee joint pain and ROM were assessed and knee score
and function score were calculated using the Knee Society clinical
rating system. Overall results according to knee score were clas
sified into 4 categories (100–85 points, excellent; 84–70 points,
good; 69–60 points, fair; and ≤59 points, poor)10). On the radio
graphic assessment, the tibiofemoral angle was measured and
the presence of bony change, component loosening/wear, and
dislocation of components were examined on the weight bearing
radiographs of the knee. Patients who underwent further surgery
due to postoperative complications were divided into two groups
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Fig. 1. (A) Preoperative radiographs of a 57-year-old female show osteoarthritis of the medial compartment in both knees. (B) Postoperative radio
graphs of minimally invasive Oxford phase 3 (Biomet) unicompartmental knee arthroplasty (UKA). (C) Last follow-up radiographs obtained at 13
years after UKA.
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(revision group vs. reoperation other than revision group). Fail
ure of the index surgery was defined as exchange/removal of any
component. For statistical analysis, a paired t-test or Wilcoxon
signed-rank test was used depending on the normality of data
distribution. A p<0.05 was considered statistically significant.
Survival analysis was estimated using the Kaplan-Meier method
including the death and lost-to follow-up as censored with the
95% confidence interval (CI).

Results
1. Clinical Outcome
The mean Knee Society knee score was significantly improved
from 52.8 points (range, 25 to 67 points) preoperatively to 85.4
points (range, 60 to 100 points) at the last follow-up (p<0.001).
The Knee Society knee function score was also significantly im
proved from 56.6 points (range, 25 to 80 points) preoperatively
to 84.7 points (range, 60 to 100 points) at the last follow-up
(p<0.001). The mean ROM was restored from 130.7° (range, 110°
to 135°) preoperatively to 132.8° (range, 105° to 135°) at the last
follow-up (p<0.05). The mean tibiofemoral angle was changed

Preoperative

Last follow-up

p-value

52.8±8.4

85.4±9.1

0.000a)

Knee Society score
Function score
Range of knee motion (°)
Tibiofemoral angle (°)

2. Complications
Postoperative complications occurred in 20 cases (16.7%). Mo
bile bearing dislocation (9 cases, 7.5%) was the most prevalent
complication, which was followed by implant loosening (3 cases,
2.5%), polyethylene wear (2 cases), mobile bearing impingement
against the osteophyte (2 cases), periprosthetic fracture (2 cases),
medial collateral ligament injury (1 case), and lateral compart
ment osteoarthritis (1 case). There was no case of infection.
Reoperation other than revision knee arthroplasty was required
in 5 cases (4.2%) at a mean of 1.2 years after surgery (range, 0 to
3.2 years). Revision knee arthroplasty was performed in 15 cases
(12.5%) at a mean of 6.0 years after surgery (range, 0.3 to 11.8
years) (Table 3).
3. Survivorship
The 10-year cumulative survivorship was 92.8% (95% CI, 88.1

Table 1. Clinical Results

Knee score

from 1.2° varus (range, 8° varus to 6° valgus) preoperatively to
4.7° valgus (range, 2° varus to 10° valgus) at the last follow-up
(p<0.001) (Table 1). According to the Knee Society clinical rat
ing system, 63 cases (69.2%) were classified as excellent, 24 cases
(26.4%) as good, and 4 cases (4.4%) as fair by Insall’s criteria (Table
2).

56.6±10.6
130.7±9.3
–1.2±3.1

84.7±10.4
132.8±5.7
4.7±2.9

Table 2. Overall Results according to Knee Society Knee Scores
Score

0.000

Last follow-up

0 (0)

63 (69.2)

0 (0)

24 (26.4)

b)

Good (70–84)

b)

Fair (60–69)

29 (31.8)

4 (4.4)

Poor (≤59)

62 (68.2)

0 (0)

0.045
0.000

Values are presented as mean±standard deviation.
a)
Paired t-test. b)Wilcoxon signed-rank test.

Preoperative

Excellent (85–100)

b)

Values are presented as number (%).

Table 3. Complications of Unicompartmental Knee Arthroplasty
Complication

No. of cases (%)

Time interval (mo)

Bearing dislocation

9 (7.5)

62.3±40.2

6 revision TKA, 3 bearing change

Implant loosening

3 (2.5)

119±61.5

3 revision TKA

Polyethylene wear

2 (1.7)

85±4.2

2 bearing change

Periprosthetic fixation

2 (1.7)

19±26.8

1 OR/IF, 1 CR/IF

Impingement

2 (1.7)

15±8.5

2 arthroscopy

Contralateral OA

1 (0.8)

140

1 revision TKA

MCL injury

1 (0.8)

3

20 (16.7)

62.6±51.4

Total

Treatment

1 MCL repair
10 revision TKA, 5 bearing change, 2 arthroscopy,
1 OR/IF, 1CR/IF, 1 MCL repair

Values are presented as mean±standard deviation.
TKA: total knee arthroplasty, OR/IF: open reduction/internal fixation, CR/IF: closed reduction/internal fixation, OA: osteoarthritis, MCL: medial
collateral ligament.
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Fig. 2. Kaplan-Meier survivorship analysis curve showing the survival
rate of unicompartmental knee arthroplasty of 92.8% (95% confidence
interval [CI], 88.1 to 97.7) at 10 years and 90.4% (95% CI, 84.9 to 96.3)
at 13 years with conversion to total knee arthroplasty as the end point. +:
censored.

to 97.7), and the 13-year survivorship was 90.4% (95% CI, 84.9
to 96.3) when conversion to total knee arthroplasty (excluding
simple bearing change) was defined as failure (Fig. 2). When all
revision surgeries including mobile bearing change were defined
as failure, the 10-year cumulative survivorship was 89.3% (95%
CI, 83.7 to 95.2) and the 13-year survivorship was 85.8% (95%
CI, 79.3 to 92.8) (Fig. 3).

Discussion
In this study, we evaluated the long-term follow-up results of
UKA in less than 60-year-old patients who underwent the proce
dure for degenerative osteoarthritis. The minimum 10-year fol
low-up (mean, 12.1 years) results showed excellent knee function
and satisfactory implant survivorship in this patient population.
The results confirmed our hypothesis that UKA would offer good
long-term results in less than 60-year-old patients. Therefore, we
believe that UKA can be an effective procedure for the treatment
of degenerative osteoarthritis in relative young patients.
Treatment of degenerative osteoarthritis of the knee in young
patients has been considered challenging, and it has been the
subject of debate11-14). Non-surgical treatment may be effective for
advanced osteoarthritis in terms of pain relief and functional im
provement; however, surgical procedures, such as high tibial os
teotomy, UKA, and total knee arthroplasty should be considered
for unrelenting symptoms9,11,14,15). In particular, UKA has been
recommended for relatively less active advanced age patients (≥60
years of age) with unicompartmental osteoarthritis. Recently,
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Fig. 3. Kaplan-Meier survivorship analysis curve showing the survival
rate of unicompartmental knee arthroplasty of 89.3% (95% confidence
interval [CI], 83.7 to 95.2) at 10 years and 85.8% (95% CI, 79.3 to 92.8) at
13 years with failure for any reason as the end point. +: censored.

however, with use of minimally invasive techniques requiring a
small incision and other improved surgical techniques and in
struments, a growing body of studies has demonstrated favorable
outcomes of UKA, which has led to an increase in the incidence
of UKA in relative young patients (<60 years of age).
Several recent studies have shown clinical outcome of UKA
comparable to those of total knee arthroplasty in less than
60-year-old patients1,14,16-18). In a study by Pennington et al.6),
UKA using fixed bearing Miller-Galante prostheses resulted in
excellent outcomes in 93% of the less than 60-year-old patients:
the mean Hospital for Special Surgery knee score was 94 points
and the mean UCLA activity score was 6.5 points at a mean of
11-year follow-up. Bruni et al.11) followed 33 cases of all-poly
tibial component UKA for a mean of 8 postoperative years. Less
than 60-year-old patients in the study obtained significant im
provement after UKA with a mean Knee Society knee score of 87
points, a mean Knee Society function score of 84 points, a mean
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) score of 85 points, and a mean ROM of 125°. Kort
et al.3) obtained excellent clinical outcomes of Oxford phase 3
mobile bearing UKA in all of their less than 60-year-old patients.
At 2 to 6 years after surgery, the mean Knee Society knee score
was 90.5 points, the mean Knee Society function score was 89.4
points, the mean WOMAC pain score was 76 points, the mean
WOMAC function score was 73 points, and the ROM was 125°.
Walker et al.1) observed most of their patients were satisfied at
a mean of 4.4 years after mobile bearing UKA and returned to
activities of daily living. In addition, 2/3 of the patients achieved
a high activity level (UCLA score ≥7 points). In a more recent re
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port, Faour Martin et al.12) reported excellent or good results were
obtained in 53 (96.4%) of total 55 cases of UKA performed in
less than 60-year-old patients: at a mean of 12-year follow-up, the
mean American Knee Society (AKS) knee score was 92 points,
the mean AKS function score was 89 points, and the mean ROM
was 134°. In 2017, Streit et al.14) reported that high satisfaction
and excellent clinical results of their ≤60-year-old patients at a
mean of 5 years after surgery using Oxford mobile bearing UKA:
the AKS score was 89 points, mean ROM was 129°, and the
mean UCLA score was 6.8 points. In the current study, we found
significant improvement in our less than 60-year-old patients
after Oxford phase 3 mobile bearing UKA. At a mean followup of 12.1 years, the postoperative Knee Society knee score and
function score were 85.4 points and 84.7 points, respectively, and
the mean ROM was improved to 132.8°. Thus, excellent or good
results were achieved in 95.6% of the total patients.
On the survivorship of fixed bearing UKA in less than 60-yearold patients, Parratte et al.13) reported that the 12-year survivor
ship of Miller-Galante metal-backed prosthesis (n=35) was 80.6%
in ≤50-year-old patients. In a study by Pennington et al.6), the 11year survivorship was 92% in ≤60-year-old patients after MillerGalante fixed bearing UKA. Heyse et al.8) reported the 10-year
survivorship of Genesis fixed bearing UKA as 94.1% in patients
<60 years. On the survivorship of mobile bearing UKA, Price et
al.9) found no significant difference between patients <60 years
and ≥60 years with the 10-year survivorship in the former group
(52 cases) being 91% after Oxford mobile bearing UKA. Recent
studies on Oxford mobile bearing UKA have shown excellent
survival rates: 97% 5-year survivorship in ≤60 years (118 cases)14)
and 95% 12-year survivorship in ≤59 years (55 cases)12). However,
W-Dahl et al.7) reported that the 7-year cumulative risk of revi
sion data from the Australian and Swedish knee registries showed
that patients aged less than 65 years had significantly higher rates
of revision than those in 65 years and older (<55 years, 19%; 55 to
64 years, 13%; 65 to 74 years, 8.6%; and ≥75 years, 5.7%). Thus,
they suggested that surgeons should be aware of the higher risk of
revision after UKA in young patients. In the current study, revi
sion knee arthroplasty was performed in 15 of 106 cases. When
failure was defined as revision knee arthroplasy including mobile
bearing change, the 10-year cumulative survivorship was 89.3%
and the 13-year cumulative survivorship was 85.8%.
Studies that compare two different age groups directly after
UKA are rare. Thompson et al.17) reported that the mean Knee
Society knee score at 2 years after fixed bearing UKA was signifi
cantly higher in patients younger than 60 years old than patients
60 years and older (93.3 vs. 77.7), which they attributed to the

improved modern implant design and surgical technique. Pandit
et al.18) compared the less than 60-year-old patients (245 cases)
and those 60 years and older (755 cases) at a mean of 5.6 years af
ter mobile bearing UKA. The Oxford knee score and AKS score
were not significantly different between groups, whereas the AKS
function score and Tegner activity score were higher in patients
younger than 60 years. There was no significant difference in the
10-year survivorship between the younger patients (97.3%) and
the older patients (95.1%).
Possible complications of UK include polyethylene wear, dislo
cation of mobile bearing, aseptic loosening, arthritis in the other
compartment, infection, periprosthetic fracture, limited ROM,
and unexplained severe pain. Due to the higher level of activity,
younger patients have been thought to be more vulnerable to
complications such as component wear and loosening3,13). In the
study by Pandit et al.18), complications occurred in 6 (2.5%) out
of 245 cases in the younger than 60 year group and dislocation of
the mobile bearing (3 cases) was most common. In the 60 year
and over group, 23 (3.0%) out of 755 cases had complications, of
which progression of arthritis to the other compartment (7 cases)
was most common. Parratte et al.13) reported that polyethylene
wear was the most prevalent complication in less than 50-yearold patients: complications developed in 6 out of 35 cases after
fixed bearing UKA, and there were 4 cases of polyethylene wear,
1 case of component loosening, and 1 case of progression of
arthritis. In the current study, postoperative complications were
found in 16.7% of the cases. Dislocation of the mobile bearing
was most common (7.5%), followed by component loosening
(2.5%). There were 2 cases (1.7%) of polyethylene wear and 1 case
(0.8%) of lateral compartment osteoarthritis. There was no case
of infection. Reoperations other than revision knee arthroplasty
were performed in 5 cases (4.2%) and revision knee arthroplasty
was required in 15 cases (12.5%).
The limitations of this study include that the 12.1 years of mean
follow-up period was not enough to determine the final longterm outcome of UKA in less than 60-year-old patients and the
study population consisted of female only. In addition, direct
comparison with patients 60 years and over was not performed.
However, the significance of this study lies in the fact that the
results were based on all the cases were less than 60-year-old
patients who were followed up for a minimum of 10 years, and it
was a single center study involving a relatively large study popula
tion.
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Conclusions
The minimum 10-year long-term follow-up results of UKA
performed in patients under 60 years of age were good in terms
of Knee Society knee score and function score and ROM, and
the survivorship was satisfactory. Therefore, UKA can be a useful
method for the treatment of medial compartment osteoarthritis
of the knee in patients younger than 60 years of age.
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