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Abstract

Purpose Advanced knee arthritis in young patients is a
challenging problem that may necessitate surgical treat-
ment. There are few published studies of mobile-bearing
unicompartmental knee arthroplasty (UKA) in young
patients, while indications have expanded to its use in this
demanding patient group.

Methods The clinical and radiographic results of the first
118 consecutive Oxford medial UKAs (OUKA) using a
minimally invasive technique (phase 3) in 101 patients
60 years of age or younger at the time of surgery were
evaluated. Median age at surgery was 57 (25-60) years.
Kaplan—Meier survivorship analysis was used to estimate
implant survival.

Results Mean time of follow-up evaluation was five (SD
1.6) years. At final follow-up, three patients (three knees)
had died, and two patients (three knees) were lost to follow-
up. Five knees were revised: three for unexplained pain,
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one for early infection and one for bearing fracture. There
was one impending revision for progression of osteoar-
thritis in the lateral compartment. The radiographic review
demonstrated that 5 % of the knees had progressive arthritis
in the lateral knee compartment, of those 2 % with full joint
space loss and pain. The Kaplan—Meier survival analysis,
using revision for any reason as the endpoint, estimated the
five-year survival rate at 97 % (95 % CI 91-99). Ninety-six
per cent of the non-revised patients were satisfied with the
outcome, and 4 % were dissatisfied. The mean Oxford knee
score was 41 (SD 7), with 6 % of the knees having a poor
result. The mean AKSS was 89 (SD 14), mean flexion was
129° (SD 13) and the mean UCLA score was 6.8 (SD 1.5).

Conclusion Minimally invasive Oxford medial UKA was
reliable and effective in this young and active patient cohort
providing high patient satisfaction at mid-term follow-up.
Progressive arthritis in the lateral knee compartment was
a relevant failure mode in this age group. Most revisions
were performed for unexplained pain, while we did not find
loosening or wear in any patient.

Level of evidence 1V.

Keywords Oxford UKA - Young patients - Medial UKA -
Unicompartmental knee arthroplasty - Active patients -
UKR - Mobile-bearing UKA

Introduction

Knee arthroplasty surgery is expected to increase by as
much as 673 % from 2005 to 2030 [33]. In recent dec-
ades, the incidence of knee arthroplasty in younger patients
(below 60 years of age) has been increasing disproportion-
ately high and will continue to increase [38, 39]. Unicom-
partmental arthritis of the knee in young and active patients
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is a challenging therapeutic problem [18, 61]. There is
continuing debate regarding the appropriate treatment in
this patient cohort. Non-operative treatment often provides
only limited pain relief and functional improvement in
advanced knee arthritis [7, 14, 28, 47, 56]. Surgical options
include high tibial osteotomy (HTO) [1, 11, 18, 19], total
knee arthroplasty (TKA) [29] and UKA [48]. Survivor-
ship after HTO, defined as time to arthroplasty, is reported
variably in the literature, but the average survivorship is
approximately 70-80 % at 10 years [21, 25, 44, 57, 63, 66].
Expectations regarding the functional outcome after knee
arthroplasty surgery of younger patients are expected to dif-
fer importantly from those of older patients. A recent multi-
center study revealed that about one-third of young patients
reported residual symptoms and limitations after modern
TKA even when performed by experienced surgeons in
high-volume centres [49]. Minimally invasive UKA in
patients in whom only one knee compartment is affected
may provide some advantages over TKA such as more natu-
ral knee kinematic, quicker recovery, lower postoperative
morbidity and mortality and preservation of bone stock [12,
26, 37]. Patients after UKA tend to achieve a better range
of motion and more “normal feeling” of the replaced joint.
Fully congruent mobile-bearing UKA has the potential to
reduce long-term failure because of wear [55], which is a
major concern affecting the survival of unicompartmental
knee arthroplasty in young and active patients [48]. Despite
the growing interest of surgeons in UKA and the broadening
of its indication to younger and more active patients, there
are only few studies on UKA in this patient cohort [17,
31, 48, 52, 53, 58, 65] and only one independent report on
mobile-bearing Oxford medial UKA in this age group [31].

The purpose of the present study was to evaluate the
clinical and radiological mid-term results of a large and
independent series of the mobile-bearing Oxford medial
UKA in young patients (<60 years old at the time of sur-
gery). In clinical practice, these data would be useful to
inform younger knee osteoarthritis patients about the
potential adverse effects and the clinical outcome of this
treatment.

Materials and methods

This clinical and radiological study comprises our first 118
consecutive cemented Oxford medial UKAs (Biomet UK
Limited, Swindon, UK) using a minimally invasive technique
(phase 3) in 101 patients 60 years of age or younger at the
time of surgery. Median age at surgery was 57 (25-60) years.
All operations were performed at the same institution in a
multisurgeon series (12 surgeons) between September 2001
and December 2007. The surgeons had absolved the instruc-
tional courses for this implant before their first surgery. On
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Table 1 Demographics and distribution of knees
Demographics Male Female  Total
Age, mean (SD) 55(4.5) 55(05.2) 55@4.8)
Knees, no. (%) 60 (51 %) 58 (49 %) 118 (100 %)
Body mass index (kg/m2), 3147  32(7.1) 31(6.0)

mean (SD)

Right:left 27:33 27:31 54:64

average, each surgeon performed 10 UKAs (range 4-22).
Patient demographics are listed in Table 1. The patients were
evaluated prospectively, and the data were reviewed retro-
spectively at a minimum of 2 years postoperatively.

The primary indication in 116 knees was medial com-
partment osteoarthritis with exposed bone; two knees were
treated for avascular necrosis of the medial femoral condyle.
The anterior cruciate ligament was functionally intact, and
there was full thickness cartilage in the lateral compartment.
The varus deformity was correctable at 20° flexion in all
patients. Patello-femoral OA was not considered to be a con-
traindication unless there was deep eburnation and grooving.
Furthermore, the presence of a chondral ulcer on the medial
side of the lateral femoral condyle, age, weight, level of activ-
ity and presence of chondrocalcinosis were not considered as
contraindication. Previous osteotomy and a varus or flexion
deformity >15° were considered as a contraindication.

The surgical approach was a minimally invasive medial
parapatellar incision without patella dislocation. The inci-
sion was made from the medial pole of the patella to the
medial side of the tibial tuberosity. The details of the
operative technique are given in the operative manual
[20]. Care was taken to ensure that accurate ligament bal-
ance was achieved and that the bearing did not impinge on
the retained bone or cement. All components were fixed
with cement (Refobacin Bone Cement R; Biomet, Berlin,
Germany).

Intravenous third-generation cephalosporin (single-shot
1.5 g cefuroxime) was administered perioperatively. Full
weight bearing was allowed postoperatively. Anticoagu-
lation therapy consisted of low molecular weight heparin
(enoxaparin) administered subcutaneously the day before
surgery and continued for 5 weeks postoperatively.

Patients were prospectively assessed clinically and
radiologically preoperatively, at 3 and 12 months postop-
eratively, at 3 years and every 5 years thereafter using the
functional and objective American Knee Society scores
(AKSS-F and AKSS-O) [27] and the Oxford knee score
(OKS) [15]. We used this score with a minimum of O
(worst outcome) and maximum of 48 (best outcome) [40].
If for any reason the patients were unable to attend the fol-
low-up, they were contacted by phone and relevant clini-
cal information was obtained. For patients who had died,
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information was gathered from relatives and hospital/gen-
eral practitioner records to establish whether the patient
had undergone any further surgery on the knee under inves-
tigation. Pain was assessed using a visual analogue scale
(VAS) ranging from 0 to 10 (0 = no pain to 10 = worst
pain ever). Pre- and postoperative values of the University
of California, Los Angeles (UCLA) activity scale [67] were
obtained retrospectively at the last follow-up. The range of
movement was measured using a long-arm goniometer, and
any complications were recorded.

All the postoperative radiographs were aligned with
fluoroscopic control. The anteroposterior film was aligned
to obtain a view parallel to the tibial tray to standardise the
view of the tibial bone—implant interface. The lateral view
was aligned with the femoral condyles. Follow-up radio-
graphs were assessed and compared with the postoperative
radiographs, looking for the presence and extent of radio-
lucent lines under the tibial tray, the evidence of compo-
nent subsidence and progression of osteoarthritis in the
lateral compartment and patello-femoral joint. For assess-
ment of progression of arthritis, the method described by
Pandit et al. [45] was used. A subset of 50 radiographs
was analysed by a single observer (MRS) twice, with a
6-month interval, to assess intraobserver reliability and was
reviewed by a second observer (JS) to assess interobserver
reliability. Intraobserver (« = 0.88, p < 0.001) and interob-
server agreement (x = 1.00, p < 0.001) were high [35].

Informed consent was obtained from all patients. Proce-
dures followed were approved by the institutional review
board of the University of Heidelberg (S-065/2011), and
the study was conducted in accordance with the Helsinki
Declaration of 1975, as revised in 2008.

Fig. 1 Distribution of knees at
final follow-up

Original cohort
118 knees
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Statistical analysis

Kaplan—Meier survivorship analysis was performed with
the use of the endpoint revision for any reason (defined as
operations in which at least one of the components or the
mobile bearing was changed). The 95 % confidence inter-
vals were calculated using the exponential Greenwood for-
mula. Pre- and postoperative scores were compared with
the use of the Wilcoxon signed-rank test. p values of <0.05
were considered to be statistically significant. SPSS® ver-
sion 20 (SPSS Inc., Chicago, IL) and Graphpad Prism®
version 6.01 (Graphpad Software, San Diego, CA) were
used to record and analyse the collected data.

Results

At final follow-up, three patients (three knees) had died
during the study period for causes unrelated to their knee
surgery, and two patients (three knees) were lost to fol-
low-up; all lived abroad and were lost in the first year.
The patients who died did not have revision surgery on
the knee under investigation prior to death. A total of five
patients had revision surgery, and one knee was scheduled
for revision. The remaining 107 knees were available for
review at a mean follow-up time of five (SD 1.6) years, and
the median follow-up was four (2-9) years. Most knees
(n = 92) had both clinical and radiological evaluations; 15
knees had only a clinical evaluation as the patients were
unwilling or unable to have radiographs taken. In all those
cases, we were able to obtain complete information about
any reoperation on the knee under investigation, clinical
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Fig. 2 Kaplan—Maier survivorship curve and 95 % CI with revision
for any reason as the end point. Five-year survival was estimated at
97 % (95 % CI 91-99; 34 knees at risk)

scores, grade of satisfaction and pain on VAS. The distribu-
tion of knees at final follow-up is shown in Fig. 1.

Survival and complications

Kaplan—Meier survival analysis with revision for any rea-
son as the endpoint estimated the cumulative 5-year sur-
vival at 97 % (95 % CI 91-99; 34 knees at risk; Fig. 2).
Five knees were revised, one for suspected early infection,
one for bearing fracture and three for unexplained pain
(Table 2).

There were four additional knees requiring further inter-
ventions which were not counted as revisions as in none
of these was the prosthesis or the bearing removed. One
patient was revised for a tear of the knee capsule at the
medial parapatellar approach after 2 months. The patient
did well at final follow-up (OKS 37). Arthroscopy was
undertaken in three knees for persistent pain. In two knees,
synovitis was found at 2 and 17 months, respectively. A
partial synovectomy was performed, and the patients did
well thereafter (OKS 46 and 42 at final follow-up, respec-
tively). In the third patient, a lateral menical tear was found,
and the meniscus was partially resected at 56 months in this
case, and the patient did well thereafter (OKS 41).

Clinical and radiographic outcome

The mean OKS, AKSS-O, UCLA Score, knee flexion
angle and pain on VAS of the non-revised knees preopera-
tively and at the last follow-up are summarised in Table 3
and Fig. 3. All scores showed a significant improvement
(p < 0.001). Table 4 shows the spread of patients with dif-
ferent grades of the OKS and AKSS score.

Sixty-six patients (74 knees, 69 %) were very pleased,
26 (27 knees, 25 %) were pleased, one (2 knees, 2 %) was
fairly pleased and four (4 knees, 4 %) were disappointed.

The radiographic review demonstrated that at final fol-
low-up, 5 of 92 knees (5 %) evaluated had definitely pro-
gressive arthritis in the lateral knee compartment. Of those,
two patients (two knees, 2 %) had full lateral joint space
loss and complained of progressive pain while walking.
One of those two was subsequently planned for revision to
TKA.

Radiolucent lines under the tibial tray were found in
54 % (50) of the 92 knees. Of 50, 43 (86 %) of the radio-
lucent lines were partial, and seven (14 %) were complete.
In all cases, the radiolucency had a sclerotic margin, and
there was no evidence of either subsidence or loosening of
either the femoral or tibial component in any patient. In one
case, the radiolucencies were visible in the early postopera-
tive radiographs; in all other knees, they became evident at
follow-up.

Discussion

The most important finding of this study was a high implant
survival and patient satisfaction at 5 years, suggesting that
the Oxford mobile-bearing medial UKA is a reliable treat-
ment option also in young patients in the mid-term. Our
survival rate in this young patient cohort is comparable
to the rate reported by the Oxford group at 7 years [45].
It is important to notice that these results were achieved
in a multisurgeon series with relevant differences in sur-
gical experience among the surgeons involved as seven
of the twelve surgeons had performed <10 UKAs. To our
knowledge, the present study reports on the largest series of
Oxford UKA in patients aged 60 years or younger reported
in the literature (Table 5).

The treatment of young patients with symptomatic anter-
omedial osteoarthritis of the knee is challenging, and the
number of those patients is increasing [33, 65]. While car-
tilage repair procedures like microfracture, osteochondral
autologous transfer or autologous chondrocyte implantation
are important options in the treatment of isolated articular
cartilage lesions in young patients and exciting treatment
prospects for the future, today there is little evidence to
support their use in more widespread OA of the knee [62].
The main surgical options for advanced OA with full thick-
ness cartilage loss include HTO, UKA and TKA. Which
option is most suitable depends upon patient characteris-
tics and expectations. HTO is often considered as a poten-
tially attractive option for younger patients who retains the
desire to and wish to maximise the potential for returning
to the highest level of function after surgery. Survivorship,
defined as time to arthroplasty, is reported variably in the
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Table 2 Details of the five revised UKAs

Revision and outcome

Cases Time to revision Reason for revision

1 2 weeks Suspected early infection

2 10 months Unexplained pain

3A* 13 months Dislocation of mobile bearing

3B 32 months Unexplained pain

4 23 months Unexplained pain under load and instability

5 8 years

Fracture of the mobile bearing (3-mm bearing, femoral

Lavage and bearing exchange, no organism grown, patient
did well (OKS 43)

Revision to TKA, 8 years after revision not fully satisfied
but low pain level (VAS 1, OKS 34)

Bearing exchange, no further dislocations

Revision to TKA, 3 yrs after revision still not fully satis-
fied, persistent pain (VAS 5, OKS 28)

Revision to TKA, 4 yrs after revision surgery satisfied
(OKS 42) and high activity level

Bearing changed to 4-mm bearing; Excellent outcome

component size L), patient very satisfied with the out-
come after UKA (free of pain, knee flexion up to 145°).
Reported a clicking noise in his knee while normal walk-
ing for 4 weeks at final follow-up. Since then feeling of
instability and pain. 3D computed tomography confirmed

fracture of the mobile bearing

# Same patient/knee

Table 3 Outcome scores, UCLA activity scale, knee flexion angle
and visual analogue scale (VAS) for pain preoperatively (preop) and
at final follow-up (postop)

OKS AKSS UCLA  Flexion VAS
Preop  26.0(7.0) 46.6(14.9) 3.3(1.5) 1133(16.8) 7.6(2.4)
Postop 41.4(6.9) 89.5(13.9) 6.8(1.5) 128.6(13.3) 1.6(2.4)
pvalues <0.0001 <0.0001  <0.0001 <0.0001 <0.0001

Data shown as mean (SD)

OKS Oxford knee score, AKSS-O Objective American Knee Society
score, UCLA University of California, Los Angeles

literature, but may be as high 98 at 10 and 90 % at 15 years
[1]. However, reviewing the literature as a whole, the aver-
age survivorship is approximately 70-80 % at 10 years [21,
25, 44, 57, 63, 66]. The risk of failure after HTO increases
with increasing age [21, 44, 66] and BMI > 25 [25] and
seems to be higher in women than in men [44, 66]. Fur-
ther, there is some evidence that the outcome and survival
after HTO is better in patients with lower Ahlbédck grade
of arthritis [9, 18] and higher preoperative functional out-
come scores [24]. UKA has several advantages over TKA,
including retention of the cruciate ligaments, preservation
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Fig. 3 Box and whisker plots showing the outcome scores, UCLA
activity scale, knee flexion angle and visual analogue scale (VAS)
for pain preoperatively (preop) and at final follow-up (postop).
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Table 4 Grading of the OKS and AKSS as per the criteria of Pearse
et al. [50] and the AKSS criteria [5], respectively, in the 107 knees
evaluated clinically

Grade (OKS/AKSS) OKS (n, %) AKSS (1, %)
Excellent (42-48/80-100) 66 (62) 90 (84)
Good (34-41/70-79) 25 (23) 7(7)

Fair (27-33/60-69) 10 (9) 22)

Poor (<27/<60) 6 (6) 8 (7)

of bone stock, higher range of movement, lower morbidity
and mortality and lower rates of infection [2, 3, 8, 12, 22,
26, 37, 46], which are of particular importance in young
patients. On the other hand, data from national joint reg-
istries showed a higher revision/reoperation rate of UKA
compared to TKA [37], and survival rates after Oxford
UKA reported by registry data might be lower than those
reported by the developing institution [34]. A recent study
found a lower risk of revision in hospitals performing more
than 40 UKA procedures a year than in those with fewer
than 10 UKAs a year [6]. However, there are only few data
on the outcome and survival of UKA in young patients [17,
31, 48, 52, 53, 58, 65] and only one independent report on
mobile-bearing Oxford medial UKA in this age group [31].

Fully congruent mobile-bearing UKA appears to be an
attractive alternative to fixed-bearing UKA in young and
active patients as polyethylene wear remains the predomi-
nant failure mechanism of fixed-bearing UKA in this age
group [4, 16, 48, 52]. In our series, wear was not a reason
for failure, and we do not expect wear to become an issue in
the longer term, as very low long-term wear rates (0.02 mm/
year) have been reported for the Oxford medial UKA [55].
This might be a particular advantage in young and active
patients and could be a main factor towards improving the
long-term results of a UKA in this age group.

Unexplained pain was the most important reason for
revision in the present study and is an important complica-
tion of both UKA and TKA [60]. The reason for this is still

not fully understood, and outcomes after revision surgery
might be worse when compared to patients with a defined
cause of pain [30]. Our findings confirm previous reports as
we found a relatively low mean OKS of 35 points and two
of three patients were not satisfied with the outcome after
revision for unexplained pain.

Progression of arthritis in the lateral knee compartment
has been reported by the developers to be the most com-
mon reason for further surgical intervention after an medial
Oxford UKA occurring in 0.9 % after 5.6 years [46]. In
the literature, varying rates have been reported for other
devices [32, 36, 42, 43]. We found definitely progressive
lateral arthritis in 5 % of the knees evaluated radiographi-
cally, of those 2 % with lateral full thickness cartilage
loss and progressive pain. Our rate of knees with defi-
nitely progressive arthritis in the radiographic evaluation
is slightly higher than that reported by the developers after
5 years (3 %) [45]. These results suggest that, in the long-
term, progression of arthritis in the lateral knee compart-
ment might be the most important mode of failure also in
younger patients. Further studies should focus on risk fac-
tors for this failure mode.

While cemented TKA in young patient cohorts has
well-documented high survivorship in the mid-term [29],
several trials report a high percentage of unsure or dissat-
isfied patients up to 20 %, most of them with seemingly
well-fixed and well-positioned components [10, 59]. This
might be a particular problem in the high-demanding
young patients [29, 49]. Keenan et al. [29, 49] reported
a poor result in 18 % of patients younger than 55 years
of age at 5 years graded using the OKS as per the crite-
ria of Pearse et al. [50] after cemented TKA. Further,
Parvizi et al. [49] recently reported that one-third of young
patients report residual symptoms and did not feel their
prosthetic knee was normal even when the surgery was
performed by experienced surgeons in high-volume cen-
tres [49]. The exact reason as to why such a high number
of patients after TKA are dissatisfied remains unclear.
Some believe that sacrifice of the ACL (and PCL), which

Table S Results of unicompartmental knee arthroplasty in patients 60 years of age or younger at the time of surgery

Study Years Device Number of knees Mean follow-up Mean age at surgery Survivorship all revisions (%)
(years) (years)
[58] 1998 PFC uni 28 3 52 (93 %)*
[52] 2003 Miller—Galante 46 11 54 92 % @12 years
[53] 2005 Oxford 52 10 56 91 % @10 years
[31] 2007 Oxford 46 (2-6) 56 (96 %)*
[48] 2009 Miller-Galante 65 10 46 81 % @12 years
[23] 2012 Genesis uni 223 11 54 94 % @10 years
Current 2015 Oxford 118 5 55 97@5 years
study

# No survival analysis
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are important proprioceptors in the knee, may cause the
“abnormal” feeling that many patients with TKA report.
Using a mobile-bearing UKA, we found that 62 % of the
patients had an excellent outcome and 6 % had a poor
result in the OKS graded as per the criteria of Pearse et al.
[50]. These results compare favourably to those reported
by Keenan et al. [29] using a TKA in patients 55 years or
younger (32 % excellent and 18 % poor at 5 years). This
finding should be considered when young patients with
advanced anteromedial OA are counselled regarding the
treatment options TKA and UKA.

In our series, most revisions were performed in the first
two years postoperatively. This confirms the findings of
previous studies [13, 41, 54, 64]. Further, previous long-
term studies of cemented medial OUKA have shown that if
the survival is good in the mid-term, it is likely to be good
in the long term [54]. In our series, late failure occurred in
one patient only at 8 years postoperatively and was related
to breakage of a 3-mm bearing. In accordance with the
manufacturer, we strongly recommend avoiding the use of
a 3-mm bearing whenever possible, as the risk of breakage
has shown to be much higher than using bearings 4 mm and
thicker [51].

Main limitations of the present study are a relatively
short minimum follow-up, the lack of control group (e.g.
HTO or TKA) and that the data were analysed retrospec-
tively. A further limitation is the fact that 15 % of the
patients had no radiographs at all or no radiographs aligned
with fluoroscopic control at final follow-up. This might
introduce a possible bias in the radiographic results as early
signs of failure (pathological radiolucencies or progres-
sive lateral arthritis) might be visible only on fluoroscopic
aligned X-rays. The main strength is that only 2 % of the
patients were lost to follow-up.

Conclusion

Excellent clinical results in young patients with advanced
arthritis were provided by the Oxford mobile-bearing
UKA, and the results were comparable to TKA in terms of
medium-term survivorship for patients 60 years of age or
younger who maintain an active lifestyle. Our results sug-
gest that the percentage of dissatisfied patients might be
lower after an OUKA when compared to TKA. However,
this finding could only be established in a prospective ran-
domised controlled trial.
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