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Abstract
Purpose Excellent long-term results have been reported for
implantation of unicompartmental knee arthroplasty (UKA).
In many patients the desire for improvement in function
often includes an aspiration to return to sports. The purpose
of our study was to evaluate physical activities after medial
Oxford-III (Biomet) UKA surgery.
Methods Patients’ physical activity before and after the
surgery was assessed using a self reporting questionnaire.
We used the Oxford knee scoring system (OKS), the
WOMAC-, the Knee society- (KSS) and the UCLA-score
to assess postoperative knee function. The mean follow-up
was 4.2 years. The female-to-male ratio was 1.3:1. The
mean age at surgery was 65.3 years.
Results Of the 131 patients studied 78 participated in some
kind of sports before surgery (mean age 64.4 years), while 53
patients did not perform any sports (mean age 66.5 years) (p>
0.05). At follow-up the patients in the active group were
significantly younger than the patients in the inactive group
(p<0.05). The majority of patients (80.1 %) returned to their
level of sports activity after UKA surgery. Six patients took up
sports after surgery while 15 patients stopped their sports.
Among the active patients we found a shift from high- towards
low-impact sports. The active patients had significantly higher
scores for the OKS, KSS, WOMAC and UCLA score. The
complication rate was comparable in both groups.

Conclusion Our study demonstrates that a high degree of
patient satisfaction in terms of sports activity can be achieved
using the Oxford-III UKA for medial osteoarthritis.

Introduction

Medial unicompartmental knee arthroplasty (UKA) is gen-
erally accepted as the best procedure when only the medial
compartment of the knee is affected by symptomatic osteo-
arthritis (OA). The success of the procedure depends on the
surgical technique and the choice of a proper treatment.
Although UKA showed slightly better results compared to
high tibial osteotomy (HTO) [21], osteotomy is still the
treatment of choice for the younger and more active patient
with medial osteoarthritis of the knee [1].

In the last two decades, there has been a major increase in
the use of unicompartmental knee arthroplasty (UKA). The
main reasons for its popularity are the minimally invasive
surgical (MIS) technique [16] and the reports of the excel-
lent medium- and long-term results, including a high patient
satisfaction and good knee joint function [15]. In many
patients, the desire for improvement in function often
includes the desire to return to sports activities [6]. Further-
more, the conversion from medial UKA to total knee arthro-
plasty (TKA) was reported to be simple in previous
investigations [19].

The Oxford prosthesis (Biomet, UK Ltd., Wiltshire, UK)
is one of the most successful unicompartmental knee arthro-
plasties and research demonstrates success rates of up to
98 % after ten years [4].

The purpose of our retrospective study was to evaluate
the long-term results for sports and physical activities of
patients who had undergone implantation of an Oxford III
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medial unicompartmental knee arthroplasty (UKA) in a
minimally invasive technique. We postulated that after
Oxford-III UKA implantation for medial osteorthritis of
the knee an improvement in sports/physical activities can
be achieved.

Material and methods

Between 1998 and 2007, 171 consecutive patients were
studied who underwent Oxford III surgery in our hospital.
The study was approved by our Hospital Research Ethical
Committee (reg. no.: 063–09).

Surgical procedure

The prosthesis used in all patients in this study was the
Oxford Phase III unicompartmental knee prosthesis (Bio-
met, Bridgend, UK). The indication for surgery in all
patients was medial osteoarthritis of the knee with pain only
localised in the medial compartment. We followed indica-
tions and contraindications as recommended in the current
literature [18, 23]. The following main prerequisites had to
be fulfilled for surgery: intact ligaments, esp. ACL, asymp-
tomatic lateral and patellofemoral compartment, no flexion
contracture over 5°, no limitation of flexion under 100° and
no varus deviation greater than 10°. The operation was
always performed as per guidelines outlined by the prosthe-
sis manufacturer (Biomet). We used a minimally invasive
antero-medial approach in all cases. Patients received a
single shot dose of intravenous cefuroxime and a daily
subcutaneous injection of low molecular weight heparin
until full weight bearing. Patients were encouraged to use

crutches until completion of wound healing, but mobilise
the knee freely from the first post-operative day. Routine
follow up was arranged for all patients at six weeks and
three months. Thereafter, patients returned to their local
specialist.

Scores

For evaluation the Oxford Knee score (OKS) [3], the Knee
Society score (KSS) [9], the Western Ontario and McMaster
Universities Arthritis Index (WOMAC) [2], the UCLA ac-
tivity score [25] and the visual analog scale (VAS) for pain
were used. We used the 12-point Oxford knee scoring sys-
tem (OKS) to assess postoperative knee symptoms and
function [3]. The OKS score contains 12 questions for pain,
activities of daily living (ADL) and knee-stability. The
maximum score is 48 points and indicates an excellent
result. A score between 38 and 48 implies good knee joint
function. Patients’ physical and sports activities before and
after the UKA surgery were assessed using a self reporting
questionnaire. The UCLA score was used to assess the
sports activities after surgery [25].

Sporting and physical activity

For evaluating the pre- and post-operative sporting activities
a self reporting questionnaire was used. Patients could
choose from either several sports or add their sports/physical
activities as free text (Fig. 2). The rate of return to sports and
changes in sports including frequency were questioned. We
categorised sports activities into high- and low-impact
sports. A high-impact sport was defined as an activity or
sport characterised by intense and/or frequent wear and
trauma of weight-bearing joints (foot, knee and hip) such
as all contact sports, stop-and-go sports and ball sports.
Respectively, sports with minimal wear and trauma to
weight-bearing joints were classified as low-impact sports,
such as Nordic-walking, cycling, swimming, etc.

Radiological assessment

For evaluation of progression of osteoarthritis in the lateral
compartment the Kellgren-Lawrence classification was used
[12] and the width of the lateral compartment in weight
bearing anterior-posterior radiographs was measured. Clas-
sification according to Sperner [20] was used for assessing
the patellofemoral joint.

Comorbidities and complications

Co-existing medical and orthopaedic problems as well as
complications related to the prosthesis (insert dislocation,
early loosening, etc.) were documented.

Fig. 1 Patient satisfaction after UKA with regard to physical activity.
In the active group only one patient scored “fair” (1.5 %), the remain-
ing 68 scored “excellent” or “good” (98.5 %). In the inactive group,
eight patients scored “fair” or “poor” (14 %)
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Statistics

All data was computerised and analysed using the GraphPad
Prism statistical software, Version 3.02 (GraphPad Soft-
ware, San Diego, CA, USA). The average value and the
standard deviation (SD) are given. The statistical signifi-
cance was calculated on the basis of a 5 %-level (p<0.05)
using the unpaired student t-test.

Results

Ten patients had bilateral Oxford UKA’s, giving a total of
181 knees. Five patients died during follow up unrelated to
the UKA surgery (2.8 %), seven had revision surgery for
TKA (3.9 %), and we were unable to follow up 38 patients
(21 %). The reasons for revision surgery for TKA were
progression of osteoarthritis in five cases, one early loosen-
ing and one instability with insert dislocation. One hundred
and thirty-one UKA’s were available for final review. De-
mographic data such as age, sex, weight, height and comor-
bidities were recorded.

The mean follow-up time was 4.2 years (range 1–
10 years). The female-to-male ratio was 1.3:1 (74 females
and 57 males). The mean age at the time of surgery was
65.3 years (range 44–90 years).

At the time of surgery the mean age in both the physically
active (mean 64.4, range 44–83) and inactive (mean 66.5,
range 49–90) groups was comparable (p00.15). Four years
later, the patients in the physically active group were signifi-
cantly younger than the patients in the inactive group with an
average age of 67.8 years (active, range 48–86) compared to
71.4 years (inactive, range 56–92) (p00.01) (Table 2),
respectively.

Patient satisfaction

The overall patient satisfaction was very high, with 93 %
(n0122) reporting excellent and good results. Patients who
became involved in sports activities after the UKA surgery
were more satisfied with the outcome of the surgery (Fig. 1).

Knee function

Examination at time of follow-up revealed a good to excel-
lent knee function in most patients with an average flexion
of 125°. Only two patients (1 %) had a limited flexion under
100°. Six patients (3 %) showed a mild extension deficit of
5°; one patient (0.5 %) had an extension deficit of 15°.
There was no difference between patients who were not
engaged in regular sports activities and patients with regular
sports activities. The average knee-flexion ability in the
active group was 124° compared to the inactive group with
125° (p>0.05).

Sporting and physical activity

Of the 131 patients studied, 78 participated in some kind of
sports before surgery, while 53 patients did not perform any
sports. Four years after the surgery, 69 patients participated
in sports while 62 patients did not.

Age and gender

Forty-three females and 35 males (fmf01.2:1) participated
in sports before implantation of the UKA; at time of follow
up, more women (n041) than men (n028) regularly per-
formed sports (ratio: fmf01.46:1.). At both time points, the
difference was not statistically significant (p>0.05). The

Fig. 2 Sporting activities
before and after
unicompartmental knee
arthroplasty (UKA) implanta-
tion. A shift from “high-
impact” towards “low-impact-
sports” can be seen
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average age of the physically active women at time of
follow up tended to be younger (66.7 years) compared to
the active men (69.4 years), but this was not statistically
significant (p>0.05).

Weight

The body mass index (BMI) at time of follow up was lower
in the active group with 27.7 kg/m2 (SD 4.7) compared to
the inactive group with 29.2 kg/m2 (SD 4.4); this was
statistically significant (p<0.01) (Table 2). At the time of
surgery, the BMI was comparable in both groups (p>0.05).

Return to sports

The majority of the patients (n063, 80.1 %) returned to their
level of sports activity after UKA surgery. Forty-seven
patients stayed away from regular physical activities as they
had done before UKA surgery. Six patients took up sports
activities after surgery while 15 patients stopped their sports
activities. Nine of these 15 patients gave reasons other than
the UKA surgery for quitting sports (e.g. spine and heart
conditions).

Among the active patients, we found a shift from high
impact sports (e.g. alpine skiing, soccer) towards low impact
sports (e.g. nordic-walking, fitness/gym) after UKA surgery
(Fig. 2). While seven patients performed high impact sports
before UKA surgery, at time of follow up, only three
patients were involved in high impact sports (alpine-ski-
ing/-climbing and table tennis). Only those patients who
had done high impact sports before surgery continued to
perform them after UKA implantation. The number of dif-
ferent sports per patient remained unchanged with 1.73
before surgery versus 1.74 after surgery.

Along with this shift from high impact to low impact
sports, we observed an increase in the weekly frequency of
sports. With regard to physical condition after UKA surgery
56 % of the patients reported an improvement, 30 %
reported no change and 14 % a deterioration (Fig. 2).

OKS, KSS, WOMAC and UCLA score

The average OKS after 4.1 years was 38.6 (SD 7.3), being
consistent with other study groups [13].

The active group of patients who regularly took part in
sports activities showed a higher score with 40.8 (SD 5.2)
compared to the inactive group of patients with an average
OKS score of 36.2 (SD 8.6). This difference was statistically
highly significant (p<0.001).

As with the OKS, the KSS showed a significantly better
outcome in the active group. Nonetheless, the results for
both the active and the inactive groups in the objective part
of the KSS were comparable. The WOMAC score was
significantly higher in the active group in all three parts of
the score.

The UCLA score for all patients four years after UKA
implantation averaged 6, which was higher in the active
group at 7.1 ±1.0 (6–10) versus 5.1 ±0.9 (3–6) in the
inactive group (p<0.0001) (Table 1).

VAS for pain

The active patients tended to have less pain. The difference
in “pain at weight bearing” and “climbing stairs” was sta-
tistically significant (Table 2).

Radiological findings

With regard to the position of the UKA, no correlation
with the sports activity could be found (p>0.05). The
radiological evaluation of the patellofemoral joint accord-
ing to Sperner et al. [20] did not show a correlation with a
poorer outcome in the VAS for pain at weight bearing and
at rest (p>0.05). The width of the lateral compartment
was 7.1 ±1.4 mm pre-operatively and at follow-up 6.7
±1.4 mm, resulting in an average loss of 0.5 ±0.9 mm.
In 16 knees, the loss of height in the lateral compartment
was significant compared to the preoperative findings.
Nevertheless, we could not find a correlation between

Table 1 Score results depend-
ing on the level of patient activ-
ity after UKA implantation.
Except for the objective part of
the KSS, all scores showed
significantly higher results in the
active group

Score Active group In-active group P-value

Oxford 40.8±5.2 (23–48) 36.2±8.6 (9–48) <0.01

UCLA 7.1±1.0 (6–10) 5.1±0.9 (3.6) <0.0001

KSS function 86.7±13.8 (40–100) 77.8±16.8 (40–100) <0.01

KSS knee subjective 93.7±11.9 (20–100) 81.0±25.6 (0–100) <0.01

KSS knee objective 95.3±9.5 (56–100) 96.1±7.0 (72–100) >0.05

KSS overall 90.1±9.7 (63.5–100) 81.8±14.8 (49.5–100) <0.01

WOMAC pain 92.6±10.4 (36–100) 83.7±20.4 (8–100) <0.05

WOMAC stiffness 86.1±16.3 (25–100) 72.3±27.3 (10–100) <0.05

WOMAC ADL 90.6±9.7 (55.9–100) 80.2±20.6 (6.5–100) <0.01

WOMAC overall 90.6±9.7 (50.4–100) 80.3±20.4 (7.1–100) <0.01
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the narrowing of the lateral compartment and a less
favourable outcome in sports activities and VAS pain at
weight bearing and at rest (p>0.05).

Comorbidities

Coexisting medical and orthopaedic problems were homo-
geneously distributed over both groups. Osteoarthritis of
other joints, hypertonia, osteoporosis and diabetes mellitus
were the most common comorbidities.

Complications

Four patients needed revision surgery (3 %)—UKA to
UKA. One patient suffered a dislocation of the polyethylene
insert doing domestic work. Two patients needed a second
operation because of impingement symptoms and one pa-
tient needed a revision for suspected infection with lavage
and exchange of the insert. All patients were pain free after
the revision surgery and participated in this study. With
regard to sports activity, the four patients were evenly dis-
tributed with two patients (impingement and revision for
suspected infection) active and two patients (insert disloca-
tion and impingement) inactive. The patient who suffered
from an insert dislocation while practising gymnastics need-
ed a further operation with a TKA for persistent instability.

Discussion

With the growing life expectancy of our population, new
strategies in knee arthroplasty are required. Older people are
more active these days and the prevalence of knee replace-
ment surgery is increasing with a subsequent increase of
revision surgery. In many patients, the desire for improve-
ment in function often includes a desire to return to sports
activities.

The Oxford III UKA is a cruciate retaining arthroplasty
with better kinematics [7] and good function [24]. Many
patients commented that their Oxford UKA felt like a “normal
knee”.

Hopper et al. found a high “return-to-sport-rate” after
UKA of 97 % in their patients [8]. However, the average

patient age of 63 years in their study was younger. Some
research has been done by Fisher et al. [6] investigating the
sports activities of patients following Oxford III medial
unicompartmental knee arthroplasty, and they reported a
93 % successful rate of return to sports activities. In com-
parison, only 80 % of our patients were participating in
sports activities, although the mean age of patients at the
time of follow up was comparable in both studies with
68 years in ours and 66 years in Fisher’s study.

This fact might be due to a number of reasons. First, the
follow-up time in our study was much longer, with an
average of 4.2 years compared to Fisher’s study, which
had an average follow up of 1.5 years. At the time of
surgery, the mean age in the active patients group in our
series was 64.4 years compared with 64 years in the study
by Fisher et al. Consequently, the 15 patients in our study
who stopped their sports activities during the longer follow
up were an average two years older (70 years) than the
patients who continued doing sports (68 years). With an
average age of 70 years, these 15 patients tended to be older,
approaching the inactive group whose mean age was
72 years. This most likely reflects the normal course of
events in that age group and is in accordance with the results
of the “German health survey” performed in 2006. This
survey found a significant decline of sports activities in
German elderly people over 70 years of age.

The majority of patients in our study were participating in
low impact sports with some patients shifting their sports
from high to low impact after the surgery, although a mi-
nority of patients resumed their high impact sports after
surgery. To date, we have not found a correlation between
high impact sports and a higher risk of complications. In our
study, one patient had an insert dislocation while doing
gymnastics and another patient in the inactive group expe-
rienced the same complication during domestic work.

Sports such as cycling, dancing,walking, golfing and swim-
ming are recommended by most surgeons after knee arthro-
plasty, whereas it is recommended that contact sports including
basketball, soccer and “stop-and-go” sports like tennis or aer-
obics should be stopped after surgery [22, 17]. These recom-
mendations are consistent with our rehabilitation protocol. We
think that the observed shift from “high impact” to “low
impact” sports was partially due to the recommendations given

Table 2 VAS scores for pain at
weight bearing and when climb-
ing stairs showed significantly
higher results in the inactive
patient group. Only for pain at
rest were the two groups
comparable

Values in bold text are statisti-
cally significant

Measure Active group In-active group P-value

Pain at rest 0.7±1.3 (0–7) 1.3±2.3 (0–9) >0.05

Pain during weight bearing 0.5±1.2 (0–8) 1.8±2.3 (0–9) <0.0001

Pain while climbing stairs 1.2±1.6 (0–7) 2.5±2.6 (0–9) <0.01

Gender (females:males) 41:28 33:29 >0.05

Age 67.8±7.8 (48–87) 71.4±8.1 (56–92) <0.05

BMI 27.6±4.7 (20–56) 29.3±4.4 (19–43) <0.01
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by the surgeons. It can also be assumed that a general deteri-
oration in health status of aging patients has led to a shift
towards low impact sports. Nevertheless, the fact that most
patients followed our recommendation to stop high impact
sports after UKA surgery is a limitation of our study, as the
recommendation limits the choices of sports activities that are
advisable after UKA.

The KSS, WOMAC, OKS and the patient’s satisfaction
after the UKA surgery yielded better results in the active
patient group, which is consistent with the study by Jahromi
et al. [10] and Fisher et al. [6]. The active patients tended to
have less pain. With “pain at weight bearing” and “climbing
stairs”, this difference became statistically significant. These
observations raise the question whether “being active” is the
result of a technically perfect implantation of the prosthesis
or if the activity itself is the reason for the better results in
the different scores. We could not find significant differ-
ences in the physical examination of the operated knee or
other health problems which might affect the physical ac-
tivity level. The comorbidities were evenly distributed
among the two groups.

Another factor which might influence the outcome neg-
atively is the progression of osteoarthritis of the remaining
joint compartments. There is evidence that radiological OA
of the patellofemoral joint is not associated with a poorer
outcome after UKA surgery [11], which could be confirmed
by our study.

According to Englund and Lohmander, patients with a
combined tibiofemoral and patellofemoral OA have poorer
function and are more restricted with regard to sports activ-
ities compared to tibiofemoral OA alone [5]. In contrast to
this finding, we could not find any correlation between a
poorer clinical outcome and/or reduced sporting activities
and patellofemoral OA.

Rather than radiological changes, the BMI was correlated
with diminished physical activity. We found a significantly
higher BMI in the inactive patient group compared to the
active patients at time of follow up. A higher BMI was
associated with less physical exercise and less favourable
outcomes, which correlates with the data by McClung et al.
[14].

Conclusion

Using the Oxford III prosthesis for medial osteoarthritis of
the knee we found a high level of physical and sports
activities after surgery. In our series, no complications relat-
ed to these sports activities could be found. However, based
on our data, no conclusive statement regarding polyethylene
wear and early loosening related to sports activities can be
made because our follow up was not long enough. We could
demonstrate that physically active patients with an Oxford

III prosthesis have less pain and show higher clinical scores.
However, since we could not find significant differences in
radiological and objective scores between these groups, it
remains unclear if this is a result of a “successful” implan-
tation or if the activity itself is the reason for the better
outcome. Although we saw a shift from high-impact to
low-impact sports, there have been no studies or research
that would indicate that low-impact sport should be recom-
mended in general following UKA surgery.
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