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Abstract

Purpose In the last decade, a major increase in the use of

and interest in unicompartmental knee arthroplasty (UKA)

has developed. The Oxford Phase 3 UKA is implanted with

a minimally invasive technique using newly developed

instruments. The objective of this prospective study was to

evaluate the outcome of UKA in patients with medial

osteoarthritis of the knee in a high-volume unit.

Methods Two-hundred and forty-four UKAs were per-

formed with a minimally invasive approach. The median

age was 72 (43–91) years. The median follow-up was

4.2 years (range 1–10.4 years). Fourteen patients died, and

nine were considered to be lost to follow-up, but all had a

well-functioning prosthesis in situ until their last follow-up.

Pain, function and health-related quality of life were

evaluated pre- and postoperatively using patient- and

assessor-based outcome scores, as well as radiographic

evidence.

Results The mean Knee Society knee and function scores,

WOMAC-scores, Oxford-score and VAS pain and satis-

faction all improved. Nine knees required revision. Eleven

patients required an additional arthroscopic procedure due

to persisting pain secondary to intra-articular pathology,

and four patients required manipulation under anaesthesia

because of limited range of motion. The 7-year cumulative

survival rate of the arthroplasty was 94.4%. A low inci-

dence (21%) of a radiolucent line beneath the tibial com-

ponent was observed at 5 years of follow-up.

Conclusion This study showed a high survival rate of the

Oxford Phase 3 UKA. Patient satisfaction and functional

performance were also very high. Major complication rate

was low; in addition, the incidence of radiolucency under

the tibial component, when compared to present literature,

was low. When strict indication criteria are followed,

excellent, durable, and in our opinion reliable, results can

be expected for this procedure.

Keywords Unicompartmental knee arthroplasty �
Results � Survival � Radiolucency

Introduction

Interest in unicompartmental knee arthroplasty (UKA) for

medial osteoarthritis has increased rapidly over the last two

decades [42]. The main reasons for its rising popularity are

the introduction of minimally invasive surgical (MIS)

techniques [31, 41] with modified surgical equipment, the

publication of the excellent medium- and long-term results

of the Oxford Phase 2 arthroplasty [14, 39, 44, 45] and the

well-documented improved polyethylene wear character-

istics of the mobile bearing device [18, 38]. Medial

osteoarthritis of the knee is considered to be a unicom-

partmental disease and, when left untreated, it may later

progress to involve the other knee compartments [1]. This

has given rise to the rationale for the treatment of only one
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compartment, either with a high tibial osteotomy (HTO) or

a unicompartmental knee arthroplasty.

In the 1970s, the pioneers of UKA developed and

introduced their first designs [11, 16, 28], but the results of

these early UKAs were controversial due to high early

failure rates. This changed in 1998 when Goodfellow and

colleagues reported encouraging results for the unicondylar

Oxford knee arthroplasty [13]. Today’s opinion is that

early failures are mainly attributable to a surgeon’s inad-

equate technique and/or lack of experience with the tech-

nically demanding procedure [25, 43].

The designer group of the Oxford Phase 3 prosthesis has

reported excellent results with their implant [33]. These

results were reinforced by Svard and co-workers who

reported favourably on a 15- and 20-year follow-up (FU) of

the Oxford prosthesis [35, 44]. Although some reports

show satisfactory results in shorter or long-term FU periods

[21, 39, 49], others show less favourable results compared

to the series of Pandit et al. and Svard et al. [10, 23, 29].

The survival and outcomes as reported in various arthro-

plasty registers are, however, even less satisfying [22]. This

may be attributed to their lesser experience with this

technique, patient selection or to the lower number of

patients treated.

The purpose of the present study is to report the func-

tional and radiological outcome of 244 consecutive Oxford

Phase 3 unicompartmental knee arthroplasties performed

using a MIS technique by a single orthopaedic surgeon.

Our hypothesis is that results generated by an experienced

high-volume surgeon treating a large number of patients

will be comparable to those of the designer group, and

better than those reported in the arthroplasty registers. We

will report the medium-term results as previous research

has shown that most complications and failures occur in the

early follow-up phase, and as a result medium-term data

can indicate comparable longer-term results [13]. This

study describes our experiences of using the Oxford Phase

3 prosthesis implanted by a single surgeon and focuses on

postoperative knee function, early complications, number

and reason of revision operations, number of additional

procedures, pain and radiological results.

Materials and methods

Between 1999 and 2008, 244 medial Oxford Phase 3

arthroplasties (216 patients) (Biomet Ltd., Swindon, UK)

were performed in a district general hospital and form the

cohort for this study. The study was uncontrolled, non-

blinded and prospective. Patients’ demographic details are

shown in Table 1. All knees were diagnosed with medial

compartment osteoarthritis. The mean preoperative tibio-

femoral angle was 0.2 (SD 4.1) degrees varus. After 2001,

due to controversial reports appearing in the literature, we

considered previous HTO a contraindication for Oxford

arthroplasty [45]. Prior to 2001, five patients had a HTO

prior to their UKA. The strict indication criteria for uni-

compartmental knee arthroplasty defined by White et al.

[55] and Keyes et al. [19] were followed. Osteoarthritis of

the patellofemoral joint and obesity were not considered

contraindications for this procedure.

Fourteen patients deceased during the study period

(average 34 months postoperative), none of them as a

result of the surgery. These patients were included until

latest follow-up. Among these patients, one UKA was

revised to a total knee arthroplasty (TKA). Nine patients

did not attend the outpatient clinic for their latest FU due to

general health reasons and were considered as lost to FU

(LTFU). These patients or their relatives were subsequently

interviewed by phone, and none of them had had a revision

operation (median FU 57 months, range 14–96 months).

For this surveillance, patients’ informed consent was

obtained. This study was performed as routine FU, and

examination was performed in accordance with generally

accepted practice. Approval was obtained from our insti-

tutional review board.

Surgical technique

The cemented Oxford Phase 3 unicompartmental knee

arthroplasty consists of cobalt chromium molybdenum

spherical femoral and flat tibial components and a fully

congruent polyethylene mobile bearing device. The MIS

operation technique has been described in detail by Murray

et al. [32] and was performed with newly developed

instruments. These instruments not only allow better

component positioning, but also create a perfect balance of

the flexion and extension gap to achieve improved stability.

The minimally invasive approach is the recommended

standard approach for this procedure. The operation is

performed under tourniquet and via a short paramedial

incision running from the medial pole of the patella to the

medial border of the tuberosity. This approach does not

Table 1 Demographic baseline characteristics of 216 patients treated

by means of UKA for medial compartment osteoarthritis

Number of prostheses N = 244 (N = 216 patients)

Follow-up [5 years N = 96

Bilateral N = 28

Side 122 right; 122 left

Age (years), median (range) 72 (43–91)

Body mass index (kg/m2),

mean ± SD (range)

28 ± 5 (18.5–52.2)

Operation time (min),

mean ± SD (range)

66 ± 14 (45–120)

278 Knee Surg Sports Traumatol Arthrosc (2011) 19:277–284

123



compromise the extensor mechanism or the suprapatellar

pouch. Before cementing, pulsed lavage is used to rinse the

subchondral bone. Full weight bearing was allowed post-

operatively, and thromboprophylaxis was prescribed.

Outcome measures

The clinical FU consisted of physical examination, regis-

tration of pain and complications and a standard series of

radiographs. Patients attended the routine FU assessments

in the outpatient clinic scheduled at 6 weeks, 6 months and

1, 2, 5 and 10 years. Revision was defined as any surgical

procedure that resulted in the removal or exchange of any

of the arthroplasty components. Additional procedures

were defined as additional operations that did not result in

the removal of parts of the original arthroplasty.

Pain, function and health-related quality of life were

evaluated pre- and postoperatively by patient- and asses-

sor-based outcome scores. The WOMAC Questionnaire

[3], the Knee Society Score (KSS) [17], Oxford Knee Score

(OKS) [9] and postoperative visual analogue scale (VAS)

for pain and satisfaction were used [54].

The accuracy of implant positioning was determined by

standing anteroposterior and lateral radiographs on first

outpatient review and then at routine outpatient clinic visits

(including skyline views). The alignment was determined

by means of the tibiofemoral angle. Osteoarthritic changes

in the non-replaced compartments were graded according

to the Ahlbäck classification modified by Mont et al. [30].

A fluoroscopic-centred technique was used to assess any

radiolucency at the bone–cement interface above the

femoral component and under the tibial component. All

measurements were based on manufacturer’s guidelines

[32]. A radiolucent line of less than 2 mm width with a

sclerotic line beneath the tibial component was considered

to be physiological [47, 53].

Postoperative radiographs examining the progression of

osteoarthritis in the lateral and patellofemoral (PF) com-

partments, the tibiofemoral angle and the presence and

extent of radiolucency were investigated in 96 cases with a

minimum follow-up of 5 years. Radiological examination

including the fluoroscopic-centred technique was evaluated

by consensus of two independent radiologists.

Statistical analysis

Data were analysed using SPSS software (SPSS� 15.0,

SPSS Inc., Chicago, IL, USA). The non-parametric Wil-

coxon test was used for all non-parametric data. The gen-

eral linear model (GLM) was used to compare the repeated

measurements, a post hoc Bonferroni test was used to

analyse the location of the difference, and p-values of

P \ 0.05 were considered significant. Using revision of the

arthroplasty for any cause as an end-point, a life-table was

constructed, and rates of survival determined using the

Kaplan–Meier survival analysis.

Results

The median FU was 4.2 years (range 1–10.4 years).

Baseline characteristics are shown in Table 1, and outcome

scores are shown in Table 2. A total of 84.3% of knees had

good (70–84 points) or excellent (85–100 points) results for

Table 2 Outcome results of 216 patients treated by means of UKA for medial compartment osteoarthritis

Pre 6 months 12 months 24 months [30 months Latest FU total

(Mean FU 4.4 years)*

VAS Satisfied 1.1 ± 1.6 1.3 ± 1.4 1.2 ± 1.1 1.5 ± 1.0 1.5 ± 1.1

VAS Pain 1.5 ± 1.6 1.4 ± 1.4 1.2 ± 1.2 1.3 ± 1.2 1.3 ± 1.6

Oxford total 13.0 ± 9.8 32.3 ± 10.2* 36.2 ± 9.0 39.0 ± 7.9 38.3 ± 9.1 38.3 ± 8.5

Oxford pain 6.1 ± 4.1 13.1 ± 4.4* 14.9 ± 4.0 16.6 ± 3.6 16.3 ± 4.0 16.2 ± 3.9

Oxford function 6.9 ± 6.0 19.2 ± 6.2* 21.3 ± 5.3 22.4 ± 4.6 22.0 ± 5.4 22.1 ± 4.9

WOMAC pain 42.4 ± 16.4 81.6 ± 17.4* 85.7 ± 16.3 88.1 ± 16.4 85.8 ± 17.0 85.8 ± 17.0

WOMAC stiffness 45.9 ± 15.7 70.6 ± 19.6* 76.4 ± 17.7 79.0 ± 19.6 76.4 ± 21.2 76.2 ± 19.3

WOMAC function 44.1 ± 15.7 77.9 ± 17.6* 82.0 ± 16.8 83.0 ± 18.3 81.3 ± 18.7 81.5 ± 18.0

ROM 121.8 ± 10.8 122.4 ± 10.5* 124.7 ± 10.3 125.6 ± 10.4 128.1 ± 9.3 127.1 ± 9.8

Tibiofemoral angle -0.23 ± 4.1 5.0 ± 3.4* 5.0 ± 3.2 4.8 ± 2.8 4.8 ± 3.0 4.7 ± 3.0

KSS knee 44.2 ± 13.7 87.3 ± 13.4* 90.8 ± 9.6 90.7 ± 9.4 92.3 ± 9.3 91.7 ± 8.7

KSS function 45.0 ± 18.0 85.5 ± 15.9* 88.2 ± 15.3 85.9 ± 17.3 83.5 ± 18.7 84.7 ± 17.8

The GLM showed that all scores increased postoperatively, P \ 0.001 for all scores. The Bonferroni post hoc test showed that the difference was

only between preoperative and 6 month; afterwards the scores remained constant

* P \ 0.001: compared preoperative with 6-month postoperative with paired t-test
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the knee score, and 74.7% had a good or excellent func-

tional score. The general linear model revealed no sig-

nificant change in scores after the 12-month FU period.

The cumulative survival at 7 years was 94.4% (95% CI

91.8–97.0) (Fig. 1).

Preoperatively, 90.1% of the patients with medial

osteoarthritis of the knee had moderate (KSS 5–10 points)

or severe pain (KSS 0 points). At 1-year postoperatively,

17 patients (7.3%) had moderate or severe pain. At final

FU, of the patients with a UKA in place, only 2 (1%) had

moderate pain.

Early complications

One fracture of the proximal tibia occurred intra-operatively.

The patient was treated by continuous passive motion for

7 days followed by casting for another 4 weeks and has

achieved a good outcome in regard to pain and function (125

degrees flexion, KS knee score 95 points, KS function score

100 points). In our series, no wound dehiscence, deep or

superficial infection, deep venous thrombosis, pulmonary

embolus or death related to the orthopaedic procedure were

observed.

Revisions

Nine patients underwent a revision procedure at a mean of

33 ± 27 months after primary surgery. Details of the

revised UKAs are summarised in Table 3.

Additional procedures

Fifteen additional procedures were performed. Four

patients, with limited flexion postoperatively, required

manipulation of the knee under anaesthesia (MUA) (mean

3.5 weeks after primary surgery) to improve ROM. Flexion

of less than 90 degrees 3–6 weeks postoperatively was

considered an indication for MUA. At latest FU, the ROM

of these patients was 123 degrees. Eleven patients under-

went an arthroscopic procedure for pain related to intra-

articular causes (e.g. synovitis, haemorrhage, lateral

meniscal lesion, loose bodies). Three patients in this group

with additional procedures were revised. The other eight

arthroscopic procedures were all successful in relieving the

complaints.

High tibial osteotomy

One of the five patients with a previous high tibial oste-

otomy was revised to a TKA. This patient still experienced

pain after revision surgery to TKA. The other four patients

had fair scores (range 60–69 points) and moderate function

at 1-year FU (mean KS knee and function score both 61.7

points, ROM 122 degrees). These four patients eventually

progressed to good and excellent scores 6.8 years after

surgery (mean KSS knee: 70 points; KSS function: 83.3

points; ROM 133 degrees).

Radiology

Complete physiological radiolucency (\2 mm) as mea-

sured by means of the fluoroscopic-centred technique was

observed in 5 tibial components. There were 15 tibial

components with partial radiolucent lines. All these

radiolucencies were visible at year one postsurgery and

thereafter remained unchanged in extent and thickness. In

two patients, pathological signs of radiolucency (i.e. a line

[2 mm without a thin sclerotic bordering line) beneath the

tibial component were observed. These arthroplasties were

still in place and functioning well at final follow-up. No

radiolucency was seen between the surface of the femoral

component and the bone.

Progression of medial facet PF osteoarthritis was

observed in two non-symptomatic patients. The occurrence

of lateral facet PF osteoarthritis was observed in four

patients of whom two were symptomatic.

Five patients had a postoperative valgus angle of more

than 10 degrees and were considered overcorrected. This

angle was not altered at 5-year FU except in one knee,

which was revised.

Discussion

The most important finding of this study was the good

medium-term results of the Oxford Phase 3 UKA with a

cumulative survival rate of 94.4% at 7-year FU obtained in

a high-volume district general hospital. These results are

comparable with the series of Pandit et al. [34] and to the

series of Robertsson et al. [43] who reported an 8-year
Fig. 1 Kaplan–Meier survival analysis using revision for any reason

as an end-point
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survival rate of 93%. The importance of high-volume units

was stressed by Koskinen et al. [22] who reported high

failure rates of the technically demanding Oxford arthro-

plasty in their Finnish Arthroplasty Register study. The

results in this study compare favourably to those reported

by the Finnish Arthroplasty Register which mainly reported

procedures performed in low-volume clinics [22]. The

average number of procedures annually in this series was

23, the same as in the series of Robertsson et al. [43].

This study reflects the experience of one single high-

volume surgeon using one single implant and might not

reflect the results obtained in a general community prac-

tice, with different surgeons, varying indications and

numerous designs. The present study reports the outcome

of patients with a medium-term FU, since functional

recovery is almost complete after 1 year and does not

improve significantly thereafter [34]. Almost none of the

reported outcome measures improved during further FU

compared to the 1-year results. Revisions for all causes

occurred at a mean follow-up of 2.8 years after primary

surgery. Other authors state that revisions occur mostly

within 2 years after surgery [12, 20, 26, 27]. Because of

these two reasons, a medium-term FU could be justified.

However, as with any design one has to keep in mind that

other factors (e.g. aseptic loosening, instability and pro-

gressive lateral OA) that reduce the longevity of the

prosthesis will influence the survival negatively with

longer FU. The series by Svard et al. showed very few

revisions in the second decade after the index procedure

and suggests that the implant is durable in this period after

implantation. So, on the other hand, the medium-term FU

and a lack of control group might be considered a limita-

tion of the study; however, complications arise usually in

early follow-up [44].

In this series, two UKAs were revised due to progression

of osteoarthritis of the lateral compartment. One had

overcorrection at primary surgery and its alignment chan-

ged from 11 to 18 degrees valgus postoperatively. Both of

these patients had a history of trauma; one sustained medial

collateral ligament insufficiency and had to be revised to a

hinged TKA, the other received a Vanguard TKA. In recent

literature on UKAs, it has been stated that progression of

arthritis in the lateral compartment is the most important

reason for revision surgery [8, 10]. Kumar et al. [24]

described this phenomenon as a natural progression of the

disease, and Price et al. [36] reported seven revisions due to

lateral OA in their series of Oxford knees. Although in our

series the knee with overcorrection was revised 6.8 years

after primary surgery, Weale et al. [52] showed that fail-

ures due to lateral OA often occur within 2 years, espe-

cially in overcorrected knees.

Previous studies conclude that patellofemoral osteoar-

thritis (PFOA) does not influence revision rate. However,

they did not differentiate between medial and lateral facet

degeneration [4, 24]. We agree with Weale et al. [51] that

progression of medial and lateral PFOA is rare after medial

Table 3 Details of the revised UKAs

Revision History Indication for

revision

Operative findings Time to

revision

(years)

Procedure Outcome

1 HTO Pain PF arthritis 3.3 Revision to TKA Poor (�)

Components fixed

2 ACL reinsertion

10 years prior

Pain Unknown 2.2 Revision to TKA

elsewhere

Unknown

3 Fibromyalgia Pain PF and lateral osteoarthritis 5.3 Revision to TKA

elsewhere

Poor

Polyarthritis Components fixed

4 None 1st Dislocation Malposition components 0.5 1 Open bearing reposition Poor

2nd dislocation 0.8 2 Revision to TKA Excellent

5 None Dislocation Flexion/extension gap

disbalance

0.3 Revision to Tibial

Vanguard UKA

Good

6 None Lateral compartment

arthritis

Components fixed 2.5 Revision to Hinged TKA

elsewhere

Good

MCL insufficiency

ACL absent

7 Trauma Lateral compartment

arthritis

Components fixed 6.8 Revision to TKA Good

8 Trauma Dislocation Undersized bearing 0.5 Open bearing reposition; Good

Thicker bearing

9 None Synovitis; Cobalt allergy Synovitis; secondary

PE wear

3.7 Revision to Titanium

AGC TKA

Good
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UKA. Two of the patients with progression of medial

patellofemoral facet degeneration are still doing well after

6.3 and 7.3 years FU. One patient with progression of the

lateral PF facet required revision surgery. Beard et al. [2]

stated that the presence of lateral PF degeneration might

negatively influence the outcome of the UKA and that

caution in these cases should be observed, this is contrary

to the apparent lack of negative impact of worsening

medial PF facet osteoarthritis. One might argue, however,

that the patient with progression of lateral PF facet osteo-

arthritis might not have been a suitable candidate for the

UKA in the first place.

The most frequent cause for revision surgery in the

present series was early dislocation of the meniscal bearing

(1.2%). Lewold et al. [25] observed a dislocation of the

bearing in 2.3% of their cases and three out of 688 cases

(0.4%) in the series of Pandit et al. [34] also had a bearing

dislocation. Dislocation of the mobile bearing in the

Oxford knee primarily occurs shortly after implantation; it

can probably be attributed to a technical error during sur-

gery. A mismatch between the tibial and femoral compo-

nent, and/or size of the bearing itself, might lead to failure.

In this series, two dislocations are considered to have

resulted from technical errors in the surgical procedure.

One of these had a malposition of the components and was

revised to a TKA. The other demonstrated a flexion–

extension gap imbalance, and in this patient the tibial

component was revised to a unilateral non-mobile tibial

component. One further patient suffered a traumatic dis-

location of the bearing and received a thicker insert by a

conventional open procedure.

One knee was revised to a titanium AGC TKA due to a

cobalt allergy (confirmed by dermatology), and secondary

macroscopic polyethylene wear 3.5 years after surgery.

Polyethylene wear has not been reported as a cause of

failure of the Oxford knee [5, 25, 41]. No revisions were

performed due to deep infection, primary polyethylene

wear or loosening of the components. In contrast to the

present study, the most common reason for revision in the

series of Koskinen et al. [22] was aseptic loosening. As

reported by others, we conclude that the indication for

surgery and operative technique are predictors for failure of

the arthroplasty [48].

As confirmed by others [7], arthroscopy has shown to

be a successful and safe procedure post-UKA implanta-

tion for the treatment of subsequent intra-articular

pathology. Psychoyios et al. [38] state that revision sur-

gery is not always a solution, as in one of every four

revisions the problem is not solved. This series suggests

that patients with complaints of pain should be investi-

gated, carefully followed up, and revision for unexplained

pain must be avoided as it may not be warranted in these

cases [23].

The five patients with a previous HTO required a longer

time to reach their highest functional score. Vorlat et al.

[50] did not show successful outcome of UKAs after HTO.

Likewise, the revision rate after HTO was 28% in Rees’

series [40] after a FU period of 2.9 years. One patient with

a previous HTO in this series was revised from UKA to

TKA. This evidence of unacceptably high failure rates

emerged after the study began and was deemed reason to

abandon the implantation of a UKA following HTO.

Compared to previous authors, a low incidence of

radiolucency at 5-year FU was found (21%, 20/96), for

instance Pandit et al. [33] who reported radiolucent lines in

70% of their arthroplasties (40% complete and 60% partial).

Like others, we conclude that these radiolucent lines have

no clinical relevance [6, 15]. We hypothesise that the use of

thorough pulsed lavage and a dry surgical field before

cementing in all the implant procedures might have played a

positive role. This is further supported by the recent study of

Clarius et al. [6] who also showed a lower incidence of

radiolucent lines after the use of pulsed lavage in the

cemented Oxford Phase 3 prosthesis after a FU of 1 year.

In patients with anteromedial osteoarthritis with per-

sisting or progressive complaints after appropriate appli-

cation of non-surgical treatment, the performance of an

unicompartmental knee replacement can be recommended

as long as the strict indication criteria for unicompart-

mental knee arthroplasty previously defined are considered

[19, 55]. Recent studies suggest that the results of uni-

compartmental knee arthroplasty compare well with the

results of total knee arthroplasty in similar age groups [35,

46]. Long-term FU results of UKA demonstrate predictably

good results comparable with those of total knee replace-

ment [20, 33]. With appropriate patient selection, pros-

thetic design and surgical technique, a surgeon can achieve

good outcomes once he is well trained on its indications

and technique. Although a specific number of implanta-

tions a year cannot be given, high volume for this tech-

nique is important in our opinion. With the MIS technique,

patients experience a rapid recovery after the unicompart-

mental knee arthroplasty [37].

Conclusion

This independent prospective study showed a high survival

rate of the Oxford Phase 3 UKA performed by a single

surgeon. Major complication rate was low. The newly

developed instruments that were introduced with the

Oxford Phase 3 UKA allow the surgeon to create a good

balance of the flexion and extension gap, resulting in a

reduction in the risk of dislocation of the mobile bearing

and overcorrection. We would not recommend the use of

this procedure after HTO or in the presence of lateral facet
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PFOA. The technically demanding Oxford procedure

should be performed in a high-volume unit and pulsed

lavage should be used in a dry operating field with the

cementing technique. Another important recommendation

is that complaints of pain should be thoroughly investi-

gated as revision for unexplained pain has been shown to

produce poor results. Compared to present literature, a very

low percentage of radiolucency was detected. Outcome

scores after 1 year do not change significantly so a mini-

mum FU of 1 year in this series is justified. When strict

indication criteria are followed, excellent, durable, and in

our opinion reliable, results can be expected for this pro-

cedure in the medium-term.
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