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Mid-term Outcomes of the Fixed Bearing Lateral Oxford
Unicompartmental Knee Replacement 

Abstract:

Aims: Lateral unicompartmental knee replacement (UKR) accounts for about 1% of all knee 

replacements and has had mixed clinical results. The aim was to determine the medium-term results

for the Fixed Lateral Oxford UKR (FLO). 

Methods: This study reports the clinical results and survival for 305 consecutive FLOs implanted 

between 2015 and 2022, with minimum 1-year follow-up. 93% of knees satisfied the recommended 

indications. The mean follow-up was 4.3 years (SD 1.9), and maximum was 8 years. The mean age 

was 70.8 (SD 11) and mean BMI was 28.4 (SD 5.4). The right side was operated on in 65% of cases

and 72% of patients were female. Isolated lateral compartment osteoarthritis was the indication for 

98% of operations. The Oxford Knee Score (OKS) was recorded pre- and post-operatively to assess 

the FLOs clinical effectiveness. The revision status of all knees was known. 

Results: 2 FLOs were converted to primary TKRs, 2 had the addition of a medial UKR for medial 

compartment disease, and there were 3 other reoperations. At last clinical follow-up the mean OKS 

was 41, a mean increase of 20 points from pre-operative OKS. At 7 years the survival rate for any 

re-operation (including revision) was 96% (95%CI 91-100), for revision was 98% (95%CI 94-100) 

and for revision to primary TKR was 99% (95%CI 96-100). No revisions required revision TKR 

components. When knees outside the recommended indications were excluded, there was only 1 

revision, an addition of a medial UKR for osteoarthritis progression, resulting in a 7-year survival 

for revision was 99.2% (95%CI 94-100).

Conclusions: This study presents the largest published cohort of fixed bearing lateral UKR. The 

good clinical outcomes and medium-term survival of the FLO, particularly if the recommended 

indications are used, suggest it is an excellent alternative to TKR for the treatment of isolated lateral

compartment disease.
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Body Mass Index (BMI) 95% Confidence Interval (CI), Fixed Lateral Oxford (FLO), Oxford 
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Introduction:

Approximately 10% of patients with severe knee osteoarthritis have disease isolated to the lateral 

compartment of the knee, compared to up to 50% of patients who have disease isolated to the 

medial compartment1-4. When joint-preserving treatments for isolated lateral compartment 

osteoarthritis fail, surgical treatment options include total knee replacement (TKR) or lateral 

unicompartmental knee replacement (UKR). UKR has several benefits over TKR including a lower 

risk of post-operative complications, faster recovery, a smaller incision, less pain, less blood loss, 

and being more cost-effective5-7. Despite these benefits, overall UKR usage remains at 

approximately 10% of all knee replacements globally8,9 and lateral UKR usage is about 1%. 

Underuse of UKRs is attributed to higher revision rates than TKR in registries and the technical 

difficulty of the procedure3,6,8. 

The Oxford UKR, with spherical femoral components, flat tibial components and fully congruent 

mobile bearings, was introduced to minimise polyethylene wear and to allow thin bearings to be 

used with minimal bone resection10. The device has achieved excellent results when used in the 

medial compartment11,12. However, on the lateral side bearing dislocation has been a problem as in 

flexion the ligaments are lax allowing the joint to distract13-16. The Oxford Domed Lateral (ODL) 

tibial implant was designed to reduced bearing dislocation rates by using a more anatomically 

shaped domed tibial component with a biconcave mobile bearing that increased entrapment. 

Although the ODL did reduce dislocation rate, the dislocation rate remains high (2-6%)14,16-18. The 

domed tibia was found to restore more normal kinematics and roll back than a flat tibial component.

In 2014 the Fixed Lateral Oxford UKR (FLO) was approved19. The ODL and FLO tibial 

components can be used interchangeably so if during trialling of an ODL there is concern about 

bearing instability a FLO can be implanted. The same surgical technique is used for both 

procedures. The components are implanted anatomically, and the normal ligament tension and leg 

alignment is restored in full extension which restores the normal ligament laxity in flexion. The 

short-term results of the FLO are good with 100% survival at 4-years and a mean Oxford Knee 

Scores (OKS) of 41 reported in a cohort of 130 FLOs20. As a result, the FLO is being used more 

commonly than the ODL. However, due to potential concerns related to wear, with the incongruent 

articulation and extensive roll back, it is important for the FLO to have longer follow up. The aim of

this study was to determine the medium-term survival and clinical effectiveness of the FLO.



Methods:

This study prospectively collected data on consecutive patients who underwent a primary FLO 

(Biomet Orthopedics, Warsaw, USA, Bridgend, UK) at 2 centres between 2015 and 2022. The data 

was retrospectively reviewed for patients with a minimum 1 year follow up. Primary bi-

compartmental UKRs were excluded. 1 patient was lost to clinical follow-up, but we could confirm 

the implant had not been revised from the National Joint Registry, so they were included in survival 

analysis. In total, 305 FLOs in 279 patients were included (Table 1).

The operations were performed by 6 experienced consultant surgeons who routinely perform UKR 

procedures. The recommended indications for the procedure are primary osteoarthritis or avascular 

necrosis in the lateral compartment of the knee. With osteoarthritis there should be bone-on-bone 

laterally, full thickness cartilage in the medial compartment, functionally intact anterior cruciate 

(ACL) and collateral ligaments, and a correctable intra-articular valgus deformity21. Severe wear of 

the patellofemoral joint with bone loss and grooving was considered a contra-indication. In some 

cases, the indications were extended to include knees with a non-functional ACL or previous lateral 

tibial plateau fracture.

All procedures were performed according to the manufacturer’s surgical technique19. In almost all 

cases a torniquet was used. A minimally invasive approach with a lateral para-patellar incision was 

used. No ligament releases were undertaken. In most patients, a trans-patellar tendon vertical tibial 

cut was used to orientate the vertical cut directed towards the Anterior Superior Iliac Spine to 

internally rotate the tibial component. In some patients the vertical resection was made without 

incising the patellar tendon. The femoral components were positioned anatomically. The appropriate

bearing thickness was selected to ensure that the lateral collateral ligament was just tight in 

extension. All tibial components were fixed with bone cement. Cemented twin-peg femoral 

components were used in 42% of patients while all other patients had cementless femoral 

components. Patients were allowed to fully weight bear post-operatively.

Patient records were reviewed for demographics, operative report details (indications, intraoperative

complications, component sizes), body mass index (BMI), pre-operative clinical scores. Patients 

were contacted to determine if they had had a complication or revision and to determine their final 

Oxford Knee Score (OKS). 

Statistical Analysis

Statistical analysis was performed using GraphPad Prism (version 10.0.2 for Windows, GraphPad 

Software, Boston, Massachusetts USA). Mann Whitney U tests were used to compare non-



parametric pre- and post-operative scores and Chi-squared tests were used to compare categorial 

scores. A p-value <0.05 was considered statistically significant.

Survival analysis was performed using the life table method with the endpoints being “reoperation”,

“revision”, “revision to TKR” and “revision to revision TKR”. The Peto method was used to 

calculate 95% confidence intervals (CI) for cumulative survival22. Cumulative survival was 

calculated for all knees and only those knees operated on within the recommended indications. 

“Revision” was defined as any reoperation where a new component was added, or any component 

was removed or changed. “Re-operation” included revisions. The clinical outcome was assessed 

with the latest Oxford Knee Score (OKS). The Kalairajah classification of OKS was used to classify

scores into excellent (> 41), good (34–41), fair (27–33), and poor (< 27) categories23.

Ethical approval

Ethical approval was sought from the local research ethics committee chair (Oxfordshire Ethics 

Committee C) with formal approval deemed unnecessary under the National Health Service 

research governance arrangements.

Results:

305 knees in 279 patients were followed up for a minimum of 1 year with a mean follow-up of 4.3 

years (SD 1.9, range 1.0-8.0), including 110 patients with a minimum of 5 years follow-up. The 

mean age at operation was 70.8 (SD 11) and mean BMI was 28.4 (SD 5.4). The right side was 

operated on in 65% of cases and 72% of patients were female (Table 1). Isolated lateral 

compartment knee osteoarthritis was the indication for 98% (n=298) of patients, with avascular 

necrosis (n=4), and post-traumatic osteoarthritis (n=3) accounting for the indications of the 

remaining operations. 23 knees (8%) were operated on outside the recommended indications: 18 

with non-functional ACLs, 3 with previous lateral tibial plateau fractures, 1 with a previous distal 

femoral osteotomy, and 1 with full thickness cartilage loss in the medial compartment. 17 patients 

died following the surgery at a mean time of 3.3 years post operation. 1 patient died 13 days after 

the operation from an unknown cause.

No intraoperative complications were recorded and no patients required a blood transfusion. There 

were 3 knees with post-operative complications not requiring further surgery. A patient had a 

superficial wound infection that was successfully treated with oral antibiotics. Another had ongoing 

pain had a steroid injection 1 year post-operatively. 1 patient had recurrent pain and swelling which 

was successfully treated with ultrasound-guided injection of corticosteroid and local anaesthetic 1.5 

years post-operatively. 



There were 3 reoperations that were not classified as revision (Table 3). 1 patient had a post-

operative deep wound infection that was successfully treated with washout, debridement, and 

antibiotics with retention of implants 18 days after the initial operation. There were 2 knee 

arthroscopies with medial meniscectomies at 1.3 and 3 years postoperatively. 

There were 4 revisions, but 2 did not require conversion to TKR (Table 3)9. They were both for 

medial compartment osteoarthritis. Both were successfully treated by addition of a medial UKR at 

0.8 and 4.9 years postoperatively. The 2 revisions that required a TKR were straight forward 

conversions to a primary TKR.  The first was revised 7 months postoperatively due to intermittent 

posterior subluxation of the femoral component off the tibial component. The other revision was 

performed at another centre 5.5 years after the initial operation for progressive arthritis in an ACL 

deficient patient.

The mean pre-operative OKS was 21.0 (SD 8.7, n=106), which improved significantly (p<0.0001) 

to 40.9 (SD 7.8, n=270) postoperatively, at a mean follow-up of 4.3 years (SD 1.9). Of the 270 

knees with post-operative OKS recorded, 59% were categorised as an excellent outcome, 26% a 

good outcome, 9% a fair outcome, and 6% a poor outcome. This was significantly better (p<0.0001)

than the pre-operative OKS for which 73% of knees were categorised as poor (Table 2). 

At 7 years the cumulative survival when the endpoint was re-operation (including revision) was 

96.4% (CI 91.3-100), when the endpoint was revision it was 97.5% (CI 94.2-100), when the 

endpoint was revision with a primary TKR was 98.6% (CI 95.3-100) and when the endpoint was 

revision with revision TKR components it was 100% (Tables 4, Figure 1). 

Out of the 23 knees that did not satisfy the recommended indications there were 3 (13%) revisions, 

2 for medial osteoarthritis and 1 for instability. Therefore, following the 283 knees (93%) implanted

for the recommended indications there were 3 re-operations and only 1 revision. In this group the 7-

year cumulative survival was 98.5% (CI 91.7-100) for the endpoint of re-operation, 99.2% (CI 94.2-

100) when the endpoint was revision, and 100% when the endpoint was revision to TKR (Table 5, 

Figure 1).

Discussion:

The series of patients presented in this study is largest cohort of fixed bearing lateral UKRs 

published to date that we are aware of. The finding that 85% of patients had an excellent or good 

OKS and that the 7-year cumulative revision rate was 2% demonstrates that the FLO is a good 

treatment option for patients with isolated lateral compartment knee osteoarthritis. 



The mean post-operative OKS recorded at last clinical review, a mean of 4.3 years after the 

operation, was 41. An OKS of 41 is considered a very good outcome, bordering on excellent, and 

corresponded to a mean increase of 20 points from the pre-operative OKS. This is a slightly larger 

increase in OKS than what has been achieved with the Oxford UKR for treatment of medial disease 

at 5 years (mean OKS 17)12. This was primarily because the pre-operative OKS was higher prior 

to medial OUKR (pre-operative OKS=25.1), suggesting that the FLO was used for more severe 

disease. The clinical outcome of lateral UKR in this study is superior to TKR, which has a mean 

OKS of 33 at 5 years24. This benefit of UKR compared to TKR for treatment of lateral compartment

knee osteoarthritis is also supported by a small matched study which found lateral UKR to have a 

significantly higher post-operative OKS than TKR when used to treat lateral compartment disease25.

The 7-year survival of 98% using revision as the endpoint compares well to other reports of lateral 

fixed bearing UKR. Given that lateral UKR accounts for less than 10% of UKR procedures, and 

less than 1% of all knee replacements, there are few large studies of fixed bearing lateral UKR for 

comparison26. The largest comparable study reported a 5-year survival of 99% and 10-year survival 

of 94% for 103 fixed bearing lateral UKRs consisting of FLO and Vanguard-M (Biomet) implants27.

Similarly, a cohort of 101 AMC Uniglide lateral UKRs had a 5-year survival of 95.5%28. FLO 

survival also appears to be better than mobile bearing lateral UKRs, like the ODL, which has a 5-

year survival of 92%14, with the difference being primarily due to dislocation5,13,14. The FLO also has

better survival than the lateral UKRs in the registry data, with lateral UKRs in the National Joint 

Registry found to have a 5-year survival of 93% with 376 implants at risk, and 87% in the Dutch 

Arthroplasty Register29,30. 

The 7-year survival rate for revision of 98% is similar to what would be expected following a TKR. 

However following TKR revisions tend to be complex requiring revision TKR components and the 

outcomes may be compromised, particularly if done for an established infection31,32. Following the 

FLO there were no revisions that required revision components and none for infection. 2 of the 4 

revisions were straight forward conversions to primary TKR. The other 2 were insertions of medial 

UKR, which although technically revisions, were not a failure of the original implant. Furthermore 

there is good evidence that the results of bicompartmental UKRs are better than those of primary 

TKRs33.  TKR often require non-revision reoperations for example for possible infection or 

manipulation under anaesthetic for the treatment of stiffness. As a result, the survival rate for all re-

operations following the FLO is better than would be expected following TKR34.

3 of the 4 revisions occurred in the 7% of cases that were outside the recommended indications. The

knee treated with a medial UKR for medial compartment arthritis 9 months postoperatively was 

known to have some medial compartment arthritis at the time of the lateral UKR. The patient, 



despite knowing there was an increased chance of requiring further surgery, requested a lateral UKR

rather than a TKR, as they had a successful lateral UKR in their other knee. The knee that was 

converted to a TKR 7 months postoperatively due to intermittent painful posterior subluxation of 

the femoral component off the tibial component, was ACL deficient pre-operatively and had marked

bone loss posteriorly on the tibiaindicative of posterior femoral subluxation. The other revision to 

TKR, for medial osteoarthritis 5.5 years postoperatively, was also ACL deficient. The overall 

revision survival for patients satisfying the recommended indications at 7 years was 99.2%, with the

only revision being an addition of a medial UKR at 5 years.

The main disadvantage of a fixed bearing UKR is that the rate of linear polyethylene wear is higher 

than that of a fully congruent mobile bearing device10,35,36. Wear of the FLO has not been assessed in

a clinical study, but it may be appreciable as there is a large amount of AP movement within the 

articulation. This wear may compromise the kinematics and in the long term may wear through the 

polyethylene, particularly if the polyethylene is thin. Excessive wear can also lead to osteolysis 37. 

There is also evidence that the more anatomic surface shape the ODL than the flat surface of the 

FLO, results in more normal kinematics in high flexion with. The main disadvantage of the ODL is 

the risk of dislocation. However, as the FLO and ODL tibial components are implanted with the 

same technique and can be used interchangeably, surgeons can plan to use a mobile bearing in 

young, active patients, and change to a fixed if the mobile bearing can be dislocated at a trial 

reduction.

This study does have some limitations, notably that there is no control or comparison group. 

Another limitation is that pre-operative OKS scores were missing for 65% of patients. However, a 

sub analysis of patients that had both pre- and post-operative OKS (n=85) found that the differences

between pre- and post-operative scores in this subgroup were of a similar magnitude and remained 

statistically significant.

Conclusion:

This large study demonstrates that the FLO achieves very good clinical outcomes with a low failure 

rate: At 7 years the cumulative rate for all re-operations was 3% and the cumulative revision rate 

was 2%. The revisions were either additions of medial UKR or primary TKR and none were 

complex requiring revision TKR components. In the 282 (92%) knees that satisfied the recommend 

indications the cumulative revision rate at 7 years was 0.8%. This study therefore suggests that the 

FLO is an excellent treatment for lateral compartment osteoarthritis and has seems to have better 

results than TKR in patients satisfying the recommended indications.  
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Tables:

Table 1: Demographics of patients included in the study

Demographics
Patients (knees) 279 (305)
Right:Left 197:108
Male:Female 86:219
Mean Age (years) [range] 70.9 [37.3 – 93.4]
Body Mass Index (kg/m2) [range] 28.4 [19.6 – 45.2]
Indication for Fixed Lateral Oxford UKR

Lateral Compartment Osteoarthritis 298
Avascular Necrosis 4
Post-Traumatic Osteoarthritis 3

Component Sizes
Femoral Component Type (n=288)

Twin Peg Cemented:Cementless 128:160
Femur Size (n= 302)

Extra Small 9
Small 199
Medium 80
Large 13
Extra Large 1

Tibia Size (n=303)
A 1
B 23
C 91
D 95
E 59
F 34

Bearing Thickness (n=303)
Size 3 89
Size 4 157
Size 5 44
Size 6 11
Size 7 2



Table 2: Comparison of Pre-operative and Post-operative Oxford Knee Score (OKS)

Pre-operation (SD) [range] Post-operation (SD) [range] p-value
OKS 

(0-worst to 48-best)
21.0 (8.7) [3 – 45]

n=106
40.9 (7.8) [4 – 48]

n=270
p<0.0001

OKS Category
Excellent (>41) 1 160 p<0.0001
Good (34 – 41) 7 70
Fair (27 – 33) 20 24

Poor (<27) 78 16
OKS – Pain

(0-worst to 28-best)
10.8 (5.4) [0-26] 24.7 (4.9) [1 – 28] p<0.001

OKS – Function
(0-worst to 20-best)

10.1 (3.9) [2 – 20] 16.2 (3.6) [3 – 20] p<0.001

Table 3: Summary of Re-operations and Revisions

Follow-up
Time to

Revision / 
Re-operation

(Years)

Type of Revision / 
Re-operation

Operated on within
recommended FLO

indications?

0.1
Re-operation: Debridement, antibiotics, and

implant retention for wound infection
Yes

0.6
Revised: Primary total knee replacement due to
posterior subluxation of the femur off the tibial
component in extremes of flexion and extension

No – friable and fragmented
ACL with pre-operative

instability

0.8
Revised: Addition of medial unicompartmental

knee replacement for medial osteoarthritis
progression

No – full thickness cartilage
loss in the medial

compartment pre-operatively

1.3
Re-operation: Knee arthroscopy and partial

medial meniscectomy
Yes

3.0
Re-operation: Knee arthroscopy and medial

meniscectomy
Yes

4.9
Revised: Addition of medial unicompartmental

knee replacement for medial osteoarthritis
progression

Yes

5.5
Revised: Primary total knee replacement for

medial osteoarthritis progression
No – absent ACL



Table 4: Life Table for Survival Analysis

Years
Since

Operation

Number
at Start

Withdrawn
(Success or

Death)

Revised
to

Primary
TKR

Revised
with

medial
UKR

Re-
operation

Cumulative
Survival % -
Revision to

Primary
TKR
(95%

Confidence
Interval)

Cumulative
Survival %

- All
Revisions

(95%
Confidence

Interval)

Cumulative
Survival %
- All Re-

operations
(95%

Confidence
Interval)

0 – 1 305 3 1 1 1
99.7 

(100 –
99.1)

99.3
(100 –
98.4)

99.0
(100 –
97.9)

1 – 2 299 41 0 0 1
99.7

(100 –
99.1)

99.3
(100 –
98.3)

98.6
(100 –
97.2)

2 – 3 257 52 0 0 0
99.7

(100 –
99.0)

99.3
(100 –
98.2)

98.6
(100 –
97.1)

3 – 4 205 43 0 0 1
99.7

(100 –
98.9)

99.3
(100 –
98.1)

98.2
(100 –
96.3)

4 – 5 161 47 0 1 0
99.7

(100 –
98.8)

98.6
(100 –
96.6)

97.5
(100 –
94.1)

5 – 6 113 37 1 0 0
98.6

(100 –
96.2)

97.5
(100 –
94.4)

96.4
(100 –
92.7)

6 – 7 75 50 0 0 0
98.6

(100 –
95.3)

97.5
(100 –
94.2)

96.4
(100 –
91.3)

7 – 8 25 23 0 0 0
98.6

(100 –
92.4)

97.5
(100 –
89.3)

96.4
(100 –
86.6)



Table 5: Life Table for Survival Analysis for Knees That Met the Recommended Indications for the 
Fixed Lateral Oxford Unicompartmental Knee Replacement

Years
Since

Operation

Number
at Start

Withdrawn
(Success or

Death)

Revised
to

Primary
TKR

Revised
with

medial
UKR

Re-
operation

Cumulative
Survival % -
Revision to

Primary
TKR
(95%

Confidence
Interval)

Cumulative
Survival %

- All
Revisions

(95%
Confidence

Interval)

Cumulative
Survival %
- All Re-

operations
(95%

Confidence
Interval)

0 – 1 282 3 0 0 1 100 100
99.6

(100 –
98.9)

1 – 2 278 38 0 0 1 100 100
99.3 

(100 –
98.3)

2 – 3 239 49 0 0 0 100 100
99.3 

(100 –
98.2)

3 – 4 190 42 0 0 0 100 100
99.3 

(100 –
98.0)

4 – 5 148 44 0 1 0 100
99.2

(100 –
98.3)

98.5
(100 –
96.4)

5 – 6 103 35 0 0 0 100
99.2

(100 –
97.4)

98.5
(100 –
95.9)

6 – 7 68 45 0 0 0 100
99.2

(100 –
96.6)

98.5
(100 –
95.0)

7 – 8 23 22 0 0 0 100
99.2

(100 –
94.2)

98.5
(100 –
91.7)



Figures:

Fig 1 Survival curves for Fixed Lateral Oxford implants implanted in all knees (n=305) and those that met 
the recommended indications (n=283). Survival curves for endpoints of “Revision to TKR” (blue square), 
“Revision for Any Reason” (black circle), and Re-operation” (red triangle) as endpoints. Data points indicate
cumulative survival +/- 95% confidence intervals.
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