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associated with the presence and size of lateral osteophytes, 
and their impact on clinical outcomes and implant survival 
were assessed.
Results  Pre-operative radiographs from 458 knees (392 
patients), independently followed up for a mean 10.5 years 
(range 5.3–16.6), were assessed. Lateral osteophytes were 
present in 62  % of knees with 18  % scored as Grade 3. 
Inter-observer reliability was good (kappa =  0.70). The 
presence and size of lateral osteophytes was associated 
with younger age at joint replacement (p  =  0.01) and 
increasing BMI (p = 0.01). No association was seen with 
gender, pre-operative status, assessed using the Oxford 
Knee Score (OKS), American Knee Society (AKSS) 
Objective or Functional Score, Tegner activity score, or 
size of medial tibial lesion. Subgroup analysis of Grade 
3 Osteophytes revealed that these were associated with a 
greater degree of macroscopic ACL damage. At 10 years 
there was no difference in function (n.s.), and at 15 years 
no difference in implant survival or mechanism of fail-
ure between groups (n.s.). Subgroup analysis of Grade 3 
osteophytes found no significant difference in functional 
outcome at 10 years or implant survival at 15 years.
Conclusion  The presence of lateral osteophytes is not a 
contraindication to medial meniscal-bearing unicompart-
mental knee arthroplasty. The clinical relevance of this 
study is that it highlights the importance of an appropriate 
pre-operative assessment of the lateral compartment as in 
the setting of full-thickness cartilage at operation lateral 
osteophytes do not compromise long-term functional out-
come or implant survival.
Level of evidence  IV.

Keywords  Meniscal-bearing unicompartmental knee 
arthroplasty · Implant survival · Functional outcome · 
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Abstract 
Purpose  Lateral osteophytes have been reported to be 
associated with lateral compartment disease and as such it 
is unclear whether medial unicompartmental knee arthro-
plasty should be performed if these are present.
Methods  Using the OARSI classification system, 0 (no 
osteophyte) to 3 (large osteophyte), radiographs from a 
series of cemented meniscal-bearing unicompartmental 
knee arthroplasty implanted in the setting of full-thick-
ness lateral cartilage where lateral osteophytes were not 
considered a contraindication were identified and factors 
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Introduction

Osteophytes are pathognomonic of osteoarthritis; how-
ever, it is currently unclear whether they represent local-
ised compartmental damage or are a general manifestation 
of intra-articular disease [14]. This is of particular clinical 
relevance in patients considering unicompartmental knee 
arthroplasty (UKA) presenting with bone-on-bone arthri-
tis in, typically, the medial compartment and osteophytes 
in the lateral compartment, as it is unclear as to whether, 
in this scenario, osteophytes represent a contraindication to 
medial UKA [15, 22].

Osteophytes are common and in population-based stud-
ies have been reported to be present in over 50 % of knees 
[3]. In animal studies their presence has been associated 
with local cartilage damage, as well as induced joint insta-
bility [9, 27]. In clinical studies their presence has been 
associated with increasing age, female gender, and meta-
bolic syndrome [7, 8, 13, 24].

To our knowledge whether the presence of lateral osteo-
phytes affects outcomes following medial UKA has not 
previously been investigated. Previous work, based on MRI 
data, from the Osteoarthritis Initiative (OAI) found that, 
whilst there was no difference in the cartilage thickness 
or volume between knees with or without osteophytes (all 
grades), the incidence of full-thickness cartilage defects on 
the tibial side increased from under 2 % in knees without 
lateral osteophytes to 10 % in knees with large (Grade 3) 
osteophytes [3].

Furthermore it is known that the cytokines interleu-
kin-6 (IL-6) and tumour necrosis factor–alpha (TNF-
α) which are associated with osteophyte formation are 
also associated with knee cartilage loss and progression 
of arthritis [16, 25]. As a significant number of patients 
presenting with anteromedial arthritis have lateral osteo-
phytes and the commonest reason for failure of medial 
UKA is progression of arthritis in the retained lateral 
compartment, occurring in around 2.5  % of cases, it is 
important to establish whether it is safe to perform a UKA 
in these cases [18].

The null hypothesis is that in knees with full-thickness 
cartilage in the weight-bearing portion of the lateral com-
partment at the time of operation lateral osteophytes do not 
influence long-term function or implant survival following 
medial UKA. This study investigates whether presence and 
severity of lateral osteophytes represent a contraindication 
to medial UKA by assessing the 10-year functional out-
comes and 15-year implant survival in a series of patients 
treated with medial meniscal-bearing UKA where the pres-
ence of lateral osteophytes was not considered a contraindi-
cation to this procedure.

Materials and methods

Our prospective database of consecutive cemented Phase 3 
Oxford medial UKAs performed via a minimally invasive 
approach by two surgeons (DWM and CAFD) between 
June 1998 and March 2009 was searched to identify knees 
with available pre-operative radiographs. In this series 
UKA was performed for the recommended indications as 
described by Goodfellow et al. with lateral osteophytes not 
considered a contraindication [5, 19, 20].

Lateral osteophytes were assessed using the Osteoarthri-
tis Research Society International (OARSI) Classification 
system by an assessor blinded to the outcome of treatment. 
The OARSI classification system is an atlas-based grading 
system ranging from Grade 0 (no osteophyte) to Grade 3 
(large osteophyte) [1]. The lateral compartment was scored 
based on the largest osteophytes observed, be that on the 
tibia or femur. Inter- and intra-observer reliability was 
assessed on 20 % of randomly chosen radiographs.

All patients were assessed and followed up indepen-
dently by a senior physiotherapist blinded to radiographic 
scoring. Assessments were performed pre-operatively and 
at 1, 5, 7, 10, 12, and 15 years post-operatively. At the time 
of surgery a detailed intra-operative record of the status of 
each of the compartments within the knee was made and 
the presence of full-thickness cartilage in the weight-bear-
ing portion of the lateral compartment confirmed. The size 
and depth of anteromedial tibial defect as defined previ-
ously was measured and classified as: focal (≤2 cm2) full-
thickness cartilage loss (FTCL), extensive (>2 cm2) FTCL, 
bone loss ≤5  mm or bone loss >5  mm [23]. The macro-
scopic status of the ACL was classified as normal or having 
synovial damage or longitudinal splits [4]. Functional out-
comes were assessed using the: Oxford Knee Score (OKS), 
American Knee Society Score Objective (AKSS-O) and 
Functional (AKSS-F), and the Tegner activity score [12, 
17, 26].

All patients were contacted in the previous 18  months 
to ascertain the current functional status of their knee and 
incidence of reoperations. Where patients had died infor-
mation about the status of their knee and the presence of 
further operations was obtained via primary and secondary 
care records as well as via patient’s relatives where appro-
priate. Data were extracted from our prospective database 
on 1 September 2014.

This study was approved by the local ethics committee 
chair person (Oxfordshire Research Ethics Committee C) 
who confirmed that the clinical and radiological follow-
up of these patients formed part of routine assessment and 
therefore does not need formal ethical approval. Consent 
was taken from all patients for involvement in this study 



Knee Surg Sports Traumatol Arthrosc	

1 3

including consent to use data from medical records and 
radiographs.

Statistical analysis

A power calculation was performed using the minimally 
clinically important difference reported for OKS [2]. Using 
the Altman nomogram for a power of 80 % at a significance 
level of 0.05 and using a standard deviation of 8, a sample 
size of 80 patients is required to detect a clinically impor-
tant difference between groups.

We performed a primary analysis comparing out-
comes in those knees with no lateral osteophytes 
(OARSI Grade 0) to those knees with lateral osteo-
phytes (OARSI Grades 1–3). Subgroup analysis was 
used to compare the outcomes of those in those knees 
with no lateral osteophytes and those with OARSI 
Grade 3 osteophytes.

To compare baseline demographic and functional differ-
ences at baseline, 10 years and improvement from baseline 
a Mann–Whitney U, nonparametric test was performed. 
To assess for differences in gender, size of medial tibial 
lesion, and ACL macroscopic status a Chi-squared test was 
performed. To assess the influence of location of osteo-
phytes on functional performance at baseline, 10 years and 
improvement from baseline a Kruskal–Wallis, nonparamet-
ric test was performed.

To detect differences in survival between groups a 
Mantel-Cox test was performed for implant-related 
reoperations, which included any reoperations in which 
components were changed, in which the meniscal bear-
ings were replaced for dislocation, and any reoperations 
in which new components were inserted. Life-table 
analysis was performed. Confidence intervals (CI) were 
calculated using the method described by Peto et  al. 
[21].

All analyses were performed using SPSS Version 22 
(IBM Corporation, Armonk, New York). Statistical signifi-
cance was set at p < 0.05.

Results

Radiographs of 458 knees (392 patients) were identified 
consisting of 326 unilateral procedures and 66 sequential 
staged bilateral procedures. Inter- (kappa = 0.70) and intra-
observer (kappa = 0.70) reliability was good.

Lateral osteophytes were identified in 62  % (285) of 
knees. Of these, Grade 1 osteophytes were seen in 48  % 
(137 knees), Grade two in 34 % (98 knees) and Grade 3 in 
18  % (50 knees). Where lateral osteophytes were present 
they were seen on the tibia only in 47 % (134 knees), femur 
only in 16  % (46 knees) and both the tibia and femur in 
37 % (105 knees).

Baseline demographics are outlined in Table  1. Lat-
eral osteophytes were associated with younger age at joint 
replacement (p = 0.01) and higher BMI (p = 0.01). There 
was no association seen between the presence and loca-
tion of lateral osteophytes and pre-operative function as 
assessed by OKS (n.s.), AKSS-O (n.s.), or Tegner activ-
ity score (n.s.); however, AKSS-F was found to be lower 
in knees with both lateral tibial and femoral osteophytes 
compared to knees with no osteophytes (p  =  0.02) and 
compared to knees with lateral tibial osteophytes only 
(p < 0.01).

Overall there was no association seen between the 
size of the medial tibial lesion in those knees without lat-
eral osteophytes and those knees with lateral osteophytes 
(Grade 1–3; n.s.) or those knees with Grade 3 lateral osteo-
phytes (n.s.) (Figure 1). Similarly there was no association 
seen between the macroscopic status of the ACL in those 
knees with and without lateral osteophytes (Grade 1–3; 
n.s.); however, subgroup analysis revealed those knees with 
Grade 3 lateral osteophytes were significantly more likely 
to have a greater degree of macroscopic damage of the 
ACL than those without osteophytes (p = 0.04) (Fig. 2).

All patients were followed up for a minimum of 5 years 
with the exception of those who underwent revision (8 
prior to 5 years), died (19) or withdrew from the study due 
to poor health (1). No patients were lost to follow-up. In the 

Table 1   Pre-operative demographics

No osteophytes (Grade 0) Lateral osteophytes (Grade 1–3) p value Lateral osteophytes (Grade 3) p value

Mean age (range) 69.0 (38–87) 66.5 (40–88) 0.01 64.2 (41–83) <0.01

% Male (n) 51 (89) 53 (151) n.s. 48 (24) n.s.

Mean BMI (range) 27.5 (15–52) 28.9 (18–47) 0.01 30.5 (22–46) <0.01

Mean OKS (range) 23.6 (9–47) 23.9 (7–47) n.s. 24.1 (7–38) n.s.

Mean AKSS-O (range) 49.1 (0–95) 45.5 (6–80) n.s. 44.5 (8–70) n.s.

Mean AKSS-F (range) 70.1 (35–100) 68.5 (30–100) n.s. 63.8 (35–100) n.s.

Median Tegner activity score 
(range)

3.0 (1–6) 3.0 (1–7) n.s. 1 (1–4) n.s.
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patients who died or withdrew from the study at any time 
point, all due to medical co-morbidities not associated with 
their knee, we are not aware of any revisions. The mean 
follow-up was 10.3 years (range 5.3–16.6) with 198 knees 
having a minimum 10-year follow-up.

The mean OKS by year following UKA for each of the 
three groups is displayed in Fig. 3. At 10 years no signifi-
cant difference in absolute or improvement from baseline 
OKS (n.s.), AKSS-O (n.s.), AKSS-F (n.s.), or Tegner activ-
ity score (n.s.) was detected between groups or on subgroup 
analysis of knees with large lateral osteophytes (Grade 3) 
(Table 2).

At 10  years no difference in functional outcome 
was seen between groups based on location of lat-
eral osteophytes as assessed by OKS (n.s.), AKSS-F 
(n.s.), or Tegner activity score (n.s.); however, AKSS-O 
was found to be significantly lower in knees with lat-
eral femoral osteophytes compared to other groups [no 

osteophytes (p =  0.01), lateral tibial osteophytes only 
(p  <  0.01), both lateral tibial and femoral osteophytes 
(p < 0.01)]. Overall, no difference in improvement from 
baseline across all functional scores was seen between 
groups.

Overall there were 20 implant-related reoperations. In 
knees without lateral osteophytes there were five reopera-
tions (3 %) at a mean of 6.3 years (range 0.8–11.4 years), 
two of which were for progression of arthritis in the lat-
eral compartment (1 %). In knees with lateral osteophytes 
(Grade 1–3) there were 15 reoperations (5  %) at a mean 
of 6.2 years (range 0.7–14.7 years), six of which were for 
progression of arthritis in the lateral compartment (2  %). 
In knees with Grade 3 lateral osteophytes there was one 
reoperation (2  %) at a mean of 4.6  years for progression 
of arthritis in the retained lateral compartment (2  %). No 
difference was seen in the timing or mechanism of failure 
between groups.

Fig. 1   Medial tibial defect. No 
association was seen between 
the size of medial tibial defect 
and the size of lateral osteo-
phytes
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Fig. 2   Anterior cruciate 
ligament status. Grade 3 osteo-
phytes were associated with 
increasing macroscopic damage 
to the ACL (p = 0.04)
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When implant-related reoperations are considered fail-
ures the 15-year survival rate is 94  % (95  % Confidence 
Interval [CI] 82–100) in those patients without lateral 
osteophytes, 88  % (95  % CI 76–100) in those patients 
with lateral osteophytes (Grade 1–3), and 98 % (95 % CI 
83–100) in those knees with Grade 3 lateral osteophytes 
(Fig.  4). Overall no significant difference in survival 
existed between knee without lateral osteophytes and those 
with lateral osteophytes (Grade 1–3; n.s.) or between knees 
without lateral osteophytes and those with Grade 3 lateral 
osteophytes (n.s.). No difference in implant survival was 
seen based on the location of lateral osteophytes (n.s.).

Discussion

The most important finding of this study is that it has dem-
onstrated that the presence of lateral osteophytes does not 
affect long-term functional outcomes or implant survival, 
and as such should not represent a contraindication to 
meniscal-bearing UKA. We found that in around two thirds 
of knees lateral osteophytes were observed, and that 18 % 
of these were large Grade 3 osteophytes. Increasing inci-
dence and size of lateral osteophytes was associated with 
younger age at joint replacement and increased BMI, with 
those knees that had Grade 3 osteophytes also having a 

Fig. 3   Functional outcomes by 
year. No difference in Oxford 
Knee Score at 10 years was 
seen between knees with (Grade 
1–3) or without osteophytes, or 
on subgroup analysis of knees 
with Grade 3 osteophytes, at 
10 years
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Table 2   Improvement from baseline function to 10-year function

No osteophytes
(Grade 0)

Lateral osteophytes
(Grade 1–3)

p value Lateral osteophytes
(Grade 3)

p value

Mean improvement OKS (range) 18.4 (0–29) 17.3 (1–27) n.s. 14.3 (4–18) n.s.

Mean improvement AKSS-O (range) 27.4 (−25 to 52) 36.1 (−12 to 90) n.s. 24.8 (−12 to 40) n.s.

Mean improvement AKSS-F (range) 5 (−30 to 40) 5.8 (−10 to 40) n.s. 11.7 (−30 to 40) n.s.

Median improvement Tegner activity score (range) 0 (−2 to 2) 0 (−2 to 4) n.s. 0 (0 to 1) n.s.

Fig. 4   Cumulative implant 
survival. No difference in 
cumulative implant survival 
0–15 years was seen between 
knees with (Grade 1–3) or with-
out osteophytes, or on subgroup 
analysis of knees with Grade 3 
osteophytes
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higher grade of macroscopic ACL damage at the time of 
operation, compared to those without osteophytes.

At 10 years no difference in functional outcome assessed 
by the OKS and AKSS Objective and Functional Scores, or 
in activity level assessed by the Tegner activity Score was 
found between knees without lateral osteophytes and knees 
with lateral osteophytes (Grade 1–3) or on subgroup anal-
ysis of those knees with large (Grade 3) osteophytes. At 
15 years no difference in implant survival, or failure mech-
anism, was detected between groups. In knees with Grade 
3 lateral osteophytes there was only one failure with the 
15-year survival calculated as 98 % (95 % CI 83–100 %). 
Whilst, due to the small number of knees (50) in this group 
caution must be taken with interpretation of these results, 
this finding provides further support that lateral osteophytes 
should not be seen as a contraindication to medial UKA in 
the setting of full-thickness lateral cartilage at baseline.

Assessing whether location of osteophytes influences 
outcomes at 10  year no difference in OKS, AKSS-F, or 
Tegner activity score was seen between groups. Whilst the 
AKSS-O was found to be lower in knees with lateral femo-
ral osteophytes compared to other groups the small number 
of knees in this subgroup with 10-year functional results 
limits the strength of this finding. As no difference in 
improvement from baseline to 10 years was seen between 
this and other groups and no difference in implant survival 
was observed at 15 years this group does not appear to have 
worse outcomes and as such, whilst further studies are war-
ranted, the current evidence does not support restricting 
UKA in these cases.

The results of this study suggest that the presence of 
lateral osteophytes represents a general manifestation 
of disease, rather than a compartment-specific indica-
tor of damage. In this series it was interesting to note that 
younger age at joint replacement and increased BMI were 
both associated with an increasing size and incidence of 
lateral osteophytes. The reasons for this association are 
unclear; however, metabolic syndrome (body mass index 
(BMI) ≥ 30 kg/m2 with two out of three of: hypertension, 
insulin resistance or dyslipidemia) has been reported to be 
associated with increased osteophyte formation second-
ary to increased pro-inflammatory cytokine activity [24]. 
Cytokine levels within the arthritic knee have previously 
been correlated with pain scores and as such it may be an 
increased pre-inflammatory cytokine burden, as opposed to 
the presence of lateral osteophytes, which we have dem-
onstrated to be asymptomatic following UKA that leads 
patients to seek surgery sooner rather than later [11]. In 
addition to lateral osteophytes intra-articular pro-inflam-
matory cytokines may result in notch osteophyte formation 
which may explain the increasing macroscopic ACL dam-
age seen to be associated with the presence of large Grade 
3 lateral osteophytes in this study.

In this study all patients satisfied the indications for 
meniscal-bearing medial UKA and had anteromedial OA 
with (a) medial bone-on-bone arthritis (b) functionally nor-
mal ACL (c) functionally normal MCL (d) full-thickness 
lateral cartilage and (e) patellofemoral joint without lat-
eral grooving and bone loss. In this situation lateral osteo-
phytes do not compromise the outcome and therefore they 
should not be considered to be a contraindication and can 
be ignored. The clinical relevance of this study is that it 
highlights the importance of ensuring that when perform-
ing UKR knees meet these five criteria and in particular an 
appropriate pre-operative assessment of the lateral com-
partment is performed. The key to assessment of the lat-
eral compartment is determining whether or not there is 
full-thickness lateral cartilage. As the status of lateral com-
partment, in particular the cartilage thickness, is difficult 
to assess intra-operatively, it is important that this is per-
formed pre-operatively. The best way to assess the thick-
ness of the lateral cartilage pre-operatively is with valgus 
stress radiographs. In an independent population, the use 
of a structured radiographic assessment, which included 
valgus stress radiographs, together with a radiographic 
Decision Aid has been reported to be 95  % accuracy in 
identifying suitability for UKA, with a 98.9 % implant sur-
vival seen at 5 years [6]. Whilst some surgeons use MRI to 
assess the lateral compartment, this has been demonstrated 
to have a high false-positive rate at detecting lateral com-
partment disease, resulting in patients being unnecessar-
ily contraindicated for UKA [10]. Furthermore the use of 
MRI adds additional cost and time to the workup for joint 
replacement without delivering additional benefits in terms 
of patient selection.

The strengths of this study are that it represents a large 
series of patients undergoing UKA, with standardised 
patient selection and surgical management, and compre-
hensive, independent, long-term follow-up. Limitations 
of the study are that the results represent those seen at 
a high-volume centre, and further correlation of these 
results is required. Additionally all patients did not have 
valgus stress radiographs pre-operatively and therefore 
did not have a formal pre-operative assessment of the 
lateral compartment. However, if the other radiographic 
criteria for anteromedial OA are satisfied, valgus Stress 
radiograph are not always essential. During the valida-
tion of the Decision Aid it was demonstrated that if val-
gus stress radiograph was not performed the accuracy in 
identifying suitability for medial UKA was reduced by 
5 %, as provided knees met all other radiological criteria 
the lateral compartment was acceptable in the majority of 
cases.

The clinical relevance of this study is that it highlights 
the importance of an appropriate pre-operative assessment 
of the lateral compartment as in the setting of full-thickness 



Knee Surg Sports Traumatol Arthrosc	

1 3

cartilage at operation lateral osteophytes do not compro-
mise long-term functional outcome or implant survival.

Conclusion

This study has demonstrated that in the setting of anterome-
dial osteoarthritis lateral osteophytes are common, and that 
their presence does not influence the long-term functional 
outcomes of implant survival following meniscal-bearing 
UKA. As such the findings of this study are that lateral 
osteophytes are not a contraindication to medial UKA.
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