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Background: Mobile-bearing unicompartmental knee arthroplasty (MB-UKA) is a proven implant that
has reliably delivered excellent results for decades. Based on the constrained implant design in MB-UKA,
the occasional occurrence of anterior impingement should be expected. However, surprisingly, there are
no clinical reports.
Methods: From 2016 to 2020, 14 patients with anterior medial knee pain were admitted to our arthro-
plasty center after MB-UKA implantation elsewhere. After taking the medical history and clinical
examination, radiological imaging of the implant in at least 2 planes, including a whole-leg ante-
roposterior view, was performed. The “Knee Society Score (KSS)” and the “Knee Injury and Osteoarthritis
Outcome Score (KOOS)” were recorded. Anterior impingement was diagnosed by reviewing the typical
findings and specific exclusion of other diagnoses.
Results: The 14 patients showed a KSS of 46.6 and a KOOS of 51.5. The average pain level on the “Visual
Analog Scale” was 7.8. The positioning of the implants showed consistently noticeable deviations from
the standard recommendations. All 14 patients were treated by removing the MB-UKA and changing to a
complete TKA. At the 12-month follow-up, the average Visual Analog Scale score was 1.8, and KOOS and
KSS were 86 and 82, respectively.
Conclusions: The potential risk of anterior impingement in MB-UKA can be assumed. Diagnosis requires a
detailed collection of medical history and clinical details combined with accurate radiological imaging.
The cause of anterior impingement in MB-UKA is multifactorial and refers in our small group to the sum
of minor deviations in implant positioning compared to the general recommendations.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

The unicompartmental knee arthroplasty (UKA) has been
developed based on 2 design features: the mobile-bearing uni-
compartmental knee arthroplasty (MB-UKA) and the fixed-bearing
unicompartmental knee arthroplasty (FB-UKA). MB-UKA and
FB-UKA show comparable results and revision rates [1,2]. The
Oxford knee system (Zimmer-Biomet, Warsaw, IN) was the first
implant in unicompartmental knee arthroplasty with mobile-
bearing properties. The original Oxford knee system has been in
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clinical use for more than 40 years [3]. The current implant modi-
fication appeared on themarket in its third product version (Oxford
Phase III) in 2004 [4].

The Oxford knee system's typical product feature is the mobile-
bearing polyethylene inlay, guided by the matching congruent
femoral component and slides on the flat and polished tibial plate.
In contrast, the FB-UKA has the polyethylene component fixed on
the tibia implant. In FB-UKA, the femoral condyle moves on a
flat surface (“round on flat”). The continued popularity of
mobile-bearing products in unicompartmental knee arthroplasty is
surprising because, at total knee arthroplasty (TKA), the mobile-
bearing variants have lost considerable interest in recent years.
Some leading manufacturers no longer offer mobile-bearing de-
rivatives in their TKA product lines.
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In addition to good kinematic properties [1,2], the implant has
long-term durable outcomes free from revision. Ten-year survival
rates of 93%-97% are regularly recorded [3e9].

The main reasons for revision are most often the progression of
osteoarthritis on the lateral knee joint, followed by inlay disloca-
tions, loosening, and nonspecific pain [3e6]. These persistently
registered nonspecific aches are not further clarified.

In recent years, we diagnosed in our arthroplasty center several
cases of anterior knee pain after MB-UKA implantation in the
operated medial compartment, which, in our opinion, showed an
implant-specific anterior impingement. However, there is no con-
crete evidence of the occurrence of this anterior impingement
throughout the literature. The Oxford Phase III knee surgical in-
struction points out this potential complication very frankly [10]. In
the following sections, we present the history, clinical presentation,
and radiological features of our 14 patients with anterior
impingement after MB-UKA. This report is the first case series to
describe this form of pain and impingement with MB-UKA.

Material and methods

This monocentric retrospective observational study describes
our diagnostic and treatment experiences in 14 patients with
chronic, acute anteromedial knee pain after MB-UKA implantation
in external clinics, coming to our center from 2016 to 2020. Table 1
summarizes the clinical parameters of the patients diagnosed with
anterior impingement after MB-UKA. This report includes 10 fe-
male and 4 male patients with an average age of approximately 61
years (minimum 47 years, maximum 80 years). The average time
from MB-UKA implantation to the diagnosis of anterior impinge-
ment was 43.8 months (range 7-86 months). Twelve patients
complained of anterior knee pain directly since the prosthesis im-
plantation. In 2 patients, complaints in the anterior medial knee
joint changed to an initial painless interval. Differential diagnosis
excluded other implant failures such as loosening of the implants,
lateral impingement, progressive osteoarthritis in the joint's
untreated compartments, severe deviations in the mechanical axis,
implant malposition, instability, infection, presence of underlying
rheumatic disease, and other conditions in which arthritic irrita-
tions appear like tendinitis, Gout arthritis, etc. Every patient's
medical record included an extensive medical history, a detailed
clinical examination, a standing radiograph in 2 planes, and a
whole-leg anteroposterior radiograph. An additional computer to-
mography helped exclude other diagnoses in individual cases, such
as lateral impingement. Final diagnosis other than anterior
impingement led to the exclusion from this observational study.
Table 1
Clinical parameters of patients with anterior impingement after MB-UKA.

Pat.
No.

Gender Age at
revision

Months after
primary
surgery

VAS Femur
implan
flexion

1 f 64 41 8 0
2 f 47 27 9 5
3 f 56 21 7 10
4 f 48 7 10 5
5 f 80 62 8 8
6 m 67 86 6 15
7 m 63 69 8 8
8 m 58 12 7 8
9 f 61 42 8 3
10 f 60 51 7 11
11 f 66 76 6 5
12 m 61 69 8 7
13 f 59 28 8 4
14 f 60 22 9 5

f, female; m, male; VAS, Visual Analog Scale.
Due to the small number of patients, statistical causal analysis is
inappropriate to establish a cause-and-effect correlation. Never-
theless, there are possible correlations regarding the causes of
anterior impingement in MB-UKA.

Ethics and potential conflicts of interest

Ethical review and approval were waived for this study due to
the study design. According to the national ethical standards, the
1964 Helsinki declaration, and its later amendments, the study
considers all ethical requirements necessary. Before beginning the
study, we informed the official Ethics Committee of the Bayerischen
Landes€arztekammer (Chamber of Bavarian Doctors). We received
patients' consent to publish case-relevant data, radiographs, and
intraoperative pictures. No additional examination or diagnostic
burden on the patients was necessary to perform this report. The
reliable anonymization of the data before, during, and after the
study was guaranteed throughout.

Results

The typical clinical feature of all patients included in this study
was medial anterior knee pain after MB-UKA implantation. Eight
patients presented a range of motion (ROM) with complete or even
slight hyperextension and flexion of at least 110� and, in 2 more
cases, even up to 135�. The 4 patients with ROM restrictions had an
extension deficit of 5�-10�, whereas the restricted flexion reached a
maximum of 85�. In all patients, the leading clinical sign was a
medial anterior knee pain that could be intensified directly at the
anterior femoral condyle via local pressure. At the same time, all
patients experienced increased pain when fully extended or
attempting to hyperextend the knee joint. All cases showed a
typical pain at the anterior medial femoral condyle. At the time of
the first admission to our clinic, according to the Visual Analog
Scale, the average pain level was 7.8 (minimum 6, maximum 9).
Following our diagnostic pathway, the “Knee Society Score (KSS)”
and the “Knee Injury and Osteoarthritis Outcome Score (KOOS)”
were measured. The average score in all patients was 46.6 for KSS
(minimum 27, maximum 66) and 51.5 for KOOS (minimum 41,
maximum 58), which characterized a poor outcome after UKA.

The implants inserted were precisely analyzed about their posi-
tioning and sizing. In the surgical technique guide, themanufacturer
recommends the femoral implant be placed in flexion at 10� for the
central axis under orientation at the central anchor pin. Twelve
patients of our series showed a femoral implant flexion of less than
10� (minimum0�, maximum15�). The averageflexionposition of all
t
degree

Tibia
posterior
slope degree

Function
extension

Function
flexion

KOOS KSS

13 �5 130 45 48
8 0 135 52 63

10 �10 85 49 27
9 �5 95 41 34
8 0 130 49 54

11 0 110 51 51
9 0 130 49 49

15 0 130 54 30
9 0 100 55 62

13 �10 135 58 39
11 0 115 48 61
10 �5 120 57 38
9 0 85 55 48
9 0 115 58 45



Figure 2. Posterior tibial slope 10�; femoral component in 3.8� flexion.
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the femoral implants was 6.8�. The lateral view of the radiographs
showed amoreor less pronounced indentation at the femur condyle
directly anterior to the implant anchorage. This indentation is
typical of the implant and results from the specific design and
biomechanical characteristics of the Oxford Phase III knee (Fig. 1).

Following the surgical instruction, the regular angle of the tibial
implant posterior slope should be 7�. We measured in our 14 pa-
tients an average tibial implant posterior slope of 10.2� (minimum
6�, maximum 15�) (Fig. 2). No signs of implant loosening existed in
all patients on the femoral and tibial sides.

Intraoperatively in all our cases, we analyzed the individual
biomechanical process and noted the movement and interaction of
the implant components. At full knee extension, the medial inlay
showed a deep impression on the anterior femoral condyle in all
our cases. Sometimes it even wholly disappeared with its anterior
part in the femoral condyle's indentation mentioned above (Fig. 3a
and b). The deformation of the inlay's anterior rim confirms its
forceful contact with the bone in these cases (Fig. 4a). In extension
and flexion, the inlay was in an accentuated posterior position on
the tibial baseplate (Fig. 4b and c). However, during the operation,
an increased tibial implant posterior slope or the deviation in the
femoral component flexion detected in the preoperative radio-
graph was not recognizable.

All 14 patients were treated by removing the MB-UKA and
changing to a complete TKA. In 4 cases, the extended medial bone
defect on the tibial side had to be bridged using modular augments
combined with a standard modular revision implant. Patients with
increased tibial implant posterior slope needed this medial tibial
bone defect bridging (Fig. 5). Thanks to the bone-saving femoral
component design of the Oxford Phase III knee, the slight bone
defect after removing the femoral implant afforded no additional
defect repair or augmentation.

The revision intervention with the change to a complete
bicompartmental knee arthroplasty led to a satisfying outcome
without complications. All patients were free of complaints after
completing full rehabilitation. After 12 months, all 14 patients were
Figure 1. Typical indentation at the femoral condyle in the anterior aspect of the
implant. Femoral component in 3.5� flexion for the central axis under orientation at
the central anchor pin.
satisfied with the regular postoperative follow-up and would have
the procedure again. At the 12-month follow-up, the average Visual
Analog Scale score was 1.8 (minimum 0, maximum 4), and the
average KOOS and KSS scores were 86 (minimum 75, maximum 92)
and 82 (minimum 72, maximum 92), respectively. Further revision
interventions have not been necessary so far.
Discussion

The present report describes a design-immanent problem of the
MB-UKA, which is not represented in the literature.

Due to its unique biomechanical design, the OxfordMB-UKA has
always provoked a lively and controversial discussion. Over an
observational period of 10 years and more, convincing long-term
results with a survival rate of 93%-97% are attributed to the
implant [7e9,11,12]. In contrast, some reports show a 10-year sur-
vival rate of only 83%-89% [10,13e16].

Throughout all studies, the leading reason for a revision in MB-
UKA is not connected with the prosthesis itself but with the
arthritic progression on the knee joint's lateral side. In a systematic
review evaluating 15 studies with a total of 8658 UKA, 1.42% of the
revisions are due to the progression of the osteoarthritis in the
lateral joint compartment, followed by implant loosening with an
incidence of 1.28%. This study determines a 10-year survival rate of
93% and a 15-year survival rate of 89% for the Oxford Phase III knee
[5]. Also, in other studies, osteoarthritis in the lateral joint
compartment is the most common reason for the revision in MB-
UKA [17]. An important implant-specific reason for revision is the
mobile polyethylene inlay, which shows a 0.6%-3.4% dislocation risk
[3,6,8,11,18e23].

Another reason for revision with a frequency of 0.6%-2% is
classified in numerous studies as “unknown” or “nonspecific pain”



Figure 3. Deep impression of the inlay into the femur condyle anterior to the femoral implant (a). Anterior implant impression in knee extension (b).

Figure 4. (a) Anterior medial deformation of the inlay. (b and c) Extreme posterior position of the inlay in extension and flexion.
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Figure 5. Postoperative radiograph: standard modular tibial revision implant with
medial augmentation to bridge the deep bone defect.
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[6,11,13,18,24]. What is hidden behind this label “unknown” or
“nonspecific pain” stays unclear.

The unique design with the highly constrained contact be-
tween the mobile inlay and the femoral component in MB-UKA
requires accurate alignment and size selection of the implant.
Inaccuracies in surgical execution increase the risk of different
complications, including anterior impingement [25]. Interest-
ingly, a few years ago, the manufacturer of the Oxford MB-UKA
supplemented the instrument set with a special reamer to insert
the anterior notch on the femur in a reliable and standardized
manner (Art. No. 32-423,238 and 32-423,239; Zimmer -Biomet,
Warsaw, IN). However, there is no evidence of a clinical occur-
rence of problems or complications caused by the femoral notch
in the extensive literature. After implantation of an MB-UKA, 14
patients were admitted with chronic anterior knee pain and
symptoms of an anterior impingement to our center during the
last 5 years.

The knee joints were systematically examined to exclude the
known causes of failure after MB-UKA. An additional computer
tomography gave further information for evaluation in case of
difficult differential diagnosis or to clarify lateral impingement [26].

The reasons resulting in an anterior impingement are multi-
factorial and most likely related to the surgical technique and the
implant positioning. The leading symptom in our patients was
chronic anterior pain at the medial femoral condyle, which typi-
cally increased with full knee extension or when attempting hy-
perextension. This anterior knee pain is very often attributed to the
femoropatellar joint [24,27,28]. However, the patellar contact
pressure in the femoropatellar joint is very low during full knee
extension or even hyperextension. The femoropatellar joint would
instead be assumed to cause anterior knee pain when the knee
flexes from 15� and more.

Intraoperatively the relative implant movements were analyzed
precisely. During our revision surgery, we could observe 2 con-
spicuous features: On the one hand, the polyethylene slide dis-
appeared entirely in the anterior femoral notch in full extension,
and on the other hand, during the entire movement, the inlay was
never in the middle area of the tibia baseplate but exclusively in a
posterior position.

The proximal surface of the mobile tibial inlay is constrained
connected to the fixed femoral implant. The femoral implant thus
clearly determines the mediolateral and the anterior-posterior po-
sition of the slide over the entire ROM. The choice of the femoral
implant size defines the anterior-posterior position of the tibial
inlay in extension. If there is a choice between different femoral
sizes intraoperatively, a dorsal position of the tibial inlay in exten-
sion is expected with smaller sizes. Larger implants lead to a more
central and comparatively more anterior loading of the tibial
implant. The surgical instructions do not mention this significant
effect of the femoral implant sizing on the position of the tibial inlay
in joint extension. Following the “Oxford Partial Knee-Surgical In-
structions (Zimmer-Biomet, Warsaw, IN, 2019) page 5, the medium
femoral implant size seems a universal application: “If there is
doubt between small/medium or medium/large, it is usually best to
use themedium” [25]. Even in the abundant literature on the Oxford
MB-UK, there is no evidence of the relationship between femoral
implant size and biomechanical effects on tibial inlay position.

On the other hand, there is evidence that a posterior inlay po-
sition impacts the functional outcome. A consecutive study of 150
patients with Oxford Phase III implants found significantly worse
Oxford knee scores in cases with the posterior positioning of the
inlay [29]. Another observation is also suspected to be related to the
size of the inserted femoral implant: Few studies indicate a gender-
specific difference in clinical outcomes after MB-UK. The clinical
results seem slightly better in male patients than in female patients
[15,30,31].

There are recommendations from the manufacturer that char-
acterize the preferential positions of the femoral and tibial im-
plants. Our small group with an anterior impingement in MB-UKA
found an average tibial implant posterior slope of 10.2�. The
manufacturer recommends an implant posterior tibial slope of 7�

[25]. A study with 246 implantations measured an average angle of
5.5� [20]. Another retrospective study with 228 consecutive
MB-UKAs registered an average tibial slope of 1.6�, with the stan-
dard deviation of 1.3� [22].

The manufacturer defines the desired flexion position of the
femoral component at 10�. Our patient group missed this ideal
implant positionwith an average femur flexion angle of 6.8�. From a
biomechanical point of view, a lower flexion angle would require a
deeper femoral notch. This correlation is consistent with a study
showing a positive influence of a deeper notch on the subsequent
clinical outcome [32].

The effects of deviations concerning the recommended implant
position have not been comprehensively elaborated in the
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literature. The surgical technique brochure only defines a harmless
tolerance range for the individual implant positions. There is no
information on the effects of multivariate deviation of the implant
positions outside the recommended ideal positions and their
mutual influence on the tolerance ranges.

Our report's patients showed small but multiple deviations from
the standard recommendations regarding implant positioning. The
combination of an increased tibial implant posterior slope and a
femoral implant in a reduced flexion position, probably also the use
of a small femoral implant, looks noticeable.

Our patients with chronic anterior impingement after MB-UKA
were treated by revision surgery with a change to TKA. Our expe-
rience after revision of anterior impingement in MB-UKA with
exchange to a TKA is consistently positive. In some cases, a deep-
ened medial tibial defect needed the bridging with an additional
augmentation.

Since its introduction, a sophisticated surgical technique has
always been attributed to the Oxford knee, requiring more expe-
rience from the surgeon than other implants. The Swedish Knee
Arthroplasty Register has highlighted this in its 2004 annual report
[33]. The results for the Oxford knee were comparable to those of
other UKAs on average but showed a remarkably high confidence
interval. This annual report indicates that surgeons with a yearly
implantation frequency of over 23 cases reproducibly achieve
significantly better results than surgeons with less than 23 knees a
year. A meta-analysis evaluating 46 studies with 12,520 knees also
shows the relationship between the yearly revision risk of Oxford
Phase III knee and the surgeon's experience [14]. The lowest revi-
sion rate was observed in patients whose surgeons operate more
than 24 MB-UKAs per year, and the surgeons' share of operations
with implantation of an MB-UKA accounts for more than 30% of his
total annual volume.

This report addresses a potential problem that is most likely
specific to the use of MB-UKA. There is much evidence and
simplified biomechanical considerations for the occasional occur-
rence of an anterior impingement with MB-UKA. So far, no reports
about anterior impingement in MB-UKA are available, neither in
the literature nor from the manufacturer. It can be assumed that
anterior impingement in MB-UKA has multifactorial causes. The
effects of gross implant positioning outside the recommended
tolerance range are known and described. The impact of multiple
minor deviations from the manufacturer's recommendations has
not beenworked out so far. The present small observational study is
intended to indicate the existence of this problem. Reliable state-
ments on the possible impact of multivariate variables on the
operation outcome are not permissible here. Further studies should
address this supposed problem in a clarifying manner.
Summary

The MB-UKA has a design-immanent risk regarding the occur-
rence of anterior impingement. Previous studies and clinical re-
ports do not describe this problem. We attribute the problems of 14
patients to this anterior impingement after MB-UK. The combina-
tion of minor deviations in implant positioning might trigger the
problem. When implanting an MB-UKA, the surgeon should be
aware of this potential risk.
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