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Abstract

Background Progression of arthritis in the lateral com-
partment is one of the main failure modes of
unicompartmental knee arthroplasty (UKA). The decision
regarding whether to perform a medial UKA sometimes is
made based on whether lateral-compartment osteophytes
are visible on plain radiographs obtained before surgery,
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but it is not clear whether the presence of lateral-com-
partment osteophytes signifies that the cartilage in the
lateral compartment is arthritic.

Questions/purposes (1) Is the presence of lateral com-
partment osteophytes associated with biomechanical
properties of lateral-compartment cartilage, and (2) are
osteophytes in the lateral compartment associated with
particular histologic features of cartilage in the lateral
compartment?

Methods Between May 2010 and January 2012, we per-
formed 201 TKAs for varus osteoarthritis confirmed on
standardized AP hip-to-ankle standing radiographs. All
patients with a varus deformity were considered for this
prospective study. During the enrollment period, 100
patients (101 knees) were not enrolled for this study
because of declined consent or because they were unable to
perform all required preoperative radiographic examina-
tions. That left 84 patients (100 knees), of whom an
additional 23 patients (27%) were excluded because either
radiographic or biomechanical data were missing. For final
analysis, 61 patients (71 knees) were available. There were
29 males (48%) and 32 females (52%) with a mean age of
65 years (range, 49-89 years). Their mean BMI was 26 kg/
m? (range, 17-47 kg/m?). Lateral-compartment osteo-
phytes were graded by two observers on AP standing knee
radiographs based on a template of the Osteoarthritis
Research Society International (OARSI) radiographic atlas.
During surgery, osteochondral plugs were harvested from
the lateral tibial plateau and the distal lateral femur for
biomechanical and histologic assessments. The intrinsic
material coefficients aggregate modulus (Ha) and dynamic
modulus (DM) were determined by applying a compressive
load of 20 g for 1 hour. The histologic analysis was per-
formed according to the qualitative osteoarthritis cartilage
histopathology assessment system. The Mann-Whitney U
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test was performed to compare the distribution of variables.
Power analysis was performed for the Mann-Whitney U
test using an alpha of 0.05, a power of 80%, and a sample
size of 71 resulting in a detectable effect size of 0.6. Owing
to the limited sample size, only medium or large effects in
changes of biomechanical properties can be excluded with
adequate power.

Results Ha and DM were not different with the numbers
available when comparing knees with osteophyte Grades 0,
1, and 2 on the lateral tibia. For Grade 3 tibial osteophytes
(n = 3), the lateral tibia cartilage showed low Ha (0.39
MPa; SD, 0.17 MPa) and low DM (2.85 MPa; SD, 2.12
MPa). On the lateral femur, no differences of Ha and DM
were observed with the numbers available between Grades
0 to 3 osteophytes. No differences with the numbers
available in the OARSI histologic grades on the lateral tibia
plateau and the distal lateral femur were observed between
the different osteophyte grades.

Conclusions Lateral-compartment osteophytes are not
associated with biomechanically weaker cartilage or with
more-advanced histologic signs of degeneration of lateral-
compartment cartilage in knees with varus arthritis. Given
the small sample size of 71, the study was underpowered to
detect small-to-modest decreases in biomechanical prop-
erties. Future studies with larger sample sizes are needed to
confirm the current findings.

Clinical Relevance Factors other than the presence or
absence of lateral-compartment osteophytes should be
considered when evaluating patients with medial-com-
partment arthritis for medial UKA. Future studies are
required to define the limitations of plain radiographs to
rule out cartilage degeneration in the lateral compartment
of varus knees.

Introduction

Careful patient selection is crucial to ensure excellent long-
term results after unicompartmental knee arthroplasty
(UKA) [9]. Lateral-compartment arthritis is considered a
contraindication for a medial UKA [9], and progression of
arthritis in the lateral compartment is one of its main failure
modes [18]. According to Kellgren and Lawrence [11],
osteoarthritis (OA) is defined by a definite osteophyte and
possible narrowing of the joint space (as is seen in Kell-
gren-Lawrence Grade 2). Based on this threshold for
arthritis, some surgeons believe that lateral-compartment
osteophytes are a contraindication for medial UKA
[12, 19, 22].

Osteophyte formation is clearly associated with cartilage
damage; however, osteophytes also may develop without
cartilage damage owing to joint instability or lateral joint-
space opening [20, 24]. In a recent publication,

Faschingbauer et al. [6] suggested that lateral-compartment
osteophytes in varus OA of the knee are not associated with
lower cartilage volume and diminished cartilage thickness
in the lateral compartment. However, it remains unclear
whether the presence of lateral-compartment osteophytes
signifies that cartilage in the lateral compartment is
arthritic.

The dataset used in this study was analyzed in earlier
work [26-29]. A biomechanical cartilage evaluation of the
Osteoarthritis Research Society International (OARSI)
histologic assessment system was performed in one study
[28]. The study showed that the OARSI histologic assess-
ment system provides useful information regarding the
biomechanical properties of cartilage [28]. Another study
on the same dataset showed that an elevated white blood
cell count in the synovial fluid of the knee is associated
with inferior biomechanical cartilage properties [29]. In a
radiographic study, the value of valgus stress radiographs
in the workup of medial-compartment arthritis was ana-
lyzed. The study showed that valgus stress radiographs
provide no added benefit in the assessment of lateral-
compartment cartilage [26]. Previous work has contributed
to a more-accurate preoperative evaluation of lateral-
compartment cartilage in patients considered for medial
UKA. However, an association of lateral-compartment
osteophytes with cartilage degeneration in the lateral
compartment has not been investigated to our knowledge,
and we used this same dataset to explore this new question.

The current study assessed the presence of lateral-
compartment osteophytes, and correlated newly collected
data on lateral-compartment osteophytes with previously
collected data on the histologic and biomechanical prop-
erties of cartilage in the lateral compartment. We asked the
following research questions for osteoarthritic knees with
varus alignment: (1) Is the presence of lateral-compartment
osteophytes associated with biomechanical properties of
lateral-compartment cartilage, and (2) are osteophytes in
the lateral compartment associated with particular histo-
logic features of cartilage in the lateral compartment?

Patients and Methods

The current study is a retrospective analysis of a dataset
collected for a previous prospective study [28]. Between
May 2010 and January 2012, we performed 201 TKAs for
varus OA confirmed on standardized AP hip-to-ankle
standing radiographs. All patients with a varus deformity
were considered for this prospective study. During the
enrollment period, 100 patients (101 knees) were not
enrolled for this study because of declined consent or
because they were unable to perform all required preop-
erative radiographic examinations. That left 84 patients
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(100 knees), of whom an additional 23 patients (27%) were
excluded because either radiographic or biomechanical
data were missing. For final analysis, 61 patients (71 knees)
were available. There were 29 males (48%) and 32 females
(52%) with a mean age of 65 years (range, 49-89 years).
Their mean BMI was 26 kg/m? (range, 17-47 kg/m?).

All patients received preoperative standardized AP hip-
to-ankle standing radiographs and AP standing knee
radiographs. All images were stored in a generic Digital
Imaging and Communications in Medicine (DICOM) for-
mat. The study was approved by the institutional review
board and all participants signed an informed consent.

The grading and all measurements were performed on a
picture archiving and communication system (PACS) with
commercial planning software (Sectra IDS7™: Sectra,
Linkoping, Sweden). The angle between the femoral
mechanical axis and the tibial mechanical axis was defined
as the hip-knee-ankle angle on AP hip-to-ankle standing
radiographs [15-17]. In the current study, the mean
mechanical alignment of the knee was 9° (SD, 4°; range,
1°-19°) varus. Lateral-compartment osteophytes were
graded on AP standing knee radiographs. The revised
OARSI radiographic atlas is a well-accepted open-access
tool for grading hand, hip, and knee radiographs [1]. The
OARSI radiographic atlas was used as a template for this
study. Osteophytes were grouped in Grade O (no osteo-
phytes), Grade 1 (mild changes), Grade 2 (moderate
changes), and Grade 3 (severe changes), respectively.

The methods pertaining to the biomechanical and his-
tologic tissue analyses were described in previous studies
[28, 29]. Briefly, a compressive load of 20 g was applied at
arate of 5 g per second and held for 1 hour to determine the
intrinsic material coefficients aggregate modulus (Ha) and
dynamic modulus (DM), respectively. The Ha is a measure
of the stiffness of the cartilage at equilibrium when all fluid
flow has ceased. The DM is calculated by determining
stress and strain during the initial phase of biomechanical
testing. The histologic analysis was performed according to
the OA cartilage histopathology assessment system

(OARSI histologic system) [21]. Biomechanical cartilage
properties for different OARSI histologic grades have been
described [28]. Intra- and interobserver reliabilities for 20
randomly selected AP standing radiographs were evaluated
by two independent observers (WW, JBM) using single-
measure intraclass correlation coefficients (ICC). Excellent
intraobserver ICC was seen for grading of lateral tibial
osteophytes (0.967) and lateral femoral osteophytes
(0.964). Interobserver ICC also showed similar correla-
tions: lateral tibial osteophytes (0.904) and lateral femoral
osteophytes (0.947). An excellent intraobserver ICC for the
histologic analysis was described before [28].

The majority of knees (92%; 65 of 71) had evidence of
at least one definite osteophyte in the lateral-compartment
(lateral tibia plateau (Table 1) and/or lateral femoral con-
dyle (Table 2).

Statistical Analysis

The distributions of all variables were examined in
exploratory data analyses, and tested for normality using the
Kolmogorov-Smirnov test. The Mann-Whitney U test was
performed to compare the distribution of variables as not all
parameters met the criteria for a normal distribution. The
Spearman rank correlation (r;) was used for nonparametric
correlations. Simple linear regression was performed to
determine whether age, sex, and the degree of varus defor-
mity are predictor variables for the presence and size of
lateral-compartment osteophytes. A two-way mixed model
with 95% CIs was used for calculation of the ICC. Single
measures are given for intraobserver calculations. Proba-
bility values less than 0.05 were considered significant.
Power analysis was performed in G-power (G*Power
Version 3.1.2; University of Kiel, Kiel, Germany) for the
Mann-Whitney U test using an alpha of 0.05, a power of
80%, and a sample size of 71 resulting in a detectable ef-
fect size (ES) of 0.6. Owing to the limited sample size, only
medium and large effects in changes of biomechanical

Table 1. Association of lateral tibial osteophytes and microscopic cartilage assessment on the lateral tibia plateau

Histology Osteophytes

OARSI grade Grade 0 Grade 1 Grade 2 Grade 3 Total (number of knees)
0 1 1 0 6 (8%)

1 1 7 5 1 14 (20%)

2 6 20 4 0 30 (42%)

3 1 11 4 1 17 (24%)

4 0 0 0 0 0

5 1 1 1 1 4 (6%)

Total (number of knees) 10 (14%) 43 (61%) 15 (21%) 3 (4%) 71 (100%)

OARSI = Osteoarthritis Research Society International.
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Table 2. Association of lateral femoral osteophytes and microscopic cartilage assessment on the distal lateral femur

Histology Osteophytes

OARSI grade Grade 0 Grade 1 Grade 2 Grade 3 Total (number of knees)
0 14 15 4 3 36 (51%)

1 6 9 4 4 23 (32%)

5 | 4 0 2 7 (10%)

3 0 1 0 2 3 (4%)

4 2 0 0 0 2 (3%)

5 0 0 0 0 0

Total (number of knees) 23 (32%) 29 (41%) 8 (11%) 11 (16%) 71 (100%)

OARSI = Osteoarthritis Research Society International.

properties can be excluded with adequate power. Because
of the relatively small sample size, the used test is under-
powered to detect smaller effects. Means and SD units
were used to calculate the standardized mean difference
(SMD). Owing to the low number of knees with Grade 3
osteophytes on the tibia (n = 3), no calculations of statis-
tical significance were performed for Grade 3 tibial
osteophytes. Statistical tests were performed using SPSS
Version 16.0 software for Windows (SPSS Inc, Chicago,
IL, USA).

Results
Lateral Tibial Biomechanical Cartilage Properties

With the numbers available, diminished biomechanical
properties of cartilage on the lateral tibia plateau were not
associated with the presence of osteophytes on the lateral
tibia. Comparison of aggregate modulus of cartilage on the
lateral tibia between osteophyte Grades 0 and 1 showed that
mean Ha (0.54 MPa; SD, 0.21) in osteophyte Grade 0 knees
(n=10) was not different (p=0.838; ES, 0.20) from mean Ha
(0.59 MPa; SD, 0.26) in osteophyte Grade 1 knees (n = 43).
Similarly, mean DM was not different (p = 0.865; ES, 0.04)
between osteophyte Grade 0 knees (n = 10; 3.57 MP; SD,
1.90) and osteophyte Grade 1 knees (n = 43; 3.66 MPa; SD,
2.29). Mean Ha in tibial osteophyte Grade 1 knees (0.59
MPa; SD, 0.26) was even lower (p = 0.035; ES, 0.60) than
mean Ha in tibial osteophyte Grade 2 knees (0.74 MPa; SD,
0.24). Mean DM in tibial osteophyte Grade 1 knees (3.66
MPa; SD, 2.29) was not different (p = 0.065; ES, 0.50)
compared with mean DM in tibial osteophyte Grade 2 knees
(4.83 MPa; SD, 2.36). Mean Ha in knees with Grade 3 tibial
osteophytes (n = 3) was 0.39 MPa (SD, 0.17 MPa), and mean
DM was 2.85 MPa (SD, 2.12 MPa), respectively. However,
owing to the low sample size, no statistical analysis was
performed for knees with Grade 3 tibial osteophytes.

Distal Lateral Femoral Biomechanical Cartilage
Properties

Osteophytes on the lateral femur were not associated with
changes in the biomechanical cartilage properties of the
distal lateral femur with the numbers available. There was
no difference (p = 0.176; ES, 0.44) of mean Ha in osteo-
phyte Grade O knees (n = 23; 1.18 MPa; SD, 0.61) and
osteophyte Grade 1 knees (n = 29; 0.95 MPa; SD, 0.45).
Similarly, mean DM was not different (p = 0.612; ES, 0.33)
between osteophyte Grade 0 knees (n = 23; 6.43 MPa; SD,
3.70) and osteophyte Grade 1 knees (n = 29; 5.43 MPa; SD,
2.10). Between femoral osteophyte Grades 1 and 2, mean
Ha in Grade 1 knees (n = 29; 0.95 MPa; SD, 0.45) was not
different (p = 0.871; ES, 0.11) from mean Ha in Grade 2
knees (n = 8; 0.91 MPa; SD, 0.27). Similarly, mean DM in
Grade 1 knees (n = 29; 5.43 MPa; SD, 2.10) was not dif-
ferent (p = 0.871; ES, 0.08) from mean DM in Grade 2
knees (n = 8; 5.57 MPa; SD, 1.46). Finally, there was no
difference (p = 0.409; ES, 0.58) in mean Ha between Grade
2 knees (n = 8; 0.91 MPa; SD, 0.27) and Grade 3 knees (n =
11; 0.77 MPa; SD, 0.21). Mean DM also was not different
(p = 0.457; ES, 0.46) between femoral osteophyte Grade 2
(n = 8; 5.57 MPa; SD, 1.46) and Grade 3 (n = 11; 4.88
MPa; SD, 1.53).

Cartilage Histology

There was no relationship of osteophytes on the lateral tibia
plateau and distal lateral femur and histologic features of
cartilage in the lateral compartment. No difference of
OARSI histologic grades on the lateral tibia plateau was
observed between the different osteophyte grades with the
numbers available (Table 1). Advanced degeneration on
the lateral tibia plateau (OARSI histologic Grade 3,
denudation) was evident in four knees. Of these, one knee
had no osteophytes on the lateral tibia, one had a Grade 1
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osteophyte, one had a Grade 2 osteophyte, and one had a
Grade 3 osteophyte, respectively. Similarly, no differences
of OARSI histologic grades was observed with the num-
bers available between knees with Grades 0 to 3
osteophytes on the lateral femoral condyle (Table 2).
Overall, two knees had an OARSI histologic Grade 4
cartilage lesion (erosion) on the distal lateral femur and
these knees had no osteophytes on the lateral femur.

Age, sex, and degree of varus alignment did not explain
the variability of tibial and femoral osteophytes. Sex (R* =
0.032; p = 0.127) and the degree of varus alignment (R* =
0.003; p = 0.643) were not associated with osteophyte
grades on the lateral tibia. Increasing age was associated
with smaller tibial osteophytes, however, there was con-
siderable variability in this association (R* = 0.073; p =
0.022). Age (R*=0.015; p = 0.309) and the degree of varus
alignment (R* = 0.032; p = 0.143) were not associated with
the presence of femoral osteophytes. Female gender was
weakly associated with the presence of more femoral
osteophytes (R* = 0.139; p = 0.001).

Discussion

One of the main causes of revision after medial UKA is
progressive OA in the lateral compartment [14, 18]. An
accurate assessment of the quality of lateral-compartment
cartilage therefore is essential when indicating UKA.
However, it is currently unclear whether the presence of
lateral-compartment osteophytes is associated with carti-
lage degeneration in the lateral compartment. Therefore,
we asked: (1) Is the presence of lateral-compartment
osteophytes associated with biomechanical properties of
lateral-compartment cartilage, and (2) are osteophytes in
the lateral compartment associated with particular histo-
logic features of cartilage in the lateral compartment?
Our study has the following limitations. First, the 8-mm
diameter osteochondral samples obtained in the study do
not represent the entire lateral compartment. However, the
osteochondral samples represent the biomechanical and
histologic conditions of cartilage in the weightbearing area
of the distal lateral femur and the center of the lateral tibia
plateau, respectively. Second, no biochemical analysis of
cartilage samples was performed. However, Ha in samples
with no degeneration was within the range previously
reported for normal human lateral-compartment cartilage
[23]. Only one study reported the DM of human cartilage in
13 knees [13]. In that study, comparable however slightly
higher values of DM were reported compared with those in
the current study. Therefore considering the normal
biomechanical and histologic properties, normal biochem-
ical properties can be assumed. Third, no histologic
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analysis of the osteophytes was performed. Although this
might have been an interesting addition to our study it
should not affect its conclusion.

In the 1950s, Kellgren and Lawrence [11] developed a
radiographic grading system for OA which despite its age
is still widely used. The classification did not provide
guidelines regarding how to interpret its different grades.
This led to problems in the clear classifications of OA.
Kellgren-Lawrence Grade 2 is the threshold for arthritis
and is commonly defined as a definite osteophyte and
possible narrowing of the joint space [10]. The Kellgren
and Lawrence system has been criticized as it overem-
phasizes the presence of osteophytes [7]. Derek et al. [3],
therefore, suggested removing tibial osteophytes as a
scoring parameter. In the current study, a definite osteo-
phyte was observed on either the lateral femur and/or the
lateral tibia in 92% (65 of 71) of knees. Based on the
original Kellgren-Lawrence criteria, lateral-compartment
arthritis therefore should have been suspected in 92% of
the knees. However, our study suggests that lateral-com-
partment osteophytes in knees with varus deformities are
poorly associated with cartilage degeneration in the lat-
eral compartment. There is only one published study
available to the best of our knowledge, analyzing the
influence of lateral knee osteophytes on AP radiographs
on the quality of cartilage in the lateral compartment of
varus knees based on data from the Osteoarthritis Initia-
tive [6]. Similar to the results in our study, Faschingbauer
et al. [6] showed that volume and thickness of cartilage in
the lateral compartment were not influenced by the pres-
ence of lateral-compartment osteophytes in varus OA of
the knee.

Lateral osteophytes, observed on AP knee radiographs,
were not associated with histologic cartilage degeneration
in the lateral compartment. Osteophyte grades did not
correlate with OARSI histologic grades. Consequently,
there were a substantial number of knees with advanced
cartilage degeneration, but with no or only minimal
osteophytes observed on plain radiographs. These findings
further illustrate that the Kellgren-Lawrence grading scale
does not take the condition of cartilage appropriately into
consideration. A standardized classification of OA is
essential for clinical practice and arthritis research. Felson
et al. [7] therefore modified Kellgren-Lawrence Grade 2 to
require osteophytes and definite joint-space narrowing to
be present for the diagnosis of OA. Such a modification
might improve the sensitivity to detect OA; however, this
only can be used with caution in the lateral compartment in
varus OA as medial cartilage loss results in varus align-
ment and unloads (widens) the lateral joint space.
Considering joint-space narrowing and the development of
lateral-compartment osteophytes in the diagnosis of lateral-
compartment OA therefore seems to be of limited value to
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select patients for a medial UKA. An adequate and reliable
assessment of the lateral compartment remains challenging
despite new insights regarding factors associated with lat-
eral-compartment cartilage deterioration [28, 29]. The
current study is not the first to show limitations of plain
radiographs [2, 25] and stress radiographs [26] to assess the
lateral compartment in patients with varus deformities.
Despite higher costs, MRI might be the only tool to
improve preoperative evaluation of lateral-compartment
cartilage in a noninvasive fashion. MRI allows for a high
tissue contrast [4] and seems to be an excellent modality to
assess the state of articular cartilage [5]. MRI is also an
excellent tool to assess the integrity of the ACL [27]. This
is important, as an intact ACL is an essential requirement
for UKA [9] as higher UKA failure rates have been
reported in patients with ACL insufficiency at the time of
surgery [8]. However, if a surgeon is prepared intraopera-
tively to change the plan from a UKA to a TKA, the
assessment of lateral-compartment cartilage and the
integrity of the ACL may be made during surgery, obvi-
ating any need for advanced imaging before the procedure.
The current study does not analyze whether lateral osteo-
phytes are a contraindication for high tibial osteotomy or
UKA. However, it provides supporting evidence that fac-
tors other than the presence or absence of lateral-
compartment osteophytes should be considered when
evaluating patients with medial-compartment arthritis for a
high tibial osteotomy or a UKA.

Lateral-compartment osteophytes are not associated
with biomechanically weaker cartilage or with more-ad-
vanced histologic signs of degeneration in the lateral
compartment of knees with varus OA. Given the small
sample size of 71, the study was underpowered to detect
small-to-modest decreases in biomechanical properties.
Using the presence of a lateral osteophyte on radiographs
to identify OA in the lateral compartment in varus knees
will overestimate the presence of arthritis in that
compartment. To improve patient selection for medial
UKA, standards for a reliable and adequate assessment
of the lateral compartment need to be developed. A
better understanding of the limitations of plain radio-
graphs to rule out cartilage degeneration in the lateral
compartment of varus knees is required. Future studies
with larger sample sizes are needed to confirm the cur-
rent findings.
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