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Abstract

Introduction

Introduction Osteoarthritis of the knee is common
among the elderly. The alignment of the knee plays an
important part in disease progression.
Objectives The aim was to determine the relationship
between goniometric measurement of malalignment
and gross and histological damage to articular
cartilages of osteoarthritic knees.
Methods Anterior plane knee alignment was measured
using a handheld metal goniometer in 84 patients
awaiting knee replacement. Articular cartilages
removed at surgery were stained and examined for
macroscopic and microscopic damage which were
quantified with macroscopic visual assessment score
and Mankins histochemical score, respectively. The
relationship between the type of knee angulation and
macroscopic and microscopic damage to medial and
lateral compartments was analyzed using analysis of
variance (ANOVA), and the relationship between the
degree of angulation and the degree of damage was
determined using multiple linear regression models.
Results Varus knees had markedly higher macroscopic
damage scores in the medial than the lateral
compartment (p<0.0001), while valgus knees showed
the opposite (p<0.0001). The knee angulation, together
with age and BMI, predicted 54% of the macroscopic
(p<0.0001) and 60% of the microscopic damage
(p<0.0001) in varus knees.
Conclusion Anterior plane goniometric knee alignment
is a significant predictor of the articular cartilage
damage present in an osteoarthritic knee. Goniometric
measurement is a valuable tool in assessing the disease
severity as it is a simple, safe and cost-effective
method.

Osteoarthritis is a condition that leads to joint
symptoms and signs, associated with defective
integrity of articular cartilage [1]. In primary or
idiopathic osteoarthritis there is no identifiable cause.
Secondary osteoarthritis is caused by factor such as
trauma, or inflammation.
The knee joint is most commonly affected by
osteoarthritis [2]. The medial compartment of the knee
transmits 60%–70% of the body weight and this partly
explains why osteoarthritis in the medial compartment
is commoner than osteoarthritis in the lateral [3, 4].
The weight distribution to each compartment of the
knee is based on the angle between the femur and the
tibia described as the alignment of the knee joint [5].
Malalignment of the joint is a feature of
osteoarthritis and varus malalignment increases the risk
of progression of medial compartment osteoarthritis
whereas valgus malalignment increases the risk of
progression of osteoarthritis in the lateral compartment
[6,7,8]. Based on this we hypothesised that varus
angulated knees had more damage in the medial
compartment and valgus angulated knees had more
damage in the lateral compartment.
Malalignment worsens with the progression of
osteoarthritis [7,8]. However, measurement of knee
malalignment is not carried out routinely probably
because the gold standard for measurement is a full
limb weight bearing radiograph [9]. This requires
specialised radiographic equipment and exposes the
patient to radiation. Cibere, et al report that
goniometric measurement is as accurate and more
feasible and matches well with the gold standard [10].
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Therefore, we aimed to examine whether the
degree of anterior plane knee joint malalignment
measured by the goniometer correlates with the degree
of macroscopic and microscopic damage to the
articular cartilage of the knee.

Methods
A cross sectional study was conducted at the
Orthopaedic Unit, Teaching Hospital Peradeniya a
tertiary care unit draining several Provinces and the
Department of Anatomy, University of Peradeniya.
The orthopaedic unit carries out an average of three
knee replacements a week.
A sample size of 90 was calculated on the
basis that each independent variable included in a
regression model (viz. age, BMI, degree of angulation)
would require 15 subjects amounting to 45 subjects
with each deformity condition (varus and valgus).
Sample included consecutive patients with
knee osteoarthritis, scheduled for total knee
replacement, who fulfilled eligibility criteria. Knee
osteoarthritis was diagnosed by the consultant
orthopaedic surgeon using the clinical criteria of the
American College of Rheumatology [1]. Exclusion
criteria were osteoarthritis secondary to rheumatoid
arthritis, injury or congenital malformation, surgery or
major trauma to the knee, hip or ankle.
The height and weight was measured and
body mass index (BMI) was calculated [11]. Anterior
plane knee alignment was measured using a handheld
metal goniometer which reads the angle on the medial
aspect up to 10 [12]. Three consecutive measurements
were taken by two separate investigators blinded to
each other’s findings. There was no significant inter or
intra-observer variability. Each joint was classified as
neutral, varus or valgus based on the reference ranges
established for normal knee angles for this adult female
population [13]. A knee angle between 179° - 183°
(mean +/- 2SD of the reference data) were classified
neutral, less than 179° as varus and more than 183° as
valgus. The degrees of deviation from 179°, and that
from 1830 were considered the degree of varus and
valgus malalignment, respectively.
One author conducted all knee replacements
and resected the cartilage. Histopathology of the
control group were obtained from normal knee joints
of legs amputated due to acute trauma.
An investigator blind to the clinical details,
type and degree of knee angulation examined all
specimens. Macroscopic examination was done under
natural light to assess the cartilage wear patterns on the
tibial plateau and femoral condyles and the severity of
the lesions was graded according to a published direct
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visual assessment scoring system (Table 1) [14]. The
scores of all lesions were added to obtain a total score
(maximum 20) for each compartment.
Histological assessment
Blocks 1cm x 1cm were cut from seven
predetermined areas (three from femoral condyle and
four from tibial plateau) from each compartment using
a fine scalpel. The 14 blocks obtained were decalcified
using EDTA-NH4OH and processed [15]. Three
consecutive longitudinal sections of 3µm thickness
were cut from the wax blocks using a microtome
(Reichert-Jung BIOCUT 2030), mounted and stained
with Safranin-O-fast Green-Iron Haematoxylin [16].
Slides were examined under light microscopy and the
damage to the articular cartilage was graded using the
Mankins grading system [17]. Three non-overlapping
fields from left to right of the tissue, at equal distance
were examined and the microscopic score determined.
Slides obtained from normal knees were used as
reference in assessing cell density and Safranin-O
staining intensity. The microscopic score for each
visual field was totaled and an average score was
obtained for each slide. The score of the slides from
each area were averaged, and the overall microscopic
score for the compartment was calculated by adding
the scores from all areas sampled. The highest
microscopic score achievable for a given compartment
was 98 (a maximum score of 14 per area x 7 areas).
Ethical clearance was obtained from the Institutional
Review Board, Faculty of Medicine, University of
Peradeniya (No: 2008/EC/75). Written informed
consent was obtained from all participants.
Data analysis
We conducted two-way analysis of variance
(ANOVA) models for macroscopic and microscopic
scores, with the degree of angulation (between-subject
factor with three levels viz. valgus vs. neurtal vs.
varus) and compartment (within subject factor with
two levels viz. medial vs. lateral) as two factors.
Subsequent pairwise t-tests were conducted to compare
the scores between medial and lateral compartments
with each type of angulation. We calculated the
Pearson’s correlation coefficients between the degree
of angulation and damage scores of the affected
compartments. We conducted multiple linear
regression analyses to examine the strength of
relationship between the degree of knee joint
angulation and the microscopic and macroscopic
damage scores of the medial compartment, adjusted for
age and BMI. Given that 79.5% of the subjects had
varus deformity, the regression analysis was conducted
only for the subgroup with varus deformity. Since the
sample with valgus deformity was small, it was
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underpowered to conduct a multiple regression
analysis. SPSS statistical software (version 16.0) was
used to analyse the data. The level of significance for
all the statistical analyses was set at a p value of 0.05.

Results
Out of the 98 patients (96 females) who
underwent knee replacement during the study period
14 were excluded according to the exclusion criteria (7
had previous knee surgery, 4 had rheumatoid arthritis,
3 had osteoarthritis secondary to trauma). The sample
consisted of 84 females. The age range was 46-80
years (mean= 64.0, SD= 8.5). Mean BMI was 27.0
(SD= 4.5). Of the 84 knees, 66 were varus, 10 neutrally
aligned and 8 were valgus. The mean angulation of the
varus knees was 12.60 (SD= 5.40, range: 10-190), and
that of the valgus knees 13.00 (SD= 8.10, range: 70200).
Macroscopic damage score
Table 2 gives the average macroscopic scores.
Pairwise comparisons showed that varus knees had
higher macroscopic damage scores in the medial than
the lateral compartment (p<0.0001), while the valgus
knees had markedly higher scores in the lateral than the
medial compartment (p<0.0001). Similar to those with
varus deformity, the neutrally aligned knees showed
predominant macroscopic damage to the medial
compartment
although
the
inter-compartment
difference was less (p< 0.0001).
The degree of angulation had a significant,
strong correlation with the macroscopic damage scores
of the medial compartment in the varus knees (r =
0.730, p<0.0001). In the valgus knees there was
significant correlation between degree of angulation
and damage in the lateral compartment (r = 0.796, p=
0.018) (Figure 1). Regression analysis which adjusted
for age and BMI showed that an increase in angulation
by one degree in varus knees was associated with an
increase of the macroscopic damage score by 0.4
points (p< 0.0001). The overall regression model with
varus angulation, age and BMI predicted 54.1% of the
variation in the macroscopic damage (adjusted R2 =
0.541, p<0.0001). All varus knees with angulation
more than 140 had complete loss of articular cartilages
of the medial compartment.
Microscopic damage score
Histology was done in 30 varus and all valgus
and neutral specimens. Table 2 gives the average
microscopic scores while figure 3 illustrates its
distribution. Pairwise comparisons showed that varus
knees had significantly higher microscopic damage
scores in the medial than the lateral compartment p<
0.0001), while the valgus knees had significantly
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higher scores in the lateral than the medial
compartment (p< 0.0001). Neutrally aligned knees
showed a higher microscopic score in the medial than
the lateral compartment (p= 0.026), but the difference
was not as marked as that of the varus knees.
The degree of angulation had a significant,
strong correlation with the microscopic damage scores
of the medial compartment in the varus knees (r= 0.80,
p<0.0001) (Figure 2). The correlation was moderate in
the valgus knees but not significant (r= 0.53; p=
0.175). Regression analysis which adjusted for age and
BMI showed that an increase in angulation by one
degree in a varus knee was associated with an increase
of the microscopic damage score by 1.5 points (p<
0.0001). The overall regression model with varus
angulation, age and BMI predicted nearly 60% of the
variation in the microscopic damage (adjusted R2 =
0.594; p <0.0001). There was strong correlation
between macroscopic and microscopic damage scores
(r = 0.789, p < 0.0001).

Discussion
Osteoarthritis affects approximately 10% of
the world’s population. The knee joint is the most
commonly affected [18, 19]. Our sample consisted of
females with a mean age of 64 years. The sample is
thus representative of patients with primary
osteoarthritis as it is reported predominantly in women
aged 60 years and above [20, 21]. Obesity is also a
known risk factor as seen in our sample which had an
average BMI of 27 [22].
We examined the relationship between
goniometric measurement of knee malalignment and
the macroscopic and microscopic changes to the
medial and lateral compartment articular cartilages in
varus, valgus and neutrally aligned knees. As described
by previous groups who used radiological evidence, we
found varus malalignment to damage predominantly
the medial compartment and valgus malalignment to
predominantly damage the lateral compartment [5, 6,
23]. The degree of angulation was strongly correlated
with the degree of damage to the corresponding
compartment. In varus knees, angulation was a strong
predictor of damage even after adjusting for the
possible effects of age and BMI. The strong correlation
indicates that goniometric measurement can be used as
a reliable measure of assessing the degree of severity
of joint destruction. Therefore, although knee
goniometry cannot replace radiographic assessment, it
adds to the assessment of severity in a clinical setting.
Once malaligned, the knee alignment cannot be
corrected except by surgery. However, the rate of
worsening of the malalignment can be slowed by
different treatment options. Measurement of
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malalignment therefore cannot be used as an indicator
of the efficacy of the treatment but rather as an
indicator of the underlying joint damage.
In general, varus osteoarthritic knees showed
a greater degree of damage than valgus or neutrally
aligned knees with osteoarthritis. In varus knees, as
evidenced by the microscopic and macroscopic scores,
the most severely damaged area was the medial edge of
the articular cartilage on the tibial plateaus. The degree
of damage becomes progressively less in the lateral
areas and the lateral compartment was relatively well
preserved in these knees. Neutrally aligned knees
showed damage in both compartments, however the
medial compartment was more severely damaged in
these knees, probably due to the fact that 60-70% of
the body weight is transmitted through the medial
compartment [24].
The pattern was reversed in the valgus knees
with the lateral edge of the tibial plateau being
damaged the most. In these joints, the macroscopic and
microscopic scores increased towards the lateral edge
of the specimens. In the femoral condyles the damage
was greatest at the inferior surface which comes into
direct contact with the tibia when the knee is partially
flexed and extended. A previous study that graded 42
tibial plateaus and the femoral condyles of varus and
valgus knees using a simple four stage macroscopic
grading system, also reports that the damage was most
severe in the central peripheral medial area of varus
knees and the central peripheral lateral edge in the
valgus knees [25].
Our findings indicate that even one degree of
change in the deformity angle significantly increases
the damage to the articular cartilage, as evidenced by
the parallel increase in both the macroscopic and
microscopic scores. These findings are consistent with
previous studies which employed radiological methods
of assessment and state that a 4-5 fold increase in the
odds of progression can be attributed to the degree of
malalignment and that more severe the damage faster
the effect of malalignment on progression [6,23]. Our
study provides direct pathological evidence for the
relationship between malalignment and severity of
cartilage damage and further strengthens the above
relationship.
In summary, our findings indicate that the
goniometric measurement of the anterior plane knee
joint alignment can closely predict the severity of
macroscopic and microscopic articular cartilage
damage present in an osteoarthritic knee. Thus we
conclude that anterior plane goniometry is a simple yet
sensitive tool in assessing and monitoring the severity
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of damage in osteoarthritic knee joints. This
assessment can be incorporated into knee examination
particularly in resource-limited units in Sri Lanka
where a full-length anteroposterior weight bearing limb
radiograph cannot be obtained.
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Table 1. Direct visual assessment score
Description of lesion
No visible lesion
Lesion with fissures, fragmentation- half thickness

Scores
10-15 mm sized lesion
0
2

Scores
>15 mm sized lesion
0
4

Lesion with fissures, fragmentation- full thickness
Bone exposed

3
5

6
10

Table 2. Macroscopic and microscopic scores of the medial and lateral compartments of the
varus, valgus and neutrally aligned knees
Type of
malalignment
Varus (n=66)
Neutral (n=10)
Valgus (n=8)

Macroscopic score (maximum 20) Mean
(SD)
Medial
Lateral
compartment
compartment
16.5 (3.1)
2.1(1.1)
16.7(3.3)
7.1 (3.2)
5.6(6.6)
68.3(21.1)
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Microscopic score (maximum 98)
Mean (SD)
Medial
Lateral
compartment
compartment
55.3(10.5)
13.8(8.6)
46.7(6.3)
37.9(7.07)
12.2(7.7)
44.1(5.02)
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Figure 1. Correlation between the degree of malalignment and the degree of macroscopic and microscopic
damage to corresponding compartments of the joint
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Figure 2. Microscopic damage (Mankin’s) scores in medial and lateral compartments of
neutral, varusand valgus malaligned knees

Figure 3. Distribution of mean microscopic damage scores in tibial and femoral cartilages in
neutral, varus and valgus malaligned knees
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