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Abstract

linear regression.

Background: The purpose of this study was to assess the concurrent validity of alternative measures of frontal
plane knee alignment, namely the radiographic anatomic axis and two clinical measures in patients complaining of
knee malalignment as compared with the mechanical axis on full-length radiograph of lower limbs.

Methods: The knee-alignment angle was measured in 100 knees of 50 subjects with the chief complaint of frontal
knee malalignment according to the following methods: lower-limb mechanical axis on radiograph, lower-limb
anatomic axis on radiograph, distance between medial femoral condyles or medial malleoli using a calliper and
lower-limb alignment using a goniometer. Data were analyzed using Pearson’s correlation coefficient and simple

Results: The anatomic axis best correlated with the mechanical axis (r = 0.93, P<0.001), followed closely by the
intercondylar/intermalleolar distance measured by calliper (r = 0.89, P<0.001). Significant correlation was also found
between the mechanical-axis angle and the lower limb axis measured by goniometer (r = 0.67, P<0.001).

Conclusions: The anatomic axis on radiograph, the calliper method and to a lesser extent the goniometer
measurement appear to be valid alternatives to the mechanical axis on full-leg radiograph for determining frontal
plane knee alignment. These alternative measures have the potential to provide useful information regarding knee
alignment and may increase the assessment of this parameter by clinicians and researchers.
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Background

Axial alignment of the lower extremities is critical with
respect to determining which portion of articular cartil-
age is repeatedly exposed to body weight during gait and
is an important consideration in many clinical situations,
whether considering fracture reduction, total knee
arthroplasty or deformity correction.

Frontal plane malalignment has important biomechan-
ical consequences because it influences loading across
the knee joint during weight bearing. In the neutrally
aligned knee, the ground reaction force vector passes
medially to the joint center, creating an adduction mo-
ment that increases medial compartment forces relative
to lateral [1]. When the knee is malaligned in the varus
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direction, the moment arm for ground reaction force
vector is increased, resulting in a higher adduction mo-
ment than that observed in the neutral knee. Valgus
malalignment results in a more laterally positioned
ground reaction force vector and increases forces across
the lateral knee compartment. In knee osteoarthritis,
malalignment of greater than 5 degrees in either a varus
or valgus direction is associated with significantly greater
functional decline over time when compared with less
malaligned knees [2].

Despite the importance of identifying malalignment in
patients with knee problems, assessment of malalign-
ment remains problematic. The gold standard for assess-
ment is the weight-bearing full-leg radiograph, which
allows the mechanical axis of the lower limb to be deter-
mined. This radiograph exposes the patient to x-rays
and is not feasible for many health care professionals
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and researchers who are unable to directly request
radiographs funded by national health care systems. Fur-
thermore, the evaluation of alignment from the radio-
graph requires extrapolation of the femoral and tibial
mechanical axes using bony landmarks, thus it is some-
what time consuming for the clinician or researcher to
determine [3].

Determination of knee alignment using the anatomic
axis is possible from a single knee radiograph [4,5]. This
is a cheaper alternative, exposes the patient to less radi-
ation, and is a routine test ordered for many patients
with knee malalignment [3]. Several clinical measures of
knee alignment have been reported in the literature, in-
cluding goniometry [6], visual observation [7], and calli-
per methods of measurement [8]. Although such methods
offer great clinical application with regard to cost, simpli-
city of use, and speed of result, clinical measures of knee
alignment need to be validated against the mechanical axis
determined by radiography.

Few studies that have investigated the validity of clin-
ical methods for measuring knee alignment have been
conducted in patients with osteoarthritic knee malalign-
ment [3,9-12]. The aim of the present study was to
evaluate the concurrent validity of the radiographic ana-
tomic axis and two clinical measures of frontal plane
knee alignment both in patients with mild osteoarthritis
and in young healthy individuals. Moreover, the correl-
ation between these measures and the mechanical axis
on radiograph, as a gold standard for determining knee
alignment, was analyzed.

Methods

In a prospective study, 73 patients with the chief com-
plaint of knee malalignment (genu varum or genu val-
gum) who had a previously obtained long standing x-ray
of the lower limbs were evaluated. Participants were
excluded if they reported a previous hip or knee joint re-
placement, hip or lumbar spine arthritis or other path-
ology causing joint contracture, pelvic obliquity, knee
joint subluxation, congenital anomalies, previous lower-
limb surgery or a body mass index greater than 32 kg/m
[2]. After exclusions, 50 patients (100 knees) with a
mean age of 35 years (range: 14—60 years) were included
in the analysis. The duration between obtaining the
radiograph and performing the clinical examination was
less than 4 months in all cases. All participants provided
written informed consent prior to the study.

The mechanical axis was measured according to the
method described by Sharma et al. [2] on a weight-
bearing full length anteroposterior radiograph of the
lower extremities, which were imaged from the pelvis to
the ankle (a full-limb radiograph). The mechanical axis
was defined as the angle of intersection of the femoral
and tibial mechanical axes. To determine the mechanical
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axis of the femur, a line was drawn from the center of
the femoral head to the center of the femoral intercon-
dylar notch. Concentric circles, known as Mose circles
[13] and imprinted on a transparent template, were
superimposed on the femoral head to precisely locate its
center. A second line from the center of the tibial spines
to the center of the ankle established the mechanical
axis of the tibia. Alignment was recorded to the nearest
half degree. The gold standard criterion, the mechanical
axis, was used as the reference standard, with angles
<180° defined as varus alignment, and angles >180°
defined as valgus alignment.

Using the same full-leg radiograph, the anatomic axis
was determined based upon the methods of Moreland
et al. [5]. The femoral anatomic axis was found by draw-
ing a line from the center of the tibial spines to a point
10 cm above the tibial spines, midway between the med-
ial and lateral femoral surfaces. For the tibial anatomic
axis, a line was drawn from the center of the tibial spines
to a point 10 cm below the tibial spines, midway between
the medial and lateral tibial surfaces. The anatomic axis
was defined as the angle formed by the intersection of
these two lines. All radiographic measurements were per-
formed by a single examiner (BN). Intraobserver reliabil-
ity for measuring the mechanical and anatomic axis was
calculated with use of a randomized test of ten pairs of
imaging studies that were measured a few days apart.
The correlation coefficient was graded as excellent (0.92).

Interobserver reliability for clinical measurement was
assessed with use of Kappa agreement coefficient in ten
pairs of clinical studies performed by two different ob-
server and because of good correlation (0.90 for calliper
method and 0.79 for goniometer method) a single in-
vestigator (AN) blinded to radiographic findings per-
formed the clinical measurements of alignment in all
patients. For all measures, participants stood with their
weight distributed equally between the lower limbs,
with knees extended to replicate positioning for mech-
anical alignment via radiograph. Participants adducted
their lower limbs slowly until either the knees or ankles
touched each other. When the medial malleoli touched
first, the participant was classified as having varus mala-
lignment. If the knees touched first, the participant was
classified as having valgus malalignment. If knees and
ankles touched simultaneously, alignment was recorded
as neutral [6].

In the first measurement the intercondylar and inter-
malleolar distances were measured with a caliper marked
in 0.5-mm increments based on the methods of Cibere
et al. [6]. In participants with varus knees the distance be-
tween the medial femoral condyles (Figure 1) and for val-
gus knees the distance between the medial malleoli was
recorded. Varus and valgus malalignment were scored as
negative and positive respectively.
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Figure 1 Determination of knee alignment using the calliper and goniometer methods.

In the second measurement the alignment of the lower
limbs was recorded using a long-arm goniometer as
described by Cibere et al. [6]. Participants stood on the
foot maps. The axis of the goniometer was positioned
over the center of the patella, and the arms were aligned
with the anterior superior iliac spine above the knee and
with the center of the ankle joint below the knee
(Figure 1). Angles were recorded to the nearest degree,
with 0° regarded as neutral.

Statistical analysis

Data were analyzed using the SPSS version 13. Normal
distribution of data was checked using Kolmogorov-
Smirnov test and Q-Q plot. Correlations between mech-
anical alignment and the tested alignment methods
were determined using Pearson’s correlation coefficients.
Simple linear regression was used to develop regres-
sion equations for statistically significant relationships.
Correlation coefficients of 0.5-0.75 were regarded as
good, and values >0.75 were regarded as excellent [14].
P values less than 0.05 were regarded as statistically
significant.

Results

Patient characteristics are presented in Table 1. Thirty
one (62%) participants had a varus mechanical axis,
15 had valgus (30%), and four had neutral (8%) align-
ment. The entire cohort demonstrated a mean varus

malalignment of 4.1° from the neutral position, based
on the mechanical axis on radiograph. Alignment charac-
teristics of the cohort according to each measurement
technique utilized are presented in Table 2.

There was a good correlation between the anatomic
axis and the mechanical axis (r = 0.932, P <0.0001)
(Figure 2). Regression analysis defined this relationship
according to the following equation: mechanical axis =
0.814 (anatomic axis) + 30.244.

A good correlation with the mechanical axis was also
observed for the calliper method (r = 0.899, P < 0.0001)
(Figure 3). The relationship between the calliper reading
and the mechanical axis was defined with the following
equation: mechanical axis = 0.125 (calliper reading) +
177.333.

The goniometer method was found to have a weaker,
although still statistically significant, relationship with
the mechanical axis (r = 0.674, P < 0.0001) (Figure 4),

Table 1 Patients characteristics*

Characteristic Value
Sex, male/female 19/31
Age (year) 347 +15.2
Height (meter) 163 +0.15
Weight (kg) 66.7 + 164
Body Mass Index (kg/m2) 2326 +29

* Values are the mean + SD unless otherwise indicated.
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Table 2 Alignment characteristics according to each
measurement procedure

Method mean + SD

95% Confidence interval

Mechanical axis, °t 175.9 + 11.3 17373 -178.19
Anatomic axis, °t 179.1 + 12.9 176.53 - 181.65
Calliper method, mmt -11.0 + 81.3 -27.13 =511

Goniometer, °t 178.1 £ 9.4 17621 — 179.93

T Lower values represent a more varus knee alignment.

generating a relationship defined with the following
equation: mechanical axis = 0.811 (goniometer angle) +
31.461.

Discussion

In the present study, we set out to validate more clinic-
ally accessible measures of knee alignment against the
gold standard criterion of the mechanical axis measured
on a full-limb radiograph. This study evaluated the
criterion-related validity of three alternative measures
for assessing malalignment, as compared with the mech-
anical axis. Anatomic axis measured on a standing radio-
graph was evaluated as an alternative radiographic
measure of coronal alignment and best correlated with
the mechanical axis (r = 0.93). According to numerous
studies this measurement is best performed in a stand-
ing radiograph [3,10,11,15]. Importantly, intercondylar
and intermalleolar distances (calliper method) were also
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shown to be valid indicators of the mechanical axis (r =
0.89). Although the goniometer method significantly
correlated with the mechanical axis, this relationship
was weaker than that demonstrated by the calliper
method (r = 0.67).

Our study had several limitations. There might be a
potential for selection bias as we did not include indivi-
duals without complaints of lower limb deformity in our
study. Another limitation of our study is that the mech-
anical and anatomical axes were measured on the same
radiograph. This means that there is no repositioning
between the two measurements which may skews our
results towards to a better correlation. To prevent fur-
ther exposure to X-ray we did not order an additional
short radiograph of the knee joints.

Concerning the limitation of our measurement tech-
niques it should be noted that excessive soft tissue at
the medial knee in obese patients may lead to a false
classification of valgus malalignment in the caliper
method, even though the underlying skeletal structure
are actually in varus. Therefore, we excluded very
obese patients in our study (BMI > 32 kg/m [2]). With
regard to the use of a long-arm goniometer, the bony
landmarks are sometimes difficult to locate especially
in obese patients and positioning of the goniometer
may be inaccurate. Consequently the results of clinical
measurements should be interpreted with caution in
obese individuals.
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Figure 2 Scatterplot depicting the relationship between the anatomic axis and mechanical axis (n = 100).
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Figure 3 Scatterplot depicting the relationship between the Intercondylar and Intermalleolar distances (Calliper method) and the
mechanical axis (n =100).
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Figure 4 Scatterplot depicting the relationship between the goniometer method and the mechanical axis (n =100).
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Few studies have investigated the validity of clinical
methods for measuring knee alignment in patients with
knee malalignment (Table 3). In their study comparing
the validity of alternative measures of frontal plane
knee alignment in individuals with medial knee osteo-
arthritis, Hinman et al. reported that the anatomic axis
best correlated with the mechanical axis (r = 0.88,
P < 0.0001), followed closely by the inclinometer
method (r = 0.80) [3]. Other clinical measures of align-
ment that were significantly associated with the mech-
anical axis were the calliper method, the plumb-line
method, and visual observation (r = 0.76, 0.71 and 0.52,
respectively). They could not be able to show a correl-
ation between the goniometer method and the mechan-
ical axis. Our findings for anatomic axis and calliper
methods were similar to these results but we could ob-
tain a correlation between the goniometer measurement
and mechanical axis which may be due to a better posi-
tioning with the use of a goniometer with very long
arms that could sit exactly over the bony landmarks
(Figure 1). In a similar study of osteoarthritic patients,
Kraus et al. found significant correlations between the
mechanical-axis angle and the anatomic-axis angle
measured by each of the three methods: goniometer
(r = 0.70, P < 0.0001), anatomic PA axis (r = 0.75), and
anatomic AP axis (r = 0.65) [9].

Mc Daniel et al. also compared the anatomic axis and
a goniometer method with the mechanical axis in a co-
hort with symptomatic knee osteoarthritis [10]. In their
study, anatomic axis was measured using a semiflexed
knee radiograph. Similar to our findings, the authors
demonstrated a significant correlation between the ana-
tomic and mechanical axes (r = 0.74). They also reported
a strong correlation between their goniometer method
and the mechanical axis (r = 0.72). The measurement of
knee-alignment angle by goniometer has been shown to
be highly reproducible when performed by rheumatolo-
gists in the evaluation of patients with osteoarthritis [6].

Predictive validity of the anatomic axis on an extended-
knee radiograph has previously been demonstrated by
Cicuttini et al. who demonstrated that baseline anatomic
axis was correlated with change in cartilage volume over
time [11].
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In a recent study Sheehy et al. showed that the corre-
lations between hip-knee-ankle angle and femoral shaft-
tibial shaft angle were excellent (range 1.00-0.88) but less
correlation was noticed using progressively shorter shaft
lengths [15].

The calliper method (intercondylar and intermalleolar
distances) was also observed to be a valid measure of the
mechanical axis. This method has been reported with re-
spect to knee osteoarthritis in terms of its reliability and
validity [3,6].

In another study Vanwanseele et al. assessed the valid-
ity of the hip-knee-ankle angle measured statically dur-
ing three-dimensional (3-D) gait analysis and the tibial
angle using an inclinometer compared with the mechan-
ical axis on radiographs and suggest the inclinometer
and 3-D gait analysis are valid ways to estimate mechan-
ical alignment of the knee [12].

Advantages of the knee radiograph over the full-leg
radiograph, which is the gold standard method, include
reduced cost to the patient, researcher, and/or health
care system; reduced exposure of the patient to ionizing
radiation (particularly around the pelvis); and no prob-
lem with lack of a long graduated-grid cassette hamper-
ing determination of bony landmarks [3]. The knee
radiograph forms part of the standard radiographic
examination for knee problems, therefore extra radio-
graphs just to determine the knee alignment, are not
needed. In contrast to the radiographic methods, the
goniometer and calliper methods of measuring align-
ment generate instant results, are quick to administer,
are inexpensive (involving no cost to the patient/health
care system and only a small outlay by the clinician/
researcher to purchase the equipment required initially),
and do not expose the patient to radiation [3].

Kawakami et al. showed that limb rotation affects the
measurement of limb alignment and creates more meas-
urement variability of the anatomic axis than of the
mechanical axis [16]. As a result, inaccurate rotational
positioning during clinical and radiographic evaluations
may be misleading. On the other hand, due to weaker
correlation observed with the mechanical axis, there is a
greater risk of misclassification when using these clinical
measures of alignment rather than the anatomic axis.

Table 3 Summary of correlation coefficients (r) of alternative measures of frontal plane knee alignment relative to
radiographic mechanical axis in recent major studies (p < 0.001)

Study Anatomic axis Calliper Goniometer Inclinometer 3D*
Hinman et al. [3] 0.88 0.76 No correlation 0.80 -
Kraus et al. [9] 0.75 - 0.70 - -
Mc Daniel et al. [10] 0.74 - 0.74 - -
Sheehy et al. [15] 0.88-1.00 - - - -
Vanwanseele etal. [12] - - - 0.83 0.93

*Three-dimentional Gait Analysis.
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The very limited numbers of studies in the literatures
which have addressed the validity of clinical methods for
measuring knee alignment mandates the conduct of fur-
ther studies to determine whether significant misclassifi-
cations using clinical methods of measurement do in
fact occur, and to determine their consequences. Clinical
measure of alignment is probably not a substitute for
radiographic measures in surgical procedures. Therefore,
we recommend that full-length radiographs be used
whenever an accurate estimation of hip-knee-ankle angle
is required.

In summary, we found that alternative methods of
measuring knee alignment, which entail little or no radi-
ation exposure, surprisingly correlated well with the
knee-alignment angle measured on the more cumber-
some and costly full-limb radiograph that includes
pelvic irradiation. This study demonstrated that the
radiologic anatomic axis and measurement of intercon-
dylar and intermalleolar distances are relatively valid
measures of determining knee alignment. Clinically,
such methods may enhance the assessment of this im-
portant parameter by clinicians and researchers. Future
research should evaluate the predictive validity of the
clinical measures with regard to early disease detection
and progression.
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