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An MRI-based technique for assessment
of lower extremity deformities—
reproducibility, accuracy, and clinical
application

Abstract The hypothesis of this
study was that length, torsion, and axis
of a leg phantom can be measured
accurately and reproducibly by mag-
netic resonance imaging (MRI) and
that this can be applied to patients with
leg deformities. Two phantoms and 30
patients (genu varum, n=15; genu
valgum, n=15) were investigated
using an optimized MRI technique.
Reference measurements were per-
formed with a micrometer screw and a
goniometer. Patient leg length and axis
were compared with long radiographs
in bipedal stance. Intra- and inter-
observer reproducibility and accuracy
were calculated using the mean abso-
lute difference (MAD) and the 95%
confidence interval. In patients, com-

parisons were done using a paired
Student’s t-test. MAD, intraobserver
MAD, and interobserver MAD were
0.03, 0.03, 0.04 mm (length); 0.98,
1.2, 0.98° (torsion); and 0.18, 0.23,
0.22° (axis), respectively. In patients,
leg length was underestimated byMRI
(−2.4±0.7%; 1.9±0.7 cm; P<0.001).
The hip-knee-ankle angle (HKA) did
not show significant differences in
varus knees (−0.5±1.0°; P>0.05),
while it was significantly underesti-
mated in valgus knees (−3.6±2.8°;
P<0.05). The phantom study revealed
that leg length, torsion, and axis
can be measured accurately and
reproducibly by MRI. Although
underestimation of leg length and
HKA in valgus knees occurred,
this optimized MRI technique can
be applied to patients with leg
deformities.
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Introduction

Exact geometrical analysis of lower-limb deformities is
essential prior to surgical correction [1, 2]. Long radio-
graphs with the patient standing in bipedal stance in the
frontal and lateral projection are regarded to be the
standard of reference [3]. Additionally, computed tomo-
graphy (CT) and ultrasound examinations can quantify

both leg length discrepancies and the torsion of femur
and tibia [4–6]. Long radiographs and CT are burdened
by radiation exposure [7]. Ultrasound, on the other
hand, shows only limited accuracy [5, 8].

After complications of femoral and tibial fractures,
length discrepancies are often combined with torsion and
axis deformities [9]. Here long radiographs together must
be used in combination with CT and/or ultrasound, both
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for preoperative planning but even more for postopera-
tive control, increasing the risks delivered by radiation
exposure.

Magnetic resonance imaging (MRI) can definitely solve
the problem of radiation exposure. However, it has not yet
been established for preoperative planning of corrective
surgery, even though first experiences in the comparison of
radiography, CT, and MRI on cadaveric femurs have been
published [10]. Currently, MRI is part of the diagnostic
procedure only in pediatric patients with femoral antever-
sion prior to rotation osteotomies [11] and growth-plate
changes in tibia vara prior to oblique osteotomy or tibial
hemiepiphysiodesis [12]. The technical limitations are that
the field of view (FoV) of typical clinical scanners does not
allow imaging of objects larger than 50 cm without table
movement and that conventional high-field (> 1 Tesla)
MRI systems cannot simulate the effect of full weight
bearing on the limb axis because of the supine imaging
position. Additionally, geometrical distortions that increase
nonlinearly towards the margins of the FoV hamper the
measurement accuracy. Therefore, length measurement
errors in particular can be expected if the FoV is larger than
250–300 mm.

To improve the visualization of cortical bone for length
and angle measurements, the thickness of the corticalis
should be depicted properly. Therefore, chemical shift
artifacts altering the thickness of the corticalis by the lipids
in the bone marrow should be reduced by selecting a high
bandwidth. Furthermore, the sensitivity of the selected
sequence technique to susceptibility artifacts should be as
low as possible to further minimize geometrical distortions.
The legs should be placed on the scanner table in a way that
all bones of the lower extremity are positioned horizontally
to avoid artificial shortening of the legs by an oblique course
of the bones through the imaging plane. It is important to
acquire the entire data in a short period of time to reduce the
possibility that patient movements occur during image
acquisition. To some extent, this precludes the application of
MRI surface coils along the entire lower extremities, since
patient positioning should be done quickly as well. The
contrast weighting of the sequence should particularly
provide anatomical information; the visualization of edema
or other pathological changes is not required.

The aim of this study was to develop and apply a uniform
radiation-free measurement technique for the analysis of leg
geometry. Therefore, reproducibility and accuracy of an
optimizedMRI technique was validated using standard table
movement methods in a phantom study. Subsequently, we
applied this technique to patients with varus and valgus
knees measuring leg length and axis each compared to long
radiographs. The specific questions to be answered were as
follows:

1. How reproducible and accurate is the new MRI
technique for determination of length, torsion, and
axis when analyzing geometrically defined phantoms?

2. Is there a difference between the MRI technique
(supine position) and long radiographs (bipedal stance)
in the analysis of leg length and alignment in patients
with varus and valgus deformity?

Methods

MR imaging

All examinations were performed with a 1.5-T closed MRI
system (Magnetom Sonata, Siemens, Erlangen, Germany)
with the body coil, i.e., without surface coils. A turbo-spin
echo (TSE) sequence was used for image acquisition rather
than an SE sequence, since the inherent sensitivity to
susceptibility artifacts is lower and the acquisition time is
shorter. The bandwidth was set to 500 Hz/pixel to reduce
chemical shift artifacts that could impair length and angle
measurements of bony structures. Furthermore, this
allowed minimizing TE (echo time) and TR (repetition
time) to 4.4 ms and 872 ms, respectively, to increase image
acquisition speed. Slice thickness (SL) was 8 mm, in-plane
resolution using a 128×256 matrix was 1.56×1.56 mm.
Using a head-to-feet phase encoding direction, the FoV
was set to 400 mm in the frequency encoding direction and
reduced to 200 mm in the phase encoding direction to
reduce gradient field-related image distortions at the
borders of the images. Utilizing 100% phase oversampling
avoided wraparound artifacts. The true coronal slabs
consisted of 20 images each, covering 175.2 mm (gap
10%) in the slice encoding direction. By incremental and
automated table repositioning, five consecutive imaging
positions without overlap or gap were acquired from the
hip joint downwards until the ankle was depicted. The
parameters were selected to facilitate an adequate signal-
to-noise ratio together with short data acquisition. The
imaging time for five leg positions covering 100 cm was
2:05 min.

Adjusted at the coronal images, additional axial images
were acquired along the femoral head and neck, the knee,
and the ankle, applying the same sequence with individu-
ally reduced phase oversampling to facilitate torsion
measurements of the femur and tibia [6].

With this, the imaging time in total was approximately
4–5 min; adequate patient positioning required an additional
2 min.

Phantom study

To verify MRI-based length measurements, a custom-built
phantom (phantom 1) made of acrylic glass (dimensions:
2×2×100 cm) with drill holes of exactly 1 cm depth and
0.4 cm diameter was investigated (Fig. 1). The drill holes
were placed along an exactly straight line at intervals of
5 cm. The precision of the phantom measures was 0.1 mm.
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To verify MRI-based torsion and axis measurements, a
plastic leg phantom (femur and tibia, phantom 2)
(Sawbones Europe AB, Malmö, Sweden) was investigated,
first in its original status (Fig. 2), then after femur
osteotomy with 20° external torsion deformity (original
torsion = 8° anteversion, leading to 28° external torsion)
and tibia osteotomy with 20° varus deformity (Fig. 3). The
phantoms were bedded in an air-free plastic tube filled with

diluted contrast agent (Gd-DTPA, 1:200). Thus the
phantoms appeared as a negative in their contrast-agent
bed (Figs. 1, 2 and 3), and the drill holes of the acrylic glass
phantom were filled with contrast agent (Fig. 1). The
plastic tube containing the phantoms was placed horizon-
tally into the MR system, and image acquisition was done
as mentioned above.

Patient study

We examined the legs of 30 patients (mean age 61.7±
15.2 years, median 62 years, range 30–83 years) suffering

Fig. 1 MR image of an acrylic
glass phantom with drill holes
placed along an exactly straight
line at intervals of 5 cm

Fig. 2 MR image of a plastic bone phantom with femur and tibia in
supine position. Red lines indicate torsion of the femur (axial
images) and anatomical axis of the tibia (coronal image)
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from osteoarthritis (OA) with genu varum (n=15) (Fig. 4)
and genu valgum (n=15) (Fig. 5) prior to proximal tibial
osteotomy or implantation of total knee endoprosthesis.
Both surgeries were performed after diagnosis and
planning with scaled long radiographs and the patient
standing in bipedal stance with load on both legs (patella
orientation in front, beam centered on the affected knee
joint, film-to-focus distance of 250 cm, estimated distance
of the femoral head to the film: 15 cm, from the ankle joint
to the film: 5 cm). The images were taken on a digital film
(minimum film size 40×120 cm). X-ray examination was
performed 1 day prior to surgery.

Additionally, all patients were examined by MRI on the
same day as x-ray was performed. Patients were investi-
gated in a supine position with hip and knee straight and
ankle in neutral position using several different pads to
acquire the images of thigh, shank, and joints of the lower
extremity in matching imaging planes and without artificial
shortening. The thickness of the pads increased from knee
to ankle to facilitate true coronal images without angulation
along the femur. The legs of the patients and the pads were
fixed to the table with several straps to exclude patient
movement during the image acquisition. Image acquisition
was done as mentioned above. Out of each slab one image
for each leg was selected as follows. At the hip joint, the
image displaying the uppermost part of the femoral head
was selected. From the second slab, the image with the
most complete visualization of the thigh was chosen. At the

Fig. 3 MR image of a plastic bone phantom after torsion osteotomy
(20°) of the femur and closed wedge varus osteotomy (20°) of the
tibia. Red lines indicate torsion of the femur (axial images) and
anatomical axis of the tibia (coronal image)

Fig. 4 Long radiograph versus MR image in a varus knee. Red lines
indicate hip-knee-ankle angle showing only slight differences
between both techniques
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knee, the image displaying the tubercles of the intercon-
dylar eminence was selected. From the fourth slab, the
image with the most complete visualization of the shank
was chosen. At the ankle, the image displaying the position
of maximum convexity of the distal tibia pointing toward
the center of the talar dome was selected. These five images
were sent to a laser imager (Figs. 4 and 5).

All participants received oral and written information
regarding the nature of the examination and the study and
signed a statement of informed consent that had been
approved by the local Ethics Committee.

Data analysis

After scaled import of radiographs and MR images, all data
analysis was done digitally on the laser images or on
the monitor. In the phantom, length was measured as the
distance from the middle of the most proximal to the
middle of the most distal drill hole. The femoral torsion
angle was measured as the angle between the head-neck
centerline and the posterior condylar plane [13]. The
anatomical axis of the tibia was defined as the longitudinal
axis of the shaft [14]. In the patients, leg length was
determined by measuring the distance from the tip of the
head of femur to the center of the distal tibial articular
surface [4]. The HKA angle was defined as the angle
between the mechanical axis of femur and tibia [15].

To test the intra- and interobserver reproducibility of the
MRI technique, length (phantom 1), torsion (phantom 2,
femur) and axis measurements (phantom 2, tibia) were
performed by three independent investigators, (S.H., H.G.,
N.A.) six times each. The mean absolute differences
(MAD) [16–18] and the 95% confidence intervals (95%
CI) within and between examiners were calculated. For
intraobserver reproducibility, statistical significance was
tested by a one-sample t-test.

The accuracy of the measurements was assessed by
calculating MAD and 95% CI for the values obtained from
MR imaging compared with the real length of the entire
acrylic glass phantom and the real femur torsion and tibia
alignment of the bone phantom determined by physical
measurement with micrometer screw and goniometer,
respectively.

For clinical application, the differences in HKA angle
measurement and leg length measurement between long
radiographs and the MRI technique were tested for
statistical significance using a paired Student’s t-test.

All caliper measurements were done by each investi-
gator separately on different days using anonymized
images in a random order. Data were registered by a fourth
person without revealing the former values. With all of this,
a “memory effect” of the investigators should be limited.

Results

Phantom study

Regarding the reproducibility of the MRI measurement, the
maximum intraobserver MADs were 0.03 mm for the
length, 1.2° for torsion and 0.23° for axis measurement
(Table 1). The equivalent values for interobserver reprodu-
cibility were 0.04 mm for length, 1.31° for torsion and
0.22° for axis measurement (Table 2).

The accuracy of the MRI measurement was again
expressed by the MAD, in this case between the MRI
and the physical measurement of the phantoms with
micrometer screw and goniometer (Table 3). The MAD

Fig. 5 Long radiograph versus MR image in a valgus knee. Red
lines indicate hip-knee-ankle angle showing significant differences
between both techniques
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for length measurement of phantom 1 was 0.03 mm, for
torsion measurement of phantom 2 (femur) 0.98°, and for
axis measurement of phantom 2 (tibia) 0.18°.

Clinical application

There was a significant (P<0.001) underestimation of leg
length with MR imaging (Table 4) as compared with long
radiographs. The mean underestimation was −2.8±0.7%
(2.4±0.5 cm) for all patients. Separating the patient groups
into genu varum and genu valgum showed significant
underestimation with MRI in both groups (Table 4). The
HKA angle of all patients, including varus and valgus
knees, was slightly underestimated with MRI (Table 4).
Separating the patient groups into genu varum and genu
valgum led to a nonsignificant underestimation of the HKA
angle with MRI of −0.5±1.0° (5.0±24.1%; P=0.08) in the

varus knees (Fig. 4), whereas there was a significant
underestimation of −3.6±2.8° (128±129%; P=0.02) in the
valgus knees (Table 4, Fig. 5).

Discussion

In this study, we have optimized and applied an MRI-based
technique to analyze complex leg geometry. In a phantom
study, we showed that this MR technique allows a highly
accurate and reproducible determination of length, torsion,
and axis. In the patient study, on the other hand, a
significant underestimation of leg length was found
compared to long radiographs, both in varus and valgus
knees. As far as leg alignment determination is concerned,
no relevant difference was found in varus knees comparing
MRI and full load-bearing long radiographs in bipedal
stance. In valgus knees, on the other hand, the MRI
technique led to a significant underestimation of the extent
of valgus malalignment.

Long radiographs are still the standard of reference for
planning corrective surgery [3]. However, they have the
problem of radiation exposure. Furthermore long radio-
graphs are not reliable if the patella is rotated more than 10°
off the frontal plane [19], and they show more severe
development of valgus angulations with knee flexion
compared to full extension [20], which is quite common,
especially in patients with severe deformities of the lower
extremity. Alternative methods for quantification of limb
length discrepancies and rotation deformities are CT and
ultrasound examinations [4–6]. CT provides the best
assessment of osseous structures [21] but is again very
limited by the disadvantage of radiation exposure. Ultra-
sound, on the other hand, cannot offer the high accuracy
obtained by radiographic methods [5, 8].

MRI represents the most accurate imaging modality for
evaluating soft-tissue and cartilage [19], making it the
standard of reference, especially for the diagnosis of knee
injuries. When applying MRI, no radiation exposure is
required. However, until now, MRI measurements have
only been introduced into the diagnosis of leg deformities
for femoral anteversion in pediatric patients with femoral

Table 1 Intraobserver reproducibility of length analysis of the
acrylic glass phantom (phantom 1), torsion analysis of the femur
phantom (phantom 2), and anatomical axis analysis of the tibia
phantom (phantom 2)

MAD 95% CI Pa

Length (mm)

Observer 1 0.02 −0.04 to 0.10 0.4

Observer 2 0.03 −0.07 to 0.13 1.0

Observer 3 0.03 −0.07 to 0.13 1.0

Torsion (°)

Observer 1 0.98 0.34 to 1.66 0.7

Observer 2 1.02 −0.65 to 2.65 0.1

Observer 3 0.93 −0.44 to 2.24 0.6

Axis (°)

Observer 1 0.15 −0.17 to 0.57 0.6

Observer 2 0.17 0.01 to 0.33 0.2

Observer 3 0.23 −0.18 to 0.64 0.2

MAD Mean absolute difference, 95% CI 95% confidence interval
aStatistical signficance of a one-sample t-test

Table 2 Interobserver reproducibility of length analysis of the
acrylic glass phantom (phantom 1), torsion analysis of the femur
phantom (phantom 2), and anatomical axis analysis of the tibia
phantom (phantom 2)

MAD 95% CI

Length (mm) 0.04 −0.08 to 0.16

Torsion (°) 1.31 −0.26 to 2.88

Axis (°) 0.22 −0.21 to 0.65

MAD Mean absolute difference, 95% CI 95% confidence interval

Table 3 Accuracy of length analysis of the acrylic glass phantom
(phantom 1), torsion analysis of the femur phantom (phantom 2) and
anatomical axis analysis of the tibia phantom (phantom 2) based on
comparison of MRI measurements and physical measurements with
micrometer screw and goniometer

MAD 95% CI

Length (mm) 0.03 −0.07 to 0.13

Torsion (°) 0.98 −0.24 to 2.20

Axis (°) 0.18 −0.13 to 0.49

MAD Mean absolute difference, 95% CI 95% confidence interval
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rotation osteotomies [11] and growth-plate changes in tibia
vara prior to oblique osteotomy or tibial hemiepiphysio-
desis [12]. These applications are based on axial MRI
images at the center of the main magnetic field and, hence,
the gradient fields used for image reconstruction. There-
fore, spatial distortions at the borders of the FoV have
minor or no impact on measurement results.

On the other hand, long-range measurements across the
entire FoV will certainly produce an underestimation of
acquired distances, since the gradients in the three imaging
planes lose strength at the imaging margins. The scanned
object seems to be “shrunk” and measurements at the
imaging margins will present too short distances in all three
planes. In the comparative study by Leitzes et al. [10], this
effect was shown on cadaveric femurs at an FoV of 460–
480 mm, producing a mean absolute difference of −2.9 mm
as compared to gross caliper measurements. To our
knowledge, this has been the one single publication that
investigated possible length measurement differences
comparing radiography, CT, and MRI.

In our phantom study, we were able to show that the
effects of spatial distortions generated by gradient field
inhomogeneities at the imaging borders can be completely
avoided. This was done by using the largest possible FoV
(400 mm) in the frequency encoding direction and halving
the FoV in the phase encoding direction, i.e., z-direction
acquiring coronal images. Therefore, each single coronal
image produced data of exactly 200 mm in length in the
z-axis. To eliminate wraparound artifacts, 100% phase
oversampling was utilized. Five consecutive table positions
without gap or overlap in the z-direction covered 1,000-
mm leg length, which was sufficient to evaluate our
patients. Longer legs necessitate a further imaging position.
Applying this technique excluded errors induced by spatial
distortions due to field inhomogeneities and produced
accurate and reproducible measurements across long
distances, as compared to gross length measurements.

To ensure true coronal imaging, the lower limb was
supported with cushions and pads of increasing thickness
from the knees to the ankles. Patient movement was

minimized by fixing straps. Additionally, the image
acquisition time was kept as short as possible. This was
done by using the maximum gradient strengths in all three
imaging planes and an increased bandwidth (500 Hz/pixel).
With this, TE and TR were shortened to a minimum while
supplying the needed number of slices (this might easily be
reduced further), and the imaging time for the entire leg
length was 125 s. The resulting intermediate contrast
weighting was useful for this investigation, since anatom-
ical details were accurately displayed. The increased
bandwidth created the additional advantage of minimized
chemical shift artifacts. This is important to accurately
delineate cortical bone in an area containing lipids (yellow
bone marrow).

In contrast to Leitzes et al. [10], we did not use any
surface coils. The application of a surface coil for the
investigation of a cadaveric femur at one imaging position
is useful to increase the signal-to-noise ratio. This would
have been valuable for a patient study as well, since
imaging time could have been reduced further. On the other
hand, in a patient study both legs would have to be covered
completely with surface coils, which is possible with
existing coil array systems of recent MR scanners. But the
time for correct positioning of the patients’ legs to obtain
true coronal images would markedly increase. Since the
signal-to-noise ratio in our images (Figs. 4 and 5) was
sufficient to perform measurements, we preferred to
acquire the images with the built-in body coil of the
scanner.

The TSE sequence was selected for two reasons. First, in
comparison with SE sequences, the signal that is
collectable in a certain amount of time with given
weighting and slice numbers is higher. Second, for
anatomical imaging, TSE sequences are preferable in
comparison with other sequence types since the sensitivity
for susceptibility artifacts that arise at bone-soft tissue
borders is very low. Therefore, cortical bone will be
visualized as accurately as possible. In contrast, gradient
echo sequences are very sensitive for field inhomogeneities
and other artifacts. The intermediate, somewhat T1-

Table 4 Differences in leg length measurement and HKA angle measurement between long radiographs (upright position) and the MRI
technique (supine position) in patients with genu varum and genu valgum

Leg length (cm) HKA (°)

LR MRI Differencea (%) LR MRI Differencea (%)

Total 85.1±6.0 83.1±6.0 −2.8±0.7* 3.7±8.8 4.2±7.2 −32.6±82.0
Genu varum 83.5±5.6 81.4±5.4 −3.0±0.4* 8.2±4.9 7.6±4.4 −5.0±24.1
Genu valgum 87.0±5.6 85.2±6.0 −2.6±1.1* −8.5±2.4 −4.9±2.9 −127.6±128.6*

Data are presented as mean values ± standard deviation
LR Long radiograph, MRI magnetic resonance imaging
*P<0.05
aDifference represents overestimation (+) or underestimation (−) of leg length or HKA by MRI in percent
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weighted imaging resulted from the minimized TE and TR,
which was done to increase image acquisition speed.

In our phantom study we were able to show that MRI
offers a highly reproducible and accurate tool for the
measurement of length, torsion, and axis, independent of
field of view limitations and magnetic field inhomogene-
ities. The analysis of the MADs revealed that intra- and
interobserver reproducibilities were smaller as compared
with the studies of Leitzes et al. [10], Sabharwal et al. [22],
and Terry et al. [23]. These authors measured limb length
with MRI scanogram, CT scanogram [10], full-length
standing radiographs [22], and clinically [23] and compared
their data with supine radiographic scanograms [10, 22, 23].
They also calculated intraclass correlation coefficients
(ICC). That was not possible in our setting, since the gold
standard in our phantom studies was mechanical measure-
ment with high-precision instruments. The ICC can only be
calculated if the intraobserver variation (and also the
variation within the gold-standard measurements) is greater
than zero, which is not the case in our study.

In applying the described technique to patients in the
given setting with genu varum and genu valgum, we
focused on the determination of leg length and leg axis.
Again we could show high accuracy for our MR technique.
Due to the fact that any cross-sectional MRI-based
measurements are not hampered by projectional length
distortion as in radiography, it was expected that long
radiographs would overestimate the length of the leg when
compared to MRI. According to the intercept theorem, a
given true leg length of 80 cm will be displayed as 83.4 cm
on radiographs with a film-to-focus distance of 250 cm and
an estimated distance from the femoral head and the ankle
joint to the film of 15 and 5 cm, respectively. That
represents an overestimation with long radiographs of
4.3%. The overestimation of the radiographs compared to
MRI measurements described herein was lower than
expected. Although it is known that radiographs obtained
with the patient standing and those obtained with the
patient supine reveal high level correlation regarding leg
length [24], the severe deformities in our patients might
explain the slight deviation.

Regarding limb axis we could furthermore show that the
effect of full weight bearing was not relevant for the
diagnosis of varus malalignment. We saw an under-
estimation of only 0.5±1.0° with the MRI technique.
That is in good agreement with the findings of Brouwer et
al. [25] showing an average of only 2° less varus deviation
in the supine position than in the standing position using
radiographs.

Basically, the accuracy of in-plane measurements in
every acquired image corresponds to the pixel size. The
image resolution is virtually enhanced by interpolation of
all visualization systems (e.g., monitor, digital laser print).
Therefore, the displayed measurement accuracy as given
by all software tools in clinical practice is higher than the
acquired pixel resolution. This basic principle has to be

kept in mind for the analysis of the accuracy of every
image-based measurement in medicine.

The fact that valgus malalignment was not registered as
accurately as varus malalignment by the new MRI
technique shows one limitation of this method. These
findings support the concept of increased ligament stiffness
in varus osteoarthritis [26] and the well-known weakening
of the medial knee joint stabilizers in valgus malalignment
[27]. So some deformities that depend not only on the
bones but also on the joint stability and cartilage
morphology can probably not be assessed correctly without
simulation of the body weight [28, 29]. In the future this
limitation should be solved with an MRI-compatible
weight-bearing apparatus. However, in posttraumatic or
hereditary deformities, the problem is mostly restricted to
the bones [3], which can be assessed very accurately with
our new MR technique. As we showed with our phantom
study, the presented MRI technique can accurately
determine length, axis, and torsion of a solid body.
However, due to concerns regarding metal artifacts, MRI
shows limited applicability for the planning and control of
corrective surgery as long as metal implants are in situ.

Applying the presented MRI technique, reproducible
and accurate data from patients in supine position on leg
length, axis and torsion are available. The only method that
provides comparable data is CT, including a scanogram and
axial scans. The acquisition time for both methods is
approximately the same, 4–5 min. Besides the lack of
radiation exposure, MRI has the advantage that further
information on the soft-tissue structures, especially the
knees, would be available in the same session.

In conclusion, this paper shows that the presented MRI
technique offers a highly accurate tool for the measurement
of length, torsion, and axis, as shown in the phantom study.
Selecting optimized MRI techniques excludes spatial
distortions that might hamper measurements or image
fusion that occurs with other modalities. In the patient
study, varus deformities were registered accurately, while
in valgus knees, a significant difference in leg length and
leg axis compared to long radiographs was found. This
effect is caused, on one hand, by the projectional
inaccuracy of conventional radiography, and, on the other
hand, even more by the effect of different assessment
positions. So, the influence of body mass is more
pronounced in loose valgus knees than in tight varus knees.

This radiation-free technique can be used for an accurate
analysis of lower limb deformities and thus for improved
planning prior to corrective surgery if the deformities are
limited to the bones. If an additional effect of joint instability
is relevant for axis deformity, the technique needs to be
improved by simulating the influence of body weight.
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