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Abstract

Resumo

Deformities of the lower limbs are a common condition and can lead to changes in gait, as well as affecting the function and lon-
gevity of the hips, knees, and spine. A systematic approach is essential to achieve the desired therapeutic result with the lowest
rate of complications. Panoramic radiography is a widely available, low-cost method that is commonly used in order to assess the
length and angular deformities of the lower limbs, by measuring the length and angular deviations of the axes. However, because
the combination of lower limb deformities in two or three orthogonal planes is common, conventional radiography lacks accuracy
because it is a two-dimensional imaging method. Therefore, the measurements of valgus/varus deformities on X-rays restricted
to the coronal plane will present increasing variations in measurements depending on the degree of flexion/recurvatum align-
ment, anomalous bone torsions, or, last but not least, inappropriate patient positioning. Low-dose biplanar stereoradiography using
three-dimensional models increases the accuracy of the measurement of several parameters used in the evaluation of lower limb
alignment, including lengths, axes, and tibial/femoral torsions, parameters that could previously be evaluated only by computed
tomography. Stereoradiography also makes it possible to perform a head-to-toe evaluation, as well as to evaluate the interactions
among the lower limbs, pelvis, and spine.

Keywords: Radiography; Lower limb; Lower extremity deformities; Diagnostic imaging.

As deformidades dos membros inferiores sao uma condicao comum e podem levar a alteracées da marcha e afetar a fungao e
longevidade das articulacoes do quadril, do joelho e da coluna. Uma abordagem diagndstica sistematica é essencial para de-
finir o tratamento e alcancar o resultado terapéutico desejado com a menor taxa de complicacoes. A radiografia panoramica é
frequentemente utilizada para caracterizar as deformidades dos membros inferiores por meio de medidas de comprimento e
desvios angulares dos eixos, além de se tratar de um método de baixo custo e alta disponibilidade. No entanto, como é frequente
a combinacao de deformidades em dois ou trés planos ortogonais dos membros, a avaliacao radiografica perde acuracia por se
tratar de um método de imagem bidimensional. Nesse sentido, deformidades em valgo/varo avaliadas radiograficamente no plano
coronal apresentarao variacoes crescentes nas medidas dependendo do grau de flexao/recurvatum, torcoes 6sseas andmalas
ou, nao menos importante, um posicionamento inadequado. A estereorradiografia biplanar de baixa dose, por meio de modelos
tridimensionais, permite obter medidas mais acuradas de varios parametros usados na avaliacao das deformidades dos membros
inferiores, incluindo comprimentos, eixos e as torcoes tibial e femoral, antes disponiveis apenas pela tomografia computadorizada,
com a vantagem de ser realizada em posicao funcional com carga. Além disso, por permitir uma avaliagao global da cabeca aos
pés, abre uma nova perspectiva de compreender a inter-relacdo das deformidades dos membros com o posicionamento da bacia
e com as deformidades da coluna.

Unitermos: Radiografia; Membro inferior; Deformidades congénitas dos membros; Diagnéstico por imagem.

INTRODUCTION

such deviations persist, they can lead to gait dysfunction,

Deformities of the lower limbs can originate from
soft-tissue disorders (musculotendinous, capsuloligamen-
tous, chondral, or meniscal disorders) or from the bone
tissue itself, and can be developmental or acquired'”. Axis
deviations in the coronal plane are commonly observed in
developing children and are usually corrected by physi-
ological mechanisms typical of growth®. However, when
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predisposing to joint changes such as chondropathy, insta-
bility, and, occasionally, early osteoarthritis'®, Among the
acquired causes of axis deviations in pediatric patients,
trauma is the most common; trauma can cause deformities
due to fractures, especially physeal or transphyseal frac-
tures, repetitive stress on the growth plate, or osteochon-
dral injuries'”. In adults, the predominant cause of such
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deviations is degenerative joint deformity (osteoarthritis),
which is associated with deviation of the mechanical axes
of the lower limbs, creating a vicious cycle that results in
progression of the deformity and degeneration.

Difficulties in establishing an accurate diagnosis and
treatment plan often stem from divergences between the
physical examination findings and the imaging findings.
To understand the origin of divergences and errors arising
from the radiographic evaluation, Lazennec et al.®® con-
ducted a study using measurements of the femorotibial
angle, defined as the angle between the mechanical axes
of the femur and tibia, in order to characterize valgus
and varus deformities of the knees. The authors found
a divergence of almost 6° in the coronal mechanical axis
measurements in patients who exhibited more than 7° of
concurrent flexion or recurvatum alignment. In 12% of
the extremities evaluated by the authors, the varus/valgus
alignment of the knees in the three-dimensional (3D) im-
ages was completely opposite of that observed in the two-
dimensional (2D) images, diverging 0.15° in varus/valgus
for each degree of increase in femoral torsion and 0.05°
for each degree of increase in tibial torsion. In another
study designed to show the magnitude of error of coronal
angular measurements on radiography”, with rotations
and twists varying from —20° to +20°, recorded a change
in the mean values for the lateral distal mechanical femo-
ral angle (from 90.6° to 86.8°), the medial proximal tibial
angle (from 90.3° to 88.5°), and the distal lateral mechan-
ical tibial angle (from 98.9° to 90.5°).

In cases in which the deformity is combined in two or
three planes (axial, coronal, and sagittal), the difference
between the measured and actual severity of the deformity
is significant®, potentially changing the planning of the
osteotomy.

PREVALENCE OF COMBINED DEFORMITIES

The concurrence of changes in more than one plane
has been observed in the pediatric population. For exam-
ple, among adolescent males, the reported incidence of
coronal deformity accompanied by physiological flexion is
close to 4%. Coronal deformity can also occur concomi-
tantly with torsional alterations'”’. From adolescence on-
wards, recurvatum alignment becomes more pronounced
and more prevalent, the reported prevalence being 10-12%
in young adults""; and reaching up to 38% in individuals
between 40 and 60 years of age'?. Among young adults,
the prevalence of alterations in tibial torsion (mostly an in-
crease in external tibial torsion) in conjunction with tibia
vara has been shown to be 46%".

Another subpopulation to pay special attention to
when evaluating the deformity is that of adults and elderly
people with severe osteoarthritis, as this condition often
involves muscle contractures, which result in some degree
of flexion or hyperextension. The prevalence of the loss of
full knee extension has been reported to range from 8%
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in elderly people with good functional status to 75% in
the institutionalized population, and such loss is primarily
unilateral .

FEATURES OF STEREORADIOGRAPHY

Biplanar stereoradiography is an imaging system per-
formed in a standardized booth, with two detectors ar-
ranged orthogonally in an “L” and two collimated X-ray
emitters that allow head-to-toe scanning, providing si-
multaneous frontal and profile images of a patient in the
standing position, with a single scan (in 20 s for full body
for adults and 15 s for children) that produces a seamless,
life-size image (on a 1:1 scale) with no vertical distortion.
The system uses a gas chamber interposed between the
X-ray emitting tube and the detector (Charpak chamber)
which multiplies the quantity of photons that will sensi-
tize the detector. That principle, which earned the Nobel
Prize in Physics in 1992 is responsible for the lower
radiation dose—85% lower than with conventional radiog-
raphy with the low-dose technique and 96% lower with the
micro-dose technique; that is, 2.6 pSv in stereoradiogra-
phy versus 67.5 pSv in conventional radiography'>'®—as
well as for the image quality, which is similar or superior
to that of conventional radiography'.

After some reference points have been demarcated
in a 2D image, integrated software uses the simultaneity
and orthogonality of the images to generate a 3D model of
the bone envelope!”. These 3D anatomy models provide
measurements of lengths, angular deviations of the axes,
and bone torsion (of the femur or tibia), as well as of the
femorotibial rotation, which is the rotation of the tibia in
relation to the femur in the knee. The length of the fe-
mur is measured from the center of the femoral head to
the center of the intercondylar notch, whereas that of the
tibia is measured from the center of the tibial plateau to
the center of the tibial plafond'”. The sum of the femo-
ral and tibial lengths results in the anatomical length of
the limb and does not include the thickness of the knee
joint space. The functional length of the limb is the direct
measurement from the center of the femoral head to the
center of the tibial plafond, including the thickness of the
knee joint space!'®. On stereoradiography (Figure 1), the
frontal plane is defined by the tangent line that passes pos-
teriorly to the femoral condyles”.

The measurements performed by stereoradiography
largely follow those defined in the literature for conven-
tional radiography!'®, with some particularities such as
the pelvic tilt, which, in stereoradiography, is measured
between the acetabula, using a horizontal line tangential
to the acetabular roofs as a reference, similar to the line
of horizontal femoral reference described by O’Brien et
al.1"?, Measured in this way, the pelvic tilt indirectly re-
flects the difference in the functional lengths of the limbs
(including the foot height), which is not true for the tilt
referenced in the iliac crests?.
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Figure 1. Femoral and tibial reference axes are automatically determined and projected in the axial plane to identify femoral and tibial torsions, respectively,
from the 3D models. The reference axes of the femur include a proximal axis, which passes through the center of the femoral head and the center of the base
of the neck (A), and a distal axis, which is tangential to the posterior aspect of the femoral condyles (B). The reference axes of the tibia also include a proximal
axis, which is tangential to the posterior aspect of the tibial condyles (A), and a distal axis, which is the line joining the center of the malleolus (B). The frontal
plane in stereoradiography is defined by the center of the femoral head and the tangent line to the posterior aspect of the femoral condyles (blue triangle in B).
C: View of the lower limbs from above.

On panoramic radiographs, the assessment of the
mechanical axes can be inaccurate (deformities in more
than one plane); even on supine radiographs or computed
tomography (CT) scanograms, the length can also be mea-
sured incorrectly, either by inherent radiographic magni-
fication or by the presence of fixed flexion or recurvatum
alignment®1:2?),

Stereoradiography is a good alternative to CT when
evaluation of limb torsion is required, with the advantage
of using less ionizing radiation and the possibility of in-
tegrating data on coronal and sagittal axis deviations, be-
cause it is performed in a functional position with weight-
bearing®®. Panoramic radiography and CT can both allow
poor positioning of the feet and lower limbs during image
acquisition(“’%), including rotation of the hips, knees, and
ankles, which would affect the proper measurement of the
femorotibial angle!!”. The technical characteristics of bi-
planar stereoradiography control most of those factors. In
a study evaluating 30 femurs in neutral positions®, with
10° of abduction, 10° of adduction, 5° of flexion, and 10°
of flexion, demonstrated the accuracy of stereoradiogra-
phy for the characterization of femoral torsion as indepen-
dent of femoral positioning, showing that it is preferable to
CT. The authors of that study found that, on CT, the angle
of femoral torsion varied with the position of the femur,
and hip flexion significantly reduced that angle.

Comparative studies evaluating the torsional profile
have shown that stereoradiography was associated with
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shorter examination times, greater accuracy, and an up to
95% reduction in radiation exposure in comparison with
CT?327), Another important factor that may result in
a lower rate of errors related to stereoradiography is the
single exposure for simultaneous acquisition in two or-
thogonal planes, which reduces the number of movements
between one acquisition and another!”. Stereoradiogra-
phy has some limitations. For example, its image quality
for fine bone details is lower than is that of conventional
radiography, although that does not change the overall as-
sessment or angular measurements®
radiography and CT, stereoradiography has no sensitivity
in soft tissues or ligaments. The measures of patellar trans-
lation—the tibial tuberosity-trochlear groove (TT-TG) dis-
tance—have not been validated, and it is not possible to

. Like conventional

perform a 3D reconstruction of the patella by stereoradiog-
raphy??. In addition, it is not feasible in all cases, because
the patient must remain in the supine position for 10 s (for
a lower-limb acquisition), a time similar to that required
for the acquisition of a weight-bearing X-ray®”.

3D BIPLANAR STEREORADIOGRAPHY AND THE
CHALLENGES IN ASSESSING DEFORMITIES OF
THE LOWER LIMBS

Decisions regarding bone-lengthening procedures or
soft tissue surgery to correct bone deformities, as well as
regarding the therapeutic follow-up of such deformities,
demand the precise characterization of the shortening and
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Figure 2. A: Preoperative and postoperative parameters in a 14-year-old female patient with pain and latent deformity of the right hip, with flattening of the
femoral head, shortening of the femoral neck, and approximation of the greater trochanter in relation to the anteroinferior iliac spine. Preoperative evaluation
by stereoradiography (B) showing recurvatum alignment (14° in the right knee and 13° in the left), a difference between the anatomical and functional lengths,
and a 2.2 cm lower pelvic tilt on the right, together with accentuation of the right femoral torsion (anteversion of 41°). There was no angular deviation (valgus
or varus). C: Postoperative epiphysiodesis showing a reduction in the difference in limb length and pelvic tilt (which was reduced to 1.3 cm). Reduction of the
right recurvatum alignment (from 14° to 8°), as well as of the right femoral anteversion (from 41° to 33°, 3D axial view from above) was demonstrated. CCD,

caput-collum-diaphyseal; L., length.

the angular deformities®”. As depicted in Figure 2, stereo-
radiography has proven to be a useful tool for the preop-
erative assessment of the lower limbs!'”). Limb deformities
often occur in more than one of the three planes, which
represents a challenge in the 2D assessment. However, for
didactic purposes, they are listed here one by one.

Length discrepancies

In the stereoradiographic assessment, the functional
limb length is the direct 3D measurement of the distance
between the center of the femoral head and the upper
contour of the talar dome, therefore, including the knee
articular interline, whereas the anatomical length is cal-
culated by summing the 3D measurements of the femur
(from the center of the head) and tibia, without taking
into account the thickness of the articular interline. As
a general rule, the functional lengths directly reflect the
degree of pelvic tilt (measured between the acetabula).
Therefore, in cases in which such measurements are dis-
crepant, attention should be directed to the foot height in
order to identify asymmetries in the plantar arches, which
can also be measured by biplanar stereoradiography. On
panoramic radiographs, misunderstandings regarding the
limb length discrepancy may arise from their inability to
measure differences in foot height®". Similarly, func-
tional limb length less than the anatomical length should

Radiol Bras. 2022 Mar/Abr;55(2):104-112

direct attention to deviations in valgus, varus, flexion, or
recurvatum alignment®"| as illustrated in Figure 3.

Angular deviations

The characterization of an angular deformity has two
main requirements: the limb studied must be placed with-
in a system of Cartesian planes in relation to a reference
plane; the limb must be under a physiological load. In the
lower limbs, the reference plane is the coronal plane of
the knee, that is, the plane that is tangential to the pos-
terior aspect of the femoral condyles and orthogonal to
the ground. That defines how the knee is seen from the
front and the degrees of deformity that should be under-
stood as valgus/varus and flexion/recurvatum alignment.
The medial proximal tibial and mechanical lateral distal
femoral angles are automatically calculated from the 3D
stereoradiography models. Because all measurements are
based on 3D models of the limb, variations in positioning
during acquisition do not affect the accuracy of stereo-
radiography. That gives stereoradiography a considerable
advantage over panoramic radiography, which depends
on the correct positioning, the reference being the patella
centered on the femur, regardless of the position of the
feet'®). The success of this radiographic view depends on
the availability of a fluoroscope for real-time positioning
or on the experience of the radiology technician. Without
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Figure 3. An evaluation performed exclusively in the frontal plane may be limited in cases of complex deformities, producing false results for the mechanical
axes. Patient with bilateral recurvatum alignment on physical examination. A,B: A routine analysis only in the frontal plane showed a difference of 1.7 cm in the
functional length of the lower limbs, 2° of mechanical varus malalignment of the right knee, and neutral alignment of the left knee. C: CT showing prominence
of the anterior tibial tuberosity, with slight tendon ossification and hypoplasia of the tibial condyle on the left. In the 3D evaluation (D), it was evident that there
is no difference in the anatomical length of the lower limbs (table). The sterEOS software determines the 3D frontal and sagittal planes for each knee, and the
result was mechanical valgus of 3° on the right and valgus of 11° on the left, together with marked bilateral recurvatum alignment. L., length; HKA, hip-knee-
ankle; MAF, mechanical axis of the femur; MAT, mechanical axis of the tibia; FtR, femorotibial rotation.

those resources, the level of exposure to radiation is poten-
tially increased. In addition, the patella is a reference that
can be criticized, because, in cases of trochlear dysplasia
or ligament laxity, it may be lateralized and will give an
incorrect impression of the coronal plane of the knee (Fig-
ure 4), with consequent measurement errors®?,

Studies have demonstrated the importance of evaluat-
ing axes under a load. In studies evaluating 20, 70, and 85
(3335 "4 two-degree difference between the femoro-
tibial angle measured on images acquired in the standing
position and that measured on those acquired in the su-
pine position was found, as was a difference of 1.8° in the
measurements of the joint line convergence angle, consid-
ered a predictor of the correction of coronal deviations af-
ter medial high tibial osteotomy, as well as an indicator of
ligament laxity, making it clear that a study in the standing
position is needed in order to complement the assessment
of the degree of stability®®.

In a recent study conducted by Jud et al.?®, 2D pro-
jections were considered insufficient to represent the 3D

knees

anatomy of the joint. Therefore, substantial differences
between 2D and 3D methods in the representation of
the tibial plateau, as well as in the alignment of the lower
limbs with or without weight-bearing, can lead to a con-
siderably different impression of the preoperative anatomy

(Figure 5), which can influence the surgical planning®®.
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That study evaluated measurements of the femorotibial
mechanical axis, comparing 2D biplanar stereoradiog-
raphy of the entire limb with a scanogram in which the
knees were extended in the supine position for computed
tomography (2D without load) and with a 3D reconstruc-
tion of the same tomographic acquisition (3D without
load). The authors concluded that considering both the
3D anatomical factors and those related to the standing

position is a necessity in the planning of osteotomies®®.

Rotational deviations

Rotational and torsional abnormalities in the axial
plane are poorly evaluated on conventional radiographic
studies and are therefore underdiagnosed'”. In addition
to causes related to foot deformities (metatarsus adductus
and valgus flatfoot), rotational abnormalities of the lower
limbs may result from increased internal tibial torsion or
femoral anteversion, as well as external tibial torsion or
femoral retroversion®®?),

The measurements of femoral and tibial (bone) torsion
provided by stereoradiography are equivalent to those of
CT and are based on the same reference points described
in the bimalleolar method defined by Reikeras et al.?%), be-
cause that is the method that shows the greatest reproduc-
ibility. With that method, the evaluation of torsion can be
carried out only in patients over five years of age, because

Radiol Bras. 2022 Mar/Abr;55(2):104-112
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Figure 4. Seven-year-old patient, with joint hypermobility, under investigation for varus. Scanogram acquired in a standing position (A) showing bilateral tibial
varus deformity (medial proximal tibial angle < 85°), with a femorotibial angle of 4° on the right and 3° on the left. It was not possible to evaluate recurvatum
alignment. Low-dose biplanar stereoradiography (B,C) and corresponding 3D modeling (D) showing that there was no significant deviation of the mechanical
axis (varus of 1° in the right knee and 2° in the left knee - E, Table) and demonstrating marked recurvatum alignment of both knees (22° on the right and
20° on the left), with increased femorotibial rotation, possibly secondary to joint hypermobility. The marked recurvatum alignment, together with the rotation,
created the false impression of genu varus on the scanogram. L., length; HKA, hip-knee-ankle; MAF, mechanical axis of the femur; MAT, mechanical axis of the

tibia; FtR, femorotibial rotation; CCD, caput-collum-diaphyseal; L., length.

it depends on the mineralization of the secondary ossifica-
tion nuclei. From the 3D models, the two reference axes of
the femur and the two reference axes of the tibia are au-
tomatically determined and projected in the axial plane to
determine the degree of femoral and tibial torsion, respec-
tively. The reference axes of the femur include a proximal
axis, which passes through the center of the femoral head
and the center of the base of the neck, and a distal axis,
which is tangential to the posterior aspect of the femoral
condyles. The reference axes of the tibia also include a
proximal axis, which is tangential to the posterior aspect
of the tibial condyles, and a distal axis, which is the line
joining the center of the malleolus. Compared with CT,
stereoradiography reduces the bias of selection of the axial
slice to determine the axis of the femoral neck, referred to
as the main difficulty and capable of strongly influencing
the values of measurements on axial CT®?.

To correlate the torsional deviations of the lower limb
with the gait pattern, the index of cumulative torsions
(ICT) is calculated®®. The ICT is the sum of the femoral
and tibial torsion angles, and by convention, the negative
internal torsion (the femur commonly presents internal
torsion) and positive external torsion (the tibia commonly
presents external torsion). The ICT (normal range: +10°
to +20°) reflects the degree of rotation of the foot during
walking, being a dynamic angle (Fick angle, for which the

Radiol Bras. 2022 Mar/Abr;55(2):104-112

normal range of external rotation is +5° to +18°). Adding
a weak (negative) femoral torsion to a medium/high (posi-
tive) tibial torsion results in a high ICT (> +20°), whereas
adding a medium/high femoral torsion to a weak tibial tor-
sion results in a low ICT (< +10°). The static position of
the foot in the anteroposterior radiographic view approxi-
mately reflects the step angle when the hips are neutral ).

When the ICT differs from the static position of the
feet, it should be noted whether there are compensatory
mechanisms in the knees or hips. More commonly, in
cases with a low ICT (increased femoral torsion), there
is internal rotation of the hip to reestablish the hip ab-
ductor moment arm, with consequences for the range of
motion of the hip®"*?. This pattern of compensation is
not consistent across individuals, being more common in
those with functional deficiency of the hip abductor mo-
ment arm, and may not manifest in patients with adequate
gluteal muscle strength®". Within this chain of compen-
sation, it is possible for the pelvis to adapt by anteversion
(reducing the pelvic tilt angle and increasing the sacral tilt
angle) or retroversion (as occurs in the biomechanical in-
terdependence of the pelvis, hip, and spine), as described
in various studies*®. However, to our knowledge, there
have been no studies directly assessing the effects that de-
formities of the lower limbs have on the position of the
pelvis. In addition, other factors extrinsic to the femur and
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Figure 5. A 16-year-old male patient with gait alteration and with mild claudication on the right. A: Fluoroscopy for reconstruction of the anterior cruciate liga-
ment of the right knee performed eight months prior. B,C: Stereoradiography showing valgus of 5° on the right and varus of 5° on the left, with femoral and
tibial deformities, defined by abnormal mechanical lateral distal femoral and medial proximal tibial angles. There was a difference in the anatomical lengths
of the left and right femurs (85.4 cm and 83.8 cm, respectively), albeit less pronounced than the pelvic tilt (explained by valgus), together with recurvatum
alignment (D, Table). Progressive deformity of the right leg was associated with early closure of the lateral aspect of the distal femoral physis. In this case,
stereoradiography facilitated the diagnosis and surgical planning, providing information beyond that obtained by conventional radiography. MAF, mechanical
axis of the femur; MAT, mechanical axis of the tibia; CCD, caput-collum-diaphyseal; L., length.

tibia should be considered, such as foot deformity (meta-
tarsus adductus or metatarsus primus varus). These condi-
tions can be additive or compensatory*¥.

A compensated torsional profile may lead to a false-
negative perception of foot rotation on clinical assessment
by simple physical examination or by 2D conventional ra-
diography. Situations in which increases in femoral rota-
tion (positive) are associated with marked tibial rotation
(negative) may cause the axis of rotation of the foot to align
with that of the direction of gait progression, reducing the
clinical suspicion of rotational abnormalities. Painful man-
ifestations related to friction syndromes and patellofemoral
dysfunction may have their origins in rotational misalign-
ments that are not visible on X-rays. When evaluating pa-
tients with patellofemoral pain, it is imperative to consider
the rotational profiles of the femur and tibia®>, which will
inform the therapeutic decision-making process.

Image evaluation proposal

An overview of some of the data provided by the system
is presented in Figure 6. The figure also shows a proposal
for the flow of patients through the evaluation process.
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FINAL CONSIDERATIONS

Various studies have shown that there is a high in-
cidence of concomitant deviations of the lower limbs in
more than one orthogonal plane. These combinations in
varus and valgus with flexion or recurvatum alignment and
rotational deformity reduce the accuracy of conventional
radiography in measuring lengths and axes, because the
method produces a 2D image based on the projection of
a volume onto a reference plane, therefore being highly
position-dependent, as well as having inherent magnifica-
tion. Despite providing information in 3D, CT is limited
by its high level of radiation and its inability to examine a
patient in a functional (standing) position. Stereoradiogra-
phy allows the characterization of multiplanar deformities
under a load, with little dependence on patient position.
Accurate measurements are the basis for more appropri-
ate planning of the treatment of deformities of the lower
limbs, with better results and lower complication rates. In
addition, by enabling a broad study of the limbs or even
the total body, it provides new perspectives on the recogni-
tion of compensatory mechanisms and the relationships
among the spine, hips, and lower limbs.

Radiol Bras. 2022 Mar/Abr;55(2):104-112
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SUSPICION ON PHYSICAL EXAMINATION OR CLINICAL HISTORY OF CONCOMITANT DEFORMITIES IN MULTIPLE PLANES

(pronounced osteoarthritis, flexion/recurvatum, or muscle contractions )*

Knee MRI

Chondral lesions

Meniscal lesions
Musculotendinous lesions
Capsuloligamentous lesions

Changes in leng Coronal/sagittal deviation of mechanical axes Rotational/torsional deviation

Reference ranges
Adults? Children®

Mechanical axis of the femur 2om)

mLDFA/MTPA< 85

Pelvic == Functional Flexion/recurvatum

Tilt length

Abnormal ICT Normal ICT
-

Evaluate the step angle (foot position) and compensatory mechanisms
I—lﬁ

Hip abductor moment arm deficiency Hip abductor moment arm sufficiency
| CT) (Co nt

o
. ¢

Evaluation of
plantararch
asymmetry

the hip)

Internal or external hip rotation Pelvic Tilt

<
exposed
| | Greater
trochanter

hidden

iﬂ Qs » “
1 - Greater
~ trochant

a1
Global analysis
(Consider interation of the lower
limbs with pelvis and spine)

Foot height1 Preop. planning’  Postop.management " Ligament Laxity ' Step angle Torsion profile’
Figure 6. Proposal for the flow of patients with suspected deformity in more than one orthogonal plane. Biplanar stereoradiography can provide data about foot
height, the torsional profile, and the step angle, with accurate and validated measurements. After image acquisition, radiologists should determine each set
of measurements related to lengths (functional and anatomical), as well as their relationship with the pelvic tilt and foot height, together with deviation of the
mechanical axis (in the coronal and sagittal planes) and the torsional profile (tibial torsion, femoral torsion, and femorotibial rotation), in order to characterize
the deformity in its entirety. mLDFA, mechanical lateral distal femoral angle; MPTA, medial proximal tibial angle; mLPFA, mechanical lateral proximal femoral
angle; TT, tibial torsion; FT, femoral torsion; Preop., preoperative; Postop., postoperative.

* Examples of contexts in which to suspect concomitant deformities in multiple planes.

1 Data and applications that stereoradiography can provide.
2Reference values for a torsional profile in adults®®.
3Reference values for a torsional profile in children®&27),

REFERENCES

1. Shapiro F. Pediatric orthopedic deformities, volume 2: Developmen-
tal disorders of the lower extremity: hip to knee to ankle and foot.
Ist ed. Springer; 2019.

2. Engel GM, Staheli LT. The natural history of torsion and other fac-
tors influencing gait in childhood. A study of the angle of gait, tibial
torsion, knee angle, hip rotation, and development of the arch in
normal children. Clin Orthop Relat Res. 1974;(99):12-7.

3. Gupta P, Gupta V, Patil B, et al. Angular deformities of lower limb
in children: correction for whom, when and how? J Clin Orthop

. Pirani H, Noori S, Shahmoradi D. Examining the prevalence of lower

body disorders among male lower-secondary education students in

Kermanshah. Int ] Health Life Sci. 2019;5:e85033.

. Stief F;, Bshm H, Dussa CU, et al. Effect of lower limb malalign-

ment in the frontal plane on transverse plane mechanics during gait
in young individuals with varus knee alignment. Knee. 2014;21:
688-93.

. Arangio GA St. Amour-Myers M, Reed ]. Incidence of asymptomatic,

nontraumatic unilateral knee hyperextension in the high school ath-
lete. J Sport Rehab. 1996;5:287-92.

Trauma. 2020;11:196-201. 12. Bains BS, Khoshmaram F, Bains MS. The prevalence of hyper-
4. Brouwer GM, van Tol AW, Bergink AP, et al. Association between extended knee among adults: a cross-sectional survey. Int J Aging

valgus and varus alignment and the development and progression Health Mov. 2019;1:1-4.

of radiographic osteoarthritis of the knee. Arthritis Rheum. 2007; 13. Mollinger LA, Steffen TM. Knee flexion contractures in institution-

56:1204-11. alized elderly: prevalence, severity, stability, and related variables.
5. Felson DT, Niu J, Gross KD, et al. Valgus malalignment is a risk Phys Ther. 1993;73:437—-44; discussion 44—6.

factor for lateral knee osteoarthritis incidence and progression: 14. Illés T, Somoskedy S. The EOS™ imaging system and its uses in

findings from the Multicenter Osteoarthritis Study and the Osteo- daily orthopaedic practice. Int Orthop. 2012;36:1325-31.

arthritis Initiative. Arthritis Rheum. 2013;65:355-62. 15. Dietrich TJ, Pfirrmann CWA, Schwab A, et al. Comparison of ra-
6. Lazennec JY, Chometon Q, Folinais D, et al. Are advanced three- diation dose, workflow, patient comfort and financial break-even of

dimensional imaging studies always needed to measure the coronal standard digital radiography and a novel biplanar low-dose X-ray

knee alignment of the lower extremity? Int Orthop. 2017;41:917-24. system for upright full-length lower limb and whole spine radiogra-
7. Fragomen AT, Meade M, Borst E, et al. Does the surgical correction phy. Skeletal Radiol. 2013;42:959-67.

of tibial torsion with genu varum produce outcomes similar to those 16. Hui SCN, Pialasse JP, Wong JYH, et al. Radiation dose of digital

in varus correction alone? ] Knee Surg. 2018;31:359-69.

8. Morvan G, Guerini H, Carré G, et al. Femoral torsion: impact of
femur position on CT and stereoradiography measurements. AJR
Am ] Roentgenol. 2017;209:W93-W99.

Radiol Bras. 2022 Mar/Abr;55(2):104-112

radiography (DR) versus micro-dose x-ray (EOS) on patients with
adolescent idiopathic scoliosis: 2016 SOSORT- IRSSD “John Sev-
astic Award” Winner in Imaging Research. Scoliosis Spinal Disord.
2016;11:46.

111



Silva FD, et al. / Stereoradiography in the evaluation of the lower limbs

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Guenoun B, Zadegan F, Aim F, et al. Reliability of a new method for
lower-extremity measurements based on stereoradiographic three-
dimensional reconstruction. Orthop Traumatol Surg Res. 2012;98:
506—13.

Paley D, Herzenberg JE, Tetsworth K, et al. Deformity planning
for frontal and sagittal plane corrective osteotomies. Orthop Clin
North Am. 1994;25:425-65.

Spinal Deformity Study Group. Radiographic measurement manual.
Medtronic Sofamor Danek Group Inc. Minneapolis, MN, USA; 2008.
Clarke GR. Unequal leg length: an accurate method of detection
and some clinical results. Rheumatol Phys Med. 1972;11:385-90.
Aaron A, Weinstein D, Thickman D, et al. Comparison of ortho-
roentgenography and computed tomography in the measurement of
limb-length discrepancy. J Bone Joint Surg Am. 1992;74:897-902.
Donnan L. Preoperative assessment for complex lower limb defor-
mity. ] Pediatr Orthop. 2017;37 Suppl 2:S12-S17.

Delin C, Silvera S, Bassinet C, et al. Ionizing radiation doses during
lower limb torsion and anteversion measurements by EOS stereora-
diography and computed tomography. Eur ] Radiol. 2014;83:371-7.
Kawakami H, Sugano N, Yonenobu K, et al. Effects of rotation on
measurement of lower limb alignment for knee osteotomy. ] Orthop
Res. 2004;22:1248-53.

Lonner JH, Laird MT, Stuchin SA. Effect of rotation and knee flex-
ion on radiographic alignment in total knee arthroplasties. Clin Or-
thop Relat Res. 1996;(331):102—6.

Radtke K, Becher C, Noll Y, et al. Effect of limb rotation on radio-
graphic alignment in total knee arthroplasties. Arch Orthop Trauma
Surg. 2010;130:451-7.

Gaumétou E, Quijano S, Ilharreborde B, et al. EOS analysis of
lower extremity segmental torsion in children and young adults.
Orthop Traumatol Surg Res. 2014;100:147-51.

Melhem E, Assi A, El Rachkidi R, et al. EOS(®) biplanar X-ray
imaging: concept, developments, benefits, and limitations. J Child
Orthop. 2016;10:1-14.

Thelen P, Delin C, Folinais D, et al. Evaluation of a new low-dose
biplanar system to assess lower-limb alignment in 3D: a phantom
study. Skeletal Radiol. 2012;41:1287-93.

Picado CHF, Paccola CA]J, Andrade Filho EF. Corre¢do da falha
6ssea femoral e tibial pelo método do transporte 6sseo de Ilizarov.
Acta Ortop Bras. 2000;8:178-91.

Sabharwal S, Badarudeen S, McClemens E, et al. The effect of cir-
cular external fixation on limb alignment. ] Pediatr Orthop. 2008;
28:314-9.

32. Ahrend MD, Finger F, Griinwald L, et al. Improving the accuracy
(e |

112

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

of patient positioning for long-leg radiographs using a Taylor Spa-
tial Frame mounted rotation rod. Arch Orthop Trauma Surg. 2021;
141:55-61.

Brouwer RW, Jakma TSC, Bierma-Zeinstra SMA, et al. The whole
leg radiograph: standing versus supine for determining axial align-
ment. Acta Orthop Scand. 2003;74:565-8.

Paternostre F, Schwab PE, Thienpont E. The difference between
weight-bearing and non-weight-bearing alignment in patient-specific
instrumentation planning. Knee Surg Sports Traumatol Arthrosc.
2014;22:674-9.

Jud L, Roth T, Fiirnstahl P, et al. The impact of limb loading and
the measurement modality (2D versus 3D) on the measurement
of the limb loading dependent lower extremity parameters. BMC
Musculoskelet Disord. 2020;21:418.

Lee DH, Park SC, Park HJ, et al. Effect of soft tissue laxity of the
knee joint on limb alignment correction in open-wedge high tibial
osteotomy. Knee Surg Sports Traumatol Arthrosc. 2016;24:3704—
12.

Gelberman RH, Cohen MS, Desai SS, et al. Femoral anteversion.
A clinical assessment of idiopathic intoeing gait in children. J Bone
Joint Surg Br. 1987;69:75-9.

Reikerds O, Hgiseth A. Torsion of the leg determined by computed
tomography. Acta Orthop Scand. 1989;60:330-3.

Folinais D, Thelen P, Delin C, et al. Measuring femoral and rota-
tional alignment: EOS system versus computed tomography. Or-
thop Traumatol Surg Res. 2013;99:509-16.

Duparc F, Thomine JM, Simonet J, et al. Femoral and tibial bone
torsions associated with medial femoro-tibial osteoarthritis. Index
of cumulative torsions. Orthop Traumatol Surg Res. 2014;100:69—
74.

Westberry DE, Wack LI, Davis RB, et al. Femoral anteversion as-
sessment: comparison of physical examination, gait analysis, and
EOS biplanar radiography. Gait Posture. 2018;62:285-90.

Uemura K, Atkins PR, Fiorentino NM, et al. Hip rotation dur-
ing standing and dynamic activities and the compensatory effect
of femoral anteversion: an in-vivo analysis of asymptomatic young
adults using three-dimensional computed tomography models and
dual fluoroscopy. Gait Posture. 2018;61:276-81.

Pizones J, Garcia-Rey E. Pelvic motion the key to understanding
spine-hip interaction. EFORT Open Rev. 2020;5:522-33.

Lincoln TL, Suen PW. Common rotational variations in children. ]
Am Acad Orthop Surg. 2003;11:312-20.

Bruce WD, Stevens PM. Surgical correction of miserable malalign-
ment syndrome. ] Pediatr Orthop. 2004;24:392-6.

Radiol Bras. 2022 Mar/Abr;55(2):104-112



