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ABSTRACT

This study presents details about the applicability of the new image acquisition system, called the biplanar imaging system, with three-
dimensional capabilities (EOS®) to the treatment of spinal deformities. This system allows radiographic acquisition of the entire body, with
a great reduction in the dose of radiation absorbed by the patient and three-dimensional (3D) stereoradiographic image reconstruction of
bone structures, including the spine. In the case of adolescent idiopathic scoliosis, the analysis of the spinal deformity with 3D reconstruc-
tion allows better understanding of the deformity and surgical planning. In the case of adult spinal deformity, full-body analysis allows an
evaluation of the spinopelvic deformity, including loss of sagittal alignment, in addition to an evaluation of compensatory mechanisms
recruited by the individual in an attempt to maintain the sagittal balance. Level of evidence llI; Descriptive Review.
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RESUMO

O presente estudo apresenta detalhes sobre a aplicabilidade do novo sistema de aquisicdo de imagemn, denominado sistema de imagem biplanar,
com capacidade tridimensional (EOS®) no tratamento de deformidades da coluna vertebral. Tal sistema permite a aquisigdo radiogréfica do corpo
inteiro, com grande reducdo da dose de radiagdo absorvida pelo paciente e reconstrugao estereoradiografica em imagem tridimensional (3D) das
estruturas 6sseas, incluindo a coluna vertebral. No caso de escoliose idiopatica do adolescente, a analise da deformidade da coluna vertebral com
reconstrucdo 3D permite a melhor compreenséo da deformidade e planejamento cirdrgico. No caso da deformidade da coluna vertebral do adulto,
a analise do corpo inteiro permite a avaliagéo da deformidade espinopélvica, incluindo a perda do alinhamento sagital, além da avaliagéo adicional
dos mecanismos compensatdrios recrutados pelo individuo na tentativa de manter o equilibrio sagital. Nivel de evidéncia Ill; Revisao Descritiva.

Descritores: Radiografia; Tecnologia Radioldgica; Coluna Vertebral; Escoliose; Mau Alinhamento Osseo.

RESUMEN

El presente estudio presenta detalles sobre la aplicabilidad del nuevo sistema de adquisicion de imagen denominado sistema de imagen
biplanar, con capacidad tridimensional (EOS®) en el tratamiento de deformidades de la columna vertebral. Tal sistema permite la adquisicién
radiografica del cuerpo entero, con gran reduccion de la dosis de radiacién absorbida por el paciente y reconstruccion estereorradiografica
en imagen tridimensional (3D) de las estructuras ¢seas, incluyendo la columna vertebral. En el caso de escoliosis idiopatica del adolescente,
el analisis de la deformidad de la columna vertebral con reconstruccion 3D permite la mejor comprension de la deformidad y planificacién
quirdrgica. En el caso de la deformidad de la columna vertebral del adulto, el analisis del cuerpo entero permite la evaluacion de la defor-
midad espinopélvica, incluyendo la pérdida de la alineacion sagital, ademas de la evaluacion adicional de los mecanismos compensatorios
reclutados por el individuo en el intento de mantener el equilibrio sagital. Nivel de evidencia Ill; Revisién Descriptiva.

Descriptores: Radiografia; Tecnologia radiologica; Columna vertebral; Escoliosis; Desviacion ¢sea.

INTRODUCTION capacity biplanar imaging system (EOS®).2 Based on an ultrasen-

The technology devised by Professor Georges Charpak,' winner  sitive X-ray detector, the system is capable of limiting the dose of
of the 1992 Nobel Prize in Physics, enabled the development of a  radiation absorbed by the patient, in addition to allowing simul-
new image acquisition system, known as the three-dimensional  taneous image capture in the anteroposterior (AP) and lateral (L)
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two-dimensional (2D) planes of the entire body.>® Simultaneous
acquisition of the image in two planes, when performed in a cali-
brated environment, also allows stereoradiographic reconstruction
of the bone structures and of the spine in a three-dimensional (3D)
image.2® (Figure 1)

With a biplanar imaging system, whole body image acquisition
is performed rapidly, in around 30 seconds? and with a dose of
radiation about 10 times lower than for full spinal radiography.’
Another advantage is life-size imaging without magnification due
to simultaneous capture by two X-ray sources.® Finally, one of the
main features of this imaging system is the ability to obtain images
of bone structures with 3D reconstruction through acquisition in two
planes. This capability depends on the software that uses algorithms
based on statistical models and bone element shape recognition
and a well-trained operator to identify key points in the shape of the
bone elements in question.34

The use of biplanar imaging has evolved considerably in re-
cent years with increasing practical applicability, especially in the
evaluation of spinal disorders.® The objective of this article is an
updated presentation and discussion of the benefits of skeletal im-
age acquisition using a biplanar imaging system, considering spinal
deformities in both pediatric and adult patients.

Adolescent Idiopathic Scoliosis (AIS) is the most common
spinal deformity in clinical practice and affects from 1.5 to 3% of
adolescents.® Although the definition only takes the coronal plane
(angulation greater than 10°) into account,? it is known as a three-
dimensional deformity, in which there is torsion of the spine and
the entire trunk.®

Recognition of the three-dimensional characteristics of this de-
formity has enabled the evolution of fixation systems as observed
over the last few decades, from the Harrington distraction rods of
the 60s (uniplanar correction) to the segmental fixation systems with
Luque wires of the 70s (biplanar correction) to the Cotrell-Dubousset
hooks and derotation maneuvers of the 80s (triplanar correction).'®
More recently, with the advent of pedicle screws, this correction has
been optimized, allowing direct derotation of the vertebrae at the
apex of the deformity."

However, despite the great progress observed in the treatment
of this deformity, the propaedeutics remain practically unchanged,
with simple radiographs basically being the only examination used
for diagnosis, classification, and therapeutic planning.'? The char-
acterization of scoliosis, a three-dimensional deformity, by means of
radiography, a two-dimensional method, has some limitations, the
main ones being quantification of apical vertebral rotations (AVR)
and measurement of the curves in the sagittal plane.

The most used method in clinical practice for the evalua-
tion of AVR by simple radiography is the Nash-Moe method,
although it has some limitations, such as grading from neutral to
“++++", with no correlation to the measurement in degrees.''4
The characterization of curves in the sagittal plane is an even
greater challenge, since the more severe the curve, the greater
the axial rotation and the worse the sagittal plane characterization

—

Figure 1. A. Positioning of the patient inside the apparatus booth. B. lllustration
showing the simultaneous acquisition of frontal and lateral (biplanar) images
in a craniocaudal scan.

through lateral radiography. This is because rotation does not
allow evaluation of the “true profile” of the soul of the curve,
the region of greatest severity of the deformity. This was dem-
onstrated in the study by Péloux et al., who defined the true
profile of the soul of the curve through oblique radiographs,
characterizing Stagnara’s plan d’election.'® These parameters
are of fundamental importance, as it has been well established
that thoracic hypokyphosis is one of the most important events
in the pathogenesis of the deformity and, together with axial
rotation, is related to curve progression.'®

The evaluation of these parameters could be performed us-
ing sophisticated exams, such as computed tomography (CT) or
magnetic resonance (MR), but these present several limitations,
including high cost, not allowing the assessment of the patient in
the orthostatic position, and, with CT, high doses of radiation.’ The
issue of exposure to radiation becomes even more relevant in the
pediatric population, which generally requires numerous exams
during life-long follow-up.'” As already mentioned, image acquisi-
tion using a biplanar system allows the evaluation of patients in
the orthostatic position with exposure to radiation on the order
of ten times lower than full-spine radiography.5” More recently,
new protocols using micro-doses have allowed for examinations
with up to 5.5 times less radiation than the usual protocol without
significant loss of image quality. This protocol is suggested for
the patient follow-up phase, with practically negligible doses of
ionizing radiation. 18

The biplanar imaging system allows the analysis of all the two-
dimensional parameters, (Figure 2) like conventional radiography, in
addition to three-dimensional analysis through 3D image reconstruc-
tion. (Figure 2) The measurement of radiographic parameters of
interest in AIS demonstrates heightened accuracy when compared
to measurement of images obtained via CT, considering the Cobb
value, thoracic kyphosis, and axial rotation.'®

Using this technology, Newton et al. were able to show the true
positioning of the vertebrae in the sagittal plane. The authors evalu-
ated the sagittal angulation of each vertebra in relation to its adjacent
vertebra and observed that two-dimensional measurements tend
to overestimate thoracic kyphosis measured between T5 and T12
by 11° on average. In addition to this information, which enables
refinement in the surgical correction to the extent that the exact
relationship between one vertebra and another are understood,
they called attention to the impossibility of comparing preopera-
tive thoracic kyphosis with the postoperative measurement, since
derotation of the vertebrae of the soul of the curve is performed
during correction.?

Besides the usual parameters already studied in radiographs,
the biplanar imaging system allows the evaluation of several other
parameters, both regional (maximum Cobb, coronal Cobb, sagittal
Cobb, plane of maximum curvature (PMC), and the plane formed
by the terminal-apical-terminal vertebrae), and local (wedging of
the vertebra and disc, rotation in the transversal plane, and pelvic
measurements). Additionally, new forms of presentation of the
deformity have been developed based on these parameters, prin-
cipally the plane of maximum curvature (PMC) measured using
the orientation of the plane formed by the terminal-apical-terminal
vertebrae to the proximal thoracic, main thoracic, and lumbar/
thoracolumbar curves. In the patient with a normal spine, the
orientation of the terminal-apical-terminal vertebrae is practically
in the midline (zero degrees), since the physiological curves are
thoracic kyphosis and lumbar lordosis, which are found in the
sagittal plane. In order to facilitate visualization of the deformity in
the axial plane, a graphical representation, called the “da Vinci”
view, was developed, which allows evaluation of these planes in a
more simplified manner.'® (Figure 2)

Demonstrating the importance of three-dimensional deformity
assessment and its applicability to clinical practice, the Scoliosis
Research Society (SRS) established a committee for the develop-
ment of a 3D AIS classification system. Using data clustering tech-
niques, they identified different curve forms, even among the curves
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Figure 2. A and B. Two-dimensional radiographic frontal (A) and lateral (B) images of the entire body of a patient with AIS, with measurement of the spinal
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radiographic parameters of interest; C and D. 3D stereoradiographic reconstruction of the bone elements of the spine and lower limbs; E. Axial view of the
3D spinal reconstruction showing the displacement of each vertebra in this plane; F. Diagram showing the true positioning of each vertebra in the axial plane

and the vectors of vertebral inclination that denote their degree of rotation.

classified as the same type using the Lenke classification.’® Although
not yet available, the members of this committee believe that it will
allow a better understanding of the aspects of three-dimensional de-
formity, better define how to correct these parameters, and improve
the evaluation of postoperative outcomes.'°

Adult spinal deformity

The study of adult spinal deformity (ASD) is arousing interest
in light of the aging of the population observed globally.?! This de-
formity is related to very severe functional disability comparable to
chronic conditions such as diabetes, cancer, and respiratory and
heart disease, 2! and a considerable portion of patients seek surgi-
cal treatment. The evaluation of patients with ASD and treatment
planning involve the assessment of well-established radiographic
parameters,?">3 some of them used in the SRS-Schwab classifica-
tion, which is the most widely used system and has proven clini-
cal relevance.? This classification system consists of a descriptive
component of the type of deformity, including double coronal curve
(thoracic and lumbar), thoracic curve, lumbar curve, and deformities
without deformity in the coronal plane, in addition to three sagittal
modifiers, according to the value of the radiographic parameters
related to the sagittal alignment of the spine that are most highly
correlated with functional disability, including the sagittal vertical axis
(SVA), pelvic tilt (PT), and the discrepancy between pelvic incidence
and lumbar lordosis (PI-LL).%*

All interest in the study of the relationship between sagit-
tal vertebral alignment and pelvic alignment stems from the
“cone of economy” concept introduced by Professor Dubous-
set, which is the narrow margin within which the body is able to
remain in balance with minimal effort and without external sup-
port.2® A recent study sought to evaluate the “cone of economy”
concept by investigating the relationship between the line of
gravity (LG) of the body and the position of the foot, taking the
radiographic parameters of sagittal vertebral alignment of the
volunteers into account. It was shown that the anterior inclina-
tion of the trunk, represented by an increase in the SVA, leads
to pelvic retroversion, with an increase in the PT angle and/or
knee flexion, such that the location of the LG does not change
in relation to the position of the foot.?® Thus, in order to maintain

the center of body mass, represented by the LG, in relation to
the position of the foot, maintaining the “cone of economy”,
the loss of sagittal vertebral alignment is accompanied by the
recruitment of compensatory mechanisms.?’-?° The identification of
these mechanisms allows for a true interpretation of the vertebral
deformity and is essential to the planning of correction surgery in
order to optimize postoperative alignment.?°

Many of the compensatory mechanisms are observed in the
spine itself and in the pelvis, including cervical hyperlordosis, tho-
racic hypokyphosis, and pelvic retroversion, and can be assessed
via a panoramic orthostatic radiograph of the entire spine. How-
ever, other compensatory mechanisms involving the lower limbs,
including changes in hip, knee, and ankle position,?”-3° cannot be
contemplated with conventional spinal imaging exams. Evaluation
of patients with ASD using the whole-body biplanar imaging system
allows a better understanding of both spinopelvic deformity and
recruited compensatory mechanisms, with a complete analysis of
sagittal alignment.?”?° (Figure 3)

Ferrero et al. conducted a study analyzing sagittal alignment
according to whole-body evaluation with images obtained by
the biplanar system.?® Considering a large sample of individuals
with ASD, they observed that the loss of lumbar lordosis and the
anterior inclination of the trunk (increase of the SVA and the T1
spinopelvic inclination angle), representing loss of spinal sagittal
alignment, were associated with the recruitment of compensatory
mechanisms, including pelvic retroversion (an increase in PT),
posterior displacement of the pelvis and knee flexion.?® (Figure 3)
There was a statistically significant correlation between the radio-
graphic spinopelvic parameters and the parameters considered
in the evaluation of the compensatory mechanisms of the lower
limbs, highlighting the role of these mechanisms in attempting
to reduce loss of spinal sagittal alignment and all the associated
functional disability.?®

Since the clinical impact of ASD is associated with the se-
verity of intrinsic deformity in the spine and with the behavior
of compensatory mechanisms, a new radiographic parameter
was established that allows contemplation both of the loss of
spinopelvic sagittal alignment and the compensatory mecha-
nisms, called the global sagittal angle (GSA).3' (Figure 3) In a
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Figure 3. A. Frontal whole-body images of a patient with ASD; B. Lateral whole-body
radiographic image of the patient with parameters measurements that indicate the
loss of spinopelvic sagittal alignment, including pelvic incidence, pelvic tilt, lumbar
lordosis, thoracic kyphosis, and sagittal vertebral axis; C. Measurement of the
global sagittal angle (GSA), a radiographic parameter that permits contemplation
of the loss of spinopelvic sagittal alignment and the simultaneous recruitment of
compensatory mechanisms in the lower limbs; D. Measurement of the radiogra-
phic parameters indicative of the compensatory mechanisms in response to loss
of sagittal alignment: knee flexion angle (KFA), sacrofemoral angle (SFA), ankle
flexion angle (AFA), and posterior displacement of the pelvis (PT).

retrospective analysis of 143 patients with ASD who underwent
evaluation using biplanar system whole-body imaging, Diebo
et al. reported correlations between this new parameter and the
Oswestry index and Scoliosis Research Society-22 questionnaire,
as well as a significant correlation with the radiographic spino-
pelvic alignment evaluation parameters (SVA and PT) and with
the lower limb compensatory mechanisms (sacrofemoral angle,
knee flexion angle, and ankle flexion angle).®

CONSIDERATIONS

The new technology for whole-body radiographic imaging with
the capability of 3D reconstruction of bone elements allows a better
understanding of spinal deformity with new perspectives for decision
making in surgical planning for the treatment of spinal deformities
combined with exposure to a dose of radiation absorbed by the
patients of around 10 times less than that required for a whole spine
X-ray. One of the main limitations of spinal image acquisition with
this new technology is the inability to conduct the exam with the
patient in decubitus, which is important for assessing the flexibility
of the deformity (both with lateral inclinations in AIS and simple
decubitus to eliminate the effect of the muscles on the deformity). In
conclusion, it can be inferred that analysis of the whole-body images
obtained via the biplanar system with 3D capacity enables better
evaluation of the deformity, the possibility of more complete surgical
planning, and with proven lower radiation exposure. There is a lack
of studies reporting improved outcomes and safety associated with
the treatment of spinal deformities supported by image analysis
using this new technology.
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