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Non-invasive Methods of Computer Vision in the Posture Evaluation of Adolescent
Idiopathic Scoliosis:

A Systematic Review

SUMMARY
Purpose: Reviewing techniques for non-invasive postural evaluation of adolescent
idiopathic scoliosis (AIS) based on information extraction from images based on
computer methods. Methods: The Scopus, Web of Science, MEDLINE, ScieLo and
PubMed databases were used, for the period 2011-2015. Results: 131 articles were found
based on keyword of which 15 articles met the established eligibility criteria. Of these, 4
were based on photogrammetry, and 11 based on laser, structured light, ultrasound, and
Moir¢é projection. In these studies, the methodological quality varied from low to high.
Conclusions: The findings indicated diversity in methodologies; 14/15 articles reviewed
were limited to the evaluation of the topography of the posterior back. A study, using two-
dimensional photogrammetry, presented a whole body postural evaluation. As the
asymmetry in AIS can be extended to the whole body, more attention should be given to
develop full body assessment techniques to provide important additional data to aid in

treatment decisions.
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INTRODUCTION

The vertebral spine is the main structure of loading and load distribution in the human
body (Panagiotopoulou 2009), which under pathological or dysfunctional conditions,
may be subjected to adaptive alterations in search of equilibrium (Stemper 2010). The
basic condition for correct posture is minimum stress; however, if this stress is increased
for some reason, adaptive postural configurations can arise (Filipovic & Ciliga 2010).
Adolescent idiopathic scoliosis (AIS) is a highly complex spinal disease, whose main
feature is an impairment of the spinal structure generating important changes in load
distribution. It is considered the most common vertebral deformity in the world. It affects
2% to 4% of young individuals, predominantly female, during the process of bone
maturation (Driscoll et al 2009, Komeili et al 2014, Han et al 2015). The main
characteristic of AIS is a three-dimensional (3D) alteration in the alignment of the
vertebral segments, which may lead to biomechanical changes along the entire corporal
structure. The position of a vertebral segment affects other segments as well as the whole
body posture (Smidt et al 1984). It is not rare and has great esthetical impact, leading the
young individuals to serious physical and psychosocial disturbances (Han et al 2015).
Cranial and pelvic adaptations are commonly found in cases of AIS. In a review study
(Saccucci et al 2011), the authors concluded that there is plausible evidence for an
increased prevalence of unilateral Angle Class II malocclusions associated with scoliosis,
and an increased risk of lateral crossbite and midline deviation in children affected by
scoliosis. In addition, associations found between a reduced range of lateral movements
and scoliosis are convincing.

The causes of AIS have not yet been well established. In any case, it is known that,

regardless of the reason causing the deformation, its progress is a question of



biomechanics (Van der Plaats et al 2007). According to Kowalski et al (2014), monitoring
tests of body posture in schoolchildren revealed that 50-60% of adolescent schoolchildren
had postural abnormalities, with 10% of this group at risk of progressive spine deformity.
According to Cheung et al (2015), early screening and observation of scoliosis can
apparently mitigate the surgical risk. Furthermore, a timely diagnosis of AIS prevents an
excessive progression to a pathological postural adaptation.

Since the 1940’s, the X-ray exam, using the Cobb angle, has been considered the gold
standard in the diagnosis and follow-up of the aforementioned vertebral alteration in
youths (Komeili et al 2014). Based on radiological evaluations, only 10% of the scoliosis
cases will require some type of treatment. In routine medical conduct, a scoliosis with a
Cobb angle from 10° to 20-25° is considered “light”, and requires no treatment but only
radiological follow-up to monitor the evolution of the curve; an angle from 25° to 40-45°
is considered “moderate”, and conservative treatment using a brace is recommended; and
an angle greater than 45-50° is considered to be “serious”, and surgical intervention is
indicated for vertebral correction and stabilization (Bettany-Saltikov et al 2012, Komeili
et al 2015). Despite its high relevance in the diagnosis of the deformity, the use of this
exam has suffered increasing criticism. Many studies have presented (Enriquez et al 2014)
and demonstrated the deleterious effects on the young from the innumerous sessions of
ionizing radiation to which they are subjected for the scoliosis control (Levy et al 1994,
Goldberg et al 1998, Doody et al 2000, Bone & Hsieh 2000, Ron 2003, Berrington de
Gonzales & Darby 2004). Additionally, the X-ray exam, being mainly an exam of
pathological diagnosis, is not an adequate tool for the evaluation of the biomechanical
dysfunction related to the unbalance of vertebral curves, which is explained by kinetic

and kinematic variables. Complementary postural exams, which permit the investigation



of this postural asymmetries, do not constitute as common practice in the monitoring and
follow-up of scoliosis. Postural assessment is a standard and essential component of
examining individuals with neuromusculoskeletal disorders (Brink et al 2011). Similar
values of Cobb angles may present very distinct whole postural asymmetries, and
significant asymmetries may be associated to low Cobb angles. Hence, most cases of
scoliosis are classified as “light” and are considered not eligible for medical treatment,
even when being associated with multiple asymmetries in several body segments. Han et
al (2015), in a study on the quality of life of post-operative patients with scoliosis, stated
that the radiological exam should no longer be the only therapeutic indicator in AIS, and
that new systems of evaluation should be developed focused on the quality of life of the

patients.

Posture and posture asymmetries

In 1947, the American Academy of Orthopaedic Surgeons defined posture as "... the
relative arrangement of parts of the body, where muscular and skeletal equilibrium is
responsible for adequate positioning and muscular efficiency" (Subasi 2014). The
position of one segment affects other segments and the overall posture (Magee 1992).
Corporal plane asymmetries are frequently associated to inadequate loading of the
musculoskeletal structure, and in many cases may represent a risk of pain and lesions
(Singla & Vegar 2014, Singla & Vegar 2015). Idiopathic scoliosis is characterized by the
presence of significant asymmetries in the structure of the trunk, in addition to
asymmetries that extend to the entire body. However, a well-defined pattern for these
compensatory misalignments related to scoliosis curves has not been established yet.

Postural evaluation based on the subjective method of visual inspection is still a



common procedure during medical consultations (Brink et al 2011). The most widely
used protocol recommends examination in the natural biped position, in which the frontal
anterior and posterior planes, as well as the right and left sagittal planes are evaluated
from head to foot (Rosario 2014). The majority of analysis methods available in clinical
examination are non-invasive, employing low-cost technologies and no computer, such
as visual inspection, plumb line, symmetrograph, goniometer, scoliometer, flexicurve,
inclinometer, kyphometer (Brink et al 2011, Singla & Vegar 2014), and computational
low cost as two-dimensional (2D) photogrammetry (Ricieri & Filho 2009). Other higher
cost technologies such as SpinalMouse® (Zsidai & Kocsis 2003), Ortelius800™ (Ovadia
et al 2007), and Body and Medical 3D Laser Scanner are available The analysis methods
based on X-ray and computerized tomography are considered invasive.

In the last twenty years, a great scientific effort has been dedicated to the development
of non-invasive methods for the evaluation of the spinal deformity, with various non-
invasive instrumental techniques being proposed to surpass the limitations of the manual
methods and reduce the number of radiological examinations used in the monitoring of

these deformities.

Computer vision based methods

The area of computer vision, also known as artificial vision, emerged from the human
search to artificially reproduce functions of the human, and other animals. This scientific
field is concerned with the development of computer theories and methods for automatic
extraction of useful information from images (Tavares 1995). The analysis of human
superficial anatomy through visual information has also been an area of active research

in the computer vision domain (Chen et al 2013). From the point of view of static postural



evaluation, surface topography is the most widely used method to investigate human
surface anatomy (Komeili et al 2015). This type of analysis originated with photographic
images, and gained more attention during the 90’s thanks to the development of
computers with increasing processing and memory capacities in association with the
availability of more and more powerful, affordable digital imaging cameras. Combined
with the surface marking technique, through anatomy palpation, the quantification and
recording of postural asymmetries are possible using specific software. It is possible to
use an image or sequence of images of the entire body for the purpose of qualitative or
quantitative analysis. The computational techniques that make the gathering of 3D
information from 2D images possible can be divided into two main categories: active and
passive (Chen et al 2013). Active techniques can be described as those that involve the
controlled projection of energy, such as light or ultrasound, onto the object or scene of
interest. The reflected energy is then detected by sensors that directly or indirectly provide
the desired 3D information. Examples of active techniques are active stereoscopy, Moiré,
and echo-detection. Passive techniques do not involve the projection of any type of energy
and work under ambient lighting. Passive techniques that may be cited are the ones based
on passive stereoscopy and monocular images of intensity (Coelho & Tavares 2003).
Beyond doubt, these new computer methods represented a great advance in
comparison with the non-invasive solutions previously available. Nevertheless, even
given the great effort put forth in the improvement of these technologies and methods, the
true role of the measures obtained in the clinical setting is still undefined due to a number
of remaining questions. For example, according to Don et al (2012), the main question is
with respect to the definition of the parameters that significantly contribute to clinical

decision-making. One of the challenges is the lack of databases containing postural data



for healthy individuals that can be used in comparative studies. Mrozkowiak et al (2014)
made the following considerations: (a) the assessment exam should be useful both for
surgery and for preventive or follow-up cases; (b) the data acquisition and processing
should be sufficiently fast in order for the results to be achieved during a typical clinical
appointment; (c) the results achieved should be presented in a legible way, not only for
the health professional, but also for the patient, and should be compared to patterns of
well-known cases, preferably based on graphics and images; (d) the exam procedure
should be sufficiently simple and as automated as possible, so it can be performed by
health professionals; (e) the exam should be trustworthy, robust to operating errors, and
not require the constant intervention of a specialist.

The objectives of the present study were: (a) to identify which postural evaluation
methods, based on computer vision, have been proposed in the last five years; (b) to
identify whether there is a proposal for whole body postural evaluation based on non-

invasive methods for the diagnosis of AIS.

METHODS

A broad study of the literature was performed in the search for articles on static
postural evaluation, particularly suitable for AIS, from 2D images based on computational
methods. The databases searched were Scopus and Web of Science, as well as the
biomedical databases of MEDLINE, ScieLo and PubMed. The search was restricted to
the period between 2011 and 2015 and to articles published in English. In a second step,
a complementary search was performed based on the reference list of the articles
previously found. The inclusion criteria used were: non-invasive global postural

evaluation, use of computational methods, and methods applicable to spine deformities,



especially for AIS. The exclusion criteria included articles that approached treatments,
methods that are not computer-based, and reviews.
Keywords

The following keywords were used in the initial search: postural evaluation, non-
invasive monitoring, global body postural evaluation, computer vision and scoliosis
evaluation, imaging and scoliosis diagnosis, postural and evaluation, and methods and
scoliosis.

The complete texts of the selected articles were then subjected to critical analysis.
Additionally, the QUADAS (Quality Assessment of Diagnostic Accuracy Studies) scale
(Whiting et al 2013) was used as an evaluation tool for the quality of the studies selected.
In this scale, which consists of a questionnaire of fourteen questions, the responses “yes”,
“no”, or “unclear” are given. It is the responsibility of the researcher to evaluate the
question of relevancy for the test. The QUADAS scale does not determine the minimum
classification score, which should be decided by the researcher. In this study, the
following scale was adopted for the classification of the articles found in terms of
scientific evidence: 1) articles with up to 5 positives for the search criteria were classified
as “low” evidence, 2) articles between 6 and 8 positives were classified as “moderate”
evidence, and 3) articles above 8 positives were classified as “high” evidence.

RESULTS

One hundred and thirty-one articles were considered in the search done based on the
keywords. Further, an additional three articles were found based on the references of the
previously found articles. After removing the duplicate articles, eighty-three studies were
considered for analysis. Twenty-five articles were excluded for treating pathological

causes of scoliosis and associated pathologies. Forty-three articles were removed for not



presenting non-invasive methods or for being review articles. Then, after the analysis of
the abstracts, only fifteen articles that met the eligibility criteria were found. The flow
diagram of the strategy adopted in the selection of the articles to be reviewed is presented

in Figure 1.

< Insert Figure I about here>

The articles selected for review, including the technology used, the objectives, and a

summary of the methodology and results, are listed in Table 1.

< Insert Table 1 about here>

The fifteen articles selected employed computer techniques for postural evaluation.
Only two studies used a methodology involving contact with the patient, which was the
acquisition of the 3D data using ultrasound systems (Kowalski et al 2014, Cheung et al
2015). The remaining studies used non-contact methods. Of these, four were based on
passive 2D photogrammetry (Aroeira et al 2011, Saad et al 2012, Fortin et al 2012, Fortin
et al 2013), while nine used active techniques: four articles were based on laser
technology (Komeili et al 2015, Komeili et al 2014, Parent et al 2014, Rankine et al 2012),
three on structured light (Glinkowski et al 2012, Weiss & Seibel 2013, Glinkowski et al
2014) and, finally, two studies on Moiré projection (Sarnadskiy 2012a, 2012b), (see
Figure 2).

Seven studies described non-invasive ways of measuring spine and posture asymmetries,

and the methodological procedures for testing the reliability and validity of the

10



instruments used (Cheung et al 2015, Komeili et al 2014, Kowalski et al 2014, Saad et al
2012, Fortin et al 2012, Rankine et al 2012, Weiss & Seibel 2013). One study assessed
the time effectiveness of the procedure employed (Weiss & Seibel 2013), and the other
six showed the use of non-invasive technologies to attain quantitative and/or qualitative
information about trunk asymmetry (Komeili et al 2015, Parent et al 2014, Fortin et al

2013, Sarnadskiy 2012a, 2012b, Aroeira et al 2011).

< Insert Figure 2 about here>

Quality assessment of the studies

Table 2 presents the results of the quality assessment of the studies found according
to the QUADAS scale. The following answers were used as criteria evaluation: (y) yes;
(n) no; (?) unclear; (-) not applicable (Whiting et al 2003).

According to the questions of the QUADAS tool, of the fifteen studies found, two
presented low methodological quality, six presented moderate methodological quality,

and seven studies presented high methodological quality.

< Insert Table 2 about here>

DISCUSSION

A review of the methods for non-invasive postural assessment of AIS based on

computer techniques was accomplished. Some previous systematic review studies were
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found (Brink et al 2011, Fortin et al 2011, Don et al 2012, Mrozkowiak et al 2014, Prowse
et al 2015), which analyzed several potential evaluation methods, including manual,
visual, and computer based methods. According to the authors, despite many years of
research, few tools are used in daily clinical practice, and a greater joint effort should be
made by the clinical and biomechanical researchers to advance this field. No review study
had methods based on techniques of computer vision for the evaluation of AIS as the
focus.

In the studies analyzed, the use of several evaluation tools and diverse methodologies
and protocols were observed. In some cases, despite the use of the same technology,
different measurement protocols were presented, such as the cases based on laser
technology (Komeili et al 2014, Parent et al 2014) and on 2D photogrammetry (Aroeira
etal 2011, Fortin et al 2012, Saad et al 2012), making it difficult to perform a comparative
analysis of these techniques. In many cases, the objectivity of the “gold standard”, which
is based on X-ray examinations was lacking. It is possible that this has contributed to the
fact that no other method has yet to be universally accepted in clinical routines (Krejci et
al 2012). Studies that employed surface topography based on active techniques, such as
structured light, laser, and fringe projection, have shown to be of moderate to high quality.
These techniques permit the evaluation of a large number of individuals, as the exam time
is reduced, making them ideal for tracking postural alterations in school-age individuals,
for example. However, these studies only presented protocols for the evaluation of the
frontal back, omitting the possibility for an entire body evaluation. In addition, the high
cost of the systems, and complexity in data interpretation may constitute a difficulty for
their daily clinical use. The active techniques based on a 3D ultrasound system allow the

assessment of the frontal and sagittal alignments of the spine, portability, and easy
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interpretation of results. However, it cannot be used to assess asymmetries in other
anatomical regions of interest that are critical in the evaluation of AIS. The studies based
on 2D photogrammetry for the postural evaluation, presented quantitative results that are
easy to interpret, have a good level of reproducibility, and reliability. Of the four studies
identified, only one presented an evaluation protocol beyond the region of the torso,
including the analysis of the pelvis and lower limbs. The other three studies were limited
to assessing asymmetries of the torso and spine. Despite it allowing a qualitative and
quantitative assessment of the entire posture, portability, low cost, and objective results,
the lack of automation in the measurement of each anatomic reference may consume
excessive time in the examinations and require trained personnel. However, despite its
limitations, the authors believe that noninvasive evaluation technology using 2D
photogrammetry introduced itself as the best for assessing the complexity of postural
changes observed in the AIS. This technology has enabled playback and quantification of
the scoliotic curve, with direct comparison of the Cobb angle (Aroeira et al 2011), also
allows a view of the whole body posture with kinematic measurements of body
asymmetries (Fortin et al 2012). Its reproducibility can allow monitoring of postural
changes over time using digital storage (Fortin et al 2012), which can feature as an
important control tool in the evolution of the curve and the effectiveness of treatments in
AIS. As the technique enables evaluations in different body plans, its 2D feature can be
alleviated, allowing analysis of inferences in the 3D domain.

The non-invasive computer technologies identified in this study, were developed with
the objective to become alternative methods to the X-ray exam. Current treatment
paradigms for AIS are guided by torso evaluation and based largely on surgery. Wide

variations exist in the decision making surrounding the treatment of scoliosis (Wang et al
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2014). It is commonly accepted that the evaluation of a deformity that presents the
complexity of scoliosis, and has the potential to alter posture patterns of the individuals
from the head to the feet, should not neglect its global body implications. Hence,
evaluations solely related to the torso may offer incomplete information for suitable
therapeutic interventions. Error! Reference source not found.depicts the radiological
exams, with the respective Cobb angles, and pictures of two adolescents with similar
patterns of scoliosis: thoracic curve convex to the right, apical vertebra T9 (A) and T8
(B), thoracic Cobb angle of 54.43° and 51.30°, respectively (Aroeira et al 2011).
Nevertheless, the two adolescents present distinct asymmetries in relation to the scapular

belt, pelvic belt, head, and limbs.

>insert Figure 3 about here<

Figure 4 shows a radiological image, a 13 year old adolescent, showing a small thoracic
scoliosis (below 20°), which did not qualify for treatment under radiological parameters.
However, in the posterior frontal photographic image of the same teen, significant

postural asymmetries are shown throughout the body.

>insert Figure 4 about here<

Some studies concluded that non-invasive methods still do not present sufficient

trustworthiness in order to substitute the traditional X-ray exam for the evaluation of AIS

(Saad et al 2012, Weiss & Seibel 2013). However, attention should be given, also, on the

distinct objectives of the pathological diagnosis versus the functional diagnosis using X-
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ray and non-invasive surface topography exams, respectively. This fact indicates the
importance of the functional diagnosis and search for non-invasive exams, as these may
significantly reduce the need for radiological exams in the monitoring of AIS, and will
bring useful complementary information for the design of efficient therapeutic
interventions in the future. Thus, the term “complement” appears to be more adequate
than “substitute”, for non-invasive methods of the postural evaluation of AIS.

Recent technological advances point to depth cameras, which permit the acquisition
of dense 3D data of a scene in real time without the necessity of various imaging cameras
and are low cost (Chen et al 2013, Akimoto et al 2013, Schwarz et al 2012, Clark et al
2012, Bonnechére et al 2014, Straub et al 2015). The use of these 3D sensors provides
new opportunities for the acquisition of anthropometric data in a wide range of
applications. However, the existing studies using these sensors have only focused on the
qualitative estimation of the positioning of the human body, quantitative analysis related

to the human torso, and knowledge of human actions.

Limitations

Given the complexity of the assessment of human posture and the variety of
methodologies and technologies, there is no method to assess the quality of current studies
that is universal and prevents erroneous results. For example, many items of the
questionnaire used in the analysis presented in this study were not applicable to the study
of Rankine et al (2012).

CONCLUSION

An analysis of fifteen articles published in the period ranging from 2011 to 2015

15



related to the non-invasive posture evaluation of AIS based on techniques of computer
vision have been presented here. The findings revealed: (a). many alternative non-
invasive techniques based on computer vision with different methodologies for the
assessment of postural asymmetries, such as a topographic scanner with laser,
measurements by 2D photogrammetry surface topography, a topographic scanner with
structured light, a computational optical topography method with fringe projection, and
an ultrasound scanner; (b) fourteen of the fifteen researched methodologies limited their
assessment to the contour of the spine or the topography of the posterior back. Only one
study, using the 2D photogrammetry technique, presented a possibility of whole body
postural evaluation. AIS is a highly complex spinal deformity, characterized by the
presence of significant asymmetries in the structure of the trunk, which may extend to the
entire body. Thus, the whole body postural evaluation in individuals with AIS is of high
interest for the improvement of functional diagnosis and the achievement of more
efficient therapeutic interventions for the scoliosis cases diagnosed as "light" and
"moderate". Hence, further studies are necessary to meet the complex challenge of finding

a non-invasive human postural assessment method suitable for clinical use.
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TABLE CAPTIONS
Table 1. Summary of the fifteen studies included in the systematic review.

Table 2. Summary of the quality assessment of the studies found (n=15) (adapted from Brink et
al 2011).
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FIGURE CAPTIONS

Figure 1. Flow diagram of the articles selection process.

Figure 2. Diagram of the methods used in the studies found regarding non-invasive

postural evaluation.

Figures 3. (a) Measurement of the thoracic Cobb angle in X-ray images of two
adolescents: Adolescent A — apical vertebra T9 (54.43°), and Adolescent B — apical
vertebra T8 (51.20°); (b) Frontal posterior images of the adolescents A and B that
present similar scoliosis curvature: double curve, principally thoracic with convex
curvature to the right, thoracic angle between 50° and 55°, apical vertebral T9 and T8,

and presenting distinct body asymmetries (Aroeira et al 2011)

Figure 4. (a) a radiological image, a 13 year old adolescent, showing a small thoracic

scoliosis (below 20°); (b) a posterior frontal photographic image of the same teen,

showing significant postural asymmetries throughout the body (Aroeira et al 2011)
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FIGURES

Figure 1
A comprehensive search of the Additional articles identified
Scopus, Web of Science, PubMed, through the references of the
MEDLINE and Scielo databases articles previously found

(n =131) (n=3)

Removal of duplicate articles

(n=83)
A\ 4
Selection of articles related Exclusion of review articles or
to scoliosis, posture, | related to invasive methods
evaluation methods and " without computer vision
without pathology (n=43)
(n =58)

A 4

Full-text articles found for

the review
(n=15)
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TABLES

etal. (2012)

Table 1
STUDY SYSTEM OBJECTIVE and METHODS RESULTS
Aroeiraetal. 2D To develop a protocol for computerized The results demonstrate
(2011) Photogrammetry, photogrammetry, as a nonradiographic method, equivalence between the two

natural light

Rankine et Milwaukee

al. (2012) Topographic
Scanner/MTS Laser

Glinkowski 3D Orthoscreen™,

structured light

Fortin et al. 2D
(2012)

Photogrammetry,
natural light

for the quantification of scoliosis.

Sixteen AIS patients, 21.4+6.1 years of age,
undergoing standing poster anterior full-length
spine radiographs, were submitted to dorsal
digital photography in the orthostatic position
with special surface makers over the spinous
process C7-LS.

In an effort to limit exposure to ionizing radiation
and fully characterize three-dimensional changes
in the spine of patients with scoliosis reliable non-
invasive methods of spinal back contour analysis
was made.

A dummy cast (plastic cast) of one patient with AIS
was built in order to test the reliability of the MTS.

To determine usefulness of school screening back
evaluation performed utilizing the three-
dimensional telediagnostic measurement system.
‘Were examined 758 children averagely aged 11.1
years (from 5 to 16). The measurement module
is based on the structured light method.

To determine overall test-retest and inter-rater
reliability of posture indices among AIS persons.
Seventy subjects aged between 10 and 20 years with
AIS. Markers placed on several anatomical
landmarks, 32 angular and linear posture indices
taken from digital photographs in the standing were
calculated using a software.

methods. There  was no
statistically significant difference
between the scoliosis angle
measurements obtained in the
comparative analysis of both
methods.

All measurements of intra-rater
and inter-rater reliability were
excellent (ICC ranging from 0.89
to 0.99) with the exception of
pelvic tilt (ICC 0.61) and lordosis
angle (ICC 0.82). No significant
variability among investigators
was observed for all tested
metrics.

The average values of to back
assessment parameters were as
follows: axial plane (DAPI) was
0.88% and the symmetry
parameter of the back (POTSI)
was altered in 15.97%. Kyphosis
angle was equal to 10.19° and
lordosis angle to 32.82°.

In the random design, the
dependability coefficients
demonstrated a moderate level
of reliability for 6 posture indices
(9 = 0.51-0.72) and a good level
of reliability for 26 posture
indices out of 32 (0>0.79).
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Table 1 — Cont.

STUDY SYSTEM OBJECTIVE and METHODS RESULTS
Saad et al. 2D To investigate the reliability of photogrammetry in High inter-rater and test-retest
(2012) Photogrammetry, the measurement of the postural deviation in reliability indices were found. It
natural light individuals with AIS. was observed that as more severe
Twenty patients with AIS, with a mean of 23.1+9 the scoliosis was, greater were the
years age, were photographed from the posterior variations between the thoracic
and lateral views with surface markers. The kyphosis and lumbar lordosis,
postural aspects were calculated using CorelDraw. with the measures obtained by the
same investigator from the left
lateral view.
Sarnadskiy Computer Optical To explore gender and age features of the postural The most significant differences
(2012)(a) Topography formation. in the postural formation between
(TODP), fringe Were examined 33000 children and adolescents, boys and girls were identified in
projection aged from 5 to 17 years, with a TODP system based the sagittal plane. A strong
on a computational optical topography method. correlation between the
development of structural
scoliosis and growth of the body
for both genders was found in the
frontal plane.
Sarnadskiy Computer Optical To create a new classification of the postural In the frontal plane, there were 4
(2012)(b) Topography disorder and spinal deformity varieties. varieties: without scoliosis,
(TODP), fringe Based on a fringe projection method and phase functional scoliosis, compensatory
projection special detection, the classification is based on three- scoliosis and structural scoliosis. In

dimensional estimation of the trunk and on the
orthopedic division of structural scoliosis.

sagittal plane, posture was divided
into 3 variants: balanced kyphosis
and lordosis, predominance of
lordosis and predominance of
kyphosis. In horizontal plane, 3
variants were considered: rotated
pelvis, rotated shoulder girdle and
twisted trunk.
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Table 1 — Cont.

STUDY SYSTEM OBJECTIVE and METHODS RESULTS
Fortin et al. 2D To explore whether differences in standing and Significant differences between
(2013) Photogrammetry, sitting postures of youth with AIS could be detected standing and sitting positions

natural light

Weiss et al. Formetric®  scan,
(2013) structured light
Glinkowski 3D Orthoscreen™,

etal (2014) structured light

from quantitative analysis of digital photographs.
Fifty participants aged 10-20 years old, with AIS,
were assessed from digital photographs using a
posture evaluation software program. Based on the
XY coordinates of markers, 13 angular and linear
posture were calculated.

To analyze patients to test the repeatability of the
results from that previously reported using the
Diers Formetric system.

Twenty-five patients with AIS had a Formetric®
scan and anteroposterior X-ray of the spine at the
time they presented for having their first brace in
the office of an expert. The average age was 12.9
years. The Cobb angle was correlated to the scoliosis
angle (AS) by the Formetric® system.

To assess the time effectiveness of implemented
telediagnostic screening procedures.

Medical images (virtual objects) of acquired clouds
of points of 100 subjects. The study was performed
using a newly developed three-dimensional back
surface topography measurement system for
posture and scoliosis using a structured light
method.

(p<0.05) were found for head
protraction, shoulder elevation,
scapula asymmetry, trunk list,
scoliosis angle, waist angles and
frontal and sagittal plane pelvic
tilt.

Correlation found was relatively
high (r=0.84) and differences
between the two series of
measurement were not significant
(p=0.08). However, only 9/25
measurements were in the range of
the technical error (£5°). In 12/25
patients, the Formetric®
measurements were six or more
degrees too low, and in 4/25, were
six or more degrees too high.

The overall assessment of all
subjects took from 2h 55min 55s to
3h 18min 59s dependent on PC and
Internet connection configuration.
The average examination time per
subject ranged from 2min 43s to
4min S1s
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Table 1 — Cont.

STUDY SYSTEM OBJECTIVE and METHODS RESULTS

Kowalski et Zebris CMS-10 To assess the reliability of clinical evaluation of body Statistically significant

al. (2014) system, ultrasound posture compared to objective assessment with the discrepancies between the clinical
scanner Zebris CMS-10 system. and objective evaluation were noted

Komeilietal. 4 Minolta laser
(2014) scanners, 3D Laser

4 Minolta laser 910
scanners

Parent et al.
(2014)

The study enrolled 138 participants, 13-15 years-old
pupils attending a junior secondary school, who
underwent a clinical evaluation of the body posture
and examination with the Zebris CMS-10 system.

This study introduced a three-dimensional marker-
less analysis technique for assessing torso
asymmetry in AIS and a system for classifying
patients based on this technique.

Full-torso ST scans of 46 patients with AIS and five
healthy subjects were used for analysis. A second
baseline scan and a 1-year follow-up scan were
analyzed for 15 subjects.

To compare the ability of full-torso and back-only
ST parameters to detect which curves do not
progress by >5° in AIS a main thoracic curve.
Full-torso ST scans and frontal back (only) ST of 42
adolescents, age 13.9+1.7 years, Cobb angle 24+12°
at baseline and 25+16° at 1 year. One evaluator
marked 11 reference points that were scanned. Data
analysis performed in Matlab by digitizing the
landmarks on images presented in random order
blind to timing of the scan. 30 Full-torso and 16
back-only parameters were used.

with regard to lumbar lordosis in
boys (n=67) and thoracic kyphosis
in girls (n=71). No statistically
significant differences in both
groups were found for pelvic
rotation and trunk position in the
frontal plane.

Distinct patterns of asymmetry
were identified allowing patients to
be classified into three groups, with
six subgroups based on their
asymmetry map with very good to
excellent reliability.

The area under the receiver
operator  characteristic curves
(AUC) was used to compare the
accuracy in determining which
curves did not progress.

The absolute change in only 2 full-
torso ST parameters had
statistically significant ability to
predict which curve remained
stable.

Back-only parameters did not have
significant AUC.
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Table 1 — Cont.

STUDY

SYSTEM

OBJECTIVE and METHODS

RESULTS

Komeili et al.
(2015)

Cheung et
al. (2015)

4 Minolta laser
scanners, 3D Laser

Freehand 3-D
Ultrasound system

To determine the capability of the 3D markerless ST
asymmetry analysis to detect >5° progression in the
spinal curvature in patients with AIS over one year
follow-up interval.

In this study, baseline and one year follow-up full
torso ST scans of 100 patients with AIS were
analyzed using 3D markerless asymmetry analysis.

A reliability study, 36 subjects (age 30.1+14.5; 12
male and 24 female) with different degrees of
scoliosis were scanned using the system and
submitted to poster anterior full-length spine
radiographs to test the inter- and intra-observer
repeatability.

The classification model detected
85.7% of the progression and 71.6%
of the non-progression cases. The
resulting false negative rate of 4%
for T-TL curves, representing the
proportion of undetected
progressions, confirmed that the
technique shows promise to monitor
the progression of T-TL scoliosis
curves.

The inter- and intra-observer tests
indicated that the new assessment
methods were repeatable, with ICC
larger than 0.92. Small intra- and
inter-observer variations of
measuring spine curve were
observed for the two methods. The
results also showed good linear

correlations with X-ray Cobb's
method (R2=0.8, p<0.001, 29
subjects).
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Table 2

CRITERIAQUADASSCALE
1 2 3 4 5 6 7 8 % 10 11 12 13 14 TOTAL

STUDY

Chsungeral (2015) vy vy v ?Tvyvyvvyvvy?T v v - - 10
Komeilieral (2015) Yy ¥ ¥ vy vyvyvyvyvy?T 7T v - v 11
Kowalskieral 2014) Yy ¥ ¥y vy vyvyvy?T?Ty v 7 - v 10
Komeilieral (2014) vy vy n ? v v v yvyan? 7 7 - v 7
Parenteral. (2014) v vy vy ?T vy vy ann? yv 7 - - 7
Glinkowskistal 20l4) v v v - v v - v v 7 - v oo v 9
Waiss eral (2013) Yy ¥y ¥ - ¥yvyvyvy?1T7? - - - v 8
Fortin eral. 2013) Yy ¥ ¥ - ¥y ynyy? 7 - - v 8
Saad eral (2012) v v v v v - 7T v - v - - - v 8
Fortin eral.(2012) Yy ¥ ¥ ¥ Y YyY Vy¥Y Yy -y - - - v 10
Samadskiv(2012) 7?7 v v - 7y - n - 7 - - - 7 3
Samadskiv(2012) v v v - 7T v - v - 7 - - - v 6
Glinkowskietral2012) v v v - ¥ v n v ¥ - - v oo- v 9
Rankines eral (2012) - - vy - 7 - - 7 - 7 - - - - 1
Arosira=tal (2011) ny v ¥ ¥ Y Y Y - ¥ ¥ - - v 10

CLASSE

HIGH
HIGH
HIGH
MOD
MOD
HIGH
MOD
MOD
MOD
HIGH
LOW
MOD
HIGH
LOW
HIGH

Questions of the QUADAS tool: 1) Was the spectrum of patients representative of the patients who will receive the test in practice?

2) Were selection criteria clearly described? 3) Is the reference standard likely to correctly classify the target condition? 4) Is the time

period between reference standard and index test short enough to be reasonably sure that the target condition did not change between

the two tests? SDid the whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis?

6) Did patients receive the same reference standard regardless of the index test result? 7) Was the reference standard independent of

the index test (i.e. the index test did not form part of the reference standard? 8) Was the execution of the index test described in

sufficient detail to permit replication of the test? 9) Was the execution of the reference standard described in sufficient detail to permit

its replication? 10) Were the index test results interpreted without knowledge of the results of the reference standard? 11) Were the

reference standard results interpreted without knowledge of the results of the index test? 12) Were the same clinical data available

when test results were interpreted as would be available when the test is used in practice? 13) Were uninterpretable/intermediate test

results reported? 14) Were withdrawals from the study explained? Criteria answers: y/ yes; n/ no; ?/ unclear; - not applicable.
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