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Abstract

Introduction Diagnosis of spinal deformities in children and adolescents is important for continuous development of
modern traumatology and orthopaedics. Methods of optical diagnosis of scoliosis and postural disorders have been rapidly
developing along with optical and digital assessment technologies over the past centuries and required a structural analysis
of the accumulated data. The purpose was to explore clinical and technical aspects of optical diagnosis of spinal deformities.
Material and methods The original literature search was conducted on key resources including the National Library of Medicine
(PubMed) and Scientific Electronic eLibrary. The search depth was 10 years. Results The article presents a review of the methods
historically developed in optical diagnosis of spinal deformities. Major methods and systems of optical diagnosis presented included
moire topography, the ISIS system, modern methods of computer optical topography (raster stereography) photogrammetric methods
used in clinical medicine and in trauma and orthopaedics. Characteristics of the methods and systems are described with advantages
and disadvantages discussed. The article reports evaluated accuracy, reliability and reproducibility of optical diagnostic methods.
The article presents the latest information about the possibilities of introducing technology for assessing spinal deformity using
modern personal telecommunication devices. Conclusion The evolution of modern trends in optical diagnosis of spinal deformity
is important for medicine to facilitate safety, greater accuracy, ease of operation, digitalization and development of the Internet of
Medical Things.
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INTRODUCTION

A quote from Professor Nicolas Andry de Bouaregard
"Haec est regula recti" [1] is on the frontispiece of the
first volume of his pioneering work. The Latin phrase
translates as "This is the rule for straightness" or "This
is the rule for the vertical". One of the illustrations in the
book, that of the crooked tree was adopted throughout the
world as the symbol of traumatology and orthopaedics.
The term became attached to an important surgical
specialty that deals with the detection and utilization
of the reference values of spatial characteristics of the
spinal column as a "reference point" for assessing the
severity of the curve.

Excluding

with routine

radiography and computed tomography methods of

imaging assessment

optical or visual assessment of spinal deformity were
reduced to a subjective visual examination of the
back configuration or a comparison of the location of
topographic formations with invariably true reference
parameters. A typical example of such a standard in
modern traumatology and orthopedics included a plumb
line, a certain object of sufficient weight, suspended on
a thread that was used to characterize a curve employing
a relative position. The severity of the physiological
curvatures relative to could be identically assessed in
relation to the wall of the room [2]. Visual and optical
diagnostic methods have been improved in the course
of the last few centuries based on advances in optical,
imaging and digital technologies.

MATERIAL AND METHODS

The original literature search was conducted on key
resources including Scientific Electronic Library (www.

elibrary.ru) and the National Library of Medicine (www.
pubmed.ncbi.nlm.nih.gov) between 2012 and 2022.
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RESULTS AND DISCUSSION

The concept of photogrammetry that is logically
interpreted as graphic measurement using light is
essential for modern interpretation of the optical
principles and
orthopaedics [3, 4]. Photogrammetry is defined by the
American Society for Photogrammetry and Remote

of diagnosis in traumatology

Sensing (ASPRS) as the science of obtaining precise
information about the surface structure of an object by a
recording device which is not in direct contact with the
object that is being studied [5].

Based on the definition, photogrammetry should
include other imaging modalities that are used
in clinical practice: radiography, computed x-ray
tomography, magnetic resonance imaging and even
3D ultrasound modeling (for objects that are not in
direct contact with the sensor [6]). And it is logical
to offer a broader interpretation of the term clinical
suggesting that the
clinical photogrammetry includes optical effects of an
object (patient) obtained as a result of recording and
objective assessment of the properties of a light beam

photogrammetry subject of

irradiating an object in the visible range. Luhmann [7]
suggested that photogrammetry can be applied in
every circumstance where the object of interest can
be photographically documented. Methods of modern
clinical photogrammetry (PM) will be reviewed here in
accordance with the interpretation. Technologically all
methods of modern FM can be divided into groups:

1) PM with single camera: the parameters of the
object image in one plane are analyzed with the camera
being immobile. If a stereoscopic camera is used for PM
to take two pictures from different angles at the same
time, a partial three-dimensional reconstruction of an
object can be produced using two images. In modern
biometrics, stereoscopic camera effects are provided
with multi-lens camera or lens splitter technologies.
Stereoscopic photography is equivalent to PM using
several cameras;

2) PM with several cameras: images from cameras
located in the vicinity of the object are used for the
three-dimensional reconstruction. Multiple cameras can
be used depending on the purpose of the study;

3) PM with SFM technology: SFM (structure from
motion) technology in PM is automated process using
key points to match large sets of images with overlapping
areas. 3D object model reconstruction is based on
information obtained from images of a video stream or a
set of photos taken from different angles. SFM has been
shown to be the most promising technology in applied

biometrics [8] without requiring multi-camera setups,
special devices and equipment for the placement [3].

Modern integration of PM into clinical traumatology
and orthopaedics can be divided into two main stages.
The first stage is the PM analysis of shadow images
projected on the surface of the human body. Methods of
the first stage are proposed to be called topographic to
simplify the logical presentation.

The moiré topography (1970) became the debut at
the stage integrating analysis of shadows on a three-
dimensional object obtained with a light beam passing
from a single light source through a grating at the exact
known distance from the light source to the object. The
term of moiré topography is associated with the subject
of the research method, which is the deformation of the
shadow grating resembling the effect of “overflows” with
changes in the angle of incidence with a piece of dense
silk or semi-silk fabric (“moiré”) [9]. The innovation was
developed by H. Takasaki, an employee of the National
Bureau of Standards and Technology (Washington,
USA) that supported reference standards in metrology,
and previously engaged in other developments in the
field of optical measurements [10]. Takasaki improved
the method over the course of three years and published
first results of living objects explored with the moiré
topography in 1973 [11], and first results of the relief
and contours of the human body assessed two years later
(1975) [12]. Despite a good start the moiré topography
has not been widely used in clinical practice continues
to be widely used in various industries and metrology
[13]. Economic inefficiency and variable accuracy are
the main limitations of the moiré topography [6].

Television/computer three-dimensional surface shape
measurement system (ISIS-scanning) was developed
by A.R.Turner-Smith at the Oxford Orthopedic
Engineering Centre (1988, Oxford, United Kingdom)
as the next method at the first stage of development of
optical diagnostic technologies. The proposed device
was a projector and television camera placed below
the light source mounted together in a box which could
rotate about a horizontal axis. A record of a surface
shape of human back was built up by scanning the object
in about 2 s. Sets of algorithms were described which
derived geometric parameters [14] with the accuracy
of measurement exceeding the design aim of = 3 mm.
The method was primarily introduced at the Nuffield
Orthopaedic Centre, University of Oxford. Over the
course of two years, the value of surface topographical
measurements in the assessment of curve progression
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was demonstrated in a group of 51 patients, and a
significant correlation was found between the magnitude
of the lateral deviation of scoliotic spine at ISIS scanning
and the Cobb angle (p < 0.0001) [15]. ISIS scanning can
be used for measurement of height in scoliotic patients
that is complicated by changes in spinal shape in both the
coronal and sagittal planes. The resultant height change
may be ofusein the prediction of respiratory function [16].
ISIS2 surface topography has been successfully adapted
to complement the Lenke classification of adolescent
idiopathic scoliosis, which is mainly used for the choice
of surgical strategy for scoliotic patients. Based on the
results of ISIS2, the subjects were divided into 5 clusters
based on the assessment of spinal deformity in the
frontal and sagittal planes and asymmetry of the torso.
The automated segregation into clusters presented a new
aspect of description of adolescent idiopathic scoliosis
graded by Lenke and can be applied for prospective
clinical use [17].

Computer optical topography (COT, ComOT /
TODT, computer optical topograph) has become a
significant milestone in the development of a three-
dimensional assessment of the geometry of the spinal
column in Russia and is a recognized effective tool
in pediatric spinal surgery at the international level
and is recommended for use in achieving “harmony”
of 3D correction of spinal deformities [18]. COT
was developed by V.N. Sarnadsky (LLC "METOS",
Novosibirsk, RF) and is based on the analysis of the
pattern of vertical black-and-white stripes projected
onto the surface of the patient's back. Over the past
decades, COT method has proven itself as a method
for one-time screening of a large flow of patients [19].
A program of annual continuous surveys of individual
groups of schoolchildren was introduced in the city of
Novosibirsk. About 45 thousand children were examined
during one academic year and the methodology was
recommended to be implemented in the regions of
Russia by the resolution of the Xth Anniversary Trauma
and Orthopaedic Meeting (Moscow, 2014) [20, 21]. A
of COT was integrated into pediatric screening on a
large scale on the territory of the Perm Region under
the guidance of Professor M.G. Dudin at LLC Clinical
sanatorium-dispensary "Rodnik" (Perm, RF). A group of
authors reported new milestones in the etiopathogenesis
of adolescent idiopathic scoliosis [22, 23, 24] with eight
pathogenetic models of spinal deformity identified,
between which “migration” of children occurred over
several years [25]. The EOS™ X-ray machine (Tamas
Illes) is practical for diagnosing spinal deformities as

the most approximate method in the assessment of the
COT accuracy using ultra-low radiation doses [26].

COT has been applied in the study of the static and
dynamic stability of the spine as a single biomechanical
system [27] and in the research hypothesis of non-
coupling of the growth of the spinal cord and spine using
optical and neurofunctional diagnostic methods [28, 29].
Application of the COT method is not limited to the
study of spinal deformities in children and adolescents,
since it is widely used for evaluating the effectiveness
of surgical treatment of congenital musculoskeletal
diseases including large joints [30, 31].

The universality and integrativity of the COT
method is expanding in related disciplines. So, for
example, COT has been applied in the synergy of sports
medicine and pedagogical sports technologies detecting
causal relationships between the type of sports activity
and progression of spinal deformity [32, 33, 34]. In
addition to that, COT can be used in obstetrics. No
significant differences in lumbar lordosis [35] were
found in pregnant women in the third trimesters that is
commonly believed to worsen in late pregnancy [36].
Fundamentally, the method of topographic assessment
of surface topography is more widely used in general
clinical practice. It is used in operative ophthalmology
in the evaluation of corneal defects in the surgical
treatment of cataracts [37].

In addition to COT, technologically identical
German system DIERS Formetric 4D (DIERS, DIERS
International GmbH, Spangenbad, Germany) is employed
in our country to explore the prevalence of degenerative
spine diseases in adults [38]. Significant experience in
using the DIERS system in Russia has been accumulated
of the Institute of Experimental
Medicine of the Russian Academy of Medical Sciences
(St. Petersburg, RF) at the Laboratory of Optical
Topography, Posturology and Clinical Biomechanics
under the guidance of Professor B.Ya. Velichko. Based

by employees

on the results of many years of cooperation, an agreement
on the production of the German system on the territory
of the Russian Federation was signed in the context of
the state program No. 328 "Industrial development and
increasing the competitiveness" dated April 15,2014 [39].
The developers of the DIERS system recommend term
the method used in the installation as raster stereography
which is actually a special case of stereophotogrammetry
with the subject of analysis being a shadow grating applied
to the surface of the patient's back as in the COT. Like
CAT, the DIERS system allows for 3D reconstruction of
the spine based on the topography of the back surface.
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The manufacturer of the DIERS system declares the
possibility of a four-dimensional study of the spine
with the "fourth dimension" indicating the possibility
of a dynamic assessment of the spatial characteristics
of the spine in time including comparison and analysis
of parameters resulting from minor body vibrations or
functional/postural tests. The DIERS system showed
good results in comparative studies where X-ray of the
spine acted as a reference tool: the correlation coefficient
between the Cobb angles and similar values obtained
with the DIERS system was 0.758-0.872, and the average
difference between radiography and raster stereography
was 6.98-9.42°. The reliability and reproducibility of the
method compared to radiography, the "gold standard"
for spinal deformity assessment has been reported in a
number of studies [6, 40].

Rasterstereography offers a reliable method to detect
the effects of lower limb discrepancy on spinal posture
and pelvic position. The study of 115 subjects showed
that there was a correlation between an artificial leg
length inequality up to 15 mm and pelvic tilt or torsion,
but only minor changes in the spinal posture were
measured [41]. The results of the study demonstrated
the need to explore the timing of occurrence of
compensatory changes in pediatric spine in children with
lower limb discrepancy. The evidence of the diagnostic
effectiveness of the DIERS system was reported in a
study with output rasterstereography parameters being
confirmed with 3D laser scanning technology [6].

Summarizing the information about the DIERS
system, rasterstereography can be recommended for
examination of children and adolescents with spinal
deformity:

1) for the initial assessment of spinal deformity when
the need for radiography remains unclear;

2) for dynamic assessment of spinal deformity;

3) for quantitative assessment (including 3D) of
spinal deformity;

4) every 3-6 months [6].

The use of the COT and DIERS systems is important
for clinical orthopaedics. This is confirmed by the
difference in the interpretation of the data, since the
approach of foreign scientists to the optical and
topographic examination of patients who do not suffer
obvious spinal diseases differs from that in our country.
The results that foreign authors recommend using as
a “corridor” of the norm seem to be most valuable.
General population of healthy women showed rotation
of 2.2 +3.5° at the level of the eleventh thoracic vertebra
and lateral deviation in the II-IV thoracic vertebrae.

Standard deviation of the parameters obtained in
the study exceeded the mean value of the parameters
suggesting a possibly incorrect distribution of data
indicating an even greater heterogeneity of clinical
forms of spinal deformity within the "norm". The most
remarkable in the work was the question that the authors
asked: Is there a need to correct a disorder identified in
a practically healthy individual [31]?

The second stage of modern PM research in
traumatology and orthopaedics is associated with
processing of native photos with no "special" optical
effects (shadow) applied. Methods of the second stage
can be considered logically closer to the term PM in
general and the term PM can be understood as methods
that evaluate native photos of objects. The use of detail
measurements from a photographic object was initiated
by the American physician Holmes who was the first
to evaluate changes in the gait of Civil War invalids
from a photographic image for optimal prosthesis
manufacturing [3, 42]. That was a single use of PM
with a single non-stereoscopic camera in the prosthetic
practice and trauma and orthopaedics in general.

In our country, the PM method was applied in various
fields from modeling museum objects of geological
heritage [43] to magnetic-ionospheric observations of
forecasting and diagnosing natural and man-caused
extreme events [44] however, the application of the
method remains limited in medical practice. Foreign
studies report PM being widely used in the assessment
of spatial parameters in veterinary medicine [45] and
clinical medicine. The 3D scanning is competing with
PM in clinical medicine with obvious advantages
of most accurate reproduction of geometric shapes,
possibility of using glare and reflective objects, and
objects of soft consistency. The PM method provides
more realistic surface structures and a sufficiently high
transfer of the geometric characteristics of objects [46].

An anthropological study of Australian scientists
was the logical connection between the applied use
of PM in veterinary medicine and clinical medicine
demonstrating a close correlation between the parameters
of the computed tomography and PM performed with a
smartphone camera (digital tool — Agisoft PhotoScan,
Agisoft Metashape, St. Petersburg, RF). The spatial
performance of three skull models (Bone Clone, Los
Angeles, USA) was evaluated in the study using PM and
computed tomography. The authors reported that the
correlation coefficients of the data obtained using both
methods ranged from 0.9862 to 0.9980 (p < 0.05), and
the PM method was a reliable and accurate alternative
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to computed tomography [47]. Agisoft PhotoScan was
used by British scientists for creating accurate digital
skeletal models. Approximately 200 photographs were
taken of three different crania, and were separated into
series consisting of 50, 75, 100, 150, and approximately
200 photos. It was recommended to create cranial
models using 150 photographs and “high” settings.
SfM photogrammetry was reported as a convenient,
noninvasive, and rapid 3D modeling tool that can be used
in almost any setting to produce digital models [48].

Greater prospects for the integration of the PM
method into clinical practice were presented in a
comparative study of forensic experts who compared
and evaluated the measuring results of 86 forensic body
surface injuries by the ruler method, structured-light
scanning and single-camera photogrammetry. The the
root mean square error value results were structured-
light scanning < single-camera photogrammetry < ruler
method. When the long-distance group 10-40 cm was
measured, the results obtained by the ruler method
were shorter than the standard value. Both structured-
light scanning and single-camera photogrammetry can
be applied in recording and measuring forensic body
surface damage. The former has better performance
in measurement accuracy and stability, while the
latter has better color performance but longer post-
processing time [49]. PM has been widely used in the
context of modeling pathological processes of a surgical
profile with applications in the field of digitalization
of mastering practical skills by surgeons, recreating a
“museum of digital pathology” and integrating with
virtual reality environments and models of tissues and
organs reproduced using 3D printing [50]. The use
of PM in traumatology and orthopaedics should be
described starting from the data indicating the use of PM
in the analysis of the skeletal system in anthropological
studies. A meta-analysis based on the results of 26
studies reported the use of PM for evaluation of the
parameters of the skeleton, anatomical features of
body development, and pathomorphology of injuries.
The authors reported the PM method having great
potential in skeletal anthropology, with many significant
advantages: versatility in terms of application range and
technical implementation, scalability, and photorealistic
restitution [51].

The surface topograph was developed by the staff
of the University Hospital RWTH, Aachen, Germany
and presented in 2019 employing a two-camera system
for imaging and evaluating the subjects front and back
simultaneously. The system used images from eight

different points located around the object for a complete
3D reconstruction of the model and the authors measured
the Alderson phantom (The Alderson Radiation
Therapy Phantom, Radiology Support Devices, Los
Angeles, USA) with the a.p.-scan topography system
and computer tomography to validate the whole-torso
reconstruction. The reliability of the measurements
performed on the phantom was confirmed by computed
tomography [52]. The difference between the values
obtained with the system and computed tomography
did not exceed 0.61-10.52 %. Inter- and intra-rater
reliability was tested in 35 healthy subjects by two
observers. Inter- (0.9-0.98) and intra-rater reliability
(0.8-0.95) testing revealed good and excellent results in
the detection of almost all body surface structures and
measurement of areas and volumes [53].

A meta-analysis performed by a group of Brazilian
experts at the University of Rio Grande do Sul (UFRGS,
Rio Grande, Brazil) included 21 studies reporting Twenty
different methods of calculating cervical spine posture
in the sagittal plane. The results of the work showed
high intra-rater reliability with PM and radiography. The
Cobb method (inferior C2 — inferior C7) and absolute
rotation angle [54] presented very high intra-rater
reliability. Another team of Brazilian scientists from Rio
de Janeiro (CUAM, Brazil) successfully integrated the
PM method as a tool for evaluating different methods
of physical assessment of dorsopathy of the cervical
spine [55]. A group of authors of the UFRGS University
evaluated the sensitivity and specificity of the PM
in assessing the trunk rotation, while a less accurate
scoliometer was chosen as the reference instrument
compared to radiography and optical topography, and
the costal gibbus served as the subject of study. The
authors reported a significant correlation between PM
and scoliometry (p < 0.05) with the sensitivity and
specificity of PM in assessing rotation being higher 83
and 78 % [56].

The study of a group of authors from another
Brazilian Federal University of Sao Paulo (Sao Paulo,
Brazil) enrolled 30 patients with scoliosis and 20
healthy subjects aged 11-18 years. The authors created
thoracic markers shaped as angles (A) and distances (D)
measured with PAS software as follows:

1) angles: right acromion/xiphoid/left acromion (A2),
angle formed between the outer point of the smallest
waist circumference and its upper and lower edges on
the left side (A4L), angle formed by the intersection of
the tangent segments of the upper and lower scapulae
angles (A7);
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2) «distances»: distance between the xiphoid process
and the last false rib on the right and left sides (D1R/
DIL); distance between xiphoid process and anterior
superior iliac spine (D3).

The results of the work showed that the markers
A2, A7 were significantly higher, while the A4L and
DI1R/D1L were significantly reduced in scoliosis group.
Moderate correlations were found between A2, DIR/
DIL and the Cobb angle. Despite some spareness of the
information presented in the work, the value of the study
is associated with the pioneering integration of “native”
parameters of the markers and calculated values
obtained from calculating the spatial relationships [57].
In addition, the topographic designations introduced by
the authors can be considered pioneering in clinical PM
nomenclature.

The third group of Brazilian scientists from the
University of Minas Gerais (Belo Horizonte, Brazil)
reported the use of the PM method in assessment of the
dynamics in spinal deformity in children with scoliosis.
Despite the fact that only the Cobb angle was chosen as
the subject of study, the authors were able to compare
the dynamic representativeness of radiographic and PM
methods in a heterosexual sample of 91 subjects at least
twice over an average period of 8.6 months. An increase
of 5° or more between two radiographic exams was
considered a progression of the curvature. The results of
the study areto be setoutindetail. The authors reported the
average Cobb angle of the curves measuring 39.5+ 16.7°
and 39.5 + 14.3° for radiographic and photogrammetric
exams at the beginning of the study, respectively. At the
end of the study, the measurements of the curves were
40.2+16.2°and 41.3 £ 15.1° (p > 0.05 for both groups)
for the radiographic and photogrammetric exams. The
photogrammetric method had an accuracy of 89 %
(Confidence interval [CI] 95 % = 82.5-95.5) for the
detection of scoliosis progression, with a sensitivity of
94.4 % (CI 95 % = 89.6-99.2), a specificity of 86.7 %
(CI95%=179.7-93.7). PM could be seen as an alternative
to radiography associated with excessive radiation
exposure, and a method for diagnosing progression of
scoliosis [58].

Methodological value in the development of a three-
dimensional analysis of the geometry of the spinal
column was shown by the studies performed by a group
of Canadian scientists who estimated the reliability of
3-D trunk surface measurements for the characterization
of external asymmetry associated with scoliosis using an
optical system with two different postures: anatomical
position (A) and ““clavicle” position (B) with the arms

rollup to the clavicles. The reliability was found to be fair
to excellent for position A with an intra-rater correlation
of 0.91 to 0.99 (0.85 to 0.99 for the lower limit of the
95 % confidence interval). The intra-rater correlation
was 0.85-0.98 for position B (from 0.74 to 0.99 for the
lower limit of the 95 % confidence interval). The data
obtained are promising prospects for the development
of the PM evaluation of deformities including the
methodical simplification of the measurement devices
and techniques [59].

The reliability of PM in orthopaedics is confirmed by
the results of a study reported by David P. and Bliss Jr.
who evaluated the correlation of PM method and X-ray
computed tomography over 2 years and 4 months in
nine volunteers with pectus excavatum. The authors of
the study found that the spatial characteristics of length
appeared to be more reliable than the parameters of chest
volume and area measured with PM (p = 0.0013) [60].
The PM method is used to assess adolescent idiopathic
scoliosis and spinal deformity as a symptom of some
hereditary diseases. PM was shown to be practical
in the assessment of spinal deformity and in the
selection of rehabilitation measures and the diagnosis
of postural stereotypes, facial asymmetry, and the
myotonic symptom complex as part of the Schwartz—
Jampel syndrome—chondrodystrophic myotonia [61].
PM is increasingly used not only in traumatology and
orthopaedics, but also in the prosthetics of amputated
limbs. The congruence of the tissues of the stump and the
sleeve ofthe prosthesis of the amputated limb is essential.
The use of PM in assessing the spatial characteristics of
the stump and a lower limb prosthetic socket appeared to
be a highly effective tool in manufacturing of individual
prostheses. The printed socket was photographed from
360 positions to achieve the maximum congruence of
the stump and the prosthesis fabricated on a 3D printer
based on PM data [62].

The PubMed/Medline and LILACS
were searched to review referential values for thoracic
kyphosis and lumbar lordosis for radiography and
photogrammetry analysis. Studies containing values of

databases

thoracic kyphosis and lumbar lordosis or a reliability
test assessed by radiography and photogrammetry
were selected. For the studies with radiography that
calculated the angle by the same method of assessment,
the mean was 44.07° for L1 to L5 and 58.01° for
L1 to S1, and for T1 to T12 the mean was 48.33°. It
was not possible to perform the same procedure with
the photogrammetry studies because of the great
discrepancy in procedures and angle calculations, which
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logically requires unification of the PM methodology
in orthopaedics [63].

An optimal lateral displacement of the camera for
minimizing the 3D data uncertainty is to be identified
with
images. The problem remains unresolved in clinical
applications and can significantly affect the quality of
the three-dimensional object and the absolute spatial

overlaying 1images and three-dimensional

characteristics, and also becomes more complicated
due to photographic recording of minor movements of
a living object (oscillations, respiratory movements).
Technical aspects of this issue are being resolved
developing the method on inanimate objects [64].

Trends in the development of PM in traumatology
and orthopaedics are determined by simplification of
the method integrated into clinical practice through the
use of a camera of a personal telecommunication device
(hereinafter referred to as PTD) as a photo registration
tool. This is confirmed by a number of studies. One of
the first PM studies in anthropology was performed
using a smartphone camera [47]. A pioneering study
reported PTU (iPad, Apple Inc., Cupertino, USA) used
as a diagnostic tool for spinal deformity. Parameters of
the absolute measurement of spatial quantities (mm)
and the angles (°) as a "gold standard" for a comparative
test were evaluated using the Qualisys motion capture
system (Qualisys AB, Gothenburg, Sweden). The
results of the study appeared to be encouraging: reliable
correlation was more than 0.98, an error in measuring
spatial quantities was not more than 3.8 mm and angles,
0.2° [65].

The use of a smartphone for measurements has a
number of distinctive features:

1) a smartphone camera and a reflex camera can
be used equally effectively as an optical measuring
device [66];

2) the smartphone camera has accuracy limitations
associated with a specific smartphone model [67];

3) 3D models built using a smartphone camera
appear to be 2 mm larger than real objects [3].

PM has a number of advantages over other methods
of optical diagnosis of spinal diseases:

1) PM is much cheaper than other imaging methods
(computed tomography, magnetic resonance imaging,
laser scanning) [68];

2) PM does not require training or the presence of a
qualified specialist [69];

3) PM is completely safe, unlike radiography or
computed tomography [70];

4) The PM technique is easy to perform and process

the obtained images, including earlier developed
software [71].

The history of optical diagnostics in traumatology
and orthopaedics can be represented as a scheme

(Fig. 1).

Fig. 1 Schematic representation of the development of

photogrammetry in traumatology and orthopaedics

PM can be practical for clinical implementation in
pediatric and adolescent spinal surgery. A PM system
for clinical diagnostics of the spatial location of the
spine using a smartphone camera was developed on the
territory of the Perm Territory based on the experience
of a large-scale assessment of spinal deformity
in children and adolescents [62] and on results of
computer optical topography, performed at LLC “Yord
Tech’ (ScolView™, Perm, Russia) [72]. Technical
performance included the following:

1) taking pictures of an object with PTD (technical
requirements: optimal optical and technical properties
of the camera;
including at least 70 and no more than 200 pictures.
Serial shooting is performed from a distance of about 1

operating system Android, iOS)

m, while the operator moves along a semicircle facing
the object, making sequential series of shots, moving
the camera along the zigzag trajectory;

2) compilation of object snapshots. This extracts the
distinctive visual effects of an object in one image from
the series, which are compared with the visual effects of
another image from the series and overlapping at stable
points, regardless of angle, movement and scale. A three-
dimensional object is formed based on the data received;

3) processing of a three-dimensional object is
performed by a sequence of actions:
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— calculation of the distance from the camera to
the object (in units, which are converted to the metric
coordinate system using augmented reality technology —
Python 3.8 programming language (Python Software
Foundation, Beaverton, Oregon, USA);

— post-processing of a three-dimensional object:
cropping the background and environment, smoothing
and getting rid of visual noise;

—selection of the horizontal plane of a three-
dimensional object by simultaneously recording data
from the inertial sensors of the PTD;

— selection of the frontal plane of a three-dimensional
object by photographing the PTD of the back surface in
a frontal plane from behind;

— positioning of a three-dimensional object with

SERIES OF PICTURES

indicated top and bottom of the object image, the three-
dimensional object is rotated according to the specified
base planes with the origin of coordinates being
determined and correction produced;

— determination of reference points with algorithmic
search of reference points according to the mathematical
algorithm developed;

4) calculation of the parameters of the back
surface, analysis of the calculations performed using
the mathematical algorithm developed (Python 3.8
programming language).

The logical scheme of the system is shown in Figure 2.

Analysis of the results of the clinical implementation
of the ScolViewtm system is expected in subsequent
publications.
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Fig. 2 Operation logic diagram of ScolViewtm

CONCLUSION

Summarizing modern methods of optical assessment
of spinal deformity in children, it seems logical to
single out the main trends in the medical and technical
development of diagnostics in traumatology and
orthopedics.

1. The safety trend includes leveling the radiation
exposure to the patient.

2. The trend of increasing accuracy is associated with
the development of optical digital photography technology.

3. The trend of ease of operation is ensured by the
emergence of a tendency to reduce the requirements for
the qualification of the diagnostic device "operator" and
transformation of PTD into a proper medical device.

4. The digitalization trend arises as a cause and effect
of the “roll” of the functional load for capturing and
decoding data in favor of digital devices and algorithms.

5. The trend of The Internet of Medical Things" is
a conceptual global phenomenon that has arisen on the
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basis of expanding medical services implemented using
digital and network technologies.

The trends described are being implemented
in medical practice, they continue
to improve and pass the “critical points” of the

everywhere

development, which are marked by the introduction
of new technologies or a new application of an

earlier method. The evolution of the process seems
predictable, since the next stage in the development of
optical and digital technologies in the assessment of
spinal deformity will be associated with introduction
of artificial intelligence (Al) technologies and use of
Clinical Decision Support Systems (CDSS) specifically
in the pediatric spinal surgery.
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