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ABSTRACT

Objective: This prospective study aimed to assess the concurrent validity and diagnostic accuracy of a mathematical
procedure for measurement of the spinal inclination angle, analogous to the Cobb angle, by means of photogrammetry.
Methods: Sixty-one subjects (aged 7 to 18 years), male and female, underwent radiographic (Cobb angle) and
photogrammetric (DIPA [Digital Image-based Postural Assessment] angle) evaluations. The measurement of spinal
inclination angle obtained through photogrammetry followed the Digital Image-Based Postural Assessment
software protocol. Concurrent validity was appraised using Spearman rank correlation, the coefficient of
determination, the root-mean-square error, Bland-Altman plot analysis, and receiver operating characteristic
analysis, adopting P < .05.

Results: The analyses were divided according to the topography of the scoliotic curve (thoracic, lumbar, or
thoracolumbar). The correlations were excellent (from 0.72 to 0.81) and significant for all the regions of the spine, and
the coefficients of determination ranged between 0.75 and 0.88. The root-mean-square error was between 5° and 11°,
and the mean difference was very close to 0. The area under the curve was excellent and significant, ranging between

95% and 99%.

INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a 3-dimensional
deformity that alters the posture of the spine and the trunk.
The Cobb angle measure obtained by radiologic examina-
tion is used for diagnosis and monitoring of the progression
of the scoliotic curve.' However, the effects of ionizing
radiation on the human body have been investigated, and
the oncogenic potential of repeated exposure to those rays
is known.”

Considering the age range of the individuals diagnosed
with AIS and the fact that these individuals are in the
growth stage, the deleterious effects of ionizing radiation
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become of even more concern.” In addition, the need for a
radiology room and specialized professionals, which raise
the cost of the exam and sometimes the poor image quality,
are negative aspects attributed to radiography as well.*

It is therefore important to be able to use alternative non-
invasive methods that can diagnose and monitor AIS while
reducing exposure to x-rays. Clinical evaluation of body
posture,” surface topography,”’ and photogrammetry asso-
ciated with postural evaluation software™ are some of
these methods.

Regarding these noninvasive methods, photogrammetry
presents advantages such as the absence of ionizing radia-
tion, the availability of validated and free software pro-
grams, and the use of a basic infrastructure (tripod, camera,
markers, and plumb line).” However, not all of the avail-
able software provides clinical information equivalent to
that obtained from radiography.

In this sense, the objective of the present study was to
assess the concurrent validity and diagnostic accuracy of
a mathematical procedure to measure the spinal inclina-
tion angle, equivalent to the Cobb angle measurement,
using photogrammetry. We hypothesized that photo-
grammetry is capable of estimating the spinal inclination
angle in the frontal plane, analogous to the Cobb angle
in radiography.
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METHODS

Study Design

This study was a prospective study for diagnostic test
assessment reported to STARD (Standards for Reporting
Diagnostic Accuracy).'”

Participants

Anteroposterior and posteroanterior full-spine radio-
graphs were obtained from a consecutive sample of 61 chil-
dren and adolescents of both sexes. Eligibility criteria were
having a full-spine radiograph requested by a doctor, pre-
senting a chronological age of 7 to 18 years, being able to
maintain an upright position without help, and not having
undergone surgical intervention in the spine. Individuals
presenting spina bifida, sixth lumbar vertebra, or fewer
than 12 thoracic vertebrae were excluded from the sample.

This study was approved by the Research Ethical Com-
mittee (66785817.4.0000.5347). Individuals were included
in the study if they agreed to participate and only after their
parents signed the informed consent form before the assess-
ments. Participants were identified through social network
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communication (Facebook, blog, WhatsApp) from January
through December 2017, based on a full-spine radiograph.

Test Methods

The data was collected and analyzed in 2 steps: (1) clini-
cal postural evaluation using photogrammetry, and (2)
radiologic evaluation.

For both evaluations, the participants wore adequate
clothing, like bathing suits, tank tops, and shorts. The
evaluator was an experienced physiotherapist (8 years) spe-
cializing in scoliosis assessment who performed blind and
independent assessments of the radiographs and photo-
graphs. In 53% of the cases, steps 1 and 2 were performed
on the same day; in the other 47%, there was a time interval
from 7 to 30 days between steps 1 and 2. No clinical inter-
vention occurred between steps.

Clinical Postural Evaluation Using Photogrammetry.  Partici-
pants were submitted to a photographic register in ortho-
static posture. They adopted the same position of upper and
lower limbs as in the obtention of the radiographs. As a ref-
erence, a plumb line with 2 reflexive markers was

Fig |. In highlight, the reference anatomical landmarks used for the analysis of the spinal inclination angle (A) and analysis of the spi-
nal inclination angle in the photograph (B). The red lines form the DIPA (Digital Image-Based Postural Assessment) angle. They are
tangent to the cranial and caudal vertebrae chosen by the examiner.
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positioned beside the participant, in line with the heel. The
digital camera (Sony Cybershot DSC-F717, 5.0 megapix-
els, 512 Mb of memory, 5 x optical zoom and 10 x digital
zoom) was attached to a tripod at a height of 0.95 m and
3.0 m horizontally distant from the individual.”

Some reference anatomic landmarks (ALs) were marked
for the photographic register. Reflexive markers were
attached to the skin with double-sided tape on the spinous
process of the C7, T2, T4, T6, TS, T10, T12, L2, L4, and
S2 vertebrae (Fig 1A). After photographs were obtained,
the images were analyzed on the DIPA (Digital Image-
based Postural Assessment) software, which calculated the
spinal inclination angle based on the ALs using the tangent
method (Fig 1B). In order for DIPA to perform the calcula-
tion of the spinal inclination angle, the evaluator should
have digitalized all the ALs marked on the participant in
the photograph, decided which spinous processes would
represent the upper and the lower limits of the curvature,
and entered it into the software. When the definition of the
cranial vertebra or the caudal vertebra of the curvature was
dubious, more than 1 analysis was performed on the soft-
ware, but only the measurement resulting in the wider angle
was considered for statistical analysis.

There are no cutoff values for the spinal inclination
angle established by photogrammetry. Based on the find-
ings of this research, we might suggest some.

Radiologic Evaluation.  The full-spine radiographs were
obtained at a hospital by an experienced radiologist,
according to the standard radiographic positioning. In these
examinations, the participants remained in a relaxed ortho-
static posture, with the trunk against the grid, maintaining
the upper limbs at the side of the body and the feet and
knees together and parallel, but respecting their natural pos-
ture. Also, participants sustained inspiratory apnea during
the obtention of the radiograph.

The Cobb angle was calculated in the radiographs accord-
ing to the 2-line Cobb method'"' and using a mathematical
routine in MATLAB version 7.9 software. The scoliotic
curve was determined by the upper end plate of the cranial
vertebra with the greatest inclination and the lower end plate
of the caudal vertebra with the greatest inclination (Fig 2).

The Cobb angle measured in radiography has been
described in the literature as the gold standard for the diagno-
sis of scoliosis.'>'® However, the use of this exam involves
exposure to ionizing radiation that has deleterious effects
highlighting the oncogenic potential. The Scoliosis Research
Society has established a Cobb angle cutoff point of 10° to
indicate the presence of scoliosis.'”'” Cases with values
under that cutoff are not considered a pathological situation
and can be described as functional or postural scoliosis.'®

Analysis
There were no indeterminate results or missing data for
either the photogrammetry or radiographic evaluations.
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Fig 2. Measurement of the Cobb angle in radiographic examina-
tion (anteroposterior projection).

The data was analyzed with SPSS version 21.0. Initially,
the Kolmogorov-Smirnov test was performed, followed by
a descriptive analysis of the data and measures of central
tendency and dispersion. The validity was appraised using
Spearman rank correlation, the coefficient of determination,
root-mean-square (RMS) error, and Bland-Altman plot
analysis. Correlations were categorized as weak (0.10-
0.29), moderate (0.30-0.49), or excellent (0.50-1.0)."
Diagnostic accuracy was appraised using MedCalc soft-
ware to make a receiver operating characteristic (ROC)
analysis. The area under the curve (AUC) was classified
according to Hanley and McNeil ' as poor (0.60-0.69), reg-
ular (0.70-0.79), or excellent (>0.90). The significance
level for all tests was <.05. The sample size was calculated
using G¥*Power version 3.1.9.2 software adopting a power
of 90% and probabilistic error of 5% with H; r=0.6 and
Hgo r=0.3, resulting in an estimated n of 61 subjects.

RESULTS

Participants

The flow of participants is described in the flowchart
(Fig 3). Participants had a mean (&= SD) age of 11.9 (& 3.4)
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Fig 3. Flowchart of the participants.

years, a mean body mass of 44.5 (£ 15.6) kg, and a mean
height of 1.5 (& 0.2) m. There was no sample loss. Regard-
ing the vertebral inclination angle, in the thoracic region 47
participants presented a Cobb angle less than 10°, 7 partici-
pants between 10° and 45°, and 7 participants greater than
45°. In the lumbar region, 46 participants presented a Cobb
angle less than 10°, 11 participants between 10° and 45°,
and 4 participants greater than 45°. In the thoracolumbar
region, 49 participants presented a Cobb angle less than
10°, 9 participants between 10° and 45°, and 3 participants
greater than 45°.

In all analyses (thoracic, lumbar, and thoracolumbar),
the correlations between the radiographs and the photo-
graphs were excellent, and the RMS error was acceptable
(5°to 11°; Table 1).

Test Results

In the Bland-Altman plot analysis of the thoracic region,
the mean difference was very close to 0 (0.0002°). The
upper and lower limits of agreement were 23.3° and
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Table 1. Mean (range) of the Angles in Radiographic Examinations and Photographs, Correlation Analysis, Dispersion Analysis, Lin-

ear Regression Analysis, and Root-Mean-Square Error

Region Cobb Angle DIPA Angle P R? Angular Coefficient Intercept RMS Error
Thoracic 132 (0°-115°) 15° (1°-124°) 0.72" 0.80 1.608 3.578 11°
Lumbar 8°(0°-75°) 7° (0°-87°) 0.81° 0.75 2.099 —0.352 9°
Thoracolumbar 7° (0°-76°) 7°(0°-77°) 0.77* 0.88 1.470 0.382 5°

DIPA, Digital Image-based Postural Assessment; p, Spearman rank correlation coefficient; RMS, root-mean-square.

&P <.05.

—23.3°. The data were scattered, and only 4 outliers were
above the superior limit (Fig 4).

For the lumbar region, the mean difference was close to
0 as well (—0.0013°). The upper and lower limits of agree-
ment were 17.2° and —17.2°. The data were scattered, and
3 outliers were above the upper limit and 2 below the lower
limit (Fig 5).

For the thoracolumbar region, the mean difference was 0
(0°). The upper and lower limits of agreement were 11.7°
and —11.7°. The data were scattered, and only 4 outliers
were above and below the upper and lower limits (Fig 6).

The ROC curve analysis demonstrated excellent and
significant AUC for all regions (thoracic, lumbar, and thor-
acolumbar), and it was possible to establish cutoff points
for the spinal inclination angle in the photogrammetry
(Table 2). No adverse events occurred when the evaluations
were performed.

DiscussioN

The use of photogrammetry for screening, diagnosing,
and monitoring individuals with scoliosis has become more
popular in clinical practice. It is a trustworthy and easy-to-

50

use instrument for researchers and clinicians that also con-
tributes to the reduction of patient exposure to ionizing
radiation.'””" In photogrammetry, some efforts have been
made to improve this instrument, like standardization of
procedures for data collection and processing of results.
However, to the best of our knowledge there is no software
capable of measuring the spinal inclination angle similarly
to the Cobb angle."”

Using photogrammetry, de Souza et al’" identified scolio-
sis in 68% of their evaluated participants. However, the con-
current validity and accuracy of the protocol and software
used do not assure the trustworthiness of their results in com-
parison to the gold standard, the radiographic examination.
Furthermore, Ferreira et al** found 78.7% prevalence of sco-
liosis in schoolchildren using photogrammetry. Both studies
evidence the usefulness and applicability of photogrammetry
in clinical and school environments. On the other hand, it
should be noted that these authors base their evaluation of
scoliosis on software that is not compared with the gold stan-
dard. Concurrent validation is not appraised in the frontal
plane in these studies,” and this may weaken their findings.

Based on the results we obtained and regarding the meth-
odology proposed in this study, it is possible to measure the
spinal inclination angle through photogrammetry (DIPA
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Fig 4. Bland-Altman plot analysis of the thoracic region. SD, standard deviation.
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Table 2. ROC Curve Analysis for Thoracic, Lumbar, and Thora-
columbar Regions

Cutoff  Sensitivity ~ Specificity AUC 95% CI
Region point (%) (%) (%) (%)
Thoracic 5.4° 100 33 99¢ 97-100
Lumbar 4.4° 93 99 95* 87-100
Thoracolumbar  5.2° 92 77 95¢ 89-100

AUC, area under the curve; CI, confidence interval; ROC, receiver operat-
ing characteristic.
P <.001.

angle), analogous to the Cobb angle. The robustness of the
results is confirmed by the statistical analyses, which show
that the correlation between the measures is excellent and
significant. The results of both instruments do not differ.
Accuracy is an essential requirement when choosing an
evaluation method. The Cobb angle method, which is con-
sidered the gold standard, presents 3° and 5°, respectively,
of intrarater and interrater standard error.”* RMS error is an
accuracy measure that indicates the average magnitude of
the error between the predicted value and the real observa-
tion.”” In the present study, the RMS error ranged between
5° and 11° (Table 1). For example, in the thoracic region,
the RMS error of 11° may be considered an acceptable error
because the measures vary from 1° to 124°. The results for
the other curvatures were even better: lumbar RMS error
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was 9° and thoracolumbar was 5°. This indicates the good
accuracy of the proposed method compared with the gold
standard for quantifying scoliotic curvature in any region of
the spine, based on the spinal inclination angle.

The dispersion analysis between the measures (Cobb
and DIPA) presented consistent determination coefficients
between .75 and .88. Furthermore, it was possible to
develop a prediction equation that allowed the correction
of the predicted value (DIPA) according to the observed
values (Cobb). Thus, the magnitude of the DIPA angle was
equated to the Cobb angle in each case. The use of this
mathematical procedure allows the DIPA user to estimate
the Cobb angle on a photograph.

Concordance between measures is another fundamental
aspect in the process of validating a new instrument, and
many researchers have been using this approach.””*® Bland
and Altman assert that an isolated analysis of the coefficients
of correlation and determination does not guarantee the con-
cordance between the appraised instruments, so they propose
the use of a plot analysis that allows for determining the con-
cordance between methods, establishing a confidence inter-
val and the mean difference between measures from both
instruments.”’ In our study, the plot analysis of each region
of the spine showed good results because the mean differ-
ence between methods was very close or equal to 0.

In our study, we found very high AUC values for all
regions (thoracic, lumbar, and thoracolumbar) of the spine,
and we must consider that the AUC is an estimator of
the global test performance.”® Previous researchers have
reported adequate accuracy with an AUC of around 85% in
the evaluation of the spine by means of a surface topogra-
phy relative to radiographic examination.”” Also, the ROC
curve analysis allowed us to establish cutoff points for pho-
togrammetry. In all regions, it was possible to find high val-
ues for both sensitivity and specificity for each cutoff point.
We highlight that the use of a classification based on these
cutoff points has an important place in clinical practice.

Study Limitations

One limitation of our research is the nonstandardized
time interval between the radiographic and photogrammet-
ric evaluations, which varied from 7 to 30 days. This time
gap between evaluations may have affected the results
obtained. Also, it is important to mention that AIS is a 3-
dimensional deformity’” and should be assessed in all
planes (frontal, sagittal, and transverse). However, radiog-
raphy and photogrammetry are 2-dimensional evaluation
methods. In this aspect, technological advances and meth-
odological improvements in the current protocols and soft-
ware programs are needed to broaden the scope of the
evaluation of individuals with AIS.

In summary, the results found in our research suggest
good accuracy for the proposed method. The mathematical
procedure presented is valid to calculate the spinal inclina-
tion angle by means of photogrammetry, as is the Cobb
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angle in radiography. We highlight that our findings con-
firm the possibility of considering photogrammetry as an
alternative tool for the evaluation and quantification of sco-
liotic curvature in children and adolescents, avoiding the
repeated exposure of these individuals to x-rays. We also
emphasize the low cost, availability, and uncomplicated-
ness of this instrument, which make it an excellent alterna-
tive for clinical use.
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Practical Applications

o This article presents an alternative tool to
radiographic exams in evaluation of the spine
on the frontal plane.

o The results evidence the validity of photo-
grammetry for measuring the Cobb angle.

e The article collaborates in the development
and improvement of photogrammetry for pos-
ture evaluation.

o The proposed method allows decreased expo-
sure to ionizing radiation for individuals with
scoliosis.
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