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ABSTRACT

Objective: The purpose of this study was to validate the photogrammetric measurement of the angle of trunk rotation
in relation to the scoliometer instrument.

Methods: Fifty-eight prominences from individuals with ages between 7 and 18 and with suspicion of spinal
asymmetry (SA) were evaluated through the scoliometer and photogrammetry. The photographs were analyzed in the
Digital Image-based Postural Assessment software. For statistical purposes, we used Pearson’s correlation test (r), root
mean square error, Bland-Altman graphical analysis, and receiver operating characteristic curve. The level of
significance was P < .05.

Results: Excellent correlation for the angle of trunk rotation was obtained between the scoliometer and
photogrammetry, with a root mean square error of 3°. The Bland-Altman graphical analysis showed equally dispersed
data with no participants outside the limits of agreement. The receiver operating characteristic curve evidenced that (1)
the cutoff point for the identification of the presence of spinal asymmetry is 4°; (2) mild to moderate SA is between 4°
and 7°; (3) moderate to severe SA is above 8°; and (4) sensitivity and specificity were above 83% and 78%,
respectively, with an area under the curve > 90%.

Conclusion: Photogrammetry is validated for measuring the angle of trunk rotation, being an accurate and accessible

INTRODUCTION

Idiopathic scoliosis (IS) is a 3-dimensional deformity of
the spine and trunk, characterized by the distortion of the
spine in 1 or more curves in the frontal plane; alteration of
the alignment in the sagittal plane; and axial rotation of the
vertebrae, and consequently of the trunk, in the transverse
plane.’ The rotation of the trunk is evidenced in the thoracic
spine by the posterior protuberance of the ribs in the region
of the convexity of the curve. In clinical practice, spinal
asymmetry (SA) is often linked with scoliosis. The Adams
test, in which the participant is required to bend the trunk
forward, is traditionally used to reveal the prominence.” ™

Among the instruments to evaluate the rotational
component of SA, we have computerized tomography and
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radiography, although these options are considered high-
cost and invasive exams.”” An alternative to these exams is
the scoliometer, a valid and reproducible device, with
well-defined cutoff points, designed to measure the
asymmetry in the transverse plane of individuals with
scoliosis.'” Also, the use of smartphones for this purpose
has been suggested, but the verification of their sensitivity
and specificity demands more studies.''*

Another option to measure the angle of trunk rotation
(ATR) is the photogrammetric analysis, which has
been extensively used by researchers and health profes-
sionals.'”'® The photogrammetric analysis requires dedi-
cated software and more complex procedures to provide the
measurements, whereas the scoliometer has a direct and
practical measure. However, considering the 3-dimensional
characteristics of the spinal asymmetries linked with
scoliosis, the use of photogrammetry could offer informa-
tion about all planes in a single instrument. Nevertheless, as
far as we know, there is still scarce information regarding
the validity and reliability of photogrammetry in the
transverse plane, and no cutoff points have been defined
for SA.

Thus, the objective of the present study was to validate
the photogrammetric measurement of the ATR in relation
to the scoliometer instrument. We hypothesized that
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Fig 1. Procedures for obtaining the angle of trunk rotation using (A) the scoliometer and (B) photogrammetry.

photogrammetry is capable of measuring the angle of trunk
rotation analogously to the scoliometer.

METHODS
Study Design

This was a cross-sectional study for diagnostic test
assessment that followed the Standards for Reporting
Diagnostic Accuracy.'’

Participants

We included consecutive participants of both biological
sexes. Eligibility criteria included age between 7 and 18
years old, ability to maintain standing position without help,
and leg length discrepancy less than 1.5 cm. Participants
were excluded if they had undergone surgical intervention
of the spine. Sample size was calculated on G*Power
3.1.9.2, using a bivariate normal model correlation test
(exact family test), power of 95%, and probabilistic error of
5% considering Hyp r = 0.4 and H; r = 0.7, resulting in a
sample of 58 prominences. An extra prominence was added
in case of sample loss.

Ethical approval was granted by the Comité de Etica em
Pesquisa da UFRGS (UFRGS Research Ethics Committee)
(CAAE 66785817.4.0000.5347). Informed consent was
obtained from all individual participants included in the
study. The individuals participated if they had agreed to be
evaluated and only once their parents had signed the informed
consent form before the assessments. The participants were
identified through social network communication (Facebook,
blog, WhatsApp) between June 2017 and April 2018.

Test Methods

The participants were submitted to 2 evaluation
procedures. The order of the evaluation was random, but
they were performed consecutively by the same evaluator.

For examination using the scoliometer, the participant
was instructed to forward bend the trunk (Adams test)’*
while the examiner glided the scoliometer on the back
surface, keeping the spinous processes touching the cavity
indicated in the instrument. From this procedure, it is
possible to observe the clinical sign of prominence. The
ATR was obtained from the regions of evidence (Fig 1A).
Furthermore, the examiner identified the vertebral level
where the clinical sign was found. The procedure was
performed 3 times, and the larger ATR was considered. If a
participant presented 2 prominences, both were evaluated.

Scoliometer measuring of the ATR has been described in
the literature as a useful parameter for screening and early
detection of spinal deformities.”'*'® This very common
tool is used among researchers and clinicians. Its cutoff
point is usually determined between 5° and 7°.'”* Thus,
we considered the spinal asymmetry when the ATR was
greater than 5°.

For examination using photogrammetry, the photograph
was taken in the Adams test position, when the apex of the
prominence was in evidence for the camera lens. Similar to
the scoliometer examination, if a participant presented 2
prominences, both were evaluated. A plumb line with 2
markers was parallel to the external malleolus. The digital
camera (Sony Cyber-Shot DSC-F717, 5.0 megapixels, 512
MB of memory, 5x optical zoom and 10x digital zoom)
was attached to a tripod at a .95-cm height and 3.0 m
horizontally distant from the individual. The distances were
previously checked considering zoom options and propor-
tionality of the original image'® (Fig 1B). The photographs
were digitalized and analyzed on the Digital Image-based
Postural Assessment (DIPA) software.

Procedure for Image Analysis
The images were digitalized on the DIPA software by
the same evaluator, who was not the same person who was
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Fig 2. The photogrammetric image shows the straight line
connecting the selected points (yellow line) and the parallel
lines (white lines).

responsible for and performed the data collection. Two
markers on the plumb line represented the spatial reference
for the software. Two points representing the superior
apexes of the prominence nearer the vertebrae in each
half-body, left and right, respectively, were digitalized in
the photography. The location of these 2 points makes the
measurement of the ATR the most similar one to the
scoliometer. The software draws a straight line between the
digitized points on the half-body and another 2 horizontal
lines, which were parallel to the ground. Each parallel line
passed on one of the selected points (Fig 2). The angle
formed by the line between the digitized points and the
respective parallel lines indicates the magnitude of the ATR
on the body surface. There are no established cutoff point
values for the ATR on photogrammetry. Based on the
findings of this research, we might suggest a new way to
perform this measure and some cutoff points for the angle
of trunk rotation measured by means of photogrammetry.

For further statistical analysis, the angles provided by
photogrammetry were transformed using a simple linear
regression analysis. The data were plotted in a scatter
diagram (scoliometer vs photogrammetry) and the regres-
sion line (minimum square method) was used (R? = 0.92)
to transform the angles obtained on photogrammetry: y =
0.94x + 0.70, where x represents the originally measured
angles on photogrammetry and y represents the transformed
angles, which were later used in the statistical analysis. The
normality was verified through the analysis of the residue
histogram, the linearity through the P-P plot of regression
standardized residual, the homoscedasticity through the
visual analysis of the scatterplot (residual vs predicted), and
the independency of residuals through the analysis of the
Durbin-Watson value (1.739).

Statistical Analysis
There were no indeterminate results or missing data for
both scoliometer and photogrammetry evaluations. The
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data were analyzed using the Statistical Package for the
Social Sciences version 21.0. The outliers were identified
based on the analysis of residual statistics (Statistical
Package for the Social Sciences) and they were excluded.
The validity was appraised using (1) Pearson’s correlation
coefficient, (2) root mean square (RMS) error, and (3)
Bland-Altman (B&A) plot analysis. The correlation was
classified according to Cohen”' as weak (0.10-0.29),
moderate (0.30-0.49), and excellent (0.50-1). The receiver
operating characteristic (ROC) curve was used to determine
the diagnostic accuracy and to establish the cutoff point for
classifying spinal asymmetries using photogrammetry. The
area under the curve (AUC) was classified according to
Hanley and McNeil** as poor (0.60-0.69), regular
(0.70-0.79), and excellent (>0.90). The significance level
adopted was 0.05.

RESULTS
Participants

The sample is described in the flow diagram (Fig 3). It
was composed of 58 prominences from 53 participants. Two
outlier participants were excluded, resulting in 51 partici-
pants. Five participants had 2 prominences, totaling 56
prominences analyzed. The participants were 64% female
(n = 34) and presented a mean age of 14 + 2.9 years old, a
mean body mass of 52 + 12.9 kg, and a mean height of 1.60
+ 0.1 m. The mean ATR obtained through the scoliometer
and photogrammetry was 8° (minimum 0°, max 30°) and 7°
(minimum 0°, maximum 27°), respectively.

The correlation between the measurements of both
instruments was excellent, with an RMS error of 3°, and it
was considered satisfactory (Table 1). In the B&A plot
analysis, the mean difference between the 2 instruments
was 0°, with upper and lower limits between 5.6° and -5.6°,
respectively. The data were scattered, with no individuals
outside the upper or the lower limits (Fig 4).

The ROC curve showed that, in photogrammetry, the
cutoff point of the ATR to identify the presence of spinal
asymmetry is 4° and that it is possible to classify the
severity of spinal asymmetry. The ATR between 4° and 7°
indicates mild to moderate spinal asymmetry, whereas the
ATR above 8° indicates moderate to severe spinal
asymmetry. All cutoff points presented an excellent AUC
(>90%) with sensitivity and specificity measures greater
than 83% and 78%, respectively (Table 2).

DISCUSSION

Our results showed high and significant correlation of
the ATR and a small RMS error, demonstrating the
reliability and accuracy of photogrammetry in the evalua-
tion of the ATR. Considering that the correlation coefficient
is a measure of association, which evaluates the relationship
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Fig 3. Flow diagram of the participants. ATR, angle of trunk rotation.

between 2 variables, but cannot show the differences
between them,” we have performed the B&A plot analysis.
This analysis describes and quantifies the agreement
between 2 measures from a scatter plot in which the y
axis shows the difference between these measures and the x
axis shows the mean of these measures. Moreover, the plot
demonstrates the presence of outliers or trends between the
measures.”” >

In this analysis, the ATR of photogrammetry and the
scoliometer were dispersed and no individuals were outside

the limits of agreement. This result, associated with the
small RMS error, demonstrates the agreement between the
2 instruments and reinforces the confidence in the use of
photogrammetry (DIPA software) to measure the ATR. The
DIPA software was used in our study and has already been
validated, besides being an accurate, accessible, and
easy-to-handle tool for assessing the spine in sagittal and
frontal planes.'”"'® This software provides the angles of
dorsal kyphosis and lumbar lordosis, as well as the spinal
inclination angle in the frontal plane.
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Table 1. Mean ATR Obtained From the Scoliometer and Photogrammetry, Correlation Coefficient, and RMS Error

Scoliometer Mean (min-max) Photogrammetry Mean (min-max) r RMS Error
ATR 8° (0-30) 7° (0-27) .96 3°
P < .05.
ATR, angle of trunk rotation; max, maximal; min, minimal; r, Pearson correlation coefficient; RMS, root mean square.
6
+1.96 SD
L]
[ ]
4 ° .
L] ® L]
° L]
L] pe °
L]
2
[ ] ) ®
—_ ° [ ]
© .
o L ]
g° oo’
g% o (] °
sg v . .
£ . . mean
S
o
S o | Y o
L]
2 ® e
L]
. {3 L]
L]
L]
2§ L4
[ ] L] [ ]
L] L]
-1.96 SD
6
-20 -15 -10 -5 0 5 10 15 20 25 30
Mean

(Scoliometer® + DIPA®/2)

Fig 4. Bland-Altman plot analysis comparing scoliometer vs ATR in photogrammetry (°). DIPA, Digital Image-based Postural

Assessment; SD, standard deviation.

With the increasing popularity of smartphones, some
applications are being developed as an alternative to the
scoliometer to reproduce the function of the instrument,
with the same accuracy, to measure the ATR. !4
However, the applications that presented validation or
reproducibility are only available for the iOS operating
system, restricting its usage. In addition, the limitation of
those applications is the measure magnitude restricted to a
maximum of 30° as in the scoliometer, whereas the DIPA
software does not have a limit of measure. Also, the
sensitivity and specificity of those applications still demand
more investigation.

The torsion bottle is a very simple tool to verify the
presence of prominence associated with scoliosis and is an
alternative to the scoliometer. Romano and Mastrantonio™®
showed the torsion bottle is a reliable tool when compared
with the scoliometer, even in the interrater analysis.
Although a very simple and useful tool, it does not provide
the magnitude of the ATR. Thus, the use of the torsion

bottle is limited to basic screening, domestic use, or
preinvestigation patients. Despite requiring a dedicated
software and more complex procedures to provide the
measurements, the DIPA software provides benefits like
allowing the quantification of the ATR, getting an objective
registry of patient’s prominence, allowing professional use,
and offering an unlimited range of the measures. Also, with
a single instrument, it is possible to assess the 3 planes of
scoliosis.

In the validation process of an instrument, it is important
to know the probability of accurate results being provided.
Sensitivity is the probability of a positive test in the
presence of a disease (true positive), whereas specificity is
the probability of a negative test in the absence of a disease
(true negative).”” The ROC curve provides these measures
through graphical representation.” Our results showed that
photogrammetry (DIPA software) can identify the presence
of spinal asymmetry from the ATR measurement with a
cutoff point of 4° and with an excellent AUC (91%).


Image of Fig 4

Journal of Manipulative and Physiological Therapeutics
Volume 43, Number 1

Navarro et al
Trunk Rotation in Photogrammetry

Table 2. Cutoff Point for Classifying the Scoliotic Curve Using Photogrammetry and Measures of Sensitivity and Specificity (ROC

Curve)
Cutoff Point Using the Cutoff Point Using Area Under
Scoliometer Photogrammetry Sensitivity Specificity the Curve CI (95%)
>4° >3.7° 84% 85% 91 83-98
>5° >4.7° 88% 78% .90° 82-98
>6° >5.8° 89% 83% .94° 88-100
>7° >6.9° 83% 81% .92° 84-99
>8° >6.9° 86% 79% .92° 84-100
>9° >8.1° 90% 95% .92° 84-100

ROC, receiver operating characteristic.
P <.001.

It means that individuals presenting an ATR less than 4° are
classified as no spinal asymmetry. For this cutoff point, the
sensitivity and specificity were 84% and 85%, respectively,
showing less than 15% probability of misdiagnosis. This
result agrees with the cutoff point defined for diagnosis of
spinal asymmetry through the scoliometer””-' and demon-
strates the clinical applicability of photogrammetry for the
screening and early diagnosis in cases of spinal asymme-
tries, usually linked with scoliosis.

In addition, the severity of spinal asymmetry can also be
identified. Individuals presenting an ATR wider than 8° are
classified as moderate/severe spinal asymmetry, with
sensitivity and specificity of 90% and 95%, respectively,
and with an excellent AUC (92%). This result, which
corroborates Cote et al,g has an important clinical relevance,
since misdiagnosis in severe spinal asymmetry may be
disadvantageous for the affected individual, considering the
progression of the deformity. The specificity obtained
indicates that photogrammetry is capable of identifying
moderate or severe spinal asymmetry with a minimal
proportion of possible false-positive results.

Limitations

The limitation of our study was the difficulty of
evaluating the lumbar curves through photogrammetry,
mainly owing to the lack of flexibility of the individuals.
The stiffness of the hamstring muscles in many cases
prevented the participant from reaching the flexion
amplitude of the trunk required in the Adams test to assess
the lumbar region.”® In fact, Zampier Ulbrich®’ explains
that the outbreak of pubertal growth, due to hormonal
changes, generates a more pronounced growth in the long
bones than in muscles and tendons, causing a temporary
decrease in the flexibility indexes for adolescents. A second
limitation was the definition of the apexes of the curves on
the photographs in each half-body, which probably induced
the variability of these measures. Nevertheless, Cote et al’
had the same difficulty in determining the apex of the

curves that influenced the positioning of the instrument and
thus produced variability in the readings of the scoliometer.

CONCLUSION

The results demonstrated the accuracy of photogram-
metry (DIPA software) in the measurement of the angle of
trunk rotation, with strong correlation and agreement with
the scoliometer. Also, evidenced in the analysis of the ROC
curve was the diagnostic capacity of photogrammetry in the
identification of spinal asymmetry through the measure-
ment of the ATR, with consistent measures of sensitivity
(>83%) and specificity (>78%) and an excellent AUC
(>90%). Based on these outcomes, the proposed method
can differentiate among the absence of spinal asymmetry,
mild to moderate spinal asymmetry, and moderate to severe
spinal asymmetry. These results have great relevance for
clinical practice, considering the ease of handling, the low
cost, and the possibility of keeping a photographic record
with quantitative measures for future feedback and
reevaluation.
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Practical Applications
* This study contributes to the development of
new noninvasive tools for the evaluation of
adolescent IS.
* Photogrammetry was shown to be accurate
and validated for measuring the ATR.
» The results allowed us to establish cutoff
points for the classification of the severity of
adolescent IS.
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