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ABSTRACT

Objective: To analyze the concurrent validity of the Digital Image-based Postural Assessment (DIPA) method for
identifying the magnitude and classification of thoracic kyphosis in adults.

Methodology: On the same day and in the same place, thoracic kyphosis was assessed in 68 adults using 2 methods:
the DIPA software protocol and radiography. The DIPA software provided angular values of thoracic kyphosis based
on trigonometric relations, while with the radiograph, the curvature was calculated using the Cobb method. The
following tests were applied in the statistical analysis: Pearson’s correlation, Bland-Altman’s graphic representation,
root mean square error, and receiver operating characteristic (ROC) curve; o = 0.05. The reference angular values for
the standard thoracic posture used in DIPA were determined with the ROC curve based on the Cobb angles.

Results: The correlation between the angles obtained for thoracic kyphosis using the DIPA and Cobb methods was
found to be high (r=0.813, P < .001), and the accuracy was £4°. According to Bland-Altman’s representation, the
magnitudes provided by the DIPA software were in agreement with those of the Cobb method. In reference values for
determining the standard posture of the thoracic spine, the ROC curve indicated good accuracy in diagnosing a
decrease in thoracic kyphosis (with a value of 33.9°) and excellent accuracy in diagnosing thoracic hyperkyphosis
(with a value 39.9°) when using DIPA.

Conclusion: The DIPA postural assessment method is valid in the sagittal plane for identifying the magnitude of
thoracic kyphosis in adults. Furthermore, it is accurate in diagnosing alterations in thoracic kyphosis. (J Manipulative

Physiol Ther 2020;43;93-99)

INTRODUCTION

According to the American Society for Photogrammetry
and Remote Sensing,' photogrammetry is the art, science, and
technology of obtaining reliable information about physical
objects and the environment through processes of recording,
measuring, and interpreting images. Researchers and health
care professionals have used photogrammetry to identify pos-
tural alteration or to follow up treatment.” When used to
assess the spine, it provides angular measures of the sagittal
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spinal curves.” The use of photogrammetry undoubtedly
contributes to reducing exposure to radiation’ and thus ena-
bles the monitoring of postural tre:eument,2 such as scoliosis®
or cervical posture in mouth-breathing individuals.’

A recent systematic review of the noninvasive methods of
assessing the sagittal spine showed that studies using photo-
grammetry presented similar data collection protocols, while
differing considerably regarding data analysis processes.” In
general, postural assessment protocols use different software
and mathematical procedures to measure sagittal curves.”*”""
Hence, the authors suggested that each new proposed method
be submitted to appropriate validation procedures.

Among the methods that use photogrammetry in combi-
nation with computer techniques are the DIPA (Digital
Image-based Postural Assessment) software and protocol,
which together allow the assessment of different body seg-
ments in the sagittal and frontal planes, thus providing clini-
cal information on posture in individuals.'”'® Previous
studies have confirmed the reproducibility and validity of lin-
ear spine measurements in the sagittal and frontal planes,'”
and angular spine measurements in the frontal plane,"”


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmpt.2019.03.010&domain=pdf
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obtained using the DIPA software. However, there is a need
to validate the angular values and clinical diagnosis obtained
with the DIPA software for the spinal curvatures in the sagit-
tal plane.

Therefore, the present study aims to analyze the concur-
rent validity of the DIPA postural assessment method in
relation to radiography for identifying the magnitude and
classification of thoracic kyphosis in adults. Based on our
previous studies,'>'* our hypothesis is that the magnitude
of the angle of thoracic kyphosis measured using the DIPA
software will agree with that measured using radiography.
Similarly, it is thought the DIPA software will provide an
accurate classification of the thoracic kyphosis. Hence, this
tool can be used on a large scale, for example, to conduct
screening for postural alterations in schools, public heath
centers, and sports teams, and for research purposes. In the
clinical environment, this software will be useful for evalu-
ating and measuring changes due to spinal treatments. For
instance, the postural report provided by the DIPA software
can assist the clinical management of patients with muscu-
loskeletal disorders, since it provides patients with visual
feedback of subtle changes in their posture.

METHODS

Participants

The participants were recruited from 2 radiography clin-
ics in the metropolitan area in which the university is
located. The inclusion criteria were age between 18 and
65 years old and the presentation of a medical prescription
for a spinal X-ray. The exclusion criteria were the presence
of spina bifida, 6 lumbar vertebrae, diseases or disabilities
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that affect orthostatism, previous spinal surgery, and unclear
radiographic images. All the participants answered a clinical
questionnaire designed to identify possible spinal patholo-
gies. This study was approved by the research ethics com-
mittee of the university, and the participants signed an
informed consent term.

Sample Size Estimation

The sample size was calculated using G*power software
(version 3.1.7), based on the z-test family (Pearson’s correla-
tion for dependent samples), assuming 1 tail (the correlation
is always expected to be positive), r = .4 as the null hypothe-
sis value (any value less than 0.40 would be considered clini-
cally unacceptable), an expectation of moderate correlation
(r=.7), «=0.05, and 80% of power, resulting in a minimal
sample of 60 participants. Allowing for dropouts, 68 individ-
uals were included in the initial sample.

Experimental Design

Each participant underwent 2 evaluations of the spine, one
with the DIPA protocol and another with radiography. For
both evaluations, the participants wore appropriate clothing
such as a bikini, a top, a bra, shorts, or swimming trunks. In
the orthostatic position, the participants were palpated to iden-
tify the following anatomical reference points: spinal pro-
cesses of C7, T1, T2, T4, T6, T8, T10, T12, L2, L4, and S2
(Fig 1A), on which specific reflective markers were placed to
facilitate photogrammetry, as required by the DIPA protocol.

After each, the participant was positioned for a single
photographic register in the sagittal plane, with the lower
limbs together, respecting the postural valgus/varus pattern

Fig 1. The participant in the orthostatic position for the (A) photographic register and (B) radiograph of the thoracic kyphosis. In both
situations, the anatomical reference points are identified on the skin surface.
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of each participant, knees extended, shoulders and elbows
folded in front of the chest (Fig 1A). For this purpose, the
guidelines adopted in previous studies were used.'”'* All
the evaluation procedures were carried out by the same
trained evaluator with more than 10 years’ experience in
postural assessment using the DIPA protocol in the
research environment.

Immediately following the photographic register, in the
same room, a radiograph of the thoracic kyphosis was taken
(Fig 1B). This was conducted by a trained radiological tech-
nician, with the participant in the sagittal plane, maintaining
the same position adopted for the photogrammetry.

Outcome Measures

The photographic images were then transferred to a micro-
computer and analyzed using DIPA 3.4 software, which pro-
vides an angular value for the thoracic kyphosis, based on a
third-degree polynomial interpolated in the region of the points
representing C7 to S2 (Fig 2). The angle between the tangents
that pass through T2 and T12 provides the measure of thoracic
kyphosis (Fig 2A)."

The angular value of the thoracic kyphosis in the radio-
graph was obtained using the 2-line Cobb method calculated
by applying an algorithm in MATLAB 7.9. software.'>'®
To calculate the angle, 2 straight lines were traced, one fol-
lowing the upper edge of the cranial vertebra (TS) and the
other following the lower edge of the caudal vertebra (T12),
which together represent the limits of the curvature of inter-
est (Fig 2B). The Cobb angle is formed at the point where
these 2 lines cross.'”'® The data from the DIPA software
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and the radiograph images were analyzed by the same evalu-
ator, previously trained in both methods. The evaluator was
blind regarding the identification of the data.

Based on the Cobb angle value, the thoracic kyphosis in
the radiograph was classified according to the standard refer-
ence values.'’ Therefore, each participant in the study sam-
ple could be classified into 1 of 3 different groups: (1)
normal kyphosis, Cobb angle from 33.7° to 40.3°; (2) tho-
racic hyperkyphosis, Cobb angle greater than 40.3°; and (3)
decrease in thoracic kyphosis, Cobb angle less than 33.7°.

Statistical Analysis

The statistical treatment was conducted using SPSS soft-
ware, version 20, in which the descriptive and inferential
analyses of the data were performed. The descriptive analy-
sis is presented as mean and standard deviation (SD) of the
angular values obtained from the DIPA software and radio-
graph. For the inferential analysis, the Kolmogorov-Smirnov
test was used to confirm the normality of the data. To iden-
tify the concurrent validity of the angular value for the tho-
racic spine obtained using the DIPA software, the results
were compared with the gold standard, that is, the Cobb
angles based on radiographs. Thus, the following statistical
procedures were performed to compare the angular values
obtained using the Cobb and DIPA methods: (1) Pearson’s
moment-product correlation; (2) Bland-Altman graphic
representation, to analyze the agreement; (3) Student’s 7 test,
to analyze the differences; and (4) calculation of the root
mean square (RMS) error to analyze the accuracy.

Fig 2. Calculating the angle of thoracic kyphosis (A) provided by the DIPA sofiware and (B) based on radiograph. DIPA, Digital

Image-based Postural Assessment.
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n=68
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- Radiograph quality (n=2)
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Data analysis (thoracic kyphosis)

Hyper-kyphosis
(Cobb angle > 40.3°)
n=19

n=17

Normal kyphosis
(Cobb angle=33.7° - 40.3°)

Thoracic retification
(Cobb angle <33.7°)
n=30

Fig 3. Flow diagram showing the characteristics of the participants.

To identify the concurrent validity of the postural classi-
fication provided by the 2 methods (DIPA software and
radiograph), the receiver operating characteristic (ROC)
curve was used to analyze the accuracy of the diagnosis
regarding the changes to the thoracic kyphosis, in which
the area under the curve, the cutoff points, and the sensitiv-
ity and specificity of the DIPA software were calculated. In
this analysis, the accuracy test was divided into (1) capacity
to diagnose a decrease in thoracic kyphosis, and (2) capac-
ity to diagnose thoracic hyperkyphosis.

The r value correlations were classified as very low (< 0.1),
low (0.1-0.3), moderate (0.3-0.5), high (0.5-0.7), very high
(0.7-0.9), and almost perfect (>O.9).Ix The area under the
ROC curve, which determines the diagnostic accuracy regard-
ing alterations to the thoracic kyphosis, was classified as excel-
lent (>0.9), good (0.8-0.89), regular (0.7-0.79), poor (0.6-
0.69), and rejected (0.5-0.59).'" A significance level of 0.05
was adopted for all the tests.

REsULTS

Of the 68 participants who participated in the study,
2 were excluded due to the poor quality of the radiographic
images. The average age, body mass, and height were 36.5 £
15.9 years, 69.7 £+ 14.1 kg, and 1.7 £ 0.1 m, respectively.
Figure 3 is a flow diagram showing the characteristics of the
participants.

The angular values provided by the DIPA software are
similar to those obtained using the Cobb angles. The correla-
tion between both methods was very high, at 8.2° RMS error

between angles, and no statistical difference was found
between the measurements (Table 1).

The Bland-Altman graphic method shows the agreement
between the Cobb and DIPA angles (Fig 4). The mean differ-
ence between the methods was 0° with limits of agreements
(£2 SD) of 16.7°. Only 2 measurements were outside the lim-
its of agreement.

The accuracy of the DIPA software in diagnosing abnormal
thoracic kyphosis was assessed using the ROC curve (Fig 5).
For the diagnosis of thoracic hyperkyphosis, the area under the
ROC curve (Fig 5A) was 0.900 (P < .001), which indicates
excellent accuracy, 78.9% of sensitivity and 80.9% specificity,
with a cutoff point of 39.9°. For the diagnosis of a decrease in
thoracic kyphosis, the area under the ROC curve (Fig 5B) was
0.888 (P < .001), which indicates good accuracy, 86.1% of
sensitivity and 83.3% specificity, with a cutoff point of 33.9°.

Using the ROC curve, it was possible to determine the
standard postural reference values for the angles provided
by the DIPA software when assessing thoracic kyphosis.
Table 2 summarizes the normality reference values for both
the Cobb and DIPA angles.

DIscuUssION

According to the findings of the present study, our hypoth-
esis is accepted, since the DIPA software was found to be
valid when used to identify the magnitude of the thoracic
kyphosis in adults, and accurate when classifying alterations
in thoracic kyphosis.

Table |. Mean and SD (n = 66), Pearson’s Coefficient Correlation (r), Student t Test (t), and RMS Error of the DIPA and Cobb Angles

for Thoracic Kyphosis

Measurement Method Mean + SD r Mean Difference (95% CI) t RMS Error
DIPA (°) 357+11.6 0.813 (P < .001) 0.06 (—1.98 t0 2.09) 0.055 (P =.956) 8.2
Cobb (°) 35.7+ 14.1

DIPA, Digital Image-based Postural Assessment; RMS, root mean square; SD, standard deviation.
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Fig 4. Bland-Altman plot: agreement between the DIPA and Cobb angles for thoracic kyphosis. DIPA, Digital Image-based Postural

Assessment.
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Fig 5. ROC curve for diagnosis of (A) thoracic hyperkyphosis and (B) decrease in thoracic kyphosis using the DIPA angles for tho-
racic kyphosis. DIPA, Digital Image-based Postural Assessment; ROC, receiver operating characteristic.

The correlation found in relation to the gold standard and
the small RMS errors demonstrate the great capacity of the
DIPA software in assessing thoracic kyphosis. When using
the Cobb method, there may be an error of £5° due to the
inherent variability of the exam and the evaluator.””

Therefore, by comparison, the RMS error of 8° found in this
study demonstrates that the random error between the Cobb
and DIPA is satisfactory, given that the variation may be
+4°. Clinically, a difference of up to 5° is considered merely
an exam or evaluator measurement error, while differences of
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Table 2. Normality Reference Values From the DIPA Software
and Radiograph for Thoracic Kyphosis

Method Normality Range
DIPA 33.9°-39.9°
Cobb* 33.7°-40.3°

DIPA, Digital Image-based Postural Assessment.
* Values from Furlanetto et al.'’

over 5° are considered true and important changes in curva-
ture.”” Supporting this result, the Bland-Altman plot (Fig 4)
demonstrates the random nature of the error between the
methods, conforming to the expectation that 95% of the
measurements will be located between the limits of agreement
(mean £ 2 SDs). However, these limits of agreement denote
the difference between the results found using the gold stan-
dard and the DIPA when measuring thoracic curvature, which
could lead to diagnostic error. Based on ROC curve results
(Fig 5), this error can be estimated around 20%, which may
be considered acceptable, considering the benefits of this non-
invasive method.

Photogrammetry uses the representation of the spinal
processes on the skin surface, while the Cobb method uses
the vertebral bodies to calculate the magnitude of the spinal
curvatures. Anatomically, the spinal processes present an
angle of inclination in relation to the vertebral body.”’
Thus, although photogrammetry has been used to model
the outline of the trunk, it can also provide additional infor-
mation to that obtained using radiographs.” Although the
use of different anatomical reference points has been con-
sidered a problem,'* in the present study the skin surfa-
ce—based evaluation method was shown to produce similar
results to the internal-based method.

Other studies using photogrammetry have also validated
the methods adopted by providing accurate results in the
evaluation of thoracic kyphosis.”*> However, the values pro-
vided by these studies have no clinical significance, since
they are not accompanied by standard reference values, pre-
venting postural diagnosis. Thus, an important advantage of
using the DIPA software compared with other photogram-
metric methods is its diagnostic capacity, since the DIPA
software provides a postural classification of the spine.
Some software programs, such as PAS/SAPO'’ and the
ALCimagem-2000,''**** calculate the angle of the sagittal
curvature of the spine based on 2 or 3 points palpated and
marked on the spine or other anatomic structures. However,
these angles do not provide clinical significance in evalua-
tion. For example, a curvature of 45° measured using these
programs does not necessarily represent thoracic hyperky-
phosis, which would be the classification indicated by both
the Cobb and DIPA methods. Regarding the classification of
the spinal curvature, the diagnostic capacity of the DIPA
software in identifying increased or decreased magnitudes of
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thoracic kyphosis is excellent, providing a suitable range of
reference values for normality, very similar to that found
using the Cobb angle."’

Finally, the literature has shown the DIPA software is
reproducible,'” and its current version is freely available to
users. The results of the present study demonstrate its validity
for identifying the magnitude of thoracic kyphosis in adults,
as well as providing diagnostic classification of thoracic
kyphosis. However, the present study has some limitations,
such as the impossibility of carrying out panoramic radiogra-
phies of the entire spine, thus impeding the validity of the
DIPA software in evaluating cervical and lumbar lordosis.
These will be the focus of future studies.

Hence, many health professionals may benefit from adopt-
ing this easy-to-use and radiation-free tool, which provides
precise, exact, quantitative, and descriptive/classificatory
information regarding the thoracic kyphosis of individuals.
Thus, some applications of the DIPA software can be listed:
physiotherapists and chiropractors can use this method to
evaluate patients and follow up treatments in clinical practice;
physical education teachers can apply this method to conduct
postural screening, so that any alteration diagnosed at school
age can be referred for a more detailed evaluation and possi-
ble early treatment; physical education teachers can also use
this method to prevent sports injuries; and many students and
professors in the area of body posture will be able to fruitfully
use it in scientific research.

CONCLUSION

The postural assessment method developed in the DIPA
software is valid in the sagittal plane for identifying the mag-
nitude of thoracic kyphosis in adults, as well as providing an
accurate diagnostic classification of the thoracic spine posture.
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Practical Applications

¢ The DIPA software will can be used in clini-
cal practice, sports and school assessments,
and scientific research.

e The DIPA software is easy to use; free; and
precise, exact, and quantitative.

¢ This instrument describes and classifies infor-
mation regarding the thoracic spine of indi-
viduals.
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