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ABSTRACT

Obijective: To develop an educational application for teaching the measurement and classification of Adolescent Idiopathic Scoliosis (AIS),
and to conduct its pilot validation with experts. Methods: This was a cross-sectional, descriptive, and analytical study with a quantitative-
qualitative approach and a focus on teaching. The project was approved by the Research Ethics Committee of CESUPA (approval no.
6.454.954). A Likert scale was used for evaluation, and statistical analysis was performed using SPSS software. The Content Validity Index
(CVI) was calculated, with = 0.70 considered satisfactory. Fifteen spine surgery specialists participated in the study. Results: The overall
CVI was 0.803. The highest-rated items were “The application is appropriate for its intended purpose” and “The application is intuitive,”
both with a CVI of 0.87. The lowest-rated item was “It is possible to enlarge the image for better visualization of anatomical structures,”
with a CVI of 0.50. Conclusion: The application showed satisfactory content validity among Orthopaedics and Traumatology specialists,
supporting its potential as a didactic tool for teaching radiographic evaluation of AIS. Technical limitations identified indicate opportunities for
improvement in future versions, along with the need for further clinical validation. Level of Evidence Ill; Comparative® Retrospective’ Studly.
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RESUMO

Objetivo: Desenvolver um aplicativo educacional para o ensino da mensuragéo e classificagdo da Escoliose Idiopatica do Adolescente
(EIA), bem como realizar sua validagao-piloto com especialistas. Método: Estudo transversal, descritivo e analitico, com abordagem quanti-
-qualitativa e énfase no ensino. O projeto foi aprovado pelo Comité de Etica do CESUPA (parecer n° 6.454.954). Ulilizou-se escala Likert
para avaliagdo dos itens, com analise estatistica realizada pelo software SPSS. O Indice de Validade de Contetido (IVC) foi calculado,
considerando-se satisfatdrio o valor = 0,70. Participaram 15 especialistas em cirurgia de coluna. Resultados: O IVC total obtido foi de 0,803.
Os itens mais bem avaliados foram “O aplicativo € adequado para a proposta a que se destina” e “O aplicativo & intuitivo”, ambos com um
CVI de 0,87. O item com menor indice foi “E possivel ampliar a imagem para melhor visualizag&o das estruturas anatémicas”, com IVC de
0,50. Concluséo: O aplicativo apresentou validade de conteudo satisfatoria entre especialistas em Ortopedia e Traumatologia, reforcando
seu potencial como ferramenta didatica no ensino da avaliagdo radiografica da EIA. As limitagbes técnicas observadas apontam para
oportunidades de aprimoramento em versées futuras, com necessidade de validagées clinicas complementares. Nivel de Evidéncia IlI;
Estudo Retrospectivo’ Comparativo®.

Descritores: Tecnologia Digital; Dispositivo Movel,; Escoliose; Educacdo Médica, Ortopedia.

RESUMEN

Obijetivo: Desarrollar una aplicacion educativa para la ensefianza de la medicion y clasificacion de la Escoliosis Idiopatica del Ado-
lescente (EIA), asi como realizar su validacion piloto con especialistas. Métodos: Estudio transversal, descriptivo y analftico, con enfoque
cuantitativo-cualitativo y énfasis en la ensefianza. El proyecto fue aprobado por el Comité de Etica en Investigacion del CESUPA (n.° de
aprobacion 6.454.954). Se utilizd una escala de Likert para la evaluacion, y el andlisis estadistico se realizd mediante el software SPSS.
Se calculé el Indice de Validez de Contenido (IVC), considerando satisfactorio un valor = 0,70. Participaron 15 especialistas en cirugia de
columna. Resultados: EI IVC total fue de 0,803. Los items mejor evaluados fueron “La aplicacion es adecuada para el propdsito al que se
destina” y “La aplicacion es intuitiva”, ambos con un IVC de 0,87. El ftem con menor puntuacion fue “Es posible ampliar la imagen para
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una mejor visualizacién de las estructuras anatémicas”, con un IVC de 0,50. Conclusién: La aplicacion mostré una validez de contenido
satisfactoria entre especialistas en Ortopedia y Traumatologia, evidenciando su potencial como herramienta didactica para la ensefianza
de la evaluacion radiografica de la EIA. Las limitaciones técnicas identificadas apuntan a oportunidades de mejora en futuras versiones y
a la necesidad de validaciones clinicas complementarias. Nivel de evidencia IlI; Estudio® Retrospectivo’ Comparativo.

Descriptores: Tecnologia Digital; Dispositivo Movil; Escoliosis; Educacion Médica; Ortopedia.

INTRODUCTION

Scoliosis is a three-dimensional deformity of the spine, characte-
rized by curvatures in the frontal plane, axial rotation of the vertebrae,
and changes in sagittal alignment.’® Among its causes, Adolescent
Idiopathic Scoliosis (AlS) is the most prevalent, affecting 2% to 6%
of the population between 11 and 18 years, with a predominance
in females.?*

When not diagnosed early, AIS can progress with structural
deformities, chronic pain, aesthetic impairment, and significant
psychological impact, affecting quality of life.»>® The main tool for
diagnosis and therapeutic planning is the Cobb angle, obtained
through X-rays, while the Lenke classification is widely used to define
the surgical strategy.361°

Although essential, these methods are complex and depend
on clinical experience, commonly being restricted to the practice of
orthopedic surgeons and residents. This highlights a gap in medical
training that can be filled with the use of educational technologies.
The development of an educational app that assists in measuring
and classifying AIS can facilitate the learning of fundamental con-
cepts in orthopedics.

Thus, the present study aimed to develop and validate an educa-
tional app for measuring the Cobb angle and assisting in the Lenke
classification in X-rays of patients with AIS.

METHOD

This cross-sectional, descriptive, analytical study, with a quan-
titative-qualitative approach, emphasized health education. It was
conducted in accordance with the guidelines and regulatory stan-
dards for research involving human beings according to Resolu-
tion No. 466/2012 of the National Health Council (CNS). The study
was submitted and approved by the Research Ethics Committee
of the University Center of Para (CESUPA), receiving the CAAE:
75056223.7.0000.5169 and opinion number 6.454.945,

Development of the app

Radiographic images of patients diagnosed with AIS stored in
the public domain database were used, in anteroposterior and lateral
panoramic incidences, from the C1 level to the sacral region and
thoracolumbar spine X-rays with right and left inclination, obtained
from a digital medium in “jpg” format, already previously standardized.

Inclusion criteria

Orthopedic surgeons with a focus on Spine Surgery and re-
sidency preceptors in Orthopedics and Traumatology registered
with the Brazilian Society of Orthopedics and Traumatology (SBOT)
and the Brazilian Spine Society (SBC) with a minimum of 5 years
of experience.

Exclusion criteria

Doctors who are not specialists in Spine Surgery or in Orthope-
dics and Traumatology.

Doctors who are not residency preceptors in Orthopedics and
Traumatology or in Spine Surgery.

Doctors with less than 5 years of experience as a residency
preceptor in Orthopedics and Traumatology or Spine Surgery.

Pilot validation

A link was provided for downloading the app, accompanied by
an explanatory video about its operation and an evaluation form.

The form included items related to the adequacy of the proposal,
objectives, organization, layout, writing, appearance, and usability,
evaluated using a Likert scale. This scale was chosen for its wides-
pread use in validating realistic simulators, training models, research
methods, and organization.'" The flowchart for using the application
is shown in Figure 1.

Statistical analysis — Content validity index

The results were analyzed based on a Likert scale from 1 (stron-
gly disagree) to 5 (strongly agree). After receiving the evaluation
forms, the data were transferred to the Statistical Package for the
Social Sciences (SPSS) software for organization in Tables 1 and
2, demonstrating absolute frequency and calculating the Content
Validity Index (CVI). An item was considered approved if it presented
a CVI greater than 0.70.1213
* The calculation of the CVI: |- Calculation of the mean of the items
(Mx): Based on the scores assigned by the experts, the values from
1 to 5 were transformed into scores from -2 (strongly disagree) to +2
(strongly agree). Then, the mean (Mx) for each item was calculated.
Each item could receive a maximum score of 2 points. Il - Calculation
of the initial CVI (CVIi): The calculated mean (Mx) was divided by the
maximum possible score to determine the initial CVI of each item.
Il - Calculation of the error (Pei): To adjust for possible biases, the
error of each item was calculated by dividing 1 by the number of
participants, raised to the same number of evaluators. IV- Calculation
of the final CVI (CVIf): The final value of the CVI was obtained by
subtracting the error (Pei) from the initial CVI (CVIi). V- Calculation
of the total CVI (CVIt): The total CVI was calculated by subtracting
the mean of the initial CVI (MIVC) from the mean of the error (MPei).

RESULTS

Fifteen orthopedic doctors participated in the research, selected
according to the previously established inclusion criteria. The total
Content Validity Index (CVI) of the application was 0.803, a value
higher than the minimum established of 0.70. In the evaluation of
content and appearance, the items with the highest CVI were: “the
application is suitable for its intended purpose” and “the application
is intuitive”, both with a CVI of 0.87. The lowest index recorded in
this category was for the item “the product interface is attractive”,
which obtained a CVI of 0.73.

Regarding usability, the item “the Lenke classification is descri-
bed correctly” presented the highest index, with a CVI of 1.0. The
items “the application allows real-time indexing of X-ray images”
and “it is possible to delineate the scoliotic angles according to
the Lenke classification” received a content validity index (CVI) of
0.83. The lowest index in this category was related to the item “it is
possible to enlarge the image for better visualization of anatomical
structures,” with a CVI of 0.50.

The consolidated data, as presented in Table 3, showed that all
items, except one, obtained values above the stipulated validation
limit (CVI > 0.70).

DISCUSSION

The incorporation of digital technologies has played an incre-
asing role in health education, especially in the development of
interactive tools aimed at clinical practice and teaching.'?'® This
advancement accompanies the international movement for standar-
dization of clinical outcomes in spinal deformities, as proposed by
the Scoliosis Research Society and collaborators.” In this context,
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Menu

This is the

application’s
menu

To begin, click the “Start
Classification” button.

Classification

Line Drawing

aw the lines for the
Proximal Thoracic region

%

After completing the
image insertion step, the
line drawing phase begins

Lre

There are two accessible buttons:
“Line” — when selected, it allows
you to create points to draw lines.

—_

Move Image” — when selected, it
allows you to zoom or drag the
image on the screen.

Each radiograph will have a set
of predefined lines based on

the Lenke Classification.

Draw the lines for the Proximal
Thoracic region

Angles
Proximal Thoracic:
220

As you draw the lines
over the vertebrae, you
will see the angles they
form in the “Angles” box

Continue drawing the lines in this way
until completing the step related to the
Lenke classification. In the example
shown, we are in the “Main Thoracic”
step

Image Insertion

Insert or Photograph the
Frontal X -ray

At this stage, the radiographic
imagens are inserted

~

A total of four radiographs are
required for classification:
Frontal, Left Bending, Right
Bending, and Lateral.

You can insert them by selecting
from your phone’s gallery or by
taking a photo of the
radiograph directly using the
camera.

nse S
Photo from 9 Take Photo

To draw a line, the “Line” button must
be selected in green, as shown in the
image beside.

Angles

When you tap anywhere on the
screen, a green circle will appear —
this is one of the endpoints of the
line segment.

Lumbar Modifier

(| Feontal vttt | lsiaghs Ovend | LaterMl

Position the central sacral vertical line and
indicate the value of the Lumbar Modifier

After completing the previous step, you will
need to position the sacral line to interpret the
Lumbar Modifier value

Just like with the repositioning of the

so that the sacral line moves with it

other lines, simply move the green point

The orange bar indicates how many
steps have been completed

ot Frontal | s s Foto Lateral
Insert or Photograph the
Frontal X -ray

The title of each step tells you
which radiograph to insert.

The selected image will
appear at the center of the
app, as shown in this
example

After selecting the image, click
“Next” to proceed.

Inser —
Photo from TakePhoto  [©@
Galle

Draw the lines for the
Proximal Thoracic region

When you tap the screen again, a
second point will create the desired
line segment.

U rontal ke b i irctracho Ovena | Latesal |
Position the central sacral vertical line and
indicate the value of the Lumbar Modifier

When it is properly
positioned, determine the
value of the Lumbar
Modifier

v The sacral vertical line is...
Between the pedicles
Touching one of the pedicles
Beyond the pedicles

The sacral vertical line is...

Figure 1. Graphical interface and functional flowchart of the application ScoliosisClassificator.
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Table 1. Validation of content and appearance of the application according to the evaluation of specialist doctors in orthopedics and traumatology.

Items DT DP % N % CP % CT % ICV
Tst The application is suitable for its intended purpose. 0 0 0 0 0 2 13.3 13 86.7 0.87
ond The appl|cat|ouns;e:jc!|rt1adtetzetir:ea‘lje;irzér;igc]):;‘.the concepts 0 ] 6.7 ] 6.7 13 867 0.83
3rd The application provides help in a more complete way 0 0 0 ] 6.7 ] 6.7 13 867 0.83

than the manual.
4th It allows for use in a non-tiring way. 0 0 0 2 13.3 1 6.7 12 80.0 0.77
5th It corresponds to the _content present in orthopedic 0 0 0 5 133 1 6.7 12 80.0 077
literature.
6th The application has updated content. 0 0 0 1 6.7 3 20.0 I 73.3 0.77
7th The language used is easy to understand. 0 0 0 0 0.0 3 20.0 12 80.0 0.83
8th The resources used in the application are correct. 0 0 0 1 6.7 1 6.7 13 86.7 0.83
9th The product interface is attractive. 0 0 0 1 6.7 4 26.7 10 66.7 0.73
10th The application is intuitive. 0 0 0 0 0.0 2 13.3 13 86.7 0.87
The percentage of item DT was removed from the table since it did not show a quantity greater than 1%. ** DT: | Totally Disagree (-2); DP: | Partially Disagree (-1); N: | Neither Agree Nor Disagree (0); | Partially

Agree (1); C: | Totally Agree (2); CVI: Content Validity Index.

Table 2. Validation of the application’s usability according to the evaluation of orthopedic and trauma specialist doctors.

Items DT DP % N % CP % CT % ICV

11th The application is easy to handle. 0 0 0.0 1 6.7 2 13.3 12 80.0 0.80

12th The download of the application is easy to perform. 0 1 6.7 0 0 1 6.7 13 86.7 0.80

13th The application allowg real-time indexing of X-ray 0 0 0 0 0 3 20.0 12 80.0 0.83

images.

14th It is possible to delineate scollo_t_lc a_ngles according to 0 ] 6.7 0 0 0 0 14 933 0.83
the Lenke classification.

15th It is possible to classify scollotlc_ ;mg_les according to the 0 0 0 ] 6.7 ] 6.7 13 86.7 0.83
proposed classification.

16th It is pOSS|bIe_to take real-time photographs or attach 0 0 0 ] 6.7 ] 6.7 13 86.7 0.83

images from personal files.

17th There is a decrease in system perf_ormance during the 0 0 0 0 00 3 20.0 12 800 0.83
use of the application.

18th Itis pO_SS|bI_e tq zoom in on t_he image for better 0 ] 6.7 0 0 10 66.7 4 26.7 0.50

visualization of anatomical structures.
19th The Lenke classification is described correctly. 0 0 0 0 0 0 0 15 100 1.00
20th The ap.phcano.n has thg potential tol be usgd in the future 0 0 0 ] 6.7 1 6.7 13 86.7 0.83
in medical practice for the diagnosis of AIS.
21t The application optimizes the teachmgf!eammg process 0 0 0 9 133 1 6.7 12 800 0.77
about the Lenke classification.

The percentage of item DT was removed from the table since it did not show a quantity greater than 1%. ** DT: | Totally Disagree (-2); DP: | partially disagree (-1); N: | Neither Agree Nor Disagree (0); | Partially

Agree (1); C: | Totally Agree (2); CVI: Content Validity Index.

Table 3. Calculation of the Content Validity Index for items 1 to 21, first
evaluation of the application ScoliossisClassificator.

Item Mx ICVi PEi CVif
1st 1.87 0.93 0.07 0.87
2nd 1.80 0.90 0.07 0.83
3rd 1.80 0.90 0.07 0.83
4th 1.67 0.83 0.07 0.77
5th 1.67 0.83 0.07 0.77
6th 1.67 0.83 0.07 0.77
7th 1.80 0.90 0.07 0.83
8th 1.80 0.90 0.07 0.83
9th 1.60 0.80 0.07 0.73
10th 1.87 0.93 0.07 0.87
11th 1.73 0.87 0.07 0.80
12th 1.73 0.87 0.07 0.80
13th 1.80 0.90 0.07 0.83
14th 1.80 0.90 0.07 0.83
156th 1.80 0.90 0.07 0.83
16th 1.80 0.90 0.07 0.83
17th 1.80 0.90 0.07 0.83
18th 1.13 0.57 0.07 0.50
19th 1.93 0.97 0.07 0.90
20th 1.80 0.90 0.07 0.83
21st 1.67 0.83 0.07 0.77
ICV total 0.803

*Mx: Average of the evaluative score of each participant divided by the number of participants; CVI:
Initial Content Validity Index; CVI: Error; CVIf: Final Content Validity Index; total CVI: Total Content
Validity Index.

the present study conducted a pilot validation of the mobile applica-
tion ScoliosisClassificator, proposed as a didactic-pedagogical tool
for measuring the Cobb angle and Lenke classification in Adolescent
Idiopathic Scoliosis (AIS).

The global Content Validity Index (CVI) obtained was satisfactory
(0.803), highlighting the items “adequacy to the proposal” and “intui-
tiveness”, both with a CVI of 0.87, which reinforces the functionality
and ease of use perceived by the evaluators. On the other hand, the
item “image enlargement for anatomical visualization” received the
lowest score (CVI = 0.50), which may be attributed to the inherent
visualization limitations of the small screens of mobile devices.'”

Regarding usability, the items associated with Lenke classifica-
tion, image indexing, and angle delimitation presented high scores,
with CVIs ranging from 0.83 to 1.0, indicating that the main functio-
nalities were well implemented. Such findings are consistent with
previous studies that validated medical applications using the Likert
scale, such as those aimed at total knee arthroplasty planning, '8
and teaching surgical instrumentation through digital simulation. 2!

The accuracy in measuring the Cobb angle is a widely docu-
mented challenge, being the subject of systematic reviews compar-
ing different measurement methods.®?223 |n this context, the use of
digital solutions has shown promise, with tools like the TraumaMeter,
which have also demonstrated reliability and validity in the angular
assessment of idiopathic scoliosis.?*%

The use of ScoliosisClassificator can benefit different levels
of medical training, from undergraduate students to residents in
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Orthopedics and Traumatology. The literature highlights that the
reduced workload of orthopedics in medical curricula contributes to
the inexperience of residents at the beginning of specialization,'® and
studies point to the need for resources that fill this gap in traditional
theoretical training."?° The adoption of digital tools, such as the
developed application, can promote greater engagement, interactiv-
ity, and content retention, optimizing the teaching-learning process.

Moreover, current guidelines for treating scoliosis during growth
highlight the importance of early education on diagnosis and non-
surgical approaches, which can be enhanced by interactive edu-
cational platforms like this one.® Similarly, teaching the Lenke clas-
sification essential for the surgical planning of adolescent idiopathic
scoliosis (AIS)' remains challenging in undergraduate education,
being more common in medical residency environments.

Despite the good acceptance of the application among evalu-
ators, some limitations must be considered. The small number of
participants (15 specialists) restricts the generalization of the results,
and the absence of tests in real clinical environments prevents the
analysis of the practical effectiveness of the tool, an essential step
to be conducted in future studies. Additionally, technical issues such
as difficulties in downloading and enlarging images were noted
and should be prioritized for improvement in the next versions of
the application.
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Although there are other medical applications aimed at ortho-
pedic practice, few are specifically directed at teaching the Lenke
classification and measuring the Cobb angle.?® The educational
focus of ScoliosisClassificator, combined with validation by special-
ists, gives originality and relevance to the study, especially in the
current context of modernization of medical education.

In summary, even in the pilot phase, the application demonstrated
potential as a complementary didactic tool in teaching AlS. The next
steps should include the technical improvement of the platform, the
expansion of the sample of evaluators, and the conduction of com-
parative studies with traditional teaching and diagnostic methods.

CONCLUSION

It is concluded that the development of the portable applica-
tion ScoliosisClassificator for measuring and classifying Adolescent
Idiopathic Scoliosis (AlS) was successful, achieving pilot validation
of usability by specialists in Orthopedics and Traumatology. The
application obtained a Content Validity Index (CVI) of 0.803, dem-
onstrating adequacy and potential as a didactic tool. Despite the
identified limitations, such as image enlargement and the download
process, the results confirm its utility in medical education, with pos-
sibilities for technical improvement and future validations.
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