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provides professional and prompt editing of scientific language for research submissions (https://webshop.elsevier.com/language-editing-services/
language-editing/). All manuscripts edited with Elsevier's Language Editing services are accompanied by a certificate that may be submitted to the journal
as proof for language editing. Poor language may lead to rejection of your manuscript even at the revision stage.
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Not Applicable [] No and here is how they should be improved [] Yes, there is no need for improvement [x]
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2. If applicable, is the application/theory/method/study reported in sufficient detail to allow for its replicability and/or reproducibility?

Please provide suggestions to the author(s) on how to improve the replicability/reproducibility of their study. Please number each suggestion so that the
author(s) can more easily respond.
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Reviewer #3: Mark as appropriate with an X:
Not Applicable [] No and here is how they should be improved [] Yes, there is no need for improvement [x]
Provide further comments here:

3. If applicable, are statistical analyses, controls, sampling mechanism, and statistical reporting (e.g., P-values, Cls, effect sizes) appropriate and well
described?

Please clearly indicate if the manuscript requires additional peer review by a statistician. Kindly provide suggestions to the author(s) on how to improve the
statistical analyses, controls, sampling mechanism, or statistical reporting. Please number each suggestion so that the author(s) can more easily respond.

Reviewer #1: Mark as appropriate with an X:

Not Applicable [] No and here is how they should be improved [x] Yes, there is no need for improvement []
Provide further comments here:

See comments below

Reviewer #2: Mark as appropriate with an X:
Not Applicable [] No and here is how they should be improved [] Yes, there is no need for improvement [x]
Provide further comments here:

Reviewer #3: Mark as appropriate with an X:
Not Applicable [] No and here is how they should be improved [x] Yes, there is no need for improvement []
Provide further comments here:

4. If applicable, are the existing tables and/or figures complete and acceptable for publication?

Please provide specific suggestions for improvements, removals, or additions of figures or tables. Please number each suggestion so that the author(s) can
more easily respond.

Reviewer #1: Mark as appropriate with an X:

Not Applicable [] No and here is how they should be improved [x] Yes, there is no need for improvement []
Provide further comments here:

See comments below

Reviewer #2: Mark as appropriate with an X:
Not Applicable [] No and here is how they should be improved [] Yes, there is no need for improvement [x]
Provide further comments here:

Reviewer #3: Mark as appropriate with an X:
Not Applicable [] No and here is how they should be improved [] Yes, there is no need for improvement [x]
Provide further comments here:

5. If applicable, are the interpretation of results and study conclusions supported by the data?

Please provide suggestions (if needed) to the author(s) on how to improve, tone down, or expand the study interpretations/conclusions. Please number
each suggestion so that the author(s) can more easily respond.

Reviewer #1: Mark as appropriate with an X:

Not Applicable [] No and here is how they should be improved [x] Yes, there is no need for improvement []
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6. Have the authors clearly emphasized the strengths of their study/theory/methods/argument?
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7. Have the authors clearly stated the limitations of their study/theory/methods/argument?
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reorganization of sections, or moving details from one section to another)

Please provide suggestions to the author(s) on how to improve the manuscript structure and flow. Please number each suggestion so that author(s) can
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The conventional FAA biplanar measurement methodology was used? The accuracy of this methodology and FEMORA® software could be interesting....
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range of topics, find answers to frequently asked questions, and learn more about Editorial Manager via interactive tutorials. You can also talk 24/5 to our
customer support team by phone and 24/7 by live chat and email.

This journal uses the Elsevier Article Transfer Service. This means that if an editor feels your manuscript is more suitable for an alternative journal, then you
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Managing Editor, a tool assisted recommendation, or a combination. For more details see the journal guide for authors.
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Dear Prof. Uthayakumar,

Re.: Re-Submission of Ms. No. HELI'YON-D-23-17881

VALIDITY OF MEASUREMENT OF FEMORAL ANTEVERSION ANGLE USING
FEMORA® SOFTWARE BASED ON TWO-DIMENSIONAL RADIOGRAPHIC
IMAGING EXAMINATION FEMUR IN CHILDREN WITH CEREBRAL PALSY IN
INDONESIA

We would like to express our gratitude to you and the reviewers for providing us with
your insightful comments. Your feedback has proven invaluable in enhancing the standard of
our manuscript. Below, we provide our responses to the corrections made by the reviewer as
outlined:

Reviewer #1: The subject addressed in the article seems interesting and justifies the research
carried out, however some aspects should be clarified:

Explain better how FEMORA® software works? What kind of femur projections needs to be
obtained?

The conventional FAA biplanar measurement methodology was used? The accuracy of this
methodology and FEMORA® software could be interesting....

To test the interchangeability measurement methodology a paired t Test is recommended,
why it was not used? The ICC lower limit Cl under 0.75 is not considered acceptable for
interchangeability methodology!!!!
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Introduction: Children with a spastic type of cerebral palsy (CP) often show an increase
in femoral anteversion angle (FAA). A computed tomography (CT) scan is the main
modality for evaluating FAA in these patients but, due to significant radiation exposure,
carries a high carcinogenic risk. FEMORA® software is expected to be able to
accurately assess FAA even with conventional X-ray images that only require low
radiation exposure. However, its validity has not been tested in various populations or
CT devices. This study aims to validate the FEMORA® software by comparing it to CT
scans done on an Indonesian population.Material and Methods: All spastic CP patients
who attended the outpatient clinic at Dr Soetomo Hospital between March 2022 and
November 2022, were included. The FEMORA® Software evaluation was performed
by three examiners. The calculation results will be averaged and compared with those
of the The CT scan. Intraclass correlation coefficient (ICC), reliability, and correlation
will be assessed.Results: There were 36 patients included in this study. Most were
female (n=22; 61,1%) and the the average age was 7,28 years old. Interobserver
preoperative analysis using ICC showed good outcomes (p=0.918; 95% CI, 0.858-
0.955). FAA measurement results using FEMORA® and CT scans were 41,71 + 12,90
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and 32,68 + 11,85, respectively. Correlation coefficient between the two values is
0.634 (p<0.001).Conclusion: FEMORA® software is found to have good and significant
correlation with FAA measurement using CT scan.
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ABSTRACT
Introduction: Children with-a spastic type-ef-cerebral palsy (CP) often show an increase in
femoral anteversion angle (FAA). CA-computed tomography (CT) scan is the main modality
for evaluating FAA in these patients, howeverbut, due to significant radiation exposure, it
carries a high carcinogenic risk. FEMORA® software is expected to be able to accurately
assess FAA even with conventional X-ray images that only require low radiation exposure.
However, its validity has not been tested in various populations or CT devices. This study
aimeds to validate the FEMORA® software by comparing it to CT scans done on an Indonesian
population.
Material and Methods: All spastic CP patients whe-attendedof the outpatient clinic at Dr.
Soetomo Hospital between March 2022-and November 2022, were included. The FEMORA®
Software evaluation was performed by three examiners. The calculation results wil-bewere
averaged and compared with those of the CT scan. Intraclass correlation coefficient (ICC),
reliability, and correlation will-were be assessed.
Results: There were 36 patients included in this study. Most were female (n=22; 61,1%) and
the the- average age was 7,28 years old. Interobserver preoperative analysis using ICC showed
good outcomes (p=0.918; 95% CI, 0.858-0.955). FAA measurement results using FEMORA®
and CT scans were 41,71 + 12,90 and 32,68 + 11,85, respectively. Correlation coefficient
between the two values is 0.634 (p<0.001).
Conclusion: FEMORA® software is—found—to—have demonstrates a good and significant

correlation -geed-and-significant-correlation-with FAA measurement using CT scan.

Keywords: CT Scan, X-ray, Femoral Anteversion Angle, Cerebral Palsy
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Introduction

The femoral anteversion angle (FAA) is the angle formed between the axis of the
femoral neck and the axis of the coronal plane of the femoral condyle (condylar plane)*2. An
increase in FAA will decrease the arm abduction moment of the hip abductor and lead to a
cosmetically poor gait pattern,? inefficient gait, and functional limitations*~".

In measuring FAA, a physician may do physical examination, conventional
radiography, or computed tomography (CT) scans. Clinical examination using the Trochanteric
Prominence Angle Test is reliable for measuring FAA and is a useful screening tool. The
advantage of this examination is that it can be performed repeatedly, is inexpensive, safe and
does not involve radiation exposure®®. However, this method is less accurate and reliable due
to muscle spasticity, deviation in the position of the femur and deformity of the bones™.

Conventional 2D radiography is generally used for the diagnosis and follow-up of the
lower extremities, but it has the disadvantage of being sensitive to the orientation of the patient
and bone deformities. A CT scan overcomes this disadvantage and provides more accurate
calculations™-13, By being able to scan through multiple slices and even create a 3D
reconstruction of the affected site, CT is considered the “gold standard” imaging technique for
evaluating FAA21 and is a reliable and valid method™®. The disadvantage of a CT scan is that
it has a high carcinogenic risk due to the high radiation exposure, especially in the pediatric
population?®,

FEMORA® Software developed by Didim Co., Ltd. tries to solve the radiation and cost
problem of CT scans. By using only biplanar X-rays and the help of FEMORA® software, 3D
images can be reconstructed and the need for a CT scan is reduced?. If validity and reliability
are proven, it will help reduce the burdens of cost and radiation exposure in patients.
Consequently, this program may replace the need for CT scans or as reference standards for
measuring FAA.

To prove the validity and reliability of this software before use as a standard for
measuring FAA in a clinical setting, it is important for the software to pass repeated tests and
carry out in research centers and different populations'”8, In assessing the capacity of this
software to measure FAA, patients with highly variant FAA are needed.

Cerebral palsy (CP) is a chronic condition with considerable impact on affected
individuals. Children with CP suffer from motor problems, frequent seizure/epilepsy, and other
disorders?®20, Such chronic disorder combined with immature femur results in changes on FAA
anglel®Thus, patients with spastic CP tend to have varied FAA and will be ideal candidates for

assessing this software.



As of the conduction of this study, the validity and reliability testing of the FEMORA®

software has been performed in only one study6. Therefore, this study was conducted to
evaluate and re-validate the application of FEMORA® medical 3D image software
measurement by focusing on FAA measurements.

Methodss

This is an observational analytic study with a cross-sectional approach to evaluate the
validity of using plain radiographs of the anteroposterior and lateral femur calculated using the
FEMORA® Software to assess FAA in patients with CP 2 to 12 years old who attended the
outpatient clinic at Dr. Soetomo General Hospital from March 2022 to January 2023. Informed
consent was obtained from each participant and ethical approval was obtained from the Ethics
Committee of the Dr. Soetomo General Hospital Surabaya.

The criteria in this study were: (1) patients with Spastic CP willing to undergo pelvic
radiography, femur radiography, and CT scan, (2) patients who are not currently being treated
for other diseases, (3) adequate radiographic coverage or quality, (4) no femur fracture, hip
joint contracture, or hip joint dislocation, and (5) patients had never had implants.

FAA was assessed using clinical examination’, femur radiography?!, FEMORA®
software, and CT scans?? of the patient femur. A sample picture of the measurement using
Femora® and CT scan are shown in Figures 1 and 2, respectively.

To obtain FAA from FEMORA® software we first obtained conventional radiograph-«

from the patient femur. We obtain anteroposterior and lateral images. Then, software

application is embedded in ipad and the camera took images of both radiographs. The images

the application was developed to provide not only automatic contouring with a graph-cut

algorithm but also an intuitive touch interface for modifying the contour of a radiograph and

navigating the 3D view to verify the reconstruction result!. Then, the software will calculate

the FAA angle automatically. The test was repeated three times for each femur.

-Validity and reliability were determined by three examiners (T.W.M., H.C.K., and

M.1.K.). The appraiser was not involved in the development of the software.
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Figure 1. Sample image of the 3D reconstruction from two plane X-rays and the angle

measurement using FEMORA® software.

Figure 2. Sample image of the measured CT scan. The measurement method is as described

by Hernandez et al2. On the left is the angle taken from the femur neck. On the right is the

angle taken from the posterior border of the medial and lateral condyle. The measured angle
is the difference between the two lines.

After the three examiners conducted their assessment, interobserver reliability was
assessed visually and quantitatively. Visually, an analysis was carried out using the Bland-
Altman test to compare the results of the assessments between examiners 1 and 2, examiners 2
and 3, and examiners 1 and 3. Quantitatively, the intraclass correlation coefficient (ICC) of the
three examiners was calculated.

ICC and 95% confidence interval (ClI) are used to infer interobserver reliability and was
calculated using a 2-way random effects model assuming absolute agreement. An ICC of 1

indicates perfect reliability and an ICC of >0.8 indicates excellent reliability??. Pearson
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correlation coefficients were used to determine the validity of the measurement of FAA with

use of the FEMORA® software. The Pearson correlation coefficient was characterized as poor
(0.00 to 0.2), fair (0.21 to 0.4), moderate (0.41 to 0.6), good (0.61 to 0.8), or excellent (0.81 to
1.00)??. The Bland-Altman comparison was performed to assess the validity of the assessment

using FEMORA® software visually based on a scattered plot?3,

Statistical analysis was performed using SPSS software for Windows (version 25.0;
IBM), and the null hypothesis of no difference was rejected if the p-value was <0.05
Results

Overall, a total of 36 patients participated in this study. The evaluation results and
sample demographic data are tabulated in Table 1. Most patients were female (n=2211; 61,1%)
and the mean age was 7,28 years with a range of 3-12 years.

Table 1. Patient Demographics and Measurements

Description N Value Range
Gender (Males) 14 14/36 (38,9%)
Age (Years) 7,17 +£2.24 3-12
Measurement Using Physical Examination 36 26,85 + 6,26 14-48
Measurement Using Conventional Radiograph 36 45,09 + 17,97 14,9-83,2
Measurement Using CT Scan 3D 36 32,68 +11,85 7,95-65,3
Measurement Using FEMORA® Software 36 41,71 +£12,90 18,3-72,1

An interobserver reliability test was conducted to determine whether the results of the
analysis of the three examiners were consistent and free of bias. This test was carried out
visually using the Bland-Altman chart and quantitatively using the ICC.

Visually, from the Bland-Altman chart, as shown in Figures 3, 4, and 5, it was found
that only three of the 36 data points were outside the reasonable range, so it can be concluded

that the risk of bias in the assessment is minimal.

[Formatted: Font: Not Bold, English (Indonesia)
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Figure 5. Bland-Altmann chart comparison between the 1%t and 3" examiners.

The ICC analysis showed excellent a-~very-geed-correlation between examiners (ICC,
0.918; 95% CI, 0.858-0.955) which indicated that the results of the FAA angle assessment
using X-ray processed with the FEMORA® software were consistent across multiple
examiners. In future use in the field, measurements by several trained experts will not show a
significant difference.

The measurement results from the CT scan and FEMORA® software were compared
using Pearson's correlation test which found a- significant and geed-good correlation (r=0.634;
p<0.001). From The scatter plot (Figure 6), It can be observed that the point of association
between these two assessment methods showed a clear trend. This shows that the relationship

between these two measurement methods is geedfairly strong.
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Figure 6. Scatter plot showing the correlation between CT scans and FEMORA® software.

Discussion

FEMORA® is a newly developed software that can reconstruct 3D images of the femur
from conventional radiographs. In previous studies, this application has shown convergence
validity and good interobserver reliability®. This study aims to review these results to
determine whether validity and reliability also apply to the study population in different centers
and geographic locations.

FEMORA® is made to reduce radiation exposure in patients who require routine
checkup with CT scans, such as patients with CP. Several notable advantages of FEMORA®
compared to CT scans are, firstly, the app only requires a mobile device and a conventional
radiograph to visualize a 3D image of the femur. Second, the FEMORA® software could cover
a wide FAA: from 18° to 83°, and thus it can be used for a-various cases. Third, FEMORA®
does not require the patient to remain still for long time periods like on CT scans, making it
even more convenient for assessing children who are usually less cooperative.

The mobile application FEMORA® has similar research by Sung et al. They found
similarly geed-excellent interobserver reliability (ICC, 0.953; 95% CI, 0.917-0.975). Visual
analysis using Bland-Altman plots was also similarly excellent, with only a few points outside
the upper/lower limit. Validity is also similar but the correlation by Sung et al was nearte
excellent-higher score at 0.968%. Younger patients might have contributed to the lower
correlation in our study. Measurement of angles in younger patients are usually more prone to

errors due to smaller bone diameters and more non-ossified cartilage in the bones?.
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An alternative method that can be used is a biplanar X-ray which is interpreted using a
specific system/program. One program that most closely resembles FEMORA® is EOS
imaging. EOS was originally used for 3D reconstruction of the spine, but has been found to
have good validity and reliability for the measurement of femoral anteversion angle5%, The
radiation dose of the EOS imaging system has been reported to be much less than that of a CT
scan. Folinais et al. showed that the mean radiation dose from the EOS system was 0.18 mGy
for the AP view and 0.45 mGy for the LAT view, and from a CT scan it was 8.4 to 15.6 mGy.?’
In addition, Deschenes et al. demonstrated that full spinal EOS imaging yields 6 to 9 times less
radiation than conventional radiography?®. This huge difference in radiation dose would be
similar as in FEMORA®. However, the EOS system is not suitable for use in some hospitals
and countries due to its high cost, the need for specialized equipment, and space limitations.

The limitations of this study are the limited amount-number of patients and the lack of

repeated CT scan measurement. More patients included in this study would certainly increases
the validity of this study. Moreover, CT scan result is also subjective because the measurement
is done by single radiologist. Therefore, the data can be false. Repeated CT scan measurement
by different assessor will increase the validity of the CT scan measurement.
Conclusion

The FAA of the samples measured using FEMORA® software and CT scan was,
consequently, 41,71 + 12,90 and 32,68 + 11,85. We also found-a good-excellent reliability
(p=0.918; 95% CI, 0.858-0.955) and a geod-good correlation with the CT scan results (r=0.634;
p<0.001). Thus, FEMORA is a good alternative to CT scans as it shows a good correlation and

reliability and reduces patient radiation exposure.
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Introduction: Children with spastic cerebral palsy (CP) often show an increase in
femoral anteversion angle (FAA). Computed tomography (CT) scan is the main
modality for evaluating FAA in these patients, however, due to significant radiation
exposure, it carries a high carcinogenic risk. FEMORA® software is expected to be
able to accurately assess FAA even with conventional X-ray images that only require
low radiation exposure. However, its validity has not been tested in various populations
or CT devices. This study aimed to validate the FEMORA® software by comparing it to
CT scans done on an Indonesian population.

Material and Methods: All spastic CP patients of the outpatient clinic at Dr. Soetomo
Hospital between March and November 2022, were included. The FEMORA®
Software evaluation was performed by three examiners. The calculation results were
averaged and compared with those of the CT scan. Intraclass correlation coefficient
(ICC), reliability, and correlation were be assessed.

Results: There were 36 patients included in this study. Most were female (n=22;
61,1%) and the average age was 7,28 years old. Interobserver preoperative analysis
using ICC showed good outcomes (p=0.918; 95% CI, 0.858-0.955). FAA measurement
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results using FEMORA® and CT scans were 41,71 £ 12,90 and 32,68 + 11,85,
respectively. Correlation coefficient between the two values is 0.634 (p<0.001).
Conclusion: FEMORA® software demonstrates a good and significant correlation with
FAA measurement using CT scan.
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ABSTRACT
Introduction: Children with-a spastic type-ef-cerebral palsy (CP) often show an increase in
femoral anteversion angle (FAA). CA-computed tomography (CT) scan is the main modality
for evaluating FAA in these patients, howeverbut, due to significant radiation exposure, it
carries a high carcinogenic risk. FEMORA® software is expected to be able to accurately
assess FAA even with conventional X-ray images that only require low radiation exposure.
However, its validity has not been tested in various populations or CT devices. This study
aimeds to validate the FEMORA® software by comparing it to CT scans done on an Indonesian
population.
Material and Methods: All spastic CP patients whe-attendedof the outpatient clinic at Dr.
Soetomo Hospital between March 2022-and November 2022, were included. The FEMORA®
Software evaluation was performed by three examiners. The calculation results wil-bewere
averaged and compared with those of the CT scan. Intraclass correlation coefficient (ICC),
reliability, and correlation will-were be assessed.
Results: There were 36 patients included in this study. Most were female (n=22; 61,1%) and
the the- average age was 7,28 years old. Interobserver preoperative analysis using ICC showed
good outcomes (p=0.918; 95% CI, 0.858-0.955). FAA measurement results using FEMORA®
and CT scans were 41,71 + 12,90 and 32,68 + 11,85, respectively. Correlation coefficient
between the two values is 0.634 (p<0.001).
Conclusion: FEMORA® software is—found—to—have demonstrates a good and significant

correlation -geed-and-significant-correlation-with FAA measurement using CT scan.

Keywords: CT Scan, X-ray, Femoral Anteversion Angle, Cerebral Palsy
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Introduction

The femoral anteversion angle (FAA) is the angle formed between the axis of the
femoral neck and the axis of the coronal plane of the femoral condyle (condylar plane)*2. An
increase in FAA will decrease the arm abduction moment of the hip abductor and lead to a
cosmetically poor gait pattern,? inefficient gait, and functional limitations*~".

In measuring FAA, a physician may do physical examination, conventional
radiography, or computed tomography (CT) scans. Clinical examination using the Trochanteric
Prominence Angle Test is reliable for measuring FAA and is a useful screening tool. The
advantage of this examination is that it can be performed repeatedly, is inexpensive, safe and
does not involve radiation exposure®®. However, this method is less accurate and reliable due
to muscle spasticity, deviation in the position of the femur and deformity of the bones™.

Conventional 2D radiography is generally used for the diagnosis and follow-up of the
lower extremities, but it has the disadvantage of being sensitive to the orientation of the patient
and bone deformities. A CT scan overcomes this disadvantage and provides more accurate
calculations™-13, By being able to scan through multiple slices and even create a 3D
reconstruction of the affected site, CT is considered the “gold standard” imaging technique for
evaluating FAA21 and is a reliable and valid method™®. The disadvantage of a CT scan is that
it has a high carcinogenic risk due to the high radiation exposure, especially in the pediatric
population?®,

FEMORA® Software developed by Didim Co., Ltd. tries to solve the radiation and cost
problem of CT scans. By using only biplanar X-rays and the help of FEMORA® software, 3D
images can be reconstructed and the need for a CT scan is reduced?. If validity and reliability
are proven, it will help reduce the burdens of cost and radiation exposure in patients.
Consequently, this program may replace the need for CT scans or as reference standards for
measuring FAA.

To prove the validity and reliability of this software before use as a standard for
measuring FAA in a clinical setting, it is important for the software to pass repeated tests and
carry out in research centers and different populations'”8, In assessing the capacity of this
software to measure FAA, patients with highly variant FAA are needed.

Cerebral palsy (CP) is a chronic condition with considerable impact on affected
individuals. Children with CP suffer from motor problems, frequent seizure/epilepsy, and other
disorders?®20, Such chronic disorder combined with immature femur results in changes on FAA
anglel®Thus, patients with spastic CP tend to have varied FAA and will be ideal candidates for

assessing this software.



As of the conduction of this study, the validity and reliability testing of the FEMORA®

software has been performed in only one study6. Therefore, this study was conducted to
evaluate and re-validate the application of FEMORA® medical 3D image software
measurement by focusing on FAA measurements.

Methodss

This is an observational analytic study with a cross-sectional approach to evaluate the
validity of using plain radiographs of the anteroposterior and lateral femur calculated using the
FEMORA® Software to assess FAA in patients with CP 2 to 12 years old who attended the
outpatient clinic at Dr. Soetomo General Hospital from March 2022 to January 2023. Informed
consent was obtained from each participant and ethical approval was obtained from the Ethics
Committee of the Dr. Soetomo General Hospital Surabaya.

The criteria in this study were: (1) patients with Spastic CP willing to undergo pelvic
radiography, femur radiography, and CT scan, (2) patients who are not currently being treated
for other diseases, (3) adequate radiographic coverage or quality, (4) no femur fracture, hip
joint contracture, or hip joint dislocation, and (5) patients had never had implants.

FAA was assessed using clinical examination’, femur radiography?!, FEMORA®
software, and CT scans?? of the patient femur. A sample picture of the measurement using
Femora® and CT scan are shown in Figures 1 and 2, respectively.

To obtain FAA from FEMORA® software we first obtained conventional radiograph-«

from the patient femur. We obtain anteroposterior and lateral images. Then, software

application is embedded in ipad and the camera took images of both radiographs. The images

the application was developed to provide not only automatic contouring with a graph-cut

algorithm but also an intuitive touch interface for modifying the contour of a radiograph and

navigating the 3D view to verify the reconstruction result!. Then, the software will calculate

the FAA angle automatically. The test was repeated three times for each femur.

-Validity and reliability were determined by three examiners (T.W.M., H.C.K., and

M.1.K.). The appraiser was not involved in the development of the software.
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Figure 1. Sample image of the 3D reconstruction from two plane X-rays and the angle

measurement using FEMORA® software.

Figure 2. Sample image of the measured CT scan. The measurement method is as described

by Hernandez et al2. On the left is the angle taken from the femur neck. On the right is the

angle taken from the posterior border of the medial and lateral condyle. The measured angle
is the difference between the two lines.

After the three examiners conducted their assessment, interobserver reliability was
assessed visually and quantitatively. Visually, an analysis was carried out using the Bland-
Altman test to compare the results of the assessments between examiners 1 and 2, examiners 2
and 3, and examiners 1 and 3. Quantitatively, the intraclass correlation coefficient (ICC) of the
three examiners was calculated.

ICC and 95% confidence interval (ClI) are used to infer interobserver reliability and was
calculated using a 2-way random effects model assuming absolute agreement. An ICC of 1

indicates perfect reliability and an ICC of >0.8 indicates excellent reliability??. Pearson
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correlation coefficients were used to determine the validity of the measurement of FAA with

use of the FEMORA® software. The Pearson correlation coefficient was characterized as poor
(0.00 to 0.2), fair (0.21 to 0.4), moderate (0.41 to 0.6), good (0.61 to 0.8), or excellent (0.81 to
1.00)??. The Bland-Altman comparison was performed to assess the validity of the assessment

using FEMORA® software visually based on a scattered plot?3,

Statistical analysis was performed using SPSS software for Windows (version 25.0;
IBM), and the null hypothesis of no difference was rejected if the p-value was <0.05
Results

Overall, a total of 36 patients participated in this study. The evaluation results and
sample demographic data are tabulated in Table 1. Most patients were female (n=2211; 61,1%)
and the mean age was 7,28 years with a range of 3-12 years.

Table 1. Patient Demographics and Measurements

Description N Value Range
Gender (Males) 14 14/36 (38,9%)
Age (Years) 7,17 +£2.24 3-12
Measurement Using Physical Examination 36 26,85 + 6,26 14-48
Measurement Using Conventional Radiograph 36 45,09 + 17,97 14,9-83,2
Measurement Using CT Scan 3D 36 32,68 +11,85 7,95-65,3
Measurement Using FEMORA® Software 36 41,71 +£12,90 18,3-72,1

An interobserver reliability test was conducted to determine whether the results of the
analysis of the three examiners were consistent and free of bias. This test was carried out
visually using the Bland-Altman chart and quantitatively using the ICC.

Visually, from the Bland-Altman chart, as shown in Figures 3, 4, and 5, it was found
that only three of the 36 data points were outside the reasonable range, so it can be concluded

that the risk of bias in the assessment is minimal.

[Formatted: Font: Not Bold, English (Indonesia)
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The ICC analysis showed excellent a-~very-geed-correlation between examiners (ICC,
0.918; 95% CI, 0.858-0.955) which indicated that the results of the FAA angle assessment
using X-ray processed with the FEMORA® software were consistent across multiple
examiners. In future use in the field, measurements by several trained experts will not show a
significant difference.

The measurement results from the CT scan and FEMORA® software were compared
using Pearson's correlation test which found a- significant and geed-good correlation (r=0.634;
p<0.001). From The scatter plot (Figure 6), It can be observed that the point of association
between these two assessment methods showed a clear trend. This shows that the relationship

between these two measurement methods is geedfairly strong.
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Figure 6. Scatter plot showing the correlation between CT scans and FEMORA® software.

Discussion

FEMORA® is a newly developed software that can reconstruct 3D images of the femur
from conventional radiographs. In previous studies, this application has shown convergence
validity and good interobserver reliability®. This study aims to review these results to
determine whether validity and reliability also apply to the study population in different centers
and geographic locations.

FEMORA® is made to reduce radiation exposure in patients who require routine
checkup with CT scans, such as patients with CP. Several notable advantages of FEMORA®
compared to CT scans are, firstly, the app only requires a mobile device and a conventional
radiograph to visualize a 3D image of the femur. Second, the FEMORA® software could cover
a wide FAA: from 18° to 83°, and thus it can be used for a-various cases. Third, FEMORA®
does not require the patient to remain still for long time periods like on CT scans, making it
even more convenient for assessing children who are usually less cooperative.

The mobile application FEMORA® has similar research by Sung et al. They found
similarly geed-excellent interobserver reliability (ICC, 0.953; 95% CI, 0.917-0.975). Visual
analysis using Bland-Altman plots was also similarly excellent, with only a few points outside
the upper/lower limit. Validity is also similar but the correlation by Sung et al was nearte
excellent-higher score at 0.968%. Younger patients might have contributed to the lower
correlation in our study. Measurement of angles in younger patients are usually more prone to

errors due to smaller bone diameters and more non-ossified cartilage in the bones?.
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An alternative method that can be used is a biplanar X-ray which is interpreted using a
specific system/program. One program that most closely resembles FEMORA® is EOS
imaging. EOS was originally used for 3D reconstruction of the spine, but has been found to
have good validity and reliability for the measurement of femoral anteversion angle5%, The
radiation dose of the EOS imaging system has been reported to be much less than that of a CT
scan. Folinais et al. showed that the mean radiation dose from the EOS system was 0.18 mGy
for the AP view and 0.45 mGy for the LAT view, and from a CT scan it was 8.4 to 15.6 mGy.?’
In addition, Deschenes et al. demonstrated that full spinal EOS imaging yields 6 to 9 times less
radiation than conventional radiography?®. This huge difference in radiation dose would be
similar as in FEMORA®. However, the EOS system is not suitable for use in some hospitals
and countries due to its high cost, the need for specialized equipment, and space limitations.

The limitations of this study are the limited amount-number of patients and the lack of

repeated CT scan measurement. More patients included in this study would certainly increases
the validity of this study. Moreover, CT scan result is also subjective because the measurement
is done by single radiologist. Therefore, the data can be false. Repeated CT scan measurement
by different assessor will increase the validity of the CT scan measurement.
Conclusion

The FAA of the samples measured using FEMORA® software and CT scan was,
consequently, 41,71 + 12,90 and 32,68 + 11,85. We also found-a good-excellent reliability
(p=0.918; 95% CI, 0.858-0.955) and a geod-good correlation with the CT scan results (r=0.634;
p<0.001). Thus, FEMORA is a good alternative to CT scans as it shows a good correlation and

reliability and reduces patient radiation exposure.
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e wahyu martanto Tri <tri-wahyu-m@fk.unair.ac.id>

Fwd: FW: You've Paid Your Invoice

Agisa Prawesti <agisaprawesti@gmail.com> 16 Mei 2024 pukul 12.01
Kepada: "tri-wahyu-m@fk.unair.ac.id" <tri-wahyu-m@fk.unair.ac.id>

———————— Original message --------

From: no-reply@ecommerce.elsevier.com
Date: 11/20/23 18:42 (GMT+07:00)

To: Yusuf.cap.ortho@gmail.com

Subject: You've Paid Your Invoice

=] SEVIER

Dear Yusuf Rizal,
Thank you for your recent payment of $2,100.00 on 20 November 2023.

Invoice Details

Invoice #: OAD0000363051
Invoice Date: 17 November 2023
Invoice Amount: $2,100.00

Your Details

Yusuf Rizal
Galaxi Bumi Permai B2/4

Surabaya
60111
ID

Kind regards,
The Elsevier team
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your system. Elsevier B.V. (including its group companies and subsidiaries) shall not be
liable for any improper or incomplete transmission of the information contained in this
communication or delay in its receipt.

Please do not reply to this message. This e-mail was sent from a notification-only address
that cannot accept incoming e-mail.
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wahyu martanto Tri <tri-wahyu-m@fk.unair.ac.id>

Fwd: Invoice Information Change for Article €22243 [231124-008621]

1 pesan

Agisa Prawesti <agisaprawesti@gmail.com> 16 Mei 2024 pukul 12.02
Kepada: "tri-wahyu-m@fk.unair.ac.id" <tri-wahyu-m@fk.unair.ac.id>

-------- Original message --------

From: Irwanto Irwanto <irwanto@fk.unair.ac.id>

Date: 11/24/23 13:03 (GMT+07:00)

To: yusuf.cap.ortho@gmail.com

Subject: Fwd: Invoice Information Change for Article 22243 [231124-008621]

---------- Forwarded message ---------

Dari: Researcher Support <support@elsevier.com>

Date: Jum, 24 Nov 2023 pukul 11.38

Subject: Re: Invoice Information Change for Article 22243 [231124-008621]
To: <irwanto@fk.unair.ac.id>

Hello!
Thank you for contacting Elsevier Researcher Support.
To help us jump right into the solution, please ensure you have provided as much information as possible.

While you wait, you can take a look at our Journal Article Publishing Support Center where you can review FAQs and 'how to’
videos.

To help ensure a fast response, please do not change the subject line of this email when replying. For any future
correspondence, remember to quote your unique reference number provided in the subject line.

Regards,

Elsevier Researcher Support

From: Irwanto Irwanto
Date: 24/11/2023 04.38 AM

Manuscript Number: HELIYON-D-23-17881R2

VALIDITY OF MEASUREMENT OF FEMORAL ANTEVERSION ANGLE USING FEMORA® SOFTWARE BASED ON TWO-
DIMENSIONAL RADIOGRAPHIC IMAGING EXAMINATION FEMUR IN CHILDREN WITH CEREBRAL PALSY IN
INDONESIA

Prof Irwanto Irwanto

Heliyon

Dear Editorial Team of Heliyon,

Thank you for publishing our manuscript entitled “VALIDITY OF MEASUREMENT OF FEMORAL ANTEVERSION ANGLE
USING FEMORA® SOFTWARE BASED ON TWO-DIMENSIONAL RADIOGRAPHIC IMAGING EXAMINATION FEMUR IN
CHILDREN WITH CEREBRAL PALSY IN INDONESIA”.

In order to grant the research funding from the institution, consequently the details for the invoice address should match the
corresponding author details. May | ask for your favor to make a change to the invoice address and payment receipt of our
article (22243 in Heliyon journal) according to the details of the corresponding author, please?

The details are as follows:

Name : Prof. Irwanto Irwanto

Affiliation: Department of Child Health, Faculty of Medicine, Airlangga University/ Dr. Soetomo, General Academic Hospital,
Surabaya, 60131, Indonesia

Phone : +62 81332439990

Email : irwanto.fk.unair.ac.id

We are sorry for the inconvenience. We look forward to receiving your positive response as soon as possible.

Thank you for your cooperation in advance.

Kind regards,
Prof Irwanto Irwanto

#AU_HELIYON#
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