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Abstract

Background: Jaw bone density can be altered due to various factors including aging, bone pathologies, hormonal levels,
medications affecting bone density, and undue stress posed by parafunctional and adverse habits. Of these factors, chronic areca
nut chewing, which creates a heavy load on jaw bones, is a commonly encountered adverse habit in patients. Digital panoramic
radiography (OPG) indices are an easy and cost-effective method to evaluate jaw bone density. Index values can also be used as
ascreening tool for osteoporosis.

Objective: Thisstudy aimsto compare and evaluate jaw bone density in chronic areca nut chewers and nonchewers using OPG
indices as a screening tool for osteoporosis.

Methods: Patients aged 20 years to 40 years reporting to the Department of Oral Medicine and Radiology with and without a
history of chronic areca nut chewing will be recruited. OPG will be collected for all recruited patients. The mandibular cortical
index, panoramic mandibular index, gonial index, antegonial index, antegoinal notch depth, and mental index will be calculated.

Results: Thevaluesof theseindiceswill be used to assess and compare osteoporosisin chronic arecanut chewers and nonchewers.
Data will be entered and displayed in a tabular format, and correlations between osteoporosis and OPG index values will be
determined. The study did not receive any externa funding. Recruitment is expected to begin in summer 2025, and publication
of the resultsis expected to occur in late 2026.

Conclusions: Evaluation of jaw bone density in chronic areca nut chewers using OPG indices might prove to be a feasible and
cost-effective technique for assessing osteoporotic bone changes. Although the gold standard modality isdual x-ray absorptiometry,
its cost and availability create challengesfor use in the general population. As osteoporosis of jaw bones does not usually present
with symptoms, patients can be made aware of it using the findings from this evaluation. Hence, it will ultimately aid in early
detection and prompt interventions, thereby halting disease progress.
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Methods

Maxillary and mandibular jaw bones have different densities.
Mandibular bone is more dense and compact than maxillary
bone, which is cancellous bone. Alteration in bone density can
occur due to aging, diseases affecting bone, and altered
hormonal levels, especially in peri- and postmenopausal women.
Osteoporosis, which affects bone density, isacommon finding
in women older than 40 years. It can aso be seen in men with
various diseases affecting the bones or taking medications that
affect bone mineral density (BMD). The risk of osteoporosis
increases with age and can have del eterious effect on the body.
Early detection of this condition may help to halt progression
and offer prompt treatment to the patients.

One of the reasons for altered jaw bone density is the amount
and frequency of functional load (Ioad posed on the mandibul ar
bone due to continuous masticatory movement) to which it is
subjected [1]. A continuous heavy masticatory load attributed
to a continuous grinding action, such as when chewing areca
nut, poses a risk of altered jaw bone density. This can be due
to various reasons like bone remodeling in responseto increased
masticatory load and toxic elements leaching out of areca nut.
Studies have been performed to evaluate jaw bone density in
bruxers and nonbruxers, and the results revealed increased
cortical thickening (ie, increased jaw bone density), whichisa
reaction to a continuous load applied to the bone [1].

Indiais a country where habits like areca nut chewing, use of
tobacco in either smoked or smokeless forms, and alcohol
consumption are extremely prevalent, especially among young
adults. The effect of smoking on BMD has already been proven
in many previous studies. Areca nut chewing increases the
masticatory load on the jaw bones in the same manner as that
seen in patients with bruxism. Furthermore, studies have
revealed a decrease in vitamin D levels in chronic areca nut
chewers, which in turn can affect the density of jaw bones[2].
This shows that areca nut chewing might alter the density of
the jaw bones. Hence, the effect of areca nut chewing on bone
density remains controversial.

Digital panoramic radiography (OPG) isawidely used imaging
modality for primary screeningin clinical practice. It has severa
significant advantages including feasibilty, ease of acquisition,
being cost effective, alow radiation dose, and ability to depict
the dentition as well as jaw bones together. Several indices
studied on OPG are helpful for evaluating jaw bone density.
The measurements are easy to perform and understand. Hence,
the overall benefits of OPG make it a beneficial tool for
evaluation of jaw bone density [3].

There is a paucity of studies related to jaw bone density in
chronic areca nut chewers using OPG indices and evaluating
the efficacy of OPG as a screening tool for osteoporosis [4].

Hence, the purpose of this study isto compare and evaluate jaw
bone density in chronic areca nut chewers using panoramic
radiographs and to detect the efficacy of the same asascreening
tool for the detection of underlying undiagnosed osteoporosis.
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Ethical Consider ations

The study received approval from the Ingtitutional Ethics
Committee (IEC number DMIHER(DU)/IEC/2023/1203) of
Datta Meghe Institute of Higher Education and Research,
Sawangi (Meghe), Wardha.

Informed consent was obtained from all participants involved
in the study. The data collected will not include any identifiable
information. Patientswill benefit from education on the adverse
effects of areca nut chewing on jaw bone density and receive
proper counseling to cease chewing. They will receive no other
compensation.

Participants

This prospective, observational, case control study will be
conducted with patients aged 20 years to 40 years visiting the
Department of Oral Medicine and Radiology with a chronic
history of areca nut chewing. The patients will be divided into
2 groups: Group A (patients without a history of chronic areca
nut chewing; control group) and Group B (patients with a
chronic history of areca nut chewing; study group). The
inclusion criteria are patients aged between 20 years and 40
years, dentulous patients with a chronic history of areca nut
chewing, and dentul ous patients with acomplete set of dentition
except the third molars. The exclusion criteriaare patientswith
a history of smoking, alcohol consumption, or drug use; with
any systemic disease affecting the bone; having undergone
chemoradiotherapy for any reason; taking medi cations affecting
bone density; with congenital anomalies, malignancy, or
disorders of jaw bones; with ajaw bone fracture; with ahistory
of a surgical intervention involving jaw bones; with a history
of orthodontic treatment; with periodontal diseases; and with a
history of bruxism.

Sample Size

Participants will be divided into 2 equal groups. The sample
size was calculated using N=B/C, where C=(E/S)? B=(Z, .
ZB)Z, Z, is the standard normal deviation for a (1.9600), and
Zg is the standard normal deviation for B (0.06745). C was
0.2500, and B was 6.9403, resultingin an N of 27.7614 for each

group. Therefore, N was rounded up to the next highest integer
to give agroup size of 70.

M ethodology

Eligible patients reporting to the Department of Oral Medicine
and Radiology and who are willing to participate in the study
will be recruited. Each patient’s previous medical history will
be collected to rule out systemic disease affecting jaw bone
density, history of medications affecting the bone, and history
of pathology affecting the jaw bones. Each patient’s previous
dental history will be collected to rule out a history of
orthodontic treatment or periodontal diseases. A detailed history
of habits, including type, duration, and freguency, will be
collected from each patient. A thorough clinical examination
will be conducted to rule out missing teeth, root pieces, or
impacted teeth. All patients will be undergo a panoramic
radiographic examination using standard parameters.
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Evaluation of jaw bone density will bebased onthe OPG indices  index (PMI) for normal, osteoporotic, and osteopenic bone that
as shown in Figures 1-5 [5,6]. The reference values for  will be used are shown in Table 1 [7].
mandibular cortical index (MCI) and panoramic mandibular

Figure 1. Graphic and radiographic representation for the calculation of the (B) mandibular cortical index and (C) mental index.
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Figure4. Graphic and radiographic representation for calculation of the gonial index: the length of “€” in mm.

Figure 3. Radiographic representation of the determination of the antigonial index.
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Figure5. Graphic and radiographic representation for the calculation of the antegonial notch depth, which is calculated by measuring the depth of the

notch from the line drawn tangent to the inferior border of the mandible.

Table 1. Reference values for digital panoramic radiography indices to evaluate osteoporosis.

Bone density Scores for the orthopatomogram indices

Mandibular cortical index

Panoramic mandibular index

Normal 4.56 0.33

Osteoporotic 3.39 0.24

Osteopenic 3.97 0.28
Statistical Analysis Results

Reference values for MCI and PMI will be correlated with the
OPG index valuesto determine the patients’ osteoporosis status.
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The study did not receive any external funding. Recruitment is
expected to begin in summer 2025, and results are expected to
be published in late 2026.

The results from the analyses based on the values of OPG
indices will be displayed in tabular form similar to that shown
in Tables2 and 3.
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Table 2. Example representation of how the values of the digital panoramic radiography indicesin the control group and study group will be reported.

Study group

MCI2 PMIP

AlC

Digital panoramic radiography indices

ald AND® mif

Control group g9 —

Study group — —

8\ Cl: mandibular cortex index.
E=VIE panoramic mandibular index.
CAl: antegonial index.

dal: gonia index.

EAND: antegonia notch depth.
'MI: mental index.

9Placehol der.

Table 3. Example representation of how bone quality based on the digital panoramic radiography indices in the control and study groups will be

reported.
Study group Calculated MCI2 value Calculated PM1° value Status of bone after correla-  Status of bone after correla-
tion of calculated values of  tion of calculated values of
MCI with referencevalues  PMI with reference values
Control group _c — — —
Study group — — — —

3MCI: mandibular cortex index.
E=VIE panoramic mandibular index.
®Placeholder.

Discussion

Background

Chronic areca nut chewing is thought to decrease jaw bone
density. Multiple reasons have been discussed, including
remodeling of bone and toxic elements leaching out due to
chronic areca nut chewing. A few studies, however, have
suggested an increase in bone density due to chronic areca nut
chewing. Hence, this study will aid with establishing more
clarity over this dispute. As areca nut is a hard substance, the
chronic masticatory actions associated with chewing areca nut
should lead to increased jaw bone density; however, due to a
decrease in vitamin D levels, there could be a negative impact
on jaw bone density. As osteoporosis is asymptomatic, it is
frequently overlooked and goes undiagnosed. Dual Xx-ray
absorptiometry examinations are currently the gold standard
for diagnosing osteoporosis based on BMD. However, “alarge
portion of the Indian elderly population cannot access this
diagnostic modality duetoitshigh cost and limited availability”
[8]. In order to diagnose oral problems, dentists frequently use
radiography in their daily work. Thefocus of recent studies has
been on whether radiographic changes in the jaws might serve
asareliable, early osteoporosis diagnosistool [8].

Comparison With Prior Work

Bajoria et a [9] conducted a study to measure
radiomorphometric indices in OPG to find interrelationships
between the indices and age and sex. In the study, 23 patients
were randomly selected to be examined. The results revealed
that the MCI, PMI, mental index, and antigonial index can be

https://www.researchprotocols.org/2025/1/€72041

effectively measured on OPG and could be used to determine
osteoporosis. All indices were datistically significantly
correlated with osteoporosisin both the younger and older age
groups. All indices were lower in women than men [9].
Similarly, Suman and Redhu [10] conducted a study to assess
relationships between BMD and radiomorphometric indices
using panoramic radiography in tobacco users, and the authors
concluded that tobacco had a detrimental effect on BMD as
revealed by the MCI, PMI, and MI. Palaskar et al [11] conducted
a study to assess relationships between personal habits like
tobacco chewing, arecanut chewing, alcohol consumption, and
BMD inIndian adult men aged 20 yearsto 60 years using OPG.
They concluded that OPG indices, especially the antegonial
index, were negatively affected in men with the personal adverse
habits of interest. Thisradiography techniqueisreadily available
and reasonably priced. Dental practitioners might be the first
to notice abnormalitiesin the mandible and make the necessary
referrals because OPG is a standard diagnostic techniquein the
office [11].

Temur et a [12] evaluated the effect of anti-epileptic drugs
(AEDSs) on trabecular and mandibular cortical bone. The case
group’s fractal dimension (FD) of the mandibular body and
angle and mandibular cortical width were substantially lower
than those of the control group (P<.001). Compared with
second-generation medications, first- and third-generation AEDs
were associated with reduced FD valuesin the ramusand angle
(P=<.011). Usersof first- and second-generation AEDs had lower
mandibular FDs than users of third-generation drugs (P=.017).
Although PMI increased with more than 1 year of AED use
(P<.02), drug use for at least 1 year was associated with
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considerably lower values for all FDs and mandibular cortical
widths and more class 3 MCI assessments than short-duration
use. Sex and age had no discernible impact [12]. A study was
conducted by Onsiiren and Temur [13] to examine the effects
of likely sleep and awake bruxism on the mandibular trabecul ar
bone structure in pediatric patients with bruxism using fractal
analysis, OPG, and radiomorphometric measures. It concluded
that bruxism can alter mandibular trabecular bone in children
and teenagers. Just like in adult dentistry, fractal analysis can
be used as a supplemental technique to identify the mandibular
trabecular variations of patients with bruxism in pediatric
dentistry [13]. Gegkil and Temur [7] investigated the effect of
two different bisphosphonate types on bone using dental
panoramic radiographs and compared these findings with those
from ahealthy cohort. This study demonstrated that changesin
cortical bone structure are significantly influenced by the kind
of bisphosphonate and the length of medication usage. It appears
that bisphosphonates have a long-lasting effect on bone since
these effects are persistent and unaffected by the amount of time
that has passed since the last dose [7].

Strengths

It is possible to screen using OPG indices because a history of
smoking, drinking, and eating betel nut products may be
regarded as a risk factor for the development of osteoporosis
[14]. Evaluation of bone density in chronic betel nut chewers
has not yet been assessed and compared with bone density in
nonchewers. Although the literature includes some studies in
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which bone density was altered in arecanut chewers, the scarcity
of the same leads to the need for further research in this field
[5]. Hence, this study will aid with assessing bone density in
chronic areca nut chewers and help with educating patients
about the condition, thereby aiding with appropriate treatment
approaches and halting the progression of the same.

Limitations

The study will use OPG indices to evaluate jaw bone density;
however, the indices cannot be compared with the gold standard
dual x-ray absorptiometry to establish the efficacy of the OPG
for determining jaw bone density due to unreliable patient
compliance, high cost, and limited availability of dual x-ray
absorptiometry.

Conclusion

This study hypothesizes that smoking, areca nut, and alcohol
consumption negatively impact mandibular bone density based
on the existing literature, which suggests reductions in MCl,
PMI, mental index, and antegonia index. Although afew studies
have demonstrated increased bone density, the majority reflected
areduction. Dentists can detect these changes through routine
panoramic radiography examinations and identify patients at
risk for osteoporosis at an early stage. A reduction in jawbone
density is a significant risk factor for implant placement,
prosthetic planning, and periodontal treatments. Therefore,
dental implant placement and prosthetic planning should be
approached more cautioudly in patients with decreased bone
density.

All authors declared that they had insufficient or no funding to support open access publication of this manuscript, including from
affiliated organizations or institutions, funding agencies, or other organizations. IMIR Publications provided APF support for the

publication of this article.

Authors Contributions

Conceptualization: AT, SD
Data curation: AT

Formal analysis: AT
Investigation: AT

Methodology: AT

Project administration: SD
Resources: AT

Software: SD

Supervision: SD

Validation: AT, SD
Visualization: AT, SD

Writing — original draft: AT, SD
Writing — review and editing: AT, SD

Conflictsof Interest
None declared.

References

1.  Isman O. Evaluation of jaw bone density and morphology in bruxers using panoramic radiography. J Dent Sci. Mar
2021;16(2):676-681. [FREE Full text] [doi: 10.1016/j.jds.2020.09.008] [Medline: 33854718]

2. HandaH, Singh A. Evaluation of mandibular indices in panoramic radiography. International Dental Journal of Student's

Research. Aug 15, 2020;8(2):60-64. [EREE Full text] [doi: 10.18231/}.id]sr.2020.013]

https://www.researchprotocols.org/2025/1/€72041

JMIR Res Protoc 2025 | vol. 14 | €72041 | p. 7
(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S1991-7902(20)30213-0
http://dx.doi.org/10.1016/j.jds.2020.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33854718&dopt=Abstract
https://www.idjsronline.com/article-details/11896
http://dx.doi.org/10.18231/j.idjsr.2020.013
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tiwari & Dangore-khasbage

3.

10.

11.

12.

13.

14.

Ogunkolade WB, Boucher BJ, Bustin SA, Burrin JM, Noonan K, Mannan N, et a. Vitamin D metabolism in peripheral
blood mononuclear cellsisinfluenced by chewing "betel nut" (Areca catechu) and vitamin D status. J Clin Endocrinol
Metab. Jul 2006;91(7):2612-2617. [doi: 10.1210/jc.2005-2750] [Medline: 16670168]

Basavargjappa S, Konddajji RamachandraV, Kumar S. Fractal dimension and lacunarity analysis of mandibular bone on
digital panoramic radiographs of tobacco users. J Dent Res Dent Clin Dent Prospects. 2021;15(2):140-146. [FREE Full
text] [doi: 10.34172/joddd.2021.024] [Medline: 34386187]

Sghaireen MG, Alam MK, Patil SR, Rahman SA, Alhabib S, Lynch CD, et a. Morphometric analysis of panoramic
mandibular index, mental index, and antegonial index. JInt Med Res. Mar 31, 2020;48(3):300060520912138. [FREE Full
text] [doi: 10.1177/0300060520912138] [Medline: 32228352]

Nemati S, Kgjan Z, Saberi B, Arzin Z, Erfani M. Diagnostic value of panoramicindicesto predict osteoporosis and osteopenia
in postmenopausal women. J Oral Maxillofac Radiol. 2016;4(2):23. [doi: 10.4103/2321-3841.183820]

Geckil N, Temur KT. A retrospective comparative fractal and radiomorphometric analysis of the effect of bisphosphonate
use pattern and duration on the mandible. Oral Radiol. Apr 2025;41(2):276-284. [doi: 10.1007/s11282-024-00801-2]
[Medline: 39775522]

Kumar J, Ramalingam K. Effectiveness of orthopantomograms as a screening tool for osteoporosis: a case-control study.
Cureus. Sep 2023;15(9):e45702. [EREE Full text] [doi: 10.7759/cureus.45702] [Medline: 37868467]

BajoriaAA, Ml A, Kamath G, Babshet M, Patil P, Sukhija P. Evaluation of radiomorphometric indices in panoramic
radiograph - a screening tool. Open Dent J. 2015;9:303-310. [FREE Full text] [doi: 10.2174/1874210601509010303]
[Medline: 26464600]

Suman B, Redhu A. Relationship of bone mineral density with panoramic radiomorphometric indices in tobacco usersin
India. Journal of Indian Academy of Oral Medicine and Radiology. 2020;32(2):119-126. [FREE Full text] [doi:
10.4103/jisomr.jiaomr_57_20]

Palaskar J, Khadilkar V, Khadilkar A, Ambildhok K, Mumbare S. Effect of personal habits on bone mineral density among
adults using orthopantomogram indices as a screening tool for osteoporosis. Journal of the International Clinical Dental
Research Organization. 2022;14(1):68-73. [FREE Full text] [doi: 10.4103/jicdro.jicdro_101 21]

Temur KT, Magat G, Ozcan S. A retrospective comparative fractal and radiomorphometric analysis of the effect of 3
generations of anti-epileptic drugs on the mandible. Oral Surg Oral Med Oral Pathol Oral Radiol. Aug 2023;136(2):255-262.
[doi: 10.1016/j.0000.2023.04.014] [Medline: 37271608]

Onsiiren AS, Temur KT. Evaluation of fractal analysis and radiomorphometric measurements of mandibular bone structure
in bruxism and non-bruxism paediatric patients. Oral Radiol. Jan 2025;41(1):60-68. [doi: 10.1007/s11282-024-00776-0]
[Medline: 39375282]

FerreiraLeite A, de SouzaFigueiredo PT, Ramos BarraF, Santosde Melo N, de Paula AP. Relationshi ps between mandibul ar
cortical indexes, bone mineral density, and osteoporotic fractures in Brazilian men over 60 years old. Oral Surg Oral Med
Oral Pathol Oral Radiol Endod. Nov 2011;112(5):648-656. [doi: 10.1016/].triple0.2011.06.014] [Medline: 21903429]

Abbreviations

AED: anti-epileptic drug

BMD: bone mineral density

FD: fractal dimension

MCI: mandibular cortical index
OPG: digital panoramic radiography
PMI: panoramic mandibular index

Edited by A Schwartz, J Sarvestan; submitted 02.02.25; peer-reviewed by PCA Watanabe, KT Temur; comments to author 03.03.25;
revised version received 11.03.25; accepted 26.03.25; published 15.05.25

Please cite as:

Tiwari A, Dangore-khasbage S

Jaw Bone Density in Chronic Areca Nut Chewers and Nonchewers Using Digital Panoramic Radiography Indices as a Screening
Tool for Osteoporosis: Protocol for a Comparative Evaluation

JMIR Res Protoc 2025;14:€72041

URL.: https://www.researchprotocols.org/2025/1/e72041

doi: 10.2196/72041

PMID:

https://www.researchprotocols.org/2025/1/e72041 JMIR Res Protoc 2025 | vol. 14 | €72041 | p. 8

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1210/jc.2005-2750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16670168&dopt=Abstract
https://europepmc.org/abstract/MED/34386187
https://europepmc.org/abstract/MED/34386187
http://dx.doi.org/10.34172/joddd.2021.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34386187&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/0300060520912138?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
https://journals.sagepub.com/doi/10.1177/0300060520912138?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/0300060520912138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32228352&dopt=Abstract
http://dx.doi.org/10.4103/2321-3841.183820
http://dx.doi.org/10.1007/s11282-024-00801-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39775522&dopt=Abstract
https://europepmc.org/abstract/MED/37868467
http://dx.doi.org/10.7759/cureus.45702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37868467&dopt=Abstract
https://europepmc.org/abstract/MED/26464600
http://dx.doi.org/10.2174/1874210601509010303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26464600&dopt=Abstract
https://journals.lww.com/aomr/fulltext/2020/32020/relationship_of_bone_mineral_density_with.8.aspx
http://dx.doi.org/10.4103/jiaomr.jiaomr_57_20
https://journals.lww.com/jicd/fulltext/2022/14010/effect_of_personal_habits_on_bone_mineral_density.13.aspx
http://dx.doi.org/10.4103/jicdro.jicdro_101_21
http://dx.doi.org/10.1016/j.oooo.2023.04.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37271608&dopt=Abstract
http://dx.doi.org/10.1007/s11282-024-00776-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39375282&dopt=Abstract
http://dx.doi.org/10.1016/j.tripleo.2011.06.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21903429&dopt=Abstract
https://www.researchprotocols.org/2025/1/e72041
http://dx.doi.org/10.2196/72041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Tiwari & Dangore-khasbage

©Aakanksha Tiwari, Suwarna Dangore-khasbage. Originally published in JMIR Research  Protocols
(https://www.researchprotocols.org), 15.05.2025. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

https://www.researchprotocols.org/2025/1/e72041 JMIR Res Protoc 2025 | vol. 14 | €72041 | p. 9
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

