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Abstract

Background: Hypospadias is a common congenital anomaly characterized by the displacement of the urethral opening to the
ventral side of the penis. Surgical correction is often necessary for functional and psychological reasons. The etiology involves
genetic and environmental factors, and chordee, a downward curvature of the penis, is a common complication. Proteins such as
fibulin-1, elastin, matrix metalloproteinase-1, basic fibroblast growth factor, and α-smooth muscle actin play roles in hypospadias
development.

Objective: The study’s aim is to investigate the differences in messenger RNA (mRNA) expression of fibulin-1, elastin, matrix
metalloproteinase-1, basic fibroblast growth factor, and α-smooth muscle actin between the ventral and dorsal tunica dartos in
patients with hypospadias and chordee.

Methods: This prospective cohort study aims to investigate differences in mRNA expression of the abovementioned proteins
between the ventral and dorsal tunica dartos in patients with hypospadias and chordee. Ethics approval has been obtained, and
consent from parents will be obtained before data collection. Eligible participants are aged 6-18 months, diagnosed with hypospadias
and chordee, and planned for urethroplasty. Tissue samples will be collected from both aspects of the tunica dartos and analyzed
using real-time quantitative reverse transcription–polymerase chain reaction. Data analysis will involve statistical tests and
normalization of housekeeping genes.

Results: This study is at the protocol development stage. A pilot study regarding its feasibility has been ongoing as of August
2023. The study results are expected to be available by the end of 2024.

Conclusions: The study of mRNA expressions of various proteins in the tunica dartos of patients with hypospadias and chordee
is expected to improve the understanding and expand the knowledge of the pathophysiology of hypospadias and chordee.
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Introduction

Hypospadias is one of the most common congenital anomalies
in male neonates. It is characterized by the urethral opening
being misplaced on the ventral side of the penis instead of the
tip. Its prevalence globally is around 1 in 200-300 male births
[1]. It has significant psychological and functional impacts,
requiring surgical correction to achieve normal appearance and
function. Various surgical techniques exist, but controversies
persist regarding the best approach for different types of
hypospadias [2]. The etiology of hypospadias is believed to be
multifactorial, involving genetic and environmental factors
[3,4]. Chordee, a downward curvature of the penis, is commonly
associated with hypospadias and results from tissue growth
disturbances [5].

The proteins fibulin-1, elastin, matrix metalloproteinase-1
(MMP-1), basic fibroblast growth factor (bFGF or FGF-2), and
α-smooth muscle actin (α-SMA) play roles in hypospadias
development [4,6,7]. Fibulin-1 is related to extracellular matrix
integrity, while elastin contributes to tissue extensibility. MMP-1
is involved in matrix remodeling, while bFGF affects
differentiation. α-SMA is implicated in fibrosis. Messenger
RNA (mRNA) expression of these proteins may shed light on
their roles in hypospadias [2,4,8].

However, research on dartos tunic elasticity, genetic factors,
and mRNA expression in hypospadias is limited. A better
understanding of the genes influencing dartos tunic elasticity
could provide insights into pathophysiology and chordee
management. Therefore, this protocol is designed to investigate
the differences in mRNA expression of fibulin-1, elastin,
MMP-1, bFGF, and α-SMA between the ventral and dorsal
tunica dartos in patients with hypospadias and chordee.

Methods

Study Design
This is an observational study using a prospective cohort,
designed for the investigation of the differences in mRNA
expression of fibulin-1, elastin, MMP-1, bFGF, and α-SMA
between the ventral and dorsal tunica dartos in patients with
hypospadias and chordee. The protocol is prepared according
to the SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) 2013 checklist for reporting a protocol
study [9].

Ethical Considerations
This study was conducted in accordance with the principles
outlined in the Declaration of Helsinki. The approval for the
protocol of this study was granted by the Medical Research
Ethics Committee, Universitas Indonesia, in April 2022
(KET-413/UN2.F1/ETIK/PPM.00.02/2022). All participants
provided written informed consent prior to their inclusion in
the study, and the study protocol was reviewed and approved
by the institutional review board to ensure ethical standards and
participant safety.

Informed consent was obtained from all participants during the
primary data collection phase. The original informed consent

covered the possibility of secondary data analysis, and the
institutional review board confirmed that no additional consent
was required for this study’s secondary analysis.

To ensure the privacy and confidentiality of participants, all
study data were deidentified prior to analysis. Personal
identifiers were removed, and the data were anonymized to
protect the participants’ identities. Appropriate measures were
taken to maintain the confidentiality of the data throughout the
study.

No additional compensation was provided for this analysis as
it did not involve additional participant interaction.

There are no images included in the manuscript or
supplementary material that could potentially identify individual
participants. If such images are deemed necessary in future
submissions, we will ensure that consent has been obtained
from identifiable individuals, and relevant consent forms will
be uploaded during resubmission.

Consent for the data collection and publication has been obtained
from the parents of patients with hypospadias. The consent was
sought after the parents and their children have already received
an explanation from the main researcher.

The data taken for this study were stored and uploaded over the
internet without any identifier.

Eligibility Criteria and Recruitment Procedures
The eligibility criteria for participants in this study are as
follows:

• Inclusion criteria:
1. Diagnosed as having hypospadias with chordee by a

pediatric urologist
2. Aged 6-18 months
3. Planned to undergo urethroplasty

• Exclusion criteria:
1. The amount of available tissue specimens is insufficient

for further examination
2. Patients with genital ambiguity characterized by clitoral

hypertrophy
3. The patient is experiencing an infection of the prepuce
4. Patients with a history of previous chordectomy or

urethroplasty surgery
5. Patients with conditions that can experience

dysregulation of extracellular matrix component
proteins, namely malignancy and Marfan syndrome

Participants for this research will be enrolled through a
consecutive recruitment method. Parents of eligible patients
will receive information about the study’s procedures and will
be given the opportunity to decide whether they wish for their
children to take part in the study during its duration.

Clinical Outcomes
The clinical outcomes measured in this study are as follows:

1. Expression of fibulin-1 mRNA
2. Expression of elastin mRNA
3. Expression of MMP-1 mRNA
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4. Expression of bFGF mRNA
5. Expression of α-SMA mRNA

The clinical outcomes will be measured from differences in
mRNA expression from both the dorsal and ventral aspects of
the tunica dartos excised during urethroplasty. A positive control
gene for both dorsal and ventral tissues will also be measured
in subsequent analyses. The expression levels of the 5 genes
will be assessed relative to the housekeeping gene β-actin using
fold change values.

Randomization and Blinding
This study is single blinded. The laboratory assistant does not
know which aspect of the penis that the specimen belongs to.

Study Process and Data Collection

Specimen Collection
In this study, tissue samples from the dorsal and ventral sides
of the tunica dartos will be obtained from patients with
hypospadias and chordee. Ventral tunica dartos samples will
be taken from each patient by the researcher as the performing
operator, ensuring that the size and location of collection are
standardized across all patients. The collected portions are
shown in Figure 1.

Figure 1. Site of tissue sample collection from the dorsal and ventral sides of the tunica dartos from patients with hypospadias and chordee, from an
observational study conducted in Arifin Achmad General Hospital Riau in 2023 (source: personal documentation of the researcher).

Total RNA Isolation
RNA will be isolated from all samples using the RNeasy Mini
Kit (Qiagen) following the kit’s manual instructions. Initially,
β-mercaptoethanol and ethanol are added to Buffer RPE. Tissue
samples are separated from RNAlater stabilization and then
mixed with Buffer RLT. For tissue weighing 20-30 mg, 600 µL
of Buffer RLT is added. Sample disruption and homogenization
are performed using an ultrasonic disruptor tool for 20-40
seconds. The lysed samples are centrifuged at 17,000×g for 3
minutes, and the supernatant is collected for RNA extraction.
Then, 70% ethanol, equal to 1× the lysate volume, is added and
homogenized using a micropipette.

A total of 700 µL of the sample is transferred to a QIAamp spin
column placed in a 2-mL collection tube and centrifuged at
>8000×g for 1 minute. The supernatant is discarded, and the

process is repeated by pairing a new 2-mL collection tube with
the QIAamp spin column until all lysates, including precipitates,
are processed. The supernatant and 2-mL collection tube are
discarded. The QIAamp spin column is then transferred to a
new 2-mL collection tube.

Buffer RW1 (700 µL) is added to the QIAamp spin column and
centrifuged at >8000×g for 1 minute. The supernatant and 2-mL
collection tube are discarded. This step is repeated with the
addition of 500 µL of Buffer RPE. The QIAamp spin column
is then combined with 500 µL of Buffer RPE and centrifuged
at 17,000×g for 3 minutes, and the supernatant is transferred to
a new 2-mL tube and centrifuged at 17,000×g for 1 minute. The
QIAamp spin column is moved to a new 1.5-mL microcentrifuge
tube, and 30-50 µL of RNase-free water is added directly to the
QIAamp membrane, followed by centrifugation at >8000×g for
1 minute.
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Quantification of RNA and Circular DNA Synthesis
The quantification stage serves to determine the RNA
concentration in each sample in order to dilute them to the same
concentration, which is 0.2 ng/µL. RNA quantification from
each sample and control will be performed using the Qubit
dsDNA HS kit (Q32851; Thermo Fisher Scientific). All samples
from the whole genome amplification stage are vortexed and
diluted by mixing 5 µL of the sample with 45 µL of
double-distilled water to achieve a 1:10 dilution. Samples,
controls, and the Qubit standard solution are placed in 500-µL
tubes containing Qubit dsDNA reagent with specific volumes.

All samples are then vortexed, spun down, and incubated at
room temperature for 2 minutes. The RNA quantification results
are then used for circular DNA synthesis using the cDNA

Taqman MicroRNA Reverse Transcription Kit (4366596;
Thermo Fisher Scientific). The composition of the reagents used
can be seen in Hidayati et al [10]. The master mix, containing
the samples, is then incubated in a thermal cycler.

Expression Quantification Using a Real-Time
Quantitative Reverse Transcription–Polymerase Chain
Reaction Machine
A real-time quantitative reverse transcription–polymerase chain
reaction (qRT-PCR) machine will be used to perform the
qRT-PCR amplification using the primary sequences in Table
1.

The machine monitors fluorescence levels after each PCR cycle
to track the amount of amplified DNA in real time.

Table 1. Primary sequences of the genes used in the study.

Primary sequence (5’-3’)Nucleotide codeGene

NM_006486.3Fibulin-1 • Fa: GATGGTGTCTCCTGTGAAGATG
• Rb: TGATGCATGTATGCCCGATAG

NM_000501.4Elastin • F: CTGCAAAGGCAGCCAAATAC
• R: CACCAGGAACTAACCCAAACT

NM_002421.4MMP-1c • F: GCCTTCCAACTCTGGAGTAATG
• R: GAATGGGAGAGTCCAAGAGAATG

NM_001361665.2bFGFd • F: TGAAACGAACTGGGCAGTATAA
• R: TTGACCTGACTGTGGAAGAAC

NM_001613.4αSMAe • F: GACCCTGAAGTACCCGATAGA
• R: CTCAGCAGTAGTAACGAAGGAATAG

aF: forward.
bR: reverse.
cMMP-1: matrix metalloproteinase-1.
dbFGF: basic fibroblast growth factor.
eα-SMA: α-smooth muscle actin.

Data Analysis
The amplification curve data will then be analyzed to determine
the cycle threshold (Ct) value. The Ct values are then normalized
to that of the housekeeping gene to calculate the relative gene
expression using the ΔΔCt method.

Data Analysis
The data to be collected in this study include clinical
characteristics such as age, height, weight, BMI, comorbidities,
and delivery history, accompanied by mRNA expression from
both the dorsal and ventral sides of the tunica dartos tissue.

All quantitative data obtained from this research will be analyzed
using SPSS (version 25.0; IBM Corp) software. The normality
of all numeric data will be tested using the Kolmogorov-Smirnov
test. Numeric data will be presented as mean (SD) for normally
distributed data and median (range) for nonnormally distributed
data.

If the obtained data are normally distributed, an independent
2-tailed t test will be performed. Meanwhile, nonnormally
distributed data will be tested using the Mann-Whitney U test
to determine gene expression differences between research
groups. The quantification of gene expression is expressed as
fold change, compared to the housekeeping gene used in the
study.

Results

This study is at the protocol development stage. A pilot study
regarding its feasibility has been ongoing as of August 2023.
The study results are expected to be available by the end of
2024.

Discussion

Hypospadias, characterized by the abnormal positioning of the
urethral opening, is a prevalent condition that ranks as the
second most frequent congenital anomaly in male neonates,
following cryptorchidism. The condition is typified by the
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displacement of the urethral meatus to the ventral side of the
penis, leading to curvature abnormalities in the penis and
preputial skin. The quest for optimal restoration, both
functionally and aesthetically, drives the need for hypospadias
correction surgeries. The primary aim of these interventions is
to achieve acceptability in both the appearance and function of
the penis, while also addressing psychological concerns [1,2].

The realm of hypospadias surgery presents a diversity of
approaches for penile reconstruction, yet controversies persist
regarding the most suitable techniques for various types of
hypospadias and the utilization or excision of tunica dartos in
surgical procedures. Noteworthy among these techniques is the
“tubularized incised plate” urethroplasty proposed by Snodgrass
et al [11], utilizing tunica dartos excision to address chordee.
Another technique, similar in approach but employing tunica
dartos or tunica vaginalis as a second layer, was presented by
Tavakkoli Tabassi and Mohammadi [12]. Diverging opinions
among urologists surround the excision of all inelastic tissue
(ventral tunica dartos), coupled with dorsal tunica dartos as a
second layer. Intriguingly, prior studies failed to find disparities
between the ventral and dorsal tunica dartos, attributing this to
their concurrent formation and common origin [4,7,13].

The multifactorial etiology of hypospadias is underscored by
its potential maternal and paternal inheritance, suggesting a
likelihood of 57% to 77% heritability. Environmental factors,
including exposure to chemicals, such as pesticides,
diethylstilbestrol, vinclozolin, polychlorinated biphenyls,
phthalates, and dioxins during pregnancy, have been implicated
in hypospadias causation [3,4]. While the exact etiology of
hypospadias remains elusive, histopathological findings in
patients with hypospadias warrant further investigation into the
disorder’s etiological landscape [7].

Notable distinctions in collagen and elastin content are observed
between normal and hypospadias-afflicted penises, affecting

the stiffness and flexibility of the tunica dartos [7]. There are
some proteins that play roles in the elasticity of a tissue. Elastic
connective tissue is pivotal in various pathological tissue
changes. Elastin, an essential component of the extracellular
matrix, endows tissues with extensibility and elasticity. Low
elastin concentrations are linked to impaired male urethral
development, while elastin-rich concentrations in male fetus
urethras elevate intrauterine pressure during the early stages of
micturition [14]. Matrix metalloproteinases play a key role in
embryological processes and wound healing. MMP-1, a
collagenase enzyme, breaks down collagen types I, II, and III,
influencing extracellular matrix repair. Decreased MMP-1 levels
in hypospadias are linked to increased collagen production.
Unbalanced collagen synthesis and degradation can lead to
fibrotic tissue formation [15]. Fibroblast growth factors regulate
fibroblast growth and differentiation. bFGF stimulates cell
proliferation and differentiation, impacting the mesodermal,
ectodermal, and endodermal areas. Abnormalities in the bFGF
pathway contribute to urethral plate formation, potentially
resulting in fibrotic tissue development. α-SMA, implicated in
fibrogenesis, drives myofibroblast differentiation and
extracellular matrix repair. In the context of hypospadias,
α-SMA involvement points to fibrocontractive diseases such
as chordee [16].

While this study may provide insights into the differences of
the ventral and dorsal tunica dartos, we did not include samples
of tunica dartos from healthy patients, which would limit the
data analysis only to patients with chordee.

Understanding the differential mRNA expression of fibulin-1,
elastin, MMP-1, bFGF, and α-SMA between the ventral and
dorsal tunica dartos in patients with hypospadias and chordee
presents an opportunity to explore the intricate molecular
mechanisms underlying hypospadias development and its
associated complications.

Acknowledgments
The authors would like to thank their families and medical staff for the support given in conducting this study.

Data Availability
The datasets generated during and/or analyzed during this study are available from the corresponding author on reasonable request

Conflicts of Interest
None declared.

References

1. Hadidi AT. Classification and assessment of hypospadias. In: Hadidi AT, editor. Hypospadias Surgery. Cham, Switzerland.
Springer; May 22, 2022:237-248.

2. van der Horst HJR, de Wall LL. Hypospadias, all there is to know. Eur J Pediatr. Apr 2017;176(4):435-441. [FREE Full
text] [doi: 10.1007/s00431-017-2864-5] [Medline: 28190103]

3. Hadidi AT. History of hypospadias: lost in translation. J Pediatr Surg. Feb 2017;52(2):211-217. [doi:
10.1016/j.jpedsurg.2016.11.004] [Medline: 27989535]

4. Yuri P, Gunadi, Lestari RP, Fardilla FP, Dachlan I. Expression of mRNA vascular endothelial growth factor in hypospadias
patients. BMC Urol. Nov 27, 2021;21(1):163. [FREE Full text] [doi: 10.1186/s12894-021-00930-4] [Medline: 34837995]

5. Singh S, Rawat J, Kureel SN, Pandey A. Chordee without hypospadias: operative classification and its management. Urol
Ann. Apr 2013;5(2):93-98. [FREE Full text] [doi: 10.4103/0974-7796.110005] [Medline: 23798865]

JMIR Res Protoc 2024 | vol. 13 | e52282 | p. 5https://www.researchprotocols.org/2024/1/e52282
(page number not for citation purposes)

Pitoyo et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://europepmc.org/abstract/MED/28190103
https://europepmc.org/abstract/MED/28190103
http://dx.doi.org/10.1007/s00431-017-2864-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28190103&dopt=Abstract
http://dx.doi.org/10.1016/j.jpedsurg.2016.11.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27989535&dopt=Abstract
https://bmcurol.biomedcentral.com/articles/10.1186/s12894-021-00930-4
http://dx.doi.org/10.1186/s12894-021-00930-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34837995&dopt=Abstract
http://www.urologyannals.com/article.asp?issn=0974-7796;year=2013;volume=5;issue=2;spage=93;epage=98;aulast=Singh
http://dx.doi.org/10.4103/0974-7796.110005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23798865&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


6. Argraves WS, Greene LM, Cooley MA, Gallagher WM. Fibulins: physiological and disease perspectives. EMBO Rep. Dec
2003;4(12):1127-1131. [FREE Full text] [doi: 10.1038/sj.embor.7400033] [Medline: 14647206]

7. Atmoko W, Shalmont G, Situmorang GR, Wahyudi I, Tanurahardja B, Rodjani A. Abnormal dartos fascia in buried penis
and hypospadias: evidence from histopathology. J Pediatr Urol. Dec 2018;14(6):536.e1-536.e7. [doi:
10.1016/j.jpurol.2018.04.034] [Medline: 30554609]

8. Yuri P, Gunadi, Lestari RP, Fardilla FP, Setyaningsih WAW, Arfian N, et al. The impact of COL1A1 and COL6A1
expression on hypospadias and penile curvature severity. BMC Urol. Dec 01, 2020;20(1):189. [FREE Full text] [doi:
10.1186/s12894-020-00760-w] [Medline: 33261612]

9. Chan AW, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K, et al. SPIRIT 2013 statement: defining
standard protocol items for clinical trials. Ann Intern Med. Feb 05, 2013;158(3):200-207. [FREE Full text] [doi:
10.7326/0003-4819-158-3-201302050-00583] [Medline: 23295957]

10. Hidayati NIR, Kusuma I, Poerwanto E. Comparative analysis of KnockOut serum replacement and fetal bovine serum for
in vitro culture of human dermal fibroblasts. Univ Med. Sep 27, 2023;42(3):283-293. [doi:
10.18051/UnivMed.2023.v42.283-293]

11. Snodgrass W, Macedo A, Hoebeke P, Mouriquand PD. Hypospadias dilemmas: a round table. J Pediatr Urol. Apr
2011;7(2):145-157. [doi: 10.1016/j.jpurol.2010.11.009] [Medline: 21236734]

12. Tavakkoli Tabassi K, Mohammadi S. Tunica vaginalis flap as a second layer for tubularized incised plate urethroplasty.
Urol J. 2010;7(4):254-257. [FREE Full text] [Medline: 21170855]

13. Leung AKC, Robson WLM. Hypospadias: an update. Asian J Androl. Jan 2007;9(1):16-22. [FREE Full text] [doi:
10.1111/j.1745-7262.2007.00243.x] [Medline: 17187155]

14. Theocharis AD, Skandalis SS, Gialeli C, Karamanos NK. Extracellular matrix structure. Adv Drug Deliv Rev. Feb 01,
2016;97:4-27. [doi: 10.1016/j.addr.2015.11.001] [Medline: 26562801]

15. Freitas-Rodríguez S, Folgueras AR, López-Otín C. The role of matrix metalloproteinases in aging: tissue remodeling and
beyond. Biochim Biophys Acta Mol Cell Res. Nov 2017;1864(11 Pt A):2015-2025. [FREE Full text] [doi:
10.1016/j.bbamcr.2017.05.007] [Medline: 28499917]

16. Hayashi Y, Mizuno K, Kojima Y, Moritoki Y, Nishio H, Kato T, et al. Characterization of the urethral plate and the
underlying tissue defined by expression of collagen subtypes and microarchitecture in hypospadias. Int J Urol. Apr 20,
2011;18(4):317-322. [doi: 10.1111/j.1442-2042.2010.02713.x] [Medline: 21332824]

Abbreviations
α-SMA:  α-smooth muscle actin
bFGF: basic fibroblast growth factor
Ct: cycle threshold
MMP-1: matrix metalloproteinase-1
mRNA: messenger RNA
qRT-PCR: real-time quantitative reverse transcription–polymerase chain reaction
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials

Edited by A Mavragani; submitted 29.08.23; peer-reviewed by P Dabas, MN Shalaby; comments to author 23.03.24; revised version
received 19.07.24; accepted 11.09.24; published 30.10.24

Please cite as:
Pitoyo J, Alvarino, Darwin E, Yanwirasti
Differences in Messenger RNA Expression of Fibulin-1, Elastin, Matrix Metalloproteinase-1, Basic Fibroblast Growth Factor, and
α-Smooth Muscle Actin Between the Ventral and Dorsal Tunica Dartos in Patients With Hypospadias and Chordee: Protocol for a
Prospective Cohort Study
JMIR Res Protoc 2024;13:e52282
URL: https://www.researchprotocols.org/2024/1/e52282
doi: 10.2196/52282
PMID:

©Joko Pitoyo, Alvarino, Eryati Darwin, Yanwirasti. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 30.10.2024. 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 JMIR Research Protocols, is properly cited. The

JMIR Res Protoc 2024 | vol. 13 | e52282 | p. 6https://www.researchprotocols.org/2024/1/e52282
(page number not for citation purposes)

Pitoyo et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1038/sj.embor.7400033
http://dx.doi.org/10.1038/sj.embor.7400033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14647206&dopt=Abstract
http://dx.doi.org/10.1016/j.jpurol.2018.04.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30554609&dopt=Abstract
https://bmcurol.biomedcentral.com/articles/10.1186/s12894-020-00760-w
http://dx.doi.org/10.1186/s12894-020-00760-w
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33261612&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-158-3-201302050-00583?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/0003-4819-158-3-201302050-00583
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23295957&dopt=Abstract
http://dx.doi.org/10.18051/UnivMed.2023.v42.283-293
http://dx.doi.org/10.1016/j.jpurol.2010.11.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21236734&dopt=Abstract
https://journals.sbmu.ac.ir/urolj/index.php/uj/article/view/823/517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21170855&dopt=Abstract
https://doi.org/10.1111/j.1745-7262.2007.00243.x
http://dx.doi.org/10.1111/j.1745-7262.2007.00243.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17187155&dopt=Abstract
http://dx.doi.org/10.1016/j.addr.2015.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26562801&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0167-4889(17)30118-0
http://dx.doi.org/10.1016/j.bbamcr.2017.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28499917&dopt=Abstract
http://dx.doi.org/10.1111/j.1442-2042.2010.02713.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21332824&dopt=Abstract
https://www.researchprotocols.org/2024/1/e52282
http://dx.doi.org/10.2196/52282
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/


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.

JMIR Res Protoc 2024 | vol. 13 | e52282 | p. 7https://www.researchprotocols.org/2024/1/e52282
(page number not for citation purposes)

Pitoyo et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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

