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Abstract: Musculoskeletal pain impacts our daily lives in numerous ways. So, it is very
important to investigate this problem to find out its prevalence and factors related to it.
Methods: A descriptive cross-sectional study was carried out among 360 randomly selected
medical students from different medical colleges in Bishkek, Kyrgyzstan. With consent,
data was collected by the principal investigator by pretested interview schedule through
face-to-face interviews. Participants had the freedom to withdraw from the study at any
point without the obligation to provide a reason, and measures were taken to maintain data
confidentiality. The procedure posed no physical, mental, or social risks. Data were
analysed by SPSS version 25.0 and presented through tables and diagrams for clarity.
Results: Of the respondents, 213(59.2%) had musculoskeletal pain. But the majority
314(87.2%) had no history of trauma and 221(61.4%) had a family history of
musculoskeletal pain. Of them, only 116(32.2%) respondents performed physical exercise
while nearly two-thirds 224(62.2%) had normal BMI. Near cent per cent of respondents
had prolonged sitting history, which is more than 2 hours. Most 273(75.8%) of them use
chairs for study purposes. Near three-fourths, 259(71.9%) had travel time of more than one
hour per day and a significant 328(91.1%) number of them use backpacks. Of 213
sufferers, more than two-fifths 128(60.1%) had musculoskeletal pain often. Almost half
(47.4%) of medical students were suffering from back pain and 69(32.4%) from neck pain.
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Conclusion: Medical students were suffering from musculoskeletal pain with no history of
trauma and positive family history. Students do not perform physical exercise regularly
with normal BMI. During travel, they use backpacks to carry educational materials.
Smartphones, computers or laptops are used by them during their leisure time. Students
were mainly suffering from back, neck and shoulder pain.

Keywords: Musculoskeletal Pain, Medical Students, Prevalence, Related Factors.
1. INTRODUCTION

Musculoskeletal pain is one of the common problems among people of all ages and group.
This has a significant impact on the individual’s performance, over pressure on the health
system and also economic burden on the nation [1]. From the report of Global Burden of
Disease 2017 it was found that musculoskeletal conditions are responsible for the second
highest reason for global disability. Neck pain is commonly observed among students,
responsible for disability, discomfort and impaired quality of life [2].

Pain in the musculoskeletal system is influenced by many factors like age, sex, type of work
and individual’s way of living. Numerous studies observed that sitting on a flexed neck,
strains on ligaments, trunk in a twisted position and also a kyphotic position [3]. Students of
different disciplines use different electronic devices like laptops, computer notebooks and
smartphones for their academic purposes and leisure time. While using those, often they have
improper posture which causes pain [4]. Due to academic purposes, medical students need to
sit for a prolonged duration during a lecture class. They also need to stand in uncomfortable
positions while having practical lessons from medical facilities [5]. Students of university
level usually lead a sedentary lifestyle and sometimes the duration is around 10 hours per day
or more. This type of sedentary lifestyle is also an important underlying cause of
musculoskeletal pain among medical students. Many students also have a lack of sleep
duration which is also a predisposing factor for such pain. From various studies, it was found
that there is a relationship between sleep duration and back pain [6]. Due to musculoskeletal
Pain, students need to have sick leave frequently causing disability and reduced functional
outcome. This results in declining productivity and imposes an extra economic burden on
their family [7].

However, there is plenty of information regarding musculoskeletal problems and their
associated factors but there is not that much evidence in the context of medical students. This
study was designed to collect more information regarding this problem.

2. RELATED WORK

Our medical system usually puts their concern among the health of the patients but we
usually overlook the health of the health care providers [8]. From the previous studies, it was
observed that the students might present with unique reasons for the development of
musculoskeletal pain. Factors including long duration of sitting, prolonged screen time and
academic stress act as catalysts for such pain [9]. A study conducted in the UK found that
54% of their participants were suffering from low back pain. Another research from Europe
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opined that 92% of respondents complain about neck, hip, shoulder, wrist and elbow pain. A
cross-sectional study conducted by Felemban R.A., and a team in Saudi Arabia revealed that
around 77.9% had musculoskeletal pain [10]. It is also well-established that musculoskeletal
pain is among the leading reasons for different types of disability across the world. Also
responsible for impaired quality of life, individual productivity and as well as their mental
health [11]. Like normal human beings, medical students also suffer from several negative
consequences due to pain. Musculoskeletal pain results in poor academic outcomes,
decreased career prosperity, more study-related stress and increased mental pressure [12].
Despite having numerous negative effects of musculoskeletal pain and a significant number
of sufferers, the factors for such pain among medical students were still under-explored. This
requires a more details study to reduce its negative impacts and increase individual
productivity.

3. MATERIALS AND METHODS

A descriptive cross-sectional study was conducted at selected medical institutes in Bishkek,
Kyrgyzstan. Before data collection, ethical clearance was obtained from the relevant
authority. A total of 360 medical students were chosen using a simple random sampling
technique. Verbal consent was obtained from each participant before proceeding with data
collection. The principal investigator collected data through face-to-face interviews using a
pretested interview schedule, ensuring privacy during the process. Completed questionnaires
were meticulously reviewed for completeness, consistency, correctness, and any
discrepancies. Confidentiality of the collected data was maintained throughout the study, and
participants were assured of their right to withdraw at any point without providing a reason.
The appropriate authorities approved the study protocol, and no physical, social, or
psychological risks were associated with the procedure. Data analysis was performed by
Statistical Package for Social Sciences (SPSS) version 25.0. Descriptive statistics, including
frequency, percentage, mean, and standard deviation, were employed to describe the nature of
the data, while inferential statistics, such as the Chi-Square test, were utilized for analysis.
Results were presented through tables and diagrams for clarity.

4. RESULTS

The age range of the respondents was 18 to 27 years, while a majority of 282(78.3%) of the
students were in the age group 20 to 22 years with a mean age of 21.6+1.1 years. In terms of
gender distribution, 199(55.3%) were male, while 161(44.7%) were female. Religious
affiliation revealed that 213(59.2%) identified with Islam, 138(38.3%) with Hinduism, and
only 9(2.5%) with Buddhism among the 360 students. Marital status indicated that a
significant 296(82.2%) were single, while 64(17.8%) were married.

It was revealed that of 360 respondents, around three-fifths of students 213(59.2%) had
musculoskeletal pain within last week but 147(40.8%) had not such events. The majority
314(87.2%) of medical students had no history of trauma or injury and 46(12.8%) had a
history of trauma. A significant number of respondents in the current study, 221(61.4%) had
a family history of muscle pain while 139(38.6%) had no such history. Around one-third
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116(32.2%) medical students had regular exercise but most of them 244(67.8%) did not have
it. Of 360 medical students, 155(43.1%) respondents use a laptop or computer for equal to or
less than three hours daily but most of them 205(56.9%) use it for more than 3 hours per day.
Of medical students, 224(62.2%) had normal BMI while more than one-fourths 95(26.4%)
were overweight, 19(5.3%) were obese and only 22(6.1%) were underweight (Table 1).

Table 1: Respondents by Body mass index (BMI)

Body mass index (BM1) Frequency Percentage
Underweight 22 6.1
Normal 224 62.2
Overweight 95 26.4
Obese 19 53
Total 360 100.00

The majority of students 223(61.9%) sleep for more than 6 hours and around two-fifths 137
(38.1%) respondents sleep for less than or equal to 6 hours daily. More than half, of
196(54.4%) of them are non-smokers and 164(45.6%) medical students are smokers. All all
348(96.7%) respondents had more than 2 hours of sitting history per day and just 12(3.3%)
had no such history. More than three-fourths 273(75.8%) students use chairs for study, while
38(10.5%) sit on the ground during study, 32(8.9%) use a bed or sofa during study and only
17(4.8%) had more than one position for study. (Table 2).

Table 2: Respondents by preferred study position

Body mass index (BMI) Frequency Percentage
Use chair 273 75.8
Sitting on ground 38 10.5
Use a bed or sofa 32 8.9
More than one position 17 4.8
Total 360 100.00

Of medical students suffering from musculoskeletal pain, more than two-fifths 45(21.1%)
had it occasionally, the majority 128(60.1%) had the pain often and only 40(18.8%) had pain
very often. Near three-fourths 259(71.9%) of respondents had a travel time of more than one
hour per day and around one-third 101(28.1%) had a travel time of less than one hour daily.
A significant 328(91.1%) of respondents use backpacks for daily use but 32(8.9%) use
different. Near three-fourths 256(71.1%) depend upon smartphones during their leisure, while
58(16.1%) use computers or laptops and only 46(12.8%) like sports during leisure time. Near
half 101(47.4%) of the respondents were suffering from back pain, around one-third
69(32.4%) from neck pain while 27(12.7%) had shoulder pain and 16(7.5%) from pain in
other locations (Fig 1).
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SITE OF PAIN

m Back pain  ® Neck pain  ® Shoulder pain = other site

Fig 1: Respondents by site of pain

It was found that there is a statistically significant (p<0.005) association between
Musculoskeletal pain and BMI (Table 3).

Table 3: Association between musculoskeletal pain and BMI

Musculoskeletal Ond ; BMI (We'%ht) i Total P
i naerweig Verweig 0
pain ht Normal ht Obese n (%) value
Yes 3 119 73 18 2$§(10
No 19 105 22 1 13)7(10
224(62.2| 95(26.4%| 19(5.3 | 360(10 | <0.005
0
Total 22(6.1%) %) ) %) 0)

5. DISCUSSION

Age of the respondents of the current study were between 18 to 27 years with a mean age of
21.6%1.1 years. This is supported by the findings of Alsaadi SM et al., where the average age
of medical students was 21+1.7 years [13]. Most of the students in our study 199(55.3%)
were male and 161(44.7%) were female. This is inconsistent with the current study findings
Torbey et al., found that 53% of medical students were female and 47% were male, this
might be due to variations in the study group of the population, study area, and difference in
sample size [14]. The majority of the respondents of the current study 296(82.2%) were
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single. This is corroborated by the findings of Alshehri MM et al., who found that 72% were
single, 25.5% were married, 2.0% were divorced and 0.4% were widows [15]. Among
respondents of the current study, 213(59.2%) had musculoskeletal pain within the last week.
This is substantiated by findings of the study conducted by Torbey A. and team where 54%
of medical students were suffering from musculoskeletal pain in the previous week [14].
More than four-fifths of 314(87.2%) medical students had no history of trauma and only
46(12.8%) had a history of trauma. This is vindicated by the findings of Alshagga MA et al.,
where only 15.9% had a history of injury or trauma while 84.1% had no history of such
events [16]. Among medical students, 224(62.2%) had normal BMI while more than one-
fourths 95(26.4%) were overweight, 19(5.3%) were obese and only 22(6.1%) were
underweight. This is dissimilar to the findings of Weleslassie GG et al., where 15.3% were
underweight while 80.2% had normal BMI and 4.5% were overweight. This difference might
be attributed to variations in study area and sample size [17]. At least 116(32.2%)
respondents perform regular exercise but most of them 244(67.8%) do not have regular
exercise. This is more or less in line with the study finding of Haroon H et al., where 26.9%
had regular exercise while the majority 73.1% did not perform regular exercise [18]. Of 360
respondents’ families, around two-thirds 221(61.4%) had a family history of muscle pain
while 139(38.6%) had no such history in their family. This is substantiated by findings of a
study conducted by Alshagga MA and team where 37.9% of medical students had a family
history of musculoskeletal pain while 31.9% had no such history and 30.2% were not sure
about it [16]. More than two-fifths 155(43.1%) students use either laptop or computer for
equal or less than three hours daily but most of them 205(56.9%) use it for more than 3 hours
per day. This is close to the study findings of Haroon H et al., where 73.6% of respondents
use a computer or laptop for less than or equal to 3 hours per day while 26.4% use it for more
than 3 hours per day [18]. Regarding sleep duration 137 (38.1%) respondents sleep for less
than or equal to 6 hours and nearly two-thirds 223(61.9%) sleep for more than 6 hours. This
is more or less similar to the findings of Weleslassie GG and team found that 30.3% had
sleep duration less than or equal to 6 hours, while 57.3% slept for 7 to 8 hours and 12.4% of
respondents slept for 9 hours or more [17]. Of the respondents nearly half 164(45.6%) were
smokers and most 196(54.4%) of them are non-smokers. Alsaadi SM. found that 89% were
non-smokers and only 11% were smokers. This is inconsistent with current study findings
that might be attributed to small sample size, and purposive selection of sampling units as
well as study area [13]. A significant number of 273(75.8%) sitting on a chair for the study,
38(10.5%) sitting on the ground, 32(8.9%) used a bed or sofa for study purposes and
17(4.8%) switched their position during the study. This is corroborated by the findings of
Abumohssin AG and team, where 68.2% sat upwards on a chair, 7.6% sat on the ground,
7.3% stood up and walked around, 9.6% Lay on the back, 4.1% lay on the front, 2.2% sitting
on a bed or a sofa and only 1.0% don’t have a specific position [19]. Of 360 respondents,
259(71.9%) opined that they had a travel time of more than one hour per day and around one-
third of 101(28.1%) had a travel time of less than one hour daily. This is opposed to the
findings of the study carried out by Ogunlana MO et al., where the duration of daily travel is
less than 1 hour for 65.5% of respondents while 34.5% had travel time of more than 1 hour
[20]. Near cent per cent 348(96.7%) medical students had prolonged sitting history which is
more than 2 hours while only 12(3.3%) had no such history. This is vindicated by findings of
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the study conducted by Weleslassie GG et al., where 87.4% of respondents had prolonged
sitting which is more than 2 hours per day while 12.6% had no prolonged sitting history [17].
A significant number of respondents, 328(91.1%) use backpacks for daily use but 32(8.9%)
do not. This is corroborated by the findings of Ogunlana MO et al., where 74.6% used a
backpack while 25.4% did not use a backpack [20]. Of 360 respondents, 256(71.1%) mainly
use smartphone, while 58(16.1%) use computer or laptop and only 46(12.8%) like sports as
leisure. This is vindicated by findings of the study conducted by Hanphitakphong P and team
where 62.1% of respondents use smartphones during their leisure, 13.9% use a computer,
7.2% use table or game player and 16.9% had other activities like sports, watching TV or
reading books during leisure [21]. Of 213 respondents, who had musculoskeletal pain
45(21.1%) had occasional pain, 128(60.1%) had the pain often and 40(18.8%) had pain very
often. This is substantiated by findings of a study conducted by Lin et al., where 13.7% had
musculoskeletal pain rarely, 76.9% had pain sometimes, 6.6% had it fairly often and only
2.7% had it very often [22]. Majority 101(47.4%) students were suffering from back pain,
69(32.4%) from neck pain while 27(12.7%) had shoulder pain and 16(7.5%). This is
supported by the findings of Dighriri YH and associates, their analysis revealed that 44.8%
were suffering from neck pain, 33.4% from shoulder pain, 52.5% from low back pain and the
overall prevalence was 53.5% among the medical students [23].

6. CONCLUSION

Most of the medical students were young single males. The majority of them were Muslims.
Musculoskeletal pain is common among medical students, with positive family history.
History of trauma is present among them and does not perform physical exercise daily with
normal BMI. A significant number of respondents use a laptop or computer. The majority of
them sleep for significant duration at night. Students were mostly non-smokers. They need to
travel for a considerable duration of time with a backpack. They mostly use chairs for study
and use smartphones during leisure. Back, neck and shoulder pain were common with often
episodes of musculoskeletal pain.

7. REFERENCES

1. Penkala S, El-Debal H, Coxon K. Work-related musculoskeletal problems related to
laboratory training in university medical science students: a cross sectional survey.
BMC Public Health. 2018 Oct 29; 18(1):1208. doi: 10.1186/s12889-018-6125-y. PMID:
30373542; PMCID: PMC6206935.

2.  Behera P, Majumdar A, Revadi G, Santoshi JA, Nagar V, Mishra N. Neck pain among
undergraduate medical students in a premier institute of central India: A cross-sectional
study of prevalence and associated factors. J Family Med Prim Care. 2020 Jul
30;9(7):3574-3581. doi: 10.4103/jfmpc.jfmpc_206_20. PMID: 33102332; PMCID:
PMC7567279.

3. Rezapur-Shahkolai F, Gheysvandi E, Karimi-Shahanjarini A, Tapak L,
Heidarimoghadam R, Dianat I. Identification of factors related to behaviors associated
with musculoskeletal pain among elementary students. BMC Musculoskelet Disord.

Copyright The Author(s) 2024. This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 37



http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.41.31.39
http://creativecommons.org/licenses/by/4.0/

Journal of Prevention, Diagnosis and Management of Human Diseases
ISSN: 2799-1202
Vol: 04, No. 01, Dec 2023-Jan 2024

http://journal.nmjournals.com/index.php/JPDMHD

DOI: https://doi.org/10.55529/jpdmhd.41.31.39

10.

11.

12.

13.

14.

15.

JPDMHD

2021 Jun 8;22(1):527. doi: 10.1186/s12891-021-04413-3. Erratum in: BMC
Musculoskelet Disord. 2021 Jul 31;22(1):652. PMID: 34103028; PMCID:
PMC8188695.

Kazemi SS, Javanmardi E, Ghazanfari E. Relationship between general health and
musculoskeletal disorders among tarbiat modares university students. Int J Musculosk
Pain Prev. 2017; 2(3):287-91.

Torbey A, Kadri SA, Asaad SA, Zahrawi H, Alhouri A, Harba G, Torbey C, Orfali TA,
Ahmad Abdalla MZ, Chaar MA, Dammad SA, Al Dammad OH, Zawda A, Kudsi M.
Studying the prevalence of musculoskeletal pain among a sample of medical students in
Damascus, Syria. A cross-sectional study. Health Sci Rep. 2023 Mar 13;6(3):e1149.
doi: 10.1002/hsr2.1149. PMID: 36925764; PMCID: PMC10011392.

Alsaadi SM. Musculoskeletal Pain in Undergraduate Students Is Significantly
Associated with Psychological Distress and Poor Sleep Quality. Int J Environ Res
Public Health. 2022 Oct 26;19(21):13929. doi: 10.3390/ijerph192113929. PMID:
36360807; PMCID: PMC9658124.

Rose K. The effect of neck pain and headaches on the academic performance of college
students. INMS. 2000;8(4):118-23.

Alzahrani MM, Algahtani SM, Tanzer M, Hamdy RC: Musculoskeletal disorders
among orthopedic pediatric surgeons: an overlooked entity. J Child Orthop. 2016,
10:461-466. 10.1007/s11832-016-0767-z

Parto, D.N., Wong, A.Y. & Macedo, L. Prevalence of musculoskeletal disorders and
associated risk factors in canadian university students. BMC Musculoskelet Disord 24,
501 (2023). https://doi.org/10.1186/s12891-023-06630-4

Felemban RA, Sofi RA, Alhebshi SA, Alharbi SG, Farsi NJ, Abduljabbar FH, Farsi
JMA. Prevalence and Predictors of Musculoskeletal Pain Among Undergraduate
Students at a Dental School in Saudi Arabia. Clin Cosmet Investig Dent. 2021;13:39-
46. https://doi.org/10.2147/CCIDE.S292970

Hoy D, Brooks P, Blyth F, Buchbinder R: The epidemiology of low back pain. Best
Pract Res Clin Rheumatol. 2010, 24:769-81. 10.1016/j.berh.2010.10.002

Dutmer AL, Schiphorst Preuper HR, Soer R, et al.: Personal and societal impact of low
back pain: the Groningen spine cohort. Spine. 2019, 44:1443-51.
10.1097/BRS.0000000000003174

Alsaadi SM. Musculoskeletal Pain in Undergraduate Students Is Significantly
Associated with Psychological Distress and Poor Sleep Quality. Int J Environ Res
Public Health. 2022 Oct 26;19(21):13929. doi: 10.3390/ijerph192113929. PMID:
36360807; PMCID: PMC9658124.

Torbey A, Kadri SA, Asaad SA, Zahrawi H, Alhouri A, Harba G, Torbey C, Orfali TA,
Ahmad Abdalla MZ, Chaar MA, Dammad SA, Al Dammad OH, Zawda A, Kudsi M.
Studying the prevalence of musculoskeletal pain among a sample of medical students in
Damascus, Syria. A cross-sectional study. Health Sci Rep. 2023 Mar 13;6(3):e1149.
doi: 10.1002/hsr2.1149. PMID: 36925764; PMCID: PMC10011392.

Alshehri MM, Alghtani AM, Gharawi SH, Sharahily RA, Fathi WA, Alnamy SG,
Alothman SA, Alshehri YS, Alhowimel AS, Algahtani BA, Alenazi AM. Prevalence of
lower back pain and its associations with lifestyle behaviors among college students in

Copyright The Author(s) 2024. This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 38



http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.41.31.39
http://creativecommons.org/licenses/by/4.0/

Journal of Prevention, Diagnosis and Management of Human Diseases
ISSN: 2799-1202
Vol: 04, No. 01, Dec 2023-Jan 2024

http://journal.nmjournals.com/index.php/JPDMHD

JPDMHD

DOI: https://doi.org/10.55529/jpdmhd.41.31.39

16.

17.

18.

19.

20.

21.

22.

23.

Saudi Arabia. BMC Musculoskelet Disord. 2023 Aug 11;24(1):646. doi:
10.1186/s12891-023-06683-5. PMID: 37568153; PMCID: PMC10416365.

Alshagga MA, Nimer AR, Yan LP, Ibrahim IA, Al-Ghamdi SS, Radman Al-Dubai SA.
Prevalence and factors associated with neck, shoulder and low back pains among
medical students in a Malaysian Medical College. BMC Res Notes. 2013 Jul 1;6:244.
doi: 10.1186/1756-0500-6-244. PMID: 23815853; PMCID: PMC3733931.

Weleslassie GG, Meles HG, Haile TG, Hagos GK. Burden of neck pain among medical
students in Ethiopia. BMC Musculoskelet Disord. 2020 Jan 8;21(1):14. doi:
10.1186/s12891-019-3018-x. PMID: 31914983; PMCID: PMC6950825.

Haroon H, Mehmood S, Imtiaz F, Ali SA, Sarfraz M. Musculoskeletal pain and its
associated risk factors among medical students of a public sector University in Karachi,
Pakistan. J Pak Med Assoc. 2018 Apr;68(4):682-688. PMID: 29808072.

Abumohssin AG, Alghamdi AA, Magboul MA, Asali FW, Mahrous MS, Basaqr AA,
Abduljabbar FH. Association Between Musculoskeletal Pain and Studying Hours
Among Medical Students in Jeddah, Saudi Arabia. Cureus. 2023 Sep 13;15(9):e45158.
doi: 10.7759/cureus.45158. PMID: 37842492; PMCID: PMC10572067.

Ogunlana MO, Govender P, Oyewole OO. Prevalence and patterns of musculoskeletal
pain among undergraduate students of occupational therapy and physiotherapy in a
South African university. Hong Kong Physiother J. 2021 Jun;41(1):35-43. doi:
10.1142/S1013702521500037. Epub 2021 Jan 18. PMID: 34054255; PMCID:
PMC8158404.

Hanphitakphong P, Keeratisiroj O, Thawinchai N. Smartphone addiction and its
association with upper body musculoskeletal symptoms among university students
classified by age and gender. J Phys Ther Sci. 2021 May;33(5):394-400. doi:
10.1589/jpts.33.394. Epub 2021 May 15. PMID: 34083877; PMCID: PMC8165358.
LinY, Zhang X, Li H, Huang Y, Zhang W, Zhang C. Musculoskeletal pain is prevalent
in Chinese medical and dental students: A cross-sectional study. Front Public Health.
2022 Nov 24;10:1046466. doi: 10.3389/fpubh.2022.1046466. PMID: 36504985;
PMCID: PMC9730812.

Dighriri YH, Akkur MA, Alharbi SA, Madkhali NA, Matabi KI, Mahfouz MS.
Prevalence and associated factors of neck, shoulder, and low-back pains among medical
students at Jazan University, Saudi Arabia: A cross-sectional study. J Family Med Prim
Care. 2019 Dec 10;8(12):3826-3831. doi: 10.4103/jfmpc.jfmpc_721 19. PMID:
31879620; PMCID: PMC6924257.

Copyright The Author(s) 2024. This is an Open Access Article distributed under the CC BY
license. (http://creativecommons.org/licenses/by/4.0/) 39



http://journal.hmjournals.com/index.php/JPDMHD
http://journal.hmjournals.com/index.php/JPDMHD
https://doi.org/10.55529/jpdmhd.41.31.39
http://creativecommons.org/licenses/by/4.0/

