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Abstract 

Background: It is impossible to attain good general health without maintaining oral health and this becomes 
problematic when dental services are located far from the population that needs to utilise them. This study aimed to 
assess the geographic accessibility of dental clinics located in public primary healthcare clinics (PHCs) and hospitals in 
the Jazan region of Saudi Arabia and how long it takes to reach them by car and on foot.

Methods: The location of clinics and hospitals, maps of road systems, and the governorates’ borders (administrative 
areas) within the Jazan region were downloaded using the QGIS mapping tool. The time taken to travel to the clinics 
and hospitals, either by driving or walking, was assessed. If the time was 30 min or less, residents in the area were clas-
sified as ‘serviced’. It was more than 30 min, they were ‘underserved’.

Results: Only 31% of Jazan residents were found to live in a serviced area if they drove to clinics and hospitals. Resi-
dents of Jazan’s seven mountainous governorates were more likely to require services. Only 40% could drive less than 
30 min to a primary health dental clinic. Only 19% of people could walk to a hospital in less than 30 min. Only two 
governorates had a majority of residents who lived in serviced areas.

Conclusion: The study demonstrates an accessibility issue, as many Jazan inhabitants must drive or walk for an 
extended period (> 30 min) to reach a healthcare facility, whether a primary health care centre or a hospital. This 
issue may result in many people not receiving necessary health care, compromising their oral health status. Addi-
tional research is needed to identify public, private and other health facilities in the region and the prevalence of oral 
disease.
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Introduction
Everyone has a fundamental need for health. How-
ever, good general health is difficult to attain without 
maintaining good oral health because the oral cavity is 
regarded as a mirror of the body [1]. This becomes more 
challenging when dental services are placed in areas 
remote from the population that needs them. Even a 

modest increase in the distance between healthcare facil-
ities decreases health service consumption, such as com-
plete dental examinations [2]. A systematic review found 
that lack of transportation was one of the things that kept 
people from getting dental care [3].

Access means ‘that degree of fit between the system 
and the patient’ [4]. Different dimensions help provide 
an overview of access to healthcare. Accessibility, avail-
ability, accommodation, affordability, and acceptability 
are examples of access dimensions [4]. Accessibility is 
determined by the relationship between the location of 
health services and the location of a patient. The World 
Health Organization [5] defines accessibility in various 
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ways, including economic, informational, and physical 
[5]. Each level of accessibility addresses a unique set of 
health demands and obstacles. Access to pertinent infor-
mation reaffirms an individual’s or group’s right to seek 
and receive information about a health condition. Once 
informed of their need, there is still a financial factor to 
consider as well as the proximity of the desired health 
services to individuals in need.

Seriousness, kernel density, and catchment area meth-
odologies have all been viable ways to measure health 
accessibility [6]. However, the Euclidean and network 
distance methods continue to be the most frequently 
used in public health research [7]. The Euclidean distance 
approaches are primarily motivated by the relationship 
of an area to a point or locations of supply based on the 
crow-flies distance. The network distance is the route 
travelled to reach the destination [8].

There is no universally acknowledged distance allowed 
for people to travel for medical care. This means that no 
standard criteria can be used to measure how far is far 
enough for healthcare services’ accessibility. However, 
stakeholders like the WHO advise using journey time 
rather than travel distance to measure the accessibility of 
healthcare services. This approach evaluates the state of 
the roads and means of transportation [9].

According to some authors, a half-hour should be allot-
ted for patient care [10]. Others argue that people who 
live more than three-quarters of an hour away from 
healthcare facilities are more likely to be marginalised 
[11]. Others consider one hour to be adequate [12].

Numerous research has been conducted in Saudi Ara-
bia on the subject, although most of it has concentrated 
on the barriers to dental care utilisation. The location of 
dental clinics was a significant factor affecting dental care 
usage [13]. According to one study conducted in south-
ern Saudi Arabia, 17% of participants could not get care 
due to the absence of a clinic near their school or home 
[14]. Another study in which parents completed the 
questionnaire discovered that the most significant bar-
rier was health literacy (82% of the participants indicated 
this), while roughly 23% mentioned financial difficulties, 
transportation difficulties, and lengthy waiting periods 
[15]. Additionally, rural areas had lower dental care utili-
sation than metropolitan areas [16], and this was deemed 
a risk factor for poor oral health [13].

This study examined travel times to primary health 
care centres and hospitals with a dental element in the 
Jazan region (Fig. 1). Jazan is in the southwestern region 
of Saudi Arabia. This region (also spelt Jizan, Gizan, 
or Gazan) consists of 17 governorates (mohafadat in 
Arabic). It has a population of approximately 1.7 mil-
lion—54% male and 46% female [17]. Jazan is rapidly 
developing as a large agricultural heartland and provides 

many economic opportunities for domestic and foreign 
investments. This continued growth has led to healthcare 
challenges such as increased population, resulting in high 
health care costs. Jazan is considered one of the regions 
with the lowest healthcare quality in the country [18].

Proximity to health centres is hypothesised to promote 
good health by increasing healthcare access [19]. On the 
other hand, longer travel times and distances obstruct 
access to healthcare services and discourage repeat visits 
[20]. This is supported by a comprehensive review, which 
revealed that around 77% of the 108 studies showed an 
association between good health outcomes and popula-
tion location relative to healthcare facilities [21].

According to the authors’ knowledge, there are no 
comparable published studies of distance to health care 
services in the same region (Jazan). This study inves-
tigates the travel time to dental health care centres and 
services provided by Ministry of Health (MOH) facilities 
in the Jazan region. By assessing the region’s geographi-
cal accessibility, recommendations for future oral health 
care services can be made. This will provide policymakers 
with a legal basis to establish more oral healthcare facili-
ties in underserved areas. Furthermore, the findings will 
be a beacon for further investigation into this domain.

Material and methods
This study calculated the travel time to the healthcare 
services and the healthcare facilities by driving or walk-
ing scenarios. The study’s focus was on primary health 
care and hospitals with a dental setup in the Jazan region 
of Saudi Arabia. Data for the current study were obtained 
between Oct 1st, 2021 to Dec 31st, 2021. The researcher 
used freely available, anonymous data. Therefore, ethics 
approval was not necessary.

Each Jazan governate was given its own identifier and 
its borders were obtained from census data [17, 22]. The 
road system was obtained from the same source and 
was divided into two types—main roads and highways. 
Administrative governates were picked as the geographi-
cal region because this was the only available informa-
tion source in the file format that matched the population 
information files. All population data were acquired from 
the most recent data on the General Authority and World 
Population’s websites [23, 24].

The locations of health facilities were determined using 
the Ministry of Health’s Statistical Yearbook [25] and an 
interactive map created by the Ministry of Health [26]. 
This study included only MOH primary healthcare facili-
ties and hospitals with dental components, totalling 145 
PHCs and 19 hospitals. Other establishments were omit-
ted, including dental schools, mobile clinics, private 
medical centres, and repeated addresses. Google Maps 
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was used to translate the locations of the health institu-
tions to longitude and latitude, with 90% at the building 
level.

The researchers carried out spatial mapping in the 
current study using Quantum Geographic Information 
Systems (QGIS) (version 3.20, Essen, Germany). The 
World Geodetic System 1984 was utilised to coordinate 
referencing in this investigation (WGS 84). Microsoft 
Excel gathered and analysed geographical and associated 
population data (version 14.0; Microsoft, Redmond, WA, 
USA).

This study used two scenarios to measure the travel 
time—both by driving and on foot. This study did not 
measure travel time with the straight-line distance 
method because this does not consider physical barriers 
such as expanses of water, rail tracks, buildings and other 
obstacles [8, 27]. Thus, this study measures driving and 
walking time in minutes using the road system. The travel 
time isochrones for walking and driving were created 
using the QGIS python plugin. The Travel Time QGIS 
plugin incorporates aspects of a distance-journey-time 
matrix to assist in calculating travel time. The fields for 
estimated time in minutes in both forward and backward 
directions were created using a default speed of 5  kms 

per hour for walking and 80 kms per hour for driving a 
car [8].  The maximum travel time considered for a ser-
viced area was 30 min. Areas located more than 30 min 
away from health facilities were considered underserved.

Vehicle movement was identified by road network 
mapping and spatial data modelling [8]. The researcher 
discovered during the data cleansing process that cer-
tain health institutions were located too far from road 
networks, potentially confounding the results. The 
researcher updated the road network by digitising 
selected road segments from Google Earth [28]. These 
were then exported to the QGIS spatial analysis software.

This study’s data were analysed both descriptively 
and by calculation. Data were reviewed using Microsoft 
Excel (2016 version 14.0). Study data to be analysed were 
imported from the integrated database in QGIS into 
Microsoft Excel software.

Results
The study shows the driving time to 145 primary health-
care centres (PHCs) with a dental component in 7 time 
categories—5, 10, 20, 30, 40, 50 and 60 min that were geo-
coded by QGIS (Fig. 2). The findings show that most of 
the region’s residents need a long time to reach the PHC 

Fig. 1 Jazan region map
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facilities. Only Al Darb and Al Tuwal have a short travel 
time to PHCs. At 30 min, these are the best-served areas 
in the region. However, residents in Al Dair, Al Aridah, 
Al Rayth, Fayfa and Harub have the longest travel time 
to the PHCs since most of them require 60 min to reach 
the medical facilities. The results show that the majority 
(69%) of Jazan region residents live in underserved areas 
(Table  1). Al Darb, At Tuwal, Jazan and Samtah are the 
governorates with the highest number of people served 
by PHCs. (Fig.  3). Most of the mountain governorates 
such as Al Aridah, Al Aydabi, Al Harth, Ar Rayth, Baysh, 

Fayfa and Harub had the highest number of underserved 
populations.

Regarding driving time to MOH hospitals with the den-
tal component, the findings show that most Jazan region 
residents have a long driving time to receive health care 
from hospitals in the region (Table 1 and Fig. 4). Farasan 
and Al Darb have the shortest travel times to hospitals, at 
5 and 20 min. These are, therefore, the best-served areas 
in the region. Residents of Al Dair, Al Aydabi, Baysh and 
Fayfa have the longest travel time to the hospitals since 
most of them need 60  min to reach the services. The 

Fig. 2 Driving time to primary healthcare canters in different time categories

Table 1 Summary of the population distribution in the two scenarios

Driving Walking

PHCs Hospitals PHCs Hospitals

Population Served 
(≤ 30 mn)

530,566 (30.73%) 552,019 (97%) 690,696 (39.69%) 328,080 (18.72%)

Underserved Population 
(> 30 mn)

1,196,173 (69.27%) 1,174,720 (68.03%) 1,036,043 (60.31%) 1,398,659 (81.82%)

Total 1,726,739 (100%) 1,726,739 (100%) 1,726,739 (100%) 1,726,739 (100%)
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Fig. 3 Population in areas served and underserved by primary healthcare centres in the driving times in Jazan cities, Saudi Arabia

Fig. 4 Driving time to general hospitals in different time categories
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findings show that the majority (68%) of Jazan region 
residents live in underserved areas (Table 1). Al Darb and 
Farasan are the governorates with the highest number 
of people living in the areas served by hospitals (Fig. 5). 
Ad Dair, Al Aridah, Al Aydabi, Al Harth, Ar Rayth, Baysh 
and Fayfa have the highest number of underserved peo-
ple and no general hospital in the Harub governorate.

The exact time break in the driving scenario was used 
(Fig. 6). The study found that about 40% of Jazan region 
residents need 30  min or less to reach the services in 
PHCs (Table  1). Most residents who live in Ar Rayth, 
Damad, Farasan and Samitah can reach a PHC service if 
they walk 30 min or less. Fayfa, Al Aridah and Harub res-
idents can reach PHCs only if they walk for longer than 
60 min (Fig. 7).

Regarding walking to the hospital, the researcher used 
the same time break in the driving scenario (Fig. 8). The 

study found that about 19% of Jazan region residents need 
30 min or less to reach the services in general hospitals 
(Table 1). The results show in Fig. 9 that more than half of 
Farasan and Damad residents need to walk for 20 min to 
reach general hospitals since 82% and 60% of their popu-
lations live in areas served by hospitals. Residents of Al 
Aydabi, Al Harth, Fayfa and Harub need a longer time 
to reach the health service at hospitals since these areas 
have the highest number of underserved populations and 
no general hospital in the Harub governorate.

Discussion
The current study characterised the diversity in health-
care services in Saudi Arabia’s Jazan region through the 
use of pragmatic estimates of travel time by driving and 
walking to healthcare centres with dental treatment 
facilities.
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Fig. 5 Population in areas served and underserved by hospitals in the driving times in Jazan cities, Saudi Arabia
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Fig. 6 Distribution of walking times to primary healthcare centres in Jazan region cities, Saudi Arabia
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More than any other metric, travel time accurately 
represents accessibility to healthcare centres. This study 
corroborated previous research showing that the maxi-
mum travel time to a health service should be between 5 
and 60 min [8, 29], with served areas taking less than or 
equal to 30 min and underserved areas taking more than 
30 min [30].

This study’s outcomes indicate a problem in the 
Jazan region concerning timely access to dental health 

services. The current study’s results are consistent with 
the findings of previous investigations. In Jeddah, Saudi 
Arabia, in 2018, it was discovered that several areas of 
the city lack access to health centres due to their loca-
tion more than 30 min away [30], and in Makkah, Saudi 
Arabia, in 2021, it was discovered that a third of the 
city’s population lacks adequate access to health care 
services due to the majority of health facilities being 
concentrated in the city’s urban area, while rural and 
remote areas were neglected [31].
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Fig. 7 Population in areas served and underserved by primary healthcare centres in the walking times in Jazan cities, Saudi Arabia
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Fig. 8 Distribution of walking times to general hospitals in Jazan region’s cities, Saudi Arabia
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These findings are consistent with a 2016 study con-
ducted in Mozambique, which discovered that many 
people require extensive travel time to access health care 
[8, 31]. This finding contradicted a study conducted in 
France, where 75% of the population needed less than 
25 min to obtain health treatment [32].

Many residents of Jazan must drive for an extended 
period (> 30 min) to reach a health facility, whether it is 
a primary health care centre or a hospital. Residents of 
Al Darb have a shorter travel time to health services than 
residents of other governorates. This is explained by the 
equal population distribution, with half of the popula-
tion living within the served area, reducing travel time to 
oral health care services. Additionally, Al Darb is located 
at the gateway to the Jazan region, allowing residents of 
Al Darb to easily travel to other closed regions for dental 
care. Additionally, the study discovered that most moun-
tain governorates, including Al Aridah, Al Aydabi, Al 
Harth, Ar Rayth, Baysh, Fayfa, and Harub, had the larg-
est proportion of individuals who lacked access to basic 
services. This could be because these places have fewer 
roads and more challenging driving conditions. This 
result is consistent with a previous study, which reported 
disparity in health care services due to geographical vari-
ance [33].

In the walking scenario, only 40% of Jazan region 
inhabitants require less than 30 min to reach PHCs, and 
only 19% require less than 30  min to reach hospitals, 
which is consistent with the study that discovered inad-
equate accessibility in the walking situation [34]. This 
could be explained by the absence of sidewalk infrastruc-
ture in this area, resulting in restricted access to facili-
ties, which is consistent with the findings of the previous 
study [35]. However, the bulk of the population of Far-
asan and Damad was regarded to be in areas served by 

PHCs and hospitals. This could be because many individ-
uals reside close to the government centres, and the area 
has an excellent infrastructure for walking.

In terms of population distribution, the study discov-
ered that accessibility is more challenging for residents 
who need to walk to general hospitals; more than 80% of 
the Jazan region is underserved. The accessibility issue is 
almost identical to driving to primary health care centres 
(69%) or hospitals (68%). This analysis postulated that 
the entire population possessed a car, widely regarded 
as the primary mode of transport in Saudi Arabia [29]. 
This could be due to the small size of the population of 
these states, the fact that their basic infrastructure is still 
being developed, or the lengthy driving time to the facil-
ity [36]. Additionally, this could be because the majority 
of the region’s residents live in major cities such as Sabya, 
Jazan, and Abu Arish, which is consistent with a study 
conducted in Makkah, which found that the bulk of the 
population lives in the city and one-third of the popula-
tion lives far from health facilities, implying that they lack 
adequate access to health care services [31]. Also, a study 
in Jeddah discovered that many peripheral areas lacked 
health centres [29].

To address the consequences of insufficient dental ser-
vice distribution, policymakers should consider expand-
ing the number of health care facilities, particularly in 
underserved areas. Additionally, the public transporta-
tion network’s infrastructure must be improved by con-
structing new roads or the rehabilitation of existing ones. 
Additional effort is required to map travel times to MOH, 
private, and other healthcare facilities throughout the 
region. Additional spatial and attribute variables regard-
ing oral health status, dental services, providers, and the 
locations of private and other health facilities should be 
included. Additionally, a qualitative study will ascertain 
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Fig. 9 Population in areas served and underserved by hospitals in the walking times in Jazan cities, Saudi Arabia
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the public’s and dental providers’ concerns about dental 
health care access in Saudi Arabia.

To the researcher’s knowledge, this is the first study to 
use QGIS to describe travel time to public dental health-
care services in Saudi Arabia’s Jazan region. However, 
several limitations to the study should be considered. To 
begin with, there is a dearth of current information about 
dental health facilities (PHCs and hospitals). This study 
relied entirely on publicly available data and geographic 
divisions. At the time of the study, data on oral health ser-
vices and providers were unavailable at the district level 
in the Jazan region, including the number of oral health 
providers (dentists, dental hygienists, and assistants), the 
type of service offered, waiting time, and characteristics 
of dental providers such as gender and speciality. Due 
to the rapid growth of the oral health and general health 
care systems, the data used in this study may not accu-
rately reflect contemporary advancements. Additionally, 
the study excluded additional variables such as the loca-
tion of patients seeking treatment, public transporta-
tion, and demographics such as age and gender from the 
calculation of realistic walking travel time. These issues 
should be looked into more intensely in future studies to 
get more accurate estimates of trip times.

Despite these shortcomings, this study possesses many 
strengths. This study estimated travel time to a health 
centre using the road network rather than straight lines. 
The road travel line is more precise and is frequently uti-
lised by the general population [8, 37]. Additionally, the 
study used updated population data at the state level 
rather than at the administrative level to avoid skewed or 
aggregated population data. This study is especially ben-
eficial for informing the distribution of health care facili-
ties and the supply and inequalities in service provision 
in the region. Furthermore, this study will aid academic 
and health planners in determining journey times and 
road networks while also taking the mode of mobility 
into account.

Conclusion
This study employed two distinct scenarios to determine 
the journey time between locations throughout the Jazan 
region and the nearest healthcare facility, and it pro-
vides new information about the region’s accessibility to 
healthcare facilities with a dental component. The study 
demonstrates that there is an accessibility issue because 
many Jazan inhabitants need to  drive or walk for more 
than 30 min to reach a healthcare institution, whether it 
is a primary health care centre or a hospital. This issue 
may result in many people not receiving necessary health 
care, affecting their oral health state and ultimately, their 
overall health.

Acknowledgements
Authors would like to acknowledge Jazan University which has supported this 
study at the University of Western Australia. This support is highly acknowl-
edged and appreciated. The authors would also like to extend their sincere 
gratitude to the school authorities at the University of Western Australia for 
their continuous support throughout the paper.

Author contributions
All authors designed and implemented the study, acquisition of data, draft-
ing the article and revising it critically for important intellectual content. MS 
completed the data collection and data entry. M.S. completed the analyses 
and interpretation of data. M.S. writing and proofreading the manuscript. M.S. 
revising and final approval of the version to be published. All authors read and 
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
All population datasets analysed during the current study are available on the 
General Authority [https:// www. stats. gov. sa/ en/ 1007-0] and World Popula-
tion’s [https:// www. world pop. org/] websites. The location of health facilities 
was obtained from the Ministry of Health Statistical Yearbook [https:// www. 
moh. gov. sa/ en/ Minis try/ Stati stics/ book/ Pages/ defau lt. aspx] and a Ministry of 
Health interactive map [https:// www. moh. gov. sa/ en/ eServ ices/ inter active- 
maps/ Pages/ defau lt. aspx#/].

Declarations

Ethics approval and consent to participate
Only openly accessible, non-identifiable data and information was used for 
this research, and therefore ethics approval was unnecessary. All methods 
were carried out in accordance with the relevant guidelines and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 International Research Collaborative, Oral Health and Equity, School 
of Human Sciences, The University of Western Australia, Nedlands, Australia. 
2 Department of Preventive Dental Sciences, College of Dentistry, Jazan Uni-
versity, Jazan, Kingdom of Saudi Arabia. 3 School of Human Sciences, Faculty 
of Science, The University of Western Australia, 5 Stirling Highway, Crawley, WA 
6009, Australia. 

Received: 29 March 2022   Accepted: 14 June 2022

References
 1. Mahima V, Anudeep R, Karthikeya P. Mouth is the mirror of human body-

diabetes mellitus and oral cavity. Int J Clin Cases Investig. 2010;1(2):5–12.
 2. Wehby GL, Shane DM, Joshi A, Momany E, Chi DL, Kuthy RA, Damiano PC. 

The effects of distance to dentists and dentist supply on children’s use of 
dental care. Health Serv Res. 2017;52(5):1817–34.

 3. El-Yousfi S, Jones K, White S, Marshman Z. A rapid review of barriers to 
oral healthcare for vulnerable people. Br Dent J. 2019;227(2):143–51.

 4. Penchansky R, Thomas JW. The concept of access: definition and relation-
ship to consumer satisfaction. Med Care. 1981;19:127–40.

 5. World Health Organization. Gender, equity and human rights. Making a 
difference: visions, goals and strategy. Geneva: World Health Organiza-
tion; 2015.

 6. Langford M, Higgs G. Measuring potential access to primary healthcare 
services: the influence of alternative spatial representations of popula-
tion. Prof Geogr. 2006;58(3):294–306.

https://www.stats.gov.sa/en/1007-0
https://www.worldpop.org/
https://www.moh.gov.sa/en/Ministry/Statistics/book/Pages/default.aspx
https://www.moh.gov.sa/en/Ministry/Statistics/book/Pages/default.aspx
https://www.moh.gov.sa/en/eServices/interactive-maps/Pages/default.aspx#
https://www.moh.gov.sa/en/eServices/interactive-maps/Pages/default.aspx#


Page 10 of 10Shubayr et al. BMC Oral Health          (2022) 22:249 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Mizen A, Fry R, Grinnell D, Rodgers SE. Quantifying the error associated 
with alternative GIS-based techniques to measure access to health care 
services. AIMS Public Health. 2015;2(4):746.

 8. dos Anjos LA, Cabral P. Geographic accessibility to primary healthcare 
centers in Mozambique. Int J. 2016;15(1):1–13.

 9. World Health Organization. Background paper for the technical consulta-
tion on effective coverage of health systems. Geneva: World Health 
Organization; 2001.

 10. Rooväli L, Kiivet RA. Geographical variations in hospital use in Estonia. 
Health Place. 2006;12(2):195–202.

 11. Hare TS, Barcus HR. Geographical accessibility and Kentucky’s heart-
related hospital services. Appl Geogr. 2007;27(3–4):181–205.

 12. Fatih K, Egresi IO. Accessibility of health care institutions: a case study by 
using GIS. Int J. 2013;3(4):2305–493.

 13. Al Johara A. Factors affecting utilisation of dental health services and 
satisfaction among adolescent females in Riyadh City. Saudi Dent J. 
2010;22(1):19–25.

 14. Togoo RA, Yaseen SM, Zakirulla M, Nasim V, Al ZM. Oral hygiene knowl-
edge and practices among school children in a rural area of southern 
Saudi Arabia. Int J Contemp Dent Med Rev. 2012;3(1):57–62.

 15. Al Agili DE, Farsi NJ. Need for dental care drives utilisation of dental 
services among children in Saudi Arabia. Int J. 2020;70(3):183–92.

 16. Orfali SM, Aldossary MS. Utilisation of dental services in Saudi Arabia: a 
review of the associated factors. Saudi J Oral Dent Res. 2020;5(03):147–9.

 17. Population indicators database. https:// www. stats. gov. sa/ en/ indic ators. 
Accessed 3 Oct 2021.

 18. Gosadi IM. Case report of patient experience influenced by inadequate 
interactions between primary, secondary, and tertiary healthcare services 
in the south of Saudi Arabia. Clin Case Rep. 2020;8(2):299–304.

 19. Graham JE, Fisher SR, Bergés I-M, Kuo Y-F, Ostir GV. Walking speed thresh-
old for classifying walking independence in hospitalised older adults. 
Phys Ther. 2010;90(11):1591–7.

 20. Awoyemi T, Obayelu O, Opaluwa H. Effect of distance on utilisation of 
health care services in rural Kogi State, Nigeria. Hum Ecol. 2011;35(1):1–9.

 21. Kelly C, Hulme C, Farragher T, Clarke G. Are differences in travel time or 
distance to healthcare for adults in global north countries associated 
with an impact on health outcomes? A systematic review. BMJ Open. 
2016;6(11):1–9.

 22. Geographic Information Systems. https:// www. my. gov. sa/ wps/ portal/ 
snp/ main. Accessed 12 Oct 2021.

 23. General Authority of Statistics. Chapter 1: Population and biological 
characteristics. In: General Authority of Statistics (editor), vol 2019. Riyadh; 
2019.

 24. Open spatial demographic data and research. https:// www. world pop. 
org/. Accessed 13 Oct 2021

 25. Ministry of Health. Health statistical year book. Riyadh: Ministry of Health; 
2020.

 26. Interactive map. https:// www. moh. gov. sa/ en/ eServ ices/ inter active- 
maps/ Pages/ defau lt. aspx#/. Accessed 22 Oct 2021.

 27. Modelling walkability. https:// www. esri. com/ news/ arcus er/ 0112/ model 
ing- walka bility. html. Accessed 11 Nov 2021.

 28. Google Earth Pro. https:// earth. google. com/ web/@ 17. 43018 956,42. 90912 
01,756. 26443 168a,455936. 02830 023d,35y,0h,0t,0r/ data= CkwaS hJECi 
UweDJ iMmJm ZDA3N jc4N2 M1ZGY 6MHg1 MzgyN jdhMT k1NWI xMzUy 
GXoWh PI- RjnAI Xk-A- rNuGB AKglB dXN0c mFsaW EYASAB. Accessed 12 Dec 
2021.

 29. Murad AA. Using geographical information systems for defining the 
accessibility to health care facilities in Jeddah City, Saudi Arabia. Geospat 
Health. 2014;8(3):S661–9.

 30. Murad A. Using GIS for determining variations in health access in Jeddah 
City, Saudi Arabia. ISPRS Int J Geo-Inf. 2018;7(7):254.

 31. Baazeem M, Tennant M, Kruger E. Determining variations in access 
to public hospitals in Makkah, Kingdom of Saudi Arabia: a GIS-based 
approach. Saudi J Health Syst Res. 2021;1(1):26–32.

 32. Coldefy M, Com-Ruelle L, Lucas-Gabrielli V. Travel distances and travel 
times to nearest health care in metropolitan France. Quest Econ Santé. 
2011;164:7.

 33. Palk L, Okano JT, Dullie L, Blower S. Travel time to health-care facilities, 
mode of transportation, and HIV elimination in Malawi: a geospatial 
modelling analysis. Lancet Glob Health. 2020;8(12):e1555–64.

 34. Dejen A, Soni S, Semaw F. Spatial accessibility analysis of healthcare ser-
vice centers in Gamo Gofa Zone, Ethiopia through geospatial technique. 
Remote Sens Appl Soc Environ. 2019;13:466–73.

 35. Kaur Khakh A, Fast V, Shahid R. Spatial accessibility to primary healthcare 
services by multimodal means of travel: synthesis and case study in the 
city of Calgary. Int J Environ Res. 2019;16(2):170.

 36. Mansour S. Spatial analysis of public health facilities in Riyadh Governo-
rate, Saudi Arabia: a GIS-based study to assess geographic variations of 
service provision and accessibility. Geo Spat Inf Sci. 2016;19(1):26–38.

 37. Brabyn L, Skelly C. Modeling population access to New Zealand public 
hospitals. Int J Health Geogr. 2002;1(1):1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.stats.gov.sa/en/indicators
https://www.my.gov.sa/wps/portal/snp/main
https://www.my.gov.sa/wps/portal/snp/main
https://www.worldpop.org/
https://www.worldpop.org/
https://www.moh.gov.sa/en/eServices/interactive-maps/Pages/default.aspx#
https://www.moh.gov.sa/en/eServices/interactive-maps/Pages/default.aspx#
https://www.esri.com/news/arcuser/0112/modeling-walkability.html
https://www.esri.com/news/arcuser/0112/modeling-walkability.html
https://earth.google.com/web/@17.43018956,42.9091201,756.26443168a,455936.02830023d,35y,0h,0t,0r/data=CkwaShJECiUweDJiMmJmZDA3Njc4N2M1ZGY6MHg1MzgyNjdhMTk1NWIxMzUyGXoWhPI-RjnAIXk-A-rNuGBAKglBdXN0cmFsaWEYASAB
https://earth.google.com/web/@17.43018956,42.9091201,756.26443168a,455936.02830023d,35y,0h,0t,0r/data=CkwaShJECiUweDJiMmJmZDA3Njc4N2M1ZGY6MHg1MzgyNjdhMTk1NWIxMzUyGXoWhPI-RjnAIXk-A-rNuGBAKglBdXN0cmFsaWEYASAB
https://earth.google.com/web/@17.43018956,42.9091201,756.26443168a,455936.02830023d,35y,0h,0t,0r/data=CkwaShJECiUweDJiMmJmZDA3Njc4N2M1ZGY6MHg1MzgyNjdhMTk1NWIxMzUyGXoWhPI-RjnAIXk-A-rNuGBAKglBdXN0cmFsaWEYASAB
https://earth.google.com/web/@17.43018956,42.9091201,756.26443168a,455936.02830023d,35y,0h,0t,0r/data=CkwaShJECiUweDJiMmJmZDA3Njc4N2M1ZGY6MHg1MzgyNjdhMTk1NWIxMzUyGXoWhPI-RjnAIXk-A-rNuGBAKglBdXN0cmFsaWEYASAB

	Geographic accessibility to public dental practices in the Jazan region of Saudi Arabia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	References


