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Background: Physical access to health services is determined by the geographic location of 
the patient. This study aims to distribute the bases and hospitals of Mashhad City, Iran, and the 
extent of coverage of the bases in traffic accidents.

Materials and Methods: This research is a descriptive cross-sectional and applied study. The 
study population for high-accident points includes 21142 missions carried out regarding traffic 
accidents as well as 37 points related to 115 emergency bases in 2014. The information needed 
by the researcher was collected by receiving the files of the injured from the statistical unit 
of the center. By forming the database of the road network in Mashhad City in a geographic 
information system environment as communication links and defining emergency centers as 
facilities, the radius of emergency centers was drawn using the service area method. 

Results: In this study, the areas that needed more services and the number of provider centers was 
less compared to the covered area were identified. After matching the distribution map of the bases 
with the distribution of accidents, the areas with the lowest distribution of accidents and the highest 
service of emergency medical services, as well as high accidents and less service were obtained. 

Conclusion: The distribution of bases and hospitals does not have a proper distribution 
situation, which can lead to the lowering of the desired level and the creation of illogical 
concentration. To cover the emergency missions, it is necessary to set up emergency bases and 
complete the existing hospitals in the city. 
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1. Introduction

roviding emergency medical services is one 
of the crucial aspects of patient treatment. 
Since the provision of accurate and fast ser-
vices in emergencies can lead to the survival 
of patients, it is highly valuable [1]. Pre-hos-
pital Emergency Medical services (EMS) is 

the first treatment level provided by Emergency Medi-
cal Technicians (EMTs) and rescuers to patients suffer-
ing from life-threatening conditions before delivery to 
the hospital. EMS seeks to reduce response time. This 
time is known between an emergency call made to an 
ambulance station and the time when an ambulance 
dispatched to assist arrives at the scene and a shorter 
response time improves survival [2]. Response time is 
a vital factor in determining the quality of pre-hospital 
EMS. This time is also called the golden time because 
the percentage of survival of patients who were treated 
within the first hour of visiting the hospital is higher than 
that of patients who waited longer [3]. 

The time it takes to get to the patient’s bedside is also 
an effective barrier for service providers. Access to ser-
vices is defined as the ability of people to use services 
at any time and place. Due to the importance of access, 
the decisions taken in the health service system are in-
fluenced by the quality of services available in different 
places, at different times, the cost of services, and the 
ease of access to services [4].

The issue of access to urban services is one of the vital 
issues that affects the economy of the city from various 
dimensions. In other words, the inappropriate distribu-
tion of service users, in addition to spending high trans-
portation and fuel costs to access them, wastes citizens’ 
time and creates traffic jams, and results in costs that 
cannot be calculated most of the time. Also, sometimes 
the lack of proper access to some applications exposes 
people’s health to risk. Healthcare services are an ex-
ample of this type, which requires timely and appropri-
ate access for all members of society [5]. In this regard, 
the Geographic Information System (GIS) examines the 
geographic dimension of access. GIS measures geo-
graphic access more accurately and analyzes geographic 
disparities in access to services [4]. The use of this sys-
tem is considered the best tool for decision-making in 
crisis management, according to the capabilities of GIS 
data integration and the possibility of complex analysis 
of spatial and non-spatial data. In addition, GIS can be 
used to locate pre-hospital emergency bases before a cri-
sis and identify high-risk areas during accidents [6].

Health and medical indicators are the vital indicators 
of development showing that geographical distribution 
and development are unevenly taking place [7]; There-
fore, with the awareness of the importance of know-
ing the current situation of societies and geographical 
environments to planning optimally for the future, and 
considering the importance and necessity of developing 
health indicators, as the most basic and basic needs of 
any healthy society, the present research seeks to mea-
sure the distribution of emergency centers in Mashhad 
City in 2014. 

 2. Materials and Methods 

The present study is descriptive-cross-sectional and 
applied. The studied population for the high-accident 
areas of Mashhad City includes 21142 missions carried 
out in 2014. The research environment is the medical 
emergency and accident management center of Kho-
rasan Razavi Province, Iran, and the information needed 
by the researcher was collected by receiving the injured 
files from the statistics unit of the center. In the survey of 
the high-accident areas of Mashhad City, the files of the 
injured were examined as the census. According to the 
information available in the files of the injured, 21142 
accidents resulting in injuries were recorded in 2013. 
After collecting the available addresses from the files, 
they were entered into the GIS spatial analysis software, 
the desired information was analyzed, and its numeri-
cal information was produced. To analyze spatial data 
using the inverse distance weighting method, which is 
based on inverse distances, the distribution of stations 
has been analyzed according to their area. Time cover-
age of emergency centers has been performed based on 
network analysis in the GIS software environment.

Time coverage is the range in which, despite traffic re-
strictions during peak hours, the ambulance can reach 
the accident site in standard time. Ambulance movement 
is considered in this analysis based on the road network. 
The average speed of an ambulance during peak traffic 
is considered to be 15 km/h. The periods considered in 
this analysis are equal to 4, 6, and 8 minutes. Accord-
ing to the reports received from the emergency medical 
center of Mashhad University of Medical Sciences, the 
time interval from the moment of calling the center 115 
to the ambulance leaving the base is 2 minutes and 23 
seconds. As a result, the time taken by the ambulance to 
leave the base and arrive at the accident site is 1:47, 3:47, 
and 5:47. By forming the database of the road network 
of Mashhad City in the GIS environment as communi-
cation links and defining emergency centers as facility, 
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the radius of emergency centers was drawn on the road 
network of Mashhad using the service area method. 

3. Results 

Regarding the distribution of accidents in Mashhad 
City, the Panjtan axis with a very significant difference 
from other axes has had 288 accidents per kilometer of 
the route, followed by 143 and 95 accidents per kilo-
meter in Tabarsi and Azadi, respectively. According to 
the surveys conducted on the frequency of accidents in 
squares and intersections, Imam Hossein square, Fajr 
Bridge, and Abbaspur square had the highest number 
of accidents in 2014. The number of accidents in these 
three squares on average (118 accidents) is almost twice 
the average of other squares (65 accidents). 

It can be said that the transportation axes of settle-
ments on the outskirt of Mashhad City, such as Qale 
Sakhteman, Tabarsi, Golshahr, Khaje Rabi, Darvi, Pan-
jtan, Khin Arab, and Resalat (Siman Road) towards the 
city center show a pattern of repetition of accidents along 
the way (Figure 1).

Figure 2 shows the location of 115 emergency centers 
in the city, the bolder areas indicate the high density of 
services in terms of the number of center

According to the obtained information, the accident 
density map and emergency spatial distribution map 
have been combined and overlapped in this part. Ac-

cording to Figure 3, the result is that areas marked with 
green color are the areas with the lowest distribution of 
accidents and the highest emergency services, which is 
considered a kind of desirability. In the spectrum of yel-
low and orange colors, the compliance of EMS with the 
density of accidents was appropriate, but with corrective 
measures, it was possible to improve the service. The red 
color spectrum also indicates the areas with the most ac-
cidents and the least EMS. Two critical points can be ob-
served in Mashhad City. The first point is located on the 
Fajr highway and in the area of Niayesh and Isargaran 
bases. The second point is located on Tabarsi Street and 
Javadieh base.

In a time radius of 1 minute and 47 seconds with an av-
erage speed of 15 km/h, 13% of all accidents (2672 mis-
sions) are covered. In the time radius from 1:47 to 3:47, 
another 16% of accidents (3438 missions) are covered. 
In the 3:47 to 5:47 radius, 28% of accidents (5394 mis-
sions) are covered. By the 5:47 interval, a total of 57% of 
all accidents are covered, and 43% of the 9,761 missions 
in the 8-minute interval cannot be covered (Figure 4).

4. Discussion 

The distribution of medical services will increase the 
radius of service and the efficiency of medical facilities. 
This research attempted to investigate and identify the 
distribution of emergency centers in Mashhad City. Ac-
cording to the findings regarding the spatial compatibili-
ty of accident location with hospitals and 115 emergency 

on the frequency of accidents in squares and intersections, Imam Hossein square, Fajr Bridge, and 
Abbaspur square had the highest number of accidents in 2014. The number of accidents in these 
three squares on average (118 accidents) is almost twice the average of other squares (65 
accidents).  
It can be said that the transportation axes of settlements on the outskirt of Mashhad City, such as 
Qale Sakhteman, Tabarsi, Golshahr, Khaje Rabi, Darvi, Panjtan, Khin Arab, and Resalat (Siman 
Road) towards the city center show a pattern of repetition of accidents along the way (Map 1). 
 

   

Accident DistributionAnalysis of : . Map 1 Figure 1. Analysis of accident distribution
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centers in Mashhad City, it should be said that Panjtan 
axis with a very significant difference from other axes 
has had 288 accidents and then Tabarsi has had 143 ac-
cidents in each km of the route. For a more accurate and 
logical review of the number of accidents in 2013 in the 
axes of Mashhad City, the number of accidents for each 

axis has been calculated separately by mileage. This 
means that the number of accidents recorded in each 
axis is divided by its length in kilometers and the aver-
age number of accidents per kilometer is obtained. It is 
worth noting that the number of accidents in the first 3 
axes (Tabarsi, Azadi, and Panjtan) is more than the total 

Map 2 shows the location of 115 emergency centers in the city, the bolder areas indicate the high 
density of services in terms of the number of centers 
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س3 نقشه Figure 3. Distribution of accidents and service coverage : همپوشاني چگالي وقوع تصادفات و توزيع مكاني اورژان

Map 2 shows the location of 115 emergency centers in the city, the bolder areas indicate the high 
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Figure 2. Analysis of the distribution of emergency centers in mashhad city
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number of accidents in the next 7 axes. Also, the find-
ings regarding the frequency of accidents in squares and 
intersections showed that Imam Hossein square, Fajr 
Bridge, and Abbaspour square had the highest number 
of accidents. According to these findings and the distri-
bution analysis map of accident points and distribution 
analysis based on the density function, the eastern, cen-
tral, and northeastern regions have the highest number 
of accidents per unit area. In addition, some points in 
the northwest and south of Mashhad City have a high 
concentration of accidents. In the eastern, central, and 
northeastern parts, random points have formed intercon-
nected zones that are consistent with the traffic flows of 
the city. For example, the route of North Tabarsi Bou-
levard to the passenger terminal continuously has high 
accident points along the route. The transportation axes 
of settlements on the outskirts of Mashhad City, such as 
Qale Sakhtemn, Tabarsi, Tabarsi, Golshahr, Khaja Rabi, 
Darvi, Panjtan, Khin Arab and Resalat (Siman road) to-
wards the city center, illustrate a pattern of repeated ac-
cidents along the way. 

It shows a pattern of accident repetition along the route. 
In the study conducted by Nooraddin Azimi [8] in 2008, 
it was found that 66% of accidents happened on boule-
vards and streets, 14% in squares, 4% in main intersec-
tions, and 16% on other roads. It has also been deter-
mined that an average of 170 accidents have occurred 
per kilometer of the street, 141 accidents in squares, and, 
29 accidents at intersections. Most accidents are often 

on the ring road and some of them extend from the city 
center towards the ring road and lead to the main en-
trance roads of the city, as well as the busy streets of the 
city, and generally peripheral and ring areas have had the 
most accidents. This study has investigated the factors 
of congestion and traffic accidents in the city from the 
perspective of the citizens of Bandar Anzali City, Iran.

The distribution map of the bases indicated that 66% of 
the bases in Mashhad City are located in the eastern half 
of Mashhad (population: 1 357 389) and only 34% of the 
bases are located in the western half (population: 1 408 
869). Of course, due to the pilgrimage of Mashhad City, 
the pilgrims reside in the eastern areas of Mashhad, but 
again, this number of bases is inappropriately distributed 
to cover the entire city.

The adaptation of the spatial distribution of accidents 
and bases in Mashhad City showed that some parts of the 
city are not in a suitable condition in terms of adaptation. 
The first point is located on the Fajr highway and in the 
area of Niayesh and Isargaran bases. The second point is 
located on Tabarsi Street and Javadieh base. These points 
are located in the eastern areas of Mashhad City, and as 
mentioned, these areas have more bases than the western 
areas of Mashhad City, but the service coverage in these 
areas is weaker. The reason for this issue can be because 
the eastern areas of the city are suitable for pilgrimage and 
the old context and popular culture in these areas. Howev-
er, Ferdowsi et al.’s study (2012) showed that the density 
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and coverage of EMS units are higher in the west of the 
province and the eastern and northern areas, such as Khor 
and Biyabank, Naein, Ardestan, Aran and Bidgol because 
the extent of coverage and the allocation of resources in 
cities of Isfahan Province has many differences [1]. In the 
current study, the density and coverage of EMS units were 
higher in the east of the province, but in this study, the 
density was higher in the west of the province. According 
to other studies, coverage areas at different time intervals 
revealed that the bases could only cover 53% of accidents 
in less than 8 minutes, and 43% of accidents occurred in 
more than 8 minutes. Improper distribution of emergency 
bases and the wide range of areas covered by each base 
are the main reasons why 43% of the missions are not 
covered. The study conducted by Amir Ashkan Nasirip-
our et al. [9] showed a big difference in all the health cen-
ters and bases of Shahrekord City in terms of the largest 
to the smallest area covered. The north, south, and east 
peripheral areas have inadequate access to the city center, 
and 70% of the city’s health center density lacks proper 
distribution, which is similar to the results of this study. 
The study conducted by Hossein Yaghfouri et al. [10] in 
2012 showed that the medical centers of Piranshahr are 
disproportionate in terms of compatibility with other uses 
and also in terms of accessibility. The southeast, north, 
northwest, and east parts of Piranshahr are suitable for 
building new clinics. In this study, the distribution of 
centers with therapeutic use, including hospitals, clinics, 
health houses, and health use, such as public baths, reser-
voirs, and welfare centers, were measured; however, in 
this study, we investigated the spatial distribution of emer-
gency centers. According to the results of Mehrizi and 
Mirshojai’s study, which evaluated the pre-hospital emer-
gency centers in the east of Tehran Province, Iran, and all 
the emergency centers covered by Shahid Beheshti Uni-
versity of Medical Sciences, it was found that the EMS 
and accident management center needs 130 Emergency 
Medical Technicians (EMT), 23 ambulance device, and 
an ambulance bus device to equip emergency exit stations 
according to pre-hospital standard regulations [6] which 
is similar to the results of the present study related to the 
shortages in resources and equipment.

5. Conclusion

 The results of this research showed that the distribu-
tion of medical centers in the city was not appropriate 
and the access to services in different parts of the city 
is not equal, and this factor has caused some people to 
be deprived of receiving services quickly and on time. 
According to the investigations, the inappropriate distri-
bution bases and hospitals in Mashhad City can decrease 

in the desired level of access and create illogical con-
centration. To cover the emergency missions, it is nec-
essary to set up new emergency bases in the areas that 
are not covered by the standard time radius and to equip 
the pre-hospital emergency bases, especially Javadiyeh, 
Niayesh, and Isargaran bases. Also, Mashhad hospitals 
should be completed and strengthened. In addition to 
the 4 main trauma service hospitals, 9 other hospitals 
that are outside the time radius of the existing hospitals 
can be added to this network if the trauma department is 
strengthened or established. By drawing the time radius 
of 12 minutes of the mentioned hospitals, it is possible to 
identify the areas that need to build a new trauma center. 
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