Journal of Trauma Management &

®
Outcomes ‘

BiolVled Central

A geographic information system to study trauma epidemiology in

Research

India

Vaibhav Bagaria*! and Saurabh Bagaria?

Address: INIIDAAN Ortho Centre, Nagpur, India and 2Map Info, Noida, India

Email: Vaibhav Bagaria* - bagariavaibhav@gmail.com; Saurabh Bagaria - saurabhbagaria@gmail.com

* Corresponding author

Published: 26 November 2007

Journal of Trauma Management & Outcomes 2007, 1:3  doi:10.1186/1752-2897-1-3

This article is available from: http://www.traumamanagement.org/content/1/1/3

© 2007 Bagaria and Bagaria; licensee BioMed Central Ltd.

Received: 27 April 2007
Accepted: 26 November 2007

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract

Background: Geographic Information Systems (GIS) describe the topography and chronology of
events in a defined vector space. GIS may also be used for an integrated analysis of environmental

and road-related risk factors for traffic accidents.

Methods: In a retrospective study, various features of 165 road crashes were linked to a GIS-
generated digital map of an area close to a national highway in India. By overlay tools, clusters of
accidents were identified, and color-coded according to accident mechanisms and injury patterns.

Results: Spatial analysis revealed a cluster with a high incidence of motorbike injuries resulting in
fractures. Examination of the spot demonstrated the risky combination of a speed breaker and a
broken traffic light. After fixing the light, no further accidents occurred at the site.

Conclusion: GIS is a promising technology for geo-referencing accident data, and may be a
valuable tool to identify areas of priority for injury prevention in India.

Background

Road traffic injuries belong to the ten leading causes of
death and disability worldwide, and have emerged as a
serious public health concern [1].

Identifying human, technical, and environmental factors
that contribute to the incidence and severity of accidents
and their health-related consequences is mandatory to
establish effective prevention strategies [2-4].

GIS is the abbreviation for geographic information sys-
tem. Originally developed for urban and facilities man-
agement [5,6], GIS depicts and analyzes the spatial
features of, and the location and chronology of events
occurring in the area of interest [7].

Innovative cartography allows for three-dimensional
reconstruction of the scene. Complex environmental data
are separated into their principle components, which are
subsequently merged for final analysis.

In this exploratory study, we set out to describe the spatial
distribution of road crashes in a community in India, and
to analyze environmental factors responsible for cluster-
ing of injury events.

Methods

This study was conducted at a trauma center located at the
national highway number 7 in India. We retrospectively
identified all injured subjects who had been referred to
our department after sustaining a road traffic accident
between April 2000 and September 2000. All patients
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were, at least, diagnosed with a long bone fracture. For
this study, we extracted age, gender, accident mechanisms
and causes, and vehicle types from our trauma database.

A set of digital thematic maps was generated from the
non-scaled patwari map (local village map). Vector spaces
were spanned over these maps using GIS software (JT
Maps, Jlets Technology, Noida, India), and data from the
identified trauma cases were added. Spatial analysis and
overlay tools were used to identify local clusters of events.
Clusters included all events occurring within a 50 m
perimeter around a reference point. Color coding was
used to mark accident and injury characteristics among
clusters.

Results

A total of 165 trauma cases were recorded during the study
period. There were 111 men and 54 women, with a mean
age of 37.2 + 15.3 years (range 10 - 89 years). Crashes
involved 32 bicycles (19.4%), 86 motorbikes (52.1%),
and 47 cars (28.5%). Overturns were recorded in 17 cases
(10.3%).

Apart from fractures, 85 subjects (51.5%) had encoun-
tered head injuries. Twenty-eight drivers were drunk
(17.2%).

The distribution of accidents along the surveyed roads is
illustrated in Figure 1.

A detailed analysis revealed a cluster with a disproportion-
ately high number of fracture cases (4 forearm fractures, 1
fracture of the humerus, and another fracture of the tibia,
see Figure 2). All subjects who had sustained an injury in
this cluster were males between 20 to 35 years of age, and
all had been riding a motorbike. Physical inspection of
the area revealed the presence of a speed breaker, but a
broken overhead light.
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Figure |
GIS-map showing the distribution of road traffic accidents in
the investigated region.
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Figure 2

A cluster of motorbike accidents identified at a site with a
speed breaker and a broken traffic light.

It was retrospectively confirmed that all the accidents had
occurred during evening and night, when the illumina-
tion was deficient. Once the problems had been fixed, no
accidents occurred at that site during the next six months

For additional data see Additional file 1.

Discussion

India contributes to about 10% of the global death toll
caused by road crashes. However, it is assumed that only
0.4 out of 1.4 million serious traffic accidents are recorded
and scientifically investigated, thus underestimating the
burden to the health care system.

The use of maps in medical research dates back to 1854,
when John Snow traced the spread of cholera to the pump
at the corner of Cambridge and Broad Street in London.
This classic work stresses the value of spatial analysis for
the understanding and solution of public health prob-
lems.

GIS is now extensively used in different areas of health
care. Epidemiologists use GIS to study health hazards in
the community, to develop policies and plans for preven-
tion on both an individual and population-based level,
and to overcome inequities in health care delivery [8-12].

This study suggests some potential for the use of GIS in
trauma research, especially in rural areas with limited
resources. By revealing a distinct accident cluster, the most
likely risk factor for future events (i.e., a broken traffic
light) could effectively be eliminated.

Most accidents on Indian highways tend to occur at sites
with poor road design features. Although we used only a
basic set of demographic and injury-related items, and the
consequences of spatial analysis were exemplified by a
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single scenario, we feel that GIS is an innovative approach
to overcome weaknesses in the planning and mainte-
nance of Indian roadways, and to improve traffic control
and safety measures [13].

Shortening the interval to basic life support, and rapid
access to comprehensive trauma care within the so-called
"golden hour of shock" is crucial for the survival of
trauma victims. Identifying areas with a high incidence of
traffic accidents may allow for the strategic positioning of
response vehicles, thereby minimizing arrival times of res-
cue teams on scene and transferal times of patients to hos-
pitals. Also, information obtained by spatial analysis may
help to tailor the implementation and structure of trauma
centers in rural and urban settings to the expected needs
and volumes [14-16].

Conclusion

GIS is a promising tool to collect and analyze geographic
and environmental data on road traffic crashes. Spatial
analysis may help to identify regions of a particular high
risk for traffic accidents, and to facilitate effective meas-
ures of primary and secondary prevention.

Additional material

Additional file 1

master chart

Click here for file
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References

I. Mathers CD, Loncar D: Projections of global mortality and bur-
den of disease from 2002 to 2030. PLoS Med 2006, 3:e442.

2. Cinat ME, Wilson SE, Lush S, Atkins C: Significant correlation of
trauma epidemiology with the economic conditions of a
community. Arch Surg 2004, 139:1350-1355.

3. Mock CN, Adzotor KE, Conklin E, Denno DM, Jurkovich GJ:
Trauma outcomes in the rural developing world: compari-
son with an urban level | trauma center. | Trauma 1993,
35:518-523.

4.  Ytterstad B: [Trauma epidemiology--a tool in trauma preven-
tion]. Tidsskr Nor Laegeforen 1996, 116:1205-1206.

5.  Culshaw MG, Nathanail CP, Leeks GJ, Alker S, Bridge D, Duffy T,
Fowler D, Packman JC, Swetnam R, Wadsworth R, Wyatt B: The
role of web-based environmental information in urban plan-
ning--the environmental information system for planners.
Sci Total Environ 2006, 360:233-245.

6. Miranda ML, Silva JM, Overstreet Galeano MA, Brown JP, Campbell
DS, Coley E, Cowan CS, Harvell D, Lassiter ], Parks JL, Sandele W:
Building geographic information system capacity in local
health departments: lessons from a North Carolina project.
Am | Public Health 2005, 95:2180-2185.

7.  Boulos MN, Roudsari AV, Carson ER: Health geomatics: an ena-
bling suite of technologies in health and healthcare. | Biomed
Inform 2001, 34:195-219.

8.  Barnard DK, Hu W: The Population Health Approach: health
GIS as a bridge from theory to practice. IntJ Health Geogr 2005,
4:23.

http://www.traumamanagement.org/content/1/1/3

9.  Kloppenborg SC, Brandt UK, Gulis G, Ejstrud B: Risk of congenital

anomalies in the vicinity of waste landfills in Denmark; an
epidemiological study using GIS. Cent Eur | Public Health 2005,
13:137-143.

10. Maantay J: Asthma and air pollution in the Bronx: methodo-
logical and data considerations in using GIS for environmen-
tal justice and health research. Health Place 2007, 13:32-56.

I'l.  Odiit M, Bessell PR, Fevre EM, Robinson T, Kinoti ], Coleman PG,
Welburn SC, McDermott J, Woolhouse ME: Using remote sensing
and geographic information systems to identify villages at
high risk for rhodesiense sleeping sickness in Uganda. Trans R
Soc Trop Med Hyg 2006, 100:354-362.

12. Wang JP, Guo XK: Study on the total amount control of atmos-
pheric pollutant based on GIS. Biomed Environ Sci 2005,
18:233-237.

13. Dandona R: Making road safety a public health concern for
policy-makers in India. Natl Med J India 2006, 19:126-133.

14. Daberkow SG: Location and cost of ambulances serving a rural
area. Health Serv Res 1977, 12:299-31 1.

I15.  Lerner EB, Billittier A, Sikora ], Moscati RM: Use of a geographic
information system to determine appropriate means of
trauma patient transport. Acad Emerg Med 1999, 6:1127-1133.

16. Peleg K, Pliskin JS: A geographic information system simulation
model of EMS: reducing ambulance response time. Am |
Emerg Med 2004, 22:164-170.

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central
« yours — you keep the copyright

Submit your manuscript here:

O BioMedcentral
http://www.biomedcentral.com/info/publishing_adv.asp

Page 3 of 3

(page number not for citation purposes)


http://www.biomedcentral.com/content/supplementary/1752-2897-1-3-S1.doc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17132052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17132052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15611461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15611461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15611461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8411273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8411273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8411273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8658387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8658387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16242758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16242758
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16257950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11723701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11723701
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16209717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16209717
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16218330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16218330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16218330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16311064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16311064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16311064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16246384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16274104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16274104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16836261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16836261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=914530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=914530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10569385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10569385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10569385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15138950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15138950
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Results
	Discussion
	Conclusion
	Additional material
	References

