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The spatial epidemiology of trauma: the
potential of geographic information science
to organize data and reveal patterns of injury
and services
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Despite important advances in the prevention and treatment of trauma, preventable injuries continue to
impact the lives of millions of people. Motor vehicle collisions and violence claim close to 3 million lives
each year worldwide. Public health agencies have promoted the need for systematic and ongoing sur-
veillance as a foundation for successful injury control. Surveillance has been used to quantify the inci-
dence of injury for the prioritization of further research, monitor trends over time, identify new injury
patterns, and plan and evaluate prevention and intervention efforts. Advances in capability to handle
spatial data and substantial increases in computing power have positioned geographic information sci-
ence (GIS) as a potentially important tool for health surveillance and the spatial organization of health
care, and for informing prevention and acute care interventions. Two themes emerge in the trauma lit-
erature with respect to GIS theory and techniques: identifying determinants associated with the risk of
trauma to guide injury prevention efforts and evaluating the spatial organization and accessibility of
acute trauma care systems. We review the current literature on trauma and GIS research and provide ex-
amples of the importance of accounting for spatial scale when using spatial analysis for surveillance. The
examples illustrate the effect of scale on incident analysis, the geographic variation of major injury across
British Columbia’s health service delivery areas (HSDAs) and the rates of variation of injury within indi-
vidual HSDAs.

En dépit des progres importants réalisés en prévention et en traitement des traumatismes, des millions
de personnes souffrent toujours des répercussions de blessures évitables. Les accidents de la circulation
et la violence font presque 3 millions de victimes par année dans le monde. Les agences de santé
publique préconisent la surveillance systématique et continue comme base du contréle réussi des
blessures. On a utilisé la surveillance pour quantifier I’incidence des traumatismes afin d’établir des prio-
rités pour la recherche a venir, de suivre les tendances, de dégager de nouvelles tendances des trauma-
tismes et de planifier et d’évaluer les efforts de prévention et d’intervention. Les progres de la capacité
de traitement des données spatiales et les augmentations importantes de la capacité de calcul ont fait des
sciences de Pinformation géographique (SIG), ou géomatique, un outil qui pourrait se révéler impor-
tant pour la surveillance de la santé et "organisation spatiale des soins de santé, ainsi que pour éclairer
les mesures de prévention et de soins actifs. Deux themes se dégagent des publications sur la trauma-
tologie en ce qui a trait a la théorie et aux techniques des SIG : Pidentification des déterminants associés
au risque de traumatisme pour guider les efforts de prévention des blessures et ’évaluation de ’organi-
sation spatiale et de "accessibilité des systemes de soins actifs en traumatologie. Nous passons en revue
les publications courantes relatives a la recherche sur les traumatismes et la SIG et nous montrons
pourquoi il importe de tenir compte de I’échelle spatiale dans I’utilisation de I’analyse spatiale pour la
surveillance. Les exemples illustrent I’effet d’échelle sur I’analyse d’incidence, la variation géographique
des principaux traumatismes dans les régions de prestation de services de santé (RPSS) et les taux de
variation des blessures selon les RPSS.

From the *Department of Geography, Simon Fraser University, Burnaby; the tDivision of General Surgery, Department of Surgery,
University of British Columbia, $Trauma Services, Vancouver General Hospital, Vancouver, and the §Regional Trauma Program,
Vancouver Coastal Health Authority, Vancouver General Hospital, Vancouver, BC

Accepted for publication Feb. 6, 2008

Correspondence to: Dr. N. Schuurman, Department of Geography, RCB 7123, Simon Fraser University, Burnaby BC V5A 156;
fax 604-291-5841; nadine@sfu.ca

© 2008 Canadian Medical Association Can J Surg, Vol. 51, No. 5, October 2008 389



390

— Schuurman et al.

D espite important advances in
trauma prevention and treat-

ment, preventable injuries continue
to impact the lives of millions of
people. Worldwide, motor vehicle
collisions and violence claim close to
3 million lives each year.'? Although
the United States and Canada have
highly developed public health pro-
grams and trauma systems, trauma
is still responsible for more than
150 000 deaths and 3 million hos-
pital admissions annually in those
countries. About 30% of all years of
productive life lost before age 65 are
attributed to unintentional injuries
and violence; this surpasses the com-
bined losses from heart disease,
cancer and stroke.** Societal costs of
injury-related morbidity in these
countries are estimated to exceed
$275 billion dollars each year.>¢

Further advances in injury control
are urgently needed. Public health
agencies, including the World
Health Organization, the US Cen-
ters for Disease Control and Preven-
tion, the Institute of Medicine and
the Canadian Public Health Associa-
tion, have promoted the need for
systematic and ongoing surveillance
as a foundation for successful injury
control. Surveillance has been used
to quantify the incidence of injury
for the prioritization of further re-
search, monitor trends over time,
identify new injury patterns, and plan
and evaluate prevention and inter-
vention efforts. Refinements in injury
surveillance that can discern specific
risk factors amenable to intervention
may represent the next important
frontier in injury control.

Advances in the capability to han-
dle spatial data, along with substantial
increases in computing power, have
positioned geographic information
science (GIS) as a potentially im-
portant tool for understanding popu-
lation health and the spatial organ-
ization of health care™ and for
informing prevention and acute care
interventions. GIS facilitates the inte-
gration of data from multiple sources;
provides collection, storage and ma-
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nipulation capabilities; and offers an
array of tools for spatial analysis, al-
lowing valuable insights into health
data.” We provide a review of the
current literature on trauma and GIS
research. In addition, we provide ex-
amples of the importance of ac-
counting for spatial scale when using
spatial analysis for surveillance — a
unique methodologic issue associated
with GIS analysis.

GIS in frauma research

The use of GIS in population health
is widespread, and GIS and health
has become a distinct research area.’
However, the capabilities of GIS
have not been extensively applied in
the trauma literature. A few studies
examining the social or spatial as-
pects of trauma have employed some
GIS methods for data management,
geocoding, data linkage and map-
ping, but they have not explicitly
identified themselves as GIS-based
and have not fully taken advantage of
the analytical capabilities of GIS.
These studies link trauma data to
socioeconomic information (e.g.,
census data) and examine the rela-
tions between family or houschold
characteristics, socioeconomic condi-
tions and injury. However, they only
pay cursory attention to the spatial
articulation of injury.'**

Two sometimes overlapping themes
consistently emerge in the trauma lit-
erature where GIS theory or tech-
niques are relevant: identifying deter-
minants of the risk of trauma to
guide injury-prevention efforts and
evaluating the spatial organization
and accessibility of acute trauma care
systems. The former studies assess the
contributions of human and environ-
mental factors (e.g., income, social
status, education, race, employment
and working conditions, social sup-
port networks, social environments,
physical environments) to the risk of
injury. The latter studies often draw
on location—allocation approaches to
examine the efficacy of existing acute
care trauma systems or assess the spa-

tial accessibility of trauma care, pay-
ing close attention to inequitable ac-
cess across geographic space.

The contributions of GIS to our
current understanding of the deter-
minants associated with the risk of
trauma and the delivery of acute
trauma care are summarized in the
next section. We also outline with ex-
amples the methodologic concerns
associated with spatial analysis.

Determinants of the risk
of trauma

Geography

Epidemiologic studies have exam-
ined the geographic dimensions of
trauma in relation to specific popu-
lation subgroups and the type of
injury. Childhood injury in particular
is well represented among trauma
studies. Joly and colleagues'* exam-
ined the geography of injuries
among pedestrians and cyclists in the
pediatric population in Montréal,
Quebec, that involved motor
vehicles. The authors found that
few high-injury census tracts were
spatially concentrated. Braddock and
colleagues® studied the geographic
distribution of trauma among youth
aged 20 years and younger in Hart-
ford, Connecticut. This study used
the mapping capabilities of GIS to
visualize the location of trauma
injuries and identify 2 high-risk
areas that represented 70% of all
trauma events within the study re-
gion. Both studies, although effect-
ive, used very simple analytical ap-
proaches — statistical analysis of
spatially aggregated data on trauma
and point mapping. The study by
Braddock and colleagues'® also sug-
gested site-specific interventions, in-
cluding environmental modifications
and educational programs.

Societal determinants
The GIS methods can go beyond the

demonstration of the associations be-
tween risk of injury and geography.



They can discern specific societal fac-
tors that place subpopulations at risk.
Socicoeconomic status, for instance,
was found to be an important deter-
minant of the risk of injury among
Canadian children in a study that
linked injury mortality data to socio-
economic status derived from census
data on urban areas.’ This study
confirmed a known link between
socioeconomic status and injury rates
and demonstrated that a 20-year
trend toward decreased injury rates
among more deprived populations in
urban areas has recently been re-
versed. Although the study carefully
differentiated between urban and
rural areas, it did not differentiate be-
tween spatial locations and contexts.
Are there, for instance, more injuries
among children in families with a
low socioeconomic status in north-
ern Canadian cities? Do fewer in-
juries occur in families with low
socioeconomic status residing in
neighbourhoods with a statistically
higher socioeconomic status? These
are nuances that can potentially be
addressed by the incorporation of
spatial analysis.

Composite indicators of geog-
raphy and societal factors have
also been developed. Cockings and
Martin'” developed a conceptual
model of health events and associ-
ated outcomes in which health ef-
fects are the product of vulnerability
and exposure to individual and area-
level factors. Vulnerability is concep-
tualized as a combination of individ-
ual predisposing and behavioural
factors, while exposure is a function
of both environmental factors (nat-
ural, built and social contexts) and
behavioural factors. Predisposing fac-
tors are individual attributes such as
age, sex, race and genetics that are
not modifiable, whereas behavioural
factors such as lifestyle, occupation,
education and income can be altered
by personal choice.) The complex re-
lation between individual and area-
level determinants of injury poses an
analytic challenge to trauma studies,
but also illustrates the important role
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of the capability of GIS to handle
spatial data in trauma research.

Understanding exposure and vul-
nerability in the context of the risk of
trauma and outcome requires various
individual and area-level data sources
to be linked and combined. Data
linkage allows researchers to better
leverage existing data resources,
thereby increasing their analytical
possibilities.” A number of tools and
methods for data linkage are pro-
vided within GIS software packages.
Geocoding, the most fundamental
method, allows spatial files to be
generated from nonspatial attributes
based on location information such
as an address or postal code.” Geo-
coded data on trauma can be used to
map locations where injuries occur
and to then spatially link this infor-
mation to other data describing the
natural, built and social environ-
ments in which injuries occur.

The spatial organization of
trauma care

Kivell and Mason® suggest that timely
access to trauma care can, along with
accident prevention strategies, act as a
means of reducing trauma-related
mortality. As they point out,
Trunkey” found that when mortality
from trauma is plotted by time after
injury, a trimodal distribution
emerges. The first peak represents
deaths that occur on or immediately
after injury, the second peak repre-
sents deaths that occur within the first
few hours after injury, and the third
peak represents deaths that occur days
or weeks after injury. Kivell and
Mason® argue that the second peak
includes potentially preventable
deaths. They suggest immediate pre-
hospital treatment and timely transfer
(within the first couple of hours after
injury) to a trauma care facility would
reduce mortality in the second peak.
Using a location—allocation approach
in a GIS environment, the authors
propose that 30 trauma systems, each
with 1 trauma centre and multiple
supporting hospitals, would provide
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optimal trauma care coverage for the
United Kingdom.

Peters and Hall* present a GIS
framework for assessing ambulance
response times. They draw on the ca-
pability of GIS to handle spatial data
to geocode ambulance call data and
link it to service territories. They ana-
lyze spatiotemporal response time to
determine how well the existing
ambulance services serve their catch-
ment populations. The GIS frame-
work presented was intended to as-
sist planners to identify areas where
response time was unsatisfactory and
provide the means to investigate the
possible causes of poor performance
(e.g., poor spatial coverage, insuffi-
cient resources, inefficient dispatch).

The 2 emerging themes of GIS
and trauma — the determinants asso-
ciated with the risk of trauma and the
spatial organization of trauma care
systems — remain underdeveloped.

Important research on access to
trauma facilities and the relative
cost—benefit of trauma facilities has
been conducted in the United States.
MacKenzie and colleagues® reported
that in-hospital mortality is substan-
tially lower at trauma centres than at
hospitals without full trauma services.
Their research indicated that the risk
of death was much lower among pa-
tients who received treatment in
trauma centres than among patients
who did not, implying that region-
alization of services continues to be
important. Nathens and colleagues
found inconsistency in the availability
of trauma resources across the
United States. Likewise, Branas and
colleagues® found that about 16% of
the population in the United States
was not located within 1 hour of a
trauma facility. However, their study
was based on the assumption that air
transport was always available. If road
travel time was used, they likely
would have found a greater number
of people without access to a trauma
facility within 1 hour.

These studies are characterized by
their use of statistical techniques
rather than GIS to calculate access.
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In a previous study,” we used GIS to
calculate road travel times to rural
hospitals. This method may prove
more effective in terms of accurately
estimating travel time and access.

Methodologic considerations

Examining the geographic variation
of injury rates within a study region
must address a number of meth-
odologic considerations, especially
when mapping rates in small areas or
at the neighbourhood level.”?* Map-
ping trauma events requires deciding
between vector- and raster-based
representation. Vector-based repre-
sentation (i.e., point, line and area
maps) typically use data that are
already associated with predefined
administrative units such as census
tracts or postal codes. Vector-based
GIS tends to aggregate such areal
units to create incidence rate maps,
while raster-based representation

(grid cell maps) generally uses neigh-
bourhood functions to create a con-
tinuous surface that shows health
event density.” Vector-based repre-
sentation is commonly used in epi-
demiology because it allows for ecasy
linkage and spatial aggregation of
trauma events to the same areal units
as census-based population data.
This allows the relation between
trauma and the socioeconomic, cul-
tural and demographic characteristics
of an area to be examined either
visually or statistically.'?#33¢

When mapping trauma rates using
administrative or statistical areal units,
one must be aware of the potential
unreliability of rates derived from
small numbers, as well as the impact
of the modifiable areal unit problem
(MAUP) on statistical results and
spatial patterns.'”** Unreliable inci-
dence rates can be mitigated in
trauma studies through the use of so-
phisticated statistical techniques such

as empirical Bayesian smoothing or
probability mapping.”* Because of
the relative infrequency of trauma
events, especially specific or major in-
jury, recent trauma studies have used
Bayesian analysis to stabilize mapped
injury rates.”*

The MAUP is an unresolved prob-
lem inherent to mapping and statis-
tical analysis that uses areal data.”
Statistical results or mapped patterns
derived from these data are affected
by the scale (i.e., the number of areal
units) and spatial configuration of the
units used.* Although, as yet, no
solution to the MAUP has been de-
veloped, the awareness of its impact
on analytical results, the importance
of areal unit choice and improved
zone design are consistently identi-
fied as possible means to reduce the
negative impacts of the problem."”*
The following example illustrates the
importance of accounting for spatial
scale when mapping trauma.

™

2001-2006 trauma counts
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Health Service Delivery Areas
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13 - Okanagan
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21 - Fraser East

22 - Fraser North

23 - Fraser South

31 - Richmond

32 - Vancouver

33 - North Shore / Coast Garibaldi
41 - South Vancouver Island
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51 - Northwest
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FIG. 1. Trauma incidence by Health Service Delivery Area (HSDA). The general pattern varies based on the geographic unit used
(e.g., an area within a specific HSDA may have a higher frauma count).



Spatial epidemiology at work: a
preliminary assessment of scale
and injury in British Columbia

The spatial dimensions of severe
frauma injury in British Columbia

In a mountainous jurisdiction such
as British Columbia, the location of
geographic barriers (and transporta-
tion routes) have heavily influenced
settlement patterns.*? Slightly more
than half of the province’s popula-
tion lives within the Vancouver Cen-
sus Metropolitan Area, as defined by
Statistics Canada. Outside the Van-
couver area, there are substantial
population concentrations in Ab-
botsford and the Fraser Valley, in
southern Victoria and in Kelowna
and the Okanagan Valley. The re-
maining population is dispersed
across the rest of the province in

The spatial epidemiology of frauma —

communities that are best character-
ized as rural and remote, and that
are typically linked to resource ex-
traction.

The sociospatial dimensions of
trauma in British Columbia can be
broadly illustrated by examining dis-
tribution at a range of geographical
scales including health service delivery
areas (HSDAs), census subdivisions
(CSDs), urban area census tracts and
dissemination areas. Figure 1 illus-
trates the incidence of trauma for the
HSDAs in British Columbia. The
HSDAs are intermediate administra-
tive units containing multiple health
care facilities that are spatially or-
ganized to function as an integrated
system, with higher-level services pro-
vided by a regional hospital. The
HSDAs serve wide range of catch-
ment populations (and population
sizes); the largest serves more than a

half-million people and the smallest
serves slightly more than 60 000.
Although useful for the analysis of
rare and airborne diseases, injury rates
calculated for large administrative
areas are problematic because these
areas are often poorly representative
of the underlying sociodemographic
environment.

The CSDs are equivalent in size
to a municipality. On average, each
HSDA contains more than 40 mu-
nicipalities, although these numbers
are substantially higher in the
HSDAs surrounding the Vancouver
Census Metropolitain Area and con-
siderably lower for urban and rural
centres throughout the interior of
the province. The populations of
CSDs range from more than
100 000 people in municipalities
within British Columbia’s Lower
Mainland and the capital district to

0.76-1.00

1.01-1.50
151200
B 201250
B :z00

Source: BC Trauma Registry; BC Vital Statistics

7/ nia B

Location Quotients for Health Service Delivery Areas
(coded by Census Subdivision Type)

Location Quotient Key

LQ < 1.0 observed rates below expected
LQ = 1.0 observed = expected
LQ = 1.0 observed rates above expected

E——— 00 kilometers

* « CSD intersacts multiple HSDA zones

FIG. 2. Location quotients for Health Service Delivery Areas in the province of British Columbia. Note that more rural areas tend

to be associated with higher location quotients.
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1000 people or less in remote re-
gions. Using an approach analogous
to a location quotient, Figure 2 re-
veals the geographic variation of ma-
jor injury within the HSDAs based
on the degree to which the CSD
rates differ from the HSDA-wide
rate. A number of areas are clearly
identified as high-injury areas in
which the actual rates of major injury
are more than double the HSDA-
wide rate.

Figure 3 underscores the variation
between Figure 1 and Figure 2 by
revealing the effect of scale on
trauma rates. Use of a larger scale
(i.e., smaller area) illustrates more
nuanced patterns within HSDAs. As
discussed previously, the MAUP is a
persistent problem, but not one that
should deter analysts from examining
trauma in a spatial context. In British
Columbia, there is no logical spatial

relation between health authority
boundaries and census spatial units.
The latter, however, frequently en-
compass too broad an area to be
meaningful for spatial analysis. Cen-
sus spatial units permit a higher-
resolution portrayal of rates and are
therefore useful for understanding
patterns of spatial injury. The ex-
amples presented are not designed to
be a comprehensive spatial analysis of
trauma; rather, they illustrate the po-
tential of GIS as a means to enhance
understanding of spatial patterns in
trauma.

Discussion and Conclusion

The techniques and theory of GIS
offer trauma studies a number of
clear benefits, especially in the area
of injury surveillance. Here, GIS
capabilities could be leveraged to

assist researchers and health prac-
titioners to develop a more compre-
hensive understanding of the risk
of trauma and outcome, allowing
them to improve access to trauma
care, better allocate scarce resources
and develop more effective preven-
tion strategies.**** We reviewed the
current use and promise of GIS
techniques in injury control. In ad-
dition, we identified a key method-
ologic concern: the extent to which
scale can influence the interpretation
of results. Examples from British
Columbia illustrate the potential
utility of mapping and analyzing
trauma at a range of spatial scales.
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FIG. 3. Incidence of severe injury by Health Service Delivery Area (HSDA) and within the Kootenay/Boundary and Okanagan
HSDAs. Trauma rates vary widely within HSDAs, thus scale matters — especially when interpreting mapped results.

J can chir, Vol. 51, N° 5, octobre 2008



Contributors: Drs. Schuurman and Hameed
designed the study and acquired the data.
Drs. Schuurman, Hameed and Simons,
Mr. Fiedler and Mr. Bell analyzed and inter-

preted the data.

Drs. Schuurman and

Hameed, Mr. Fiedler and Mr. Bell wrote the
article, and Dr. Simons reviewed the article.
All authors approved the final version of the
article for publication.

References

10.

11.

12.

13.

. Krug EG, Dahlberg LL, Mercy JA, et al.,

editors. World report om violence and
health. Geneva: World Health Organiza-
tion; 2002.

. Peden M, Scurfield R, Sleet D, et al., edi-

tors. World report on road traffic injury
prevention. Geneva: World Health Orga-
nization; 2004.

. Centers for Disease Control and Preven-

tion (CDC). Update: years of potential life
lost before age 65 — United States, 1988
and 1989. MMWR Morb Mortal Whily Rep
1991;40:60-2.

. Waller JA. Reflections on a half century of

injury control. Am ] Public Health
1994:84:664-70.

. Bonnie R]J, Fulco CE, Liverman CT, edi-

tors; Committee on Injury Prevention and
Control, Institute of Medicine. Reducing
the burden of injury: advancing prevention
and treatment. Washington: National
Academy Press; 1999.

. Angus DE, Cloutier E, Albert T, et al.

The economic burden of unintentional in-
gury in Canadn. Toronto: SMARTRISK;
1998. Available: www.smartrisk.ca/Listing
Contributions.aspx?sd=778&dd=3 (accessed
2007 Jan 19).

. McLafterty SL. GIS and health care.

Annu Rev Public Health 2003;24:25-42.

. Rushton G. Public health, GIS, and spatial

analytic tools. Annu Rev Public Henlth
2003;24:43-56.

. Cromley EK, McLafterty SL. GIS and

public bealth. New York: Guilford Press;
2002.

Faclker T, Pickett W, Brison R]. Socio-
economic differences in childhood injury:
a population based epidemiologic study in
Ontario, Canada. Inj Prev 2000;6:203-8.
Soubhi H, Raina P, Kohen DE. Neigh-
borhood, family, and child predictors of
childhood injury in Canada. Am | Health
Behav 2004;28:397-409.

Haynes R, Reading R, Gale S. Houschold
and neighbourhood risks for injury to
5-14 year old children. Soc Sci Med 2003;
57:625-36.

Shenassa ED, Stubbendick A, Brown M]J.
Social disparities in housing and related
pediatric injury: a multilevel study. Am J

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

The spatial epidemiology of frauma —

Public Health 2004;94:633-9.

Joly M-F, Foggin PM, Pless IB. Geog-
raphical and socio-ecological variations of
traffic accidents among children. Soc Sci
Med 1991;33:765-9.

Braddock M, Lapidus G, Cromley E, et al.
Using a geographic information system to
understand child pedestrian injury. Am J
Public Health 1994;84:1158-61.

Birken CS, Parkin PC, To T, et al. Trends
in rates of death from unintentional injury
among Canadian children in urban areas:

influence of socioeconomic status. CMAJ
2006;175:867-8.

Cockings S, Martin D. Zone design for
environment and health studies using pre-
aggregated data. Soc Scz Med 2005;60:
2729-42.

Black C, Roos LL. Linking and combin-
ing data to develop statistics for under-
standing the population’s health. In:
Friedman DJ, Hunter EL, Parrish RG,
editors. Health statistics: shaping policy and
practice to improve the population’s health.
Oxford: Oxford University Press; 2005.
p. 214-40.

Yang D-H, Bilaver LM, Hayes O, et al.
Improving geocoding practices: evaluation
of geocoding tools. | Med Syst 2004;28:
361-70.

Kivell P, Mason K. Trauma systems and
major injury centres for the 21st century:
an option. Health Place 1999;5:99-110.
Trunkey DD. Trauma. Sci Am 1983;249:
28-35.

Peters J, Hall GB. Assessment of ambu-
lance response performance using a geog-
raphic information system. Soc Sci Med
1999;49:1551-66.

MacKenzie EJ, Rivara FP, Jurkovich GJ,
et al. A national evaluation of the effect of
trauma-center care on mortality. N Engl |
Med 20065354:366-78.

Nathens AB, Jurkovich GJ, MacKenzie EJ,
et al. Resource-based assessment of trauma
care in the United States. | Trauma 2004;
56:173-8.

Branas CC, MacKenzie EJ, Williams JC,

et al. Access to trauma centers in the
United States. JAMA 2005;293:2626-33.

Schuurman N, Fiedler R, Grzybowski S,
et al. Defining rational hospital catch-
ments for non-urban areas based on
travel-time. Int | Henlth Geogr 2006;5:43.
Breckenridge MB, Tallia AF, Like RC.
Display of small-area variation in health-
related data: a methodology using resistant
statistics. Soc Sci Med 1988;26:141-51.
Wakefield J, Elliott P. Issues in the statis-
tical analysis of small area health data. Staz
Med 1999;18:2377-99.

Brabyn L, Wilkins D. Mapping health

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Can J Surg, Vol. 51, No. 5, October 2008

events — a comparison of approaches.
Health Informatics ] 2001;7:207-13.

Braddock M, Lapidus G, Gregorio D,
et al. Population, income, and ecological
correlates of child pedestrian injury.
Pedintrics 1991;88:1242-7.

Kendrick D, Mulvaney C, Burton P, et al.
Relationships between child, family and
neighbourhood characteristics and child-
hood injury: a cohort study. Soc Scz Med
2005;61:1905-15.

Noland RB, Quddus MA. A spatially disag-
gregate analysis of road casualties in Eng-
land. Accid Anal Prev 2004;36:973-84.

Pomerantz WJ, Dowd MD, Buncher CR.
Relationship between socioeconomic fac-
tors and severe childhood injuries. | Urban
Health 2001;78:141-51.

Reading R, Langford IH, Haynes R, et al.
Accidents to preschool children: compar-
ing family and neighbourhood risk factors.
Soc Sci Med 1999;48:321-9.

Nakaya T. An informational statistical ap-
proach to the modifiable areal unit prob-

lem in incidence rate maps. Environ Plan
A 2000;32:91-109.

Bailey TC, Gatrell A. Interactive spatinl
data analysis. Essex: Pearson Education
(Longman); 1995.

MacNab YC. Bayesian spatial and eco-
logical models for small-area accident and
injury analysis. Accid Anal Prev 2004;36:
1019-28.

Williams KG, Schootman M, Quayle KS,
et al. Geographic variation of pediatric
burn injuries. Acad Emerg Med 2003;10:
743-52.

Fotheringham AS, Brundsdon C,
Charlton M. Quantitative geography: per-
spectives on spatial data analysis. London:
Sage; 2000.

Openshaw S. The modifiable areal unit
problem. Concepts and techniques in mod-
ern geography. Norwich: GeoBooks; 1984.
Openshaw S. Ecological fallacies and the
analysis of areal census data. Environ Plan
A 1984a;16:17-31.

Watson DE, Krueger H, Mooney D, et al.
Planning for renewal: mapping primary
health cave in British Columbin. Vancou-
ver: Centre for Health Services and Policy
Research (CHSPR); 2005.

Hameed SM, Popkin CA, Johnson EW,
etal. The epidemic of pediatric traffic in-
juries in south Florida: a review of the
problem and initial results of a prospective
surveillance strategy. Am | Public Health
2004;94:554-6.

Pierce JA, Ray LU, Wood S, et al. Creat-
ing and using a geographic information
system for motor vehicle-related injury

surveillance in San Diego County. Top
Emerg Med 1999;21:26-31.

395



