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a b s t r a c t

Purpose: An injury surveillance information system (ISIS) collects, analyzes, and distributes data on in-
juries to promote health care delivery. The present study aimed to review the data elements and
functional requirements of this system.
Method: This study was conducted in 2019. Studies related to injury surveillance system were searched
from January 2000 to September 2019 via the databases of PubMed, Web of Knowledge, ScienceDirect,
and Scopus. Articles related to the epidemiology of injury, population survey, and letters to the editor
were excluded, while the review and research articles related to ISISs were included in the study. Initially
324 articles were identified, and finally 22 studies were selected for review. Having reviewed the articles,
the data needed were extracted and the results were synthesized narratively.
Results: The results showed that most of the systems reviewed in this study used the minimum data set
suggested by the World Health Organization injury surveillance guidelines along with supplementary
data. The main functions considered for the system were injury track, data analysis, report, data linkage,
electronic monitoring and data dissemination.
Conclusion: ISISs can help to improve healthcare planning and injury prevention. Since different coun-
tries have various technical and organizational infrastructures, it is essential to identify system re-
quirements in different settings.

© 2020 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Injury is an event resulted from the external causes which may
occur intentionally or unintentionally and is a key topic in the social
and economic domains.1 Injury imposes a heavy burden on different
communities, especially in low-income and less-developed coun-
tries.1,2 However, in developed countries, adequate investments,
public culture promotion, andmedia advertisement have assisted in
overcoming this issue.2,3 As predicted by the World Health Orga-
nization (WHO), injury caused by motor vehicle accident will be the
third leading cause of life lost around the world by 2020, and
contribute to 16% of the burden of diseases worldwide in 2030.4

It is notable that many injuries can be prevented with the aid of
effective approaches. For instance, if the injury indices are calcu-
lated and reported precisely, it can be used to make the policy and
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mitigate the burden of injury, as well as optimize the provision of
services.5 To achieve the goal and apply WHO's injury surveillance
guidelines, many countries, such as the United States (US), Canada,
Australia, and China started to use computers for injury data
management.6e8 In fact, the management of a huge amount of
injury data (e.g. who, when, how, why, and where) demonstrates
the need for injury surveillance information systems (ISISs).9 The
system facilitates managing injury data for making a better plan in
the healthcare sector and directing research endeavors in the field
of injury.1 Moreover, the development of strategies and the
implementation of injury prevention protocols in the healthcare
system can be simplified by using data and reports derived from
this system. These data can help to reduce injury-related morbidity
and mortality. And the system can be able to share data integrated
with other information systems.10 Other advantages of ISIS are
increasing access to data at the right time, enhancing the quality of
care, reducing medical and medication errors, decreasing docu-
mentation time, linking different sources of injury data, and
providing rich data for research.5,10
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The European association for injury prevention and safety pro-
motion noted that the management of injury data is a difficult and
challenging process. Regardless of the system design and imple-
mentation, it seems that integrating various sources of injury data
needs double effort.11 However, many researchers believe that the
benefits of using ISIS are more than its challenges and the system
can help to develop preventive programs which eventually de-
creases injury and violence.1,10,12

In order to collect injury related data, different countries have
adopted various programs and systems. The joint action on moni-
toring injuries in Europe, the Canadian hospitals injury reporting
and prevention program, the injury data online tool, the injury
surveillance system unit in Australia, hospital-based injury sur-
veillance systems, the Shantou-emergency department (ED) injury
surveillance project in China, and the national injury surveillance
system in South Korea are some of these programs and sys-
tems.13e16 It is noteworthy that despite developments in technol-
ogy and recommendations on the use of ISIS to prevent injuries and
reduce the rate of mortality, the process of developing and using
such a system is globally slow especially in developing and un-
derdeveloped countries.17,18 In other countries, a majority of these
systems aim to report the proportion and characteristics of injuries
in the at-risk population,15,16 and there is no global standard for
collecting injury data or a unique list of functional requirements for
developing this system.9,19 In fact, as essential data may be lost and
misinterpreted in the manual and non-electronic documentation
systems and this in turn may lead to leave policymakers facing a
shortage of information, the electronic collection and transfer of
injury data has been recommended.20e22 As noted in WHO's injury
surveillance guideline, the amount and types of the data collected
by an ISIS depend upon the country's health system priorities as
well as available resources. Therefore, apart from the minimum
data set (MDS) suggested by WHO, extra information can be added
based on the specific requirements.1 Not only data elements can be
various in such a system, but also system functions can be defined
according to the users' requirements.9 For example, ISIS should be
user-friendly, able to analyze data, and provide an easier commu-
nication and connectivity between the data resources.22 However,
few researchers have addressed different types of the data and the
functions that can be used in an ISIS. Therefore, this research aimed
to review studies inwhich the data and functions of ISISs have been
discussed. This study can help to gain a better understanding of the
system and facilitate to design a more complete system in the
future.

Methods

It was a review study conducted in 2019. In this research, we
focused on the studies in which data elements and functions of
ISISs were discussed. To retrieve the articles, extensive literature
search was conducted via the databases of Web of Science, Scien-
ceDirect, Scopus, and PubMed from January 2000 to September
2019. The keywords were “information system”, “injury”, “wound”,
“trauma”, “surveillance”, “injury surveillance information system”,
“injury data network”, and “public health surveillance”which were
combined by using and/or Boolean operators. The terms were
selected based on the MeSH terms and the keywords used in the
related articles. A medical librarian was also consulted in devel-
oping search strategies. In addition, the reference lists of the rele-
vant articles were investigated to find other studies. In some cases,
the authors of the papers were contacted to obtain the full text of
the articles. Articles merely related to the epidemiology of injury,
population survey, and letters to the editor were excluded, while
the review and research articles related to ISISs were included in
the study. Finally, citation analysis was conducted to detect any
additional relevant records that might be missed in the initial
database search.

Initially, 324 articles were identified. After removing duplicates,
two researchers screened the retrieved papers to identify the
relevant papers by reading the title and abstract. Removing irrel-
evant papers, full-text articles were examined and some of them
were excluded due to poor consistency with the aim of the
research. Finally, 22 articles remained for the review study. Having
reviewed the articles, the needed data were extracted and the re-
sults were synthesized narratively. Fig. 1 illustrates the process of
searching articles.

Results

As mentioned previously, 22 articles were selected for further
analysis. The distribution of the published papers per country
showed that Australia had the largest number of published papers
in the field of study (n ¼ 4). The highest number of the relevant
articles (n¼ 3) was published in 2009, 2011 and 2016. The results of
the studies were divided into the ISIS data elements and ISIS
functions. A summary of the selected articles is presented in Table 1.

ISIS data elements

The results showed that most articles emphasized on the use of
the MDS for injury surveillance. As suggested by WHO, the MDS
includes demographic and injury-related variables, such as place of
occurrence, activity, injurymechanism, intent and nature of injury.1

However, apart from theMDS suggested byWHO,many other types
of data have been recommended to be used in injury surveillance
systems. Some of these data are summarized below.

Core and supplementary data
In some studies, the data elements of ISIS were divided into two

categories of core and supplementary data and each category
included a mandatory and optional MDS.1,13,26 The core data con-
sisted of a personal identifier, place of occurrence, activity, nature of
injury, injurymechanism, and intent of injury, whereas the optional
data set comprised of external causes of injury, injury severity, race/
ethnicity, date/time of injury, and disposition.1 The supplementary
data were related to the type of injury. For instance, in a traffic
accident, in addition to core data, type of the road and mode of
transport can be recorded as the main supplementary data, and
data, such as type of the vehicle can be recorded as optional sup-
plementary data.1,13 In the injury data base (IDB) which was
developed by joint action on monitoring injuries in Europe, a full
injury surveillance data set (FDS) was defined by collecting and
linking the injury data from the EDs of hospitals in European
countries. In this data set, 24 data elements were selected as the
core IDB/FDS data and included unique national record number,
date/time of treatment, follow-up attendance, and the country
sharing the data.11

In another study conducted by Sklaver et al.24 on the imple-
mentation of ISIS in Columbia, El Salvador and Nicaragua, the MDS
was developed by using the international classification of external
causes of injury and WHO's guidelines. They concluded that phy-
sicians, nurses and hospital managers as well as the education
committee andmembers in charge of injury surveillance need to be
educated for accurate documentation. The MDS recommended by
Sklaver et al.24 included mandatory core data, such as intent and
mechanism of injury, object/substance producing injury, place of
occurrence, activity when injured, alcohol use, psychoactive drug
or substance use. The optional core data included type of violence,
transport, place, sports, and occupation. In this study, the



Fig. 1. Process of searching articles.
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supplementary data elements consisted of clinical data, severity of
injury (mild, moderate and severe) and discharge status.

Mitchell et al.7 found that the use of understandable MDS and
self-defined data elements is essential for exchanging data among
different systems. They also emphasized that recording mandatory
data, such as injury incidence data, location of injury, activity when
the injury occurred, diagnosis and at least one external cause
classification and information on injury severity are necessary.

Duan et al.20 studied the application of an electronic data
collection system for integrating injury data sources and promoting
data quality. In their study, core data elements were divided into
two categories of mandatory and optional data. The mandatory
data included national ID number, sex, age and data elements
related to the injury. The optional data included race or ethnicity of
the injured person, the place of residence of the injured person,
education level and occupation.

Epidemiological data
Santijiarakul et al.13 investigated ISIS and injury data manage-

ment in 11 countries in Southern Asia and the Mediterranean re-
gion. They introduced injury surveillance in the framework of
epidemiology which comprised of three parts: (1) surveillance (to
know what has happened to whom, where and when), (2) inves-
tigation (to confirm the cluster of injury problems, to know or get
primary evidence about how and why certain injuries occur in
specific risk groups) and (3) epidemiological studies (to gain evi-
dence on the hypotheses derived from surveillance and investiga-
tion). This framework depended upon using an MDS along with
other supplementary data. The data elements in this study included
two domains of general information (name, sex, age, ID number,
region, education, occupation) and information about injury (date
and time of injury, date and time of visit, mechanism of injury, place
of occurrence, activity, nature of injury, severity, injured body part,
clinical diagnosis and disposition status).13

In another study, Zavala et al.25 described a pilot project to test
the implementation of an epidemiological surveillance system for
intentional (violent) and non-intentional injuries at EDs in the
selected hospitals of five African countries. In this system, various
data elements including type of injury, cause of incidence, time,
place and mechanism of injury, injured part of the body and the
person's activity during injury were considered. These data were
selected based on the guidelines suggested by WHO and the Pan
American Health Organization.25

Hospital-based data
Motevalian et al.17 believed that the lack of a unified injury data

collection method and the absence of a framework for cooperation
among healthcare institutes are the main challenges ahead of
effective injury data collection. In their study, data elements such as
pre- and post-hospital death, severity and site of injury, monthly
follow-up results, way of arrival to the hospital and a link to trauma
registry were found to be important for injury surveillance.17

In another study, Lakshmi et al.24 developed a comprehensive
hospital-based injury surveillance database. It was developed
based on WHO injury surveillance guidelines and had three major
sections: patient demographics, details of injury and events after
injury. The details of the injury included the intent, mechanism,
nature and site of injury, activity that the patient was involved in
when the injury occurred, place of injury and alcohol or substance
use.

Similarly, Chow et al.26 developed an electronic ED-based injury
surveillance system in Hong Kong. The initial system only collected
data on name, sex, age, address, eight general categories of injury
types (traffic, domestic, common assault, indecent assault, batter,



Table 1
Data elements and system functions.

No Author, Year Data elements System functions Results

1 Auer and Anderson23 (2001) Personal data: patient demographic data
Injury data: intention, date, nature, location, severity,
alcohol use, environmental factors, injury outcomes,
preventive measures, cause of injury and diagnosis

Basic analyses and report generation at the community
level

Strength: promoting disassociation between
information and community action.
Challenge: obstructing potential linkages between
information and action by the external sources of data

2 Sklaver et al.24 (2008) Personal data: socio-demographic data
Injury data: intention, activity, location, injury
mechanism, cause of injury, occupation, severity

Data analysis and dissemination over time, regional
data sharing, integrated electronic reporting

Strength: using injury data to structure interventions
designed to improve public health outcomes
Challenge: collaborating with national and local
partners

3 Zavala et al.25 (2008) Personal data: socio-economic data
Injury data: location, date, nature, activity, alcohol use,
drug use

Electronic data collection, data quality control,
reporting

Strength: helping researchers to generate evidence-
based recommendations by using detailed information
Challenge: a sustained commitment of both health care
professionals and local health officials

4 Tham et al.14 (2009) Personal data: patient demographic data
Injury data: activity, diagnosis, cause of injury, nature,
intention, time, place, discharge status, jaw & dental
injury, sports and traffic incidents, assaults, injury
mechanism, protective equipment Financial data

Sending free text data, electronic structured form for
collecting orodental injuries, integrating clinical notes
into the electronic patient record

Strength: developing an enhanced electronic orodental
injury structured history form for collecting key injury
surveillance data.
Challenge: data quality issues

5 Liu et al.6 (2009) Personal data: patient demographic data
Injury data: cause of injury, location, intention, severity,
clinical procedures, diagnoses and discharge
information

Link to the trauma registry, injury reporting, data
linkage, data quality control

Strength: making suggestions for developing a national
injury surveillance system for China and other low-
resource regions
Challenge: hiring full-time, professional staff for
monitoring injuries in order to provide a better work
environment

6 Mitchell et al.9 (2009) WHO's core minimum and optimal data sets for injury
surveillance

Data linkage, data quality control, security protocols,
geocoding, data analysis, data interpretation, routine
dissemination of information

Strength: providing a framework tailored to evaluate an
injury surveillance system
Challenge: using loosely defined characteristics in
evaluations

7 Cinnamon and Schuurman18 (2010) Personal data: patient demographic data
Injury data: causes of injury, type of injury, injury
location
Spatial data

Link to trauma registry, social web 2.0, geo-web tools
for injury surveillance, geocoding, data visualization

Strength: examining the potential for Social Web and
GeoWeb technologies to contribute to public health
data collection and analysis in low-resource settings
Challenge: complying with legal terms and condition as
well as paying attention to security breaches

8 Fitzharris et al.15 (2011) Personal data: patient demographic data, occupation
Injury data: mode of arrival to the hospital, severity,
mechanism, location, codes and clinical indicators (e.g.,
ISS, GCS, RTS, TRISS, AIS), outcomes
Financial data

Analyzing data, data quality control Strength: highlighting the need for the adoption of
standardized injury coding indices in the collection and
reporting of patient health data
Challenge: lack of uniformity in the reporting of patient
information and the limited use of standardized
severity indices

9 Motevalian et al.17 (2011) Personal data: Unique identifier, patient demographic
data, region
Injury data: date, place, type and outcome mode of
arrival to the hospital, situation of the injured patient,
alcohol or opioids use, other involved participants in the
accident, intention, severity, site of injury, side effects of
surgery and medication, one month follow-up results

Integration of injury surveillance system with hospital
information system, use of geographical information
system (GIS) for data analysis, reporting

Strength: identifying some problems in all components
of the current injury surveillance system
Challenge: inconsistency in the collected data and
underreporting intentional injuries (suicide,
interpersonal violence, violence against women or
children, domestic violence) in the national injury
surveillance system

10 Auer et al.16 (2011) Injury surveillance minimum data set Data collection, analysis, interpretation, dissemination Strength: offering an ISS evaluation template based on
the WHO guidelines
Challenge: investigating factors that successfully link
the production of injury data with its use and factors
that strengthen a system and support sustainability
over time

11 Santijiarakul et al.13 (2012) Injury surveillance minimum data set Data entry and transfer, classification and coding, data
analysis and reporting

Strength: reviewing the situation of injury surveillance
in countries of the Asia-Pacific Region.
Challenge: lack of expertise at the country level and
paucity of manpower

(continued on next page)
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Table 1 (continued )

No Author, Year Data elements System functions Results

12 Chow et al.26 (2012) Personal data: patient demographic data
Injury data: eight general categories of injury types
(traffic, domestic, common assault, indecent assault,
batter, industrial, self-harm and sports) and disposal
from ED
Spatial data

Web-based data mining, data quality monitoring,
integration of injury surveillance-data with in-patient
hospital information, geo-coding and body mapping

Strength: developing an electronic emergency
department (ED)-based injury surveillance (IS) system
by using data-mining and geo-spatial information
technology
Challenge: engaging all stakeholders in designing and
implementing the system

13 Zhang et al.27 (2013) Injury surveillance minimum data set On-line query systems, data quality control, data
linkage

Strength: conducting on-line queries to evaluate system
performance
Challenge: data quality issues

14 Wainiqolo et al.3 (2013) Personal data: patient demographic data
Injury data: place, activity, mechanism, intent, nature of
injury, use of alcohol, kava and other substances

Data quality control, security protocols Strength: developing and piloting a population-based
trauma registry
Challenge: ensuring completeness of data collection

15 Mitchell et al.7 (2014) Personal data: unique identifiers, patient demographic
data
Injury data: place, activity, mechanism, intent, nature of
injury, diagnosis, external cause of the injury

Data linkage, web-based data collection, web-based
data warehouse

Strength: outlining some of the key issues for injury-
related data linkage studies
Challenge: Obtaining authorization to link injury data
collections and data quality issues

16 Duan et al.20 (2015) Personal data: patient demographic data
Injury surveillance minimum data set

Data quality control, reporting, link to the hospital
information system

Strength: potential to describe injury morbidity and to
be utilized to develop national technical and policy
document
Challenge: data quality issues

17 Calba et al.28 (2015) Injury surveillance minimum data set Graphical representation of the outputs, surveillance
network assessment tool, data dissemination, data
linkage

Strength: comparing the advantages and limitations of
evaluation approaches
Challenge: a lack of information regarding the selection
of methods and tools to assess the evaluation attributes

18 Lakshmi et al.29 (2016) Personal data: socio-demographic data
Injury data: intention, mechanism, nature, site of injury,
activity, place of injury, alcohol or substance use), and
outcomes

Link to trauma registry, generating reliable reports, data
quality control

Strength: exploring the feasibility of a secondary level
hospital-based surveillance system
Challenge: incorporating injury surveillance as a routine
feature in the emergency department

19 Lyons et al.5 (2016) Emergency department data set
Injury data: location, intent, mechanism and activity
Joint action on monitoring injuries in Europe minimum
data set

Data linkage, data quality control, privacy protocols,
web-based injury reporting

Strength: transforming the utility of a traditional single-
source surveillance system to a multisource system.
Challenge: a lack of data linkage between surveillance
systems

20 Martinez et al.21 (2016) Personal data: patient demographic data
Injury data: intention, mechanism, nature, site of injury,
activity, place of injury, alcohol or substance use), and
outcomes

Data storage and management, data exploration and
visual analytic Data visualization, dashboard, reporting,
web-based applications and services for data
dissemination, injury tracking

Strength: proposing a visual analytic and visualization
platform in public health surveillance for injury
prevention and control
Challenge: expanding the use of visual analytics and
data visualization for injury prevention and control

21 Yeomans et al.19 (2019) Personal data: patient demographic data
Injury data: nature, site of injury, injury recurrence,
treatment/management of injury

Web-based surveillance system, information sharing,
injury tracking

Strength: introducing facilitators and barriers to injury
surveillance within amateur sport
Challenge: poor player adherence and medical staff
unavailability

22 Soomro et al.30 (2019) Personal data: patient demographic data
Injury data: intention, mechanism, nature, site of injury,
activity, place of injury, initial treatment, actions taken
after the injury, referral

Mobile app, injury reporting, graphical reports, injury
tracking, daily fitness tracker, player app, coach app,
workload reporting, data analysis

Strength: providing a guide to the architecture and
framework for developing an injury surveillance and
workload monitoring mobile app
Challenge: lack of alerts and reminder alerts

ISS: injury severity score, GCS: Glasgow coma score, RTS: revised trauma score, TRISS: trauma injury severity score, AIS: abbreviated injury score, ED: emergency department.
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industrial, self-harm and sports) and disposal from ED. The injury
surveillance data were integrated with in-patient hospital infor-
mation and finally, geo-spatial information and body mapping
were added to show the exact place of injury in an electronic map
and site of injury on body map.26

In a project conducted by Liu et al.6 in China, injury data were
recorded on the injury surveillance forms on a monthly basis and
were entered into a database. Then, a trained specialist coded the
injuries and their causes. In this project, incomplete data elements
were mostly related to the outcomes of injury, diagnoses, and the
severity of injury. Name, sex, age, address, date and time of
admission, injury cause and location, injury intention, injury
severity, procedures, diagnoses and discharge information were
among the data elements considered in this study.6

In another study, Wainiqolo et al.3 divided all injury data ele-
ments into three sections; namely, demographic data, injury event
data, and hospital data. In this study, the minimum data set
included demographic data (name, age, gender, ethnicity), details
on the injury events (activity, intent, nature and mechanism of
injury based on the international classification of diseases, external
causes of injury, alcohol abuse, and other substances) and contex-
tual data (date and time of admission and discharge, use of inten-
sive care facilities and outcomes).3
Other types of data
In some studies, more specific types of data were suggested to

be included in an ISIS. For instance, in a study conducted by Tham
et al.14 the application of ISIS in dental injuries was investigated. In
this study, the main data elements included the location of injury,
cause of injury, activity at the time of injury, intent and description
of injury, discharge/follow-up/referral status. However, diagnostic
data were related to oral and dentistry injuries, such as concussion,
subluxation, intrusive luxation, extrusive luxation, lateral luxation,
and avulsion.14

The use of classification systems and determining the severity
score of injury are important in an ISIS.3 The findings of the study
conducted by Fitzharris et al.15 showed that international classifi-
cations such as ICD-10, injury severity score, Glasgow coma score,
revised trauma score, and abbreviated injury scale could be used in
ISISs. In this study, the authors emphasized the use of MDS as a tool
for improving the quality of injury documentation and evidence-
based policy-making. They also stated that no job-related infor-
mation is available in most cases of injury, and there is only a
limited document available about pre-hospital health care and
finances.15

Zhang et al.27 compared online queries of job-related injuries
by using three ISISs. The ISIS in the US could search eight data
elements (treatment dates, product codes, sex, age, body part,
diagnosis, location and disposition), the ISIS of the European
Union could search 13 data elements, and Japan's injury infor-
mation data bank could search nine data elements including date
of accident, product name, manufacturer/importer, type of injury,
details of accident, usage period of the product, cause of accident,
and measures for recurrence prevention of accident). The results
of this study showed that the system in the US had a better
performance.27

In another study, Auer and Anderson23 stated that in addition to
the minimum data set, injury due to environmental causes (e.g.
road condition), treatment outcomes, preventive measures (such as
fastening the seatbelt), brief description of the event, diagnosis of
injury based on the international classification of diseases, external
causes of injury, and the severity of injury should be considered for
injury surveillance systems.
ISIS functions

The results showed that few studies discussed the functions of
ISIS. Some of these functions are injury tracking, data monitoring,
data linkage, using geographic information system (GIS)/Geoweb,
reporting, analyzing and disseminating data as well as using se-
curity standards which are presented in the following sections.

Injury tracking
Sklaver et al.24 believed that ISIS is vital for outcome evaluation,

and defined an electronic structure for it which could collect, track,
and share injury data as well as generate reports for different levels
of the healthcare system. Duan et al.20 recommended the use of
electronic reporting and found these reports useful for injury
tracking. In another study, Yeomans et al.19 introduced injury
tracking as a system function which is necessary for accessing
injury data. The researchers noted that before creating a system,
injury data flow should be investigated in detail to be able to track
injuries.19

Data monitoring
Injury data must be continuously monitored to ensure that data

quality is extremely high. Therefore, it is essential to design an
appropriate database. Accordingly, Cinnamon et al.18 indicated that
ISIS provides an opportunity to exchange data electronically and
reduce data quality challenges. Similarly, the results of the study
conducted by Lakshmi et al.29 showed that a large electronic
database can support injury surveillance processes and overcome
data quality issues. Similarly, Motevalian et al.17 explained that an
appropriate database for an ISIS should be able to monitor data
quality continuously.

Data linkage
Data linkage is among the most important functions of an ISIS

and generally, it is expected that different types of injury data are
collected and transferred from multiple sources and different or-
ganizations into the ISIS.21 Lyons et al.5 considered data linkage as
an essential component for monitoring and promoting data quality.
Mitchell et al.7 found it as a key function for the system and
believed that the process of linking data can be more effective by
using a web-based data warehouse. Similarly, Motevalian et al.17

argued that single-source systems often failed to record all injury
data or they only recorded part of the necessary data, which did not
have much value for injury surveillance. In this case, loss of
important data posed a challenge to injury prevention and control.

GIS/Geoweb
According to the findings, GIS helps to identify the location of

injury and at-risk populations. Chow et al.26 found that geo-spatial
surveillance system collected valuable information for safety pro-
motion and injury prevention. In their study, the use of geo-codes
showed the exact place of injury in an electronic map and facili-
tated injury management processes. In another study, Martinez
et al.21 indicated that in addition to the data elements suggested by
WHO, GIS should be used to speed up injury management pro-
cesses and identify at-risk regions and populations. Similarly, the
use of Geocode and Geoweb tools provides an opportunity for
getting an easier access to data related to the location of injury.18

Reporting
According to Chow et al.,26 multi-level reporting for injury was

a key function of the ISIS. The findings of their study revealed that
care for injured persons could be enhanced via electronic and
visual reporting of injury events.26 In another study, Auer et al.16

discussed different types of web-based reporting tools which
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can assist managers and policy-makers to generate the reports
that they needed.

Analytics tools
Data discovery and generating reports can help to increase the

chance of using the data by policy-makers and injury surveillance
managers. Martinez et al.21 highlighted the importance of using
data visualization platforms in ISIS to generate various types of
graphs and diagrams. Similarly, Calba et al.28 discussed the appli-
cation of a system which could produce visual outputs.

Data dissemination
The possibility of distributing injury data is another important

function of an ISIS which is performed based on data sources and
access levels to injury data.1,13 Before data dissemination, injury
data need to be filtered and summarized according to the confi-
dentiality policies and users’ requirements. This approach can
maintain the privacy of data while reducing costs and time.21

Dashboards are useful tools for data distribution. They consider-
ably reduce costs, prevent loss of data, and offer timely and un-
derstandable reports.12

Security standards
The appropriate use of security standards is a key factor

affecting data linkage and data exchange among healthcare orga-
nizations or other institutions involved in injury surveillance.19,26

Aure et al.16 highlighted security and confidentiality as the attri-
butes of a good injury surveillance system. In fact, a lack of a secure
context for data exchange can lead to inefficiency and disruption in
other system functions.7,21

According to Lyons et al.,5 applying security standards is
necessary for an ISIS. In this case, the injury data can be protected
and collected continuously from all regions and the process of
injury surveillance can be improved. It is also argued that the use of
web-based security protocols can help to promote security and
privacy of data.19 In another study, Santijiarakul et al.13 believed
that ISIS must be able to link data sources in a secure and private
environment in order to improve the integrity and confidentiality
of injury data.

Discussion

The ISIS provides useful information for developing strategies,
planning, implementing interventions and allocating resources in
injury prevention. This system helps to improve the accessibility of
information at any time and any place and facilitates predicting
injuries as well as linking data from various sources and
regions.7,24,31

The results of the present study revealed that the data elements
required for the ISIS are diverse. While the majority of studies used
the minimum data set suggested by WHO, in some studies, more
supplementary data elements were proposed to cover different
aspects of injury.21,23,26 For example, some researchers suggested
adding ICD-10 codes to complement data elements.3,5,7,9,13,15,23

The use of several data elements helps to gain a better under-
standing of the injury concept and facilitates the process of injury
monitoring and surveillance. Moreover, these data can be used for
different levels of injury prevention which include primary pre-
vention (to prevent injury events), secondary prevention (to miti-
gate the nature and severity of injury), and tertiary prevention (to
offer timely and appropriate medical care and rehabilitation).30

It is noteworthy that with respect to the large volume of injury
data, applying an electronic system seems to be inevitable to
simplify the process of data collection.8,26 Since the majority of
healthcare centers possess scattered data on injury, it is essential to
pay more attention to the data standardization and quality in the
ISIS. To achieve this, data collection processes should be defined
and online tools need to be developed.24 The results of the present
study suggested that the ISIS should act like a quality control tool to
check the quality of the data, because in the future the valid deci-
sion will depend on the current data quality.3e5,9,11,13e17,27

According to the results, the functions of the ISIS must be in line
with the requirements of those who use the data. In fact, improving
system functions and resolving challenges can help to improve the
acceptance level of the system, leading to a better use of the sys-
tem.11,16 For instance, the results of the study conducted byWatson
et al.32 showed that data linkage can prevent data loss, enhance the
quality of data analysis and interpretation and clearly demonstrate
feedback at all levels. In another study, Bunn et al.33 discussed the
cost-effectiveness of data linkage and suggested to use ED data for
injury surveillance to save time, resources and costs. They believed
that this approach increased the precision of decision-making
processes and promoted the quality of care.33

In terms of injury data analysis and distribution, some re-
searchers noted that the system must reduce the complexity in the
data and be used for data discovery, data sharing and injury
monitoring and tracking by using visual reports, such as graphs,
figures, maps, Geoweb tools and GIS.9,15,26 Therefore, it seems that
useful system functions can considerably decrease the costs, pre-
vent data repetition and loss of data, and offer timely and under-
standable reports as well as effective feedback.21 Finally, it must be
declared that the opinions of clinical staff and injury surveillance
experts should be carefully considered before designing ISIS
because they are the main users of the system. This approach can
ensure successful system implementation in the future.

In the current study, data elements and functions required for an
ISIS were reviewed to gain a better understanding of the system for
future development. However, this study had some limitations.
First of all, the number of databases was limited. Although only four
databases were searched due to the time and resource restrictions,
theywere themost relevant databases and the researchers believed
that they could obtain relevant papers for the study. The second
limitation was related to the number of the selected papers for the
study. In fact, the number of studies with adequate details about the
data elements and the function of an ISIS were very limited and the
researchers had to select the most relevant studies to the topic of
research. Moreover, the searchwas limited to the full text published
papers in English between 2000 and 2019. Therefore, there might
be papers and documents which have been discarded from the
study due to not meeting the inclusion criteria. As a result, con-
ducting a more rigorous systematic review is proposed for the
future.

The accuracy, precision and completeness of injury data docu-
mentation and management can be promoted by using standard
data elements, controlling data quality, linking data sources, and
utilizing security and privacy protocols. Therefore, an integrated
information system is necessary to collect accurate and timely data
about the injury for future decision making and public health in-
terventions. These features can be considered in an ISIS. This sys-
tem includes a minimum data set (e.g. demographic information
and injury data, such as the type, nature, and mechanism of injury)
as well as the supplementary data describing the injury event, such
as the environmental condition. Along with the data elements,
system functions, such as data linkage, data monitoring, reporting,
data analysis and distribution should be considered.

Since different countries have various technical and organiza-
tional infrastructures, it is essential to identify system requirements
and injury data flow in different settings. Moreover, it is necessary
to conduct a feasibility study to examine the opportunities and
challenges ahead of system design and implementation. Future
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studies should also consider the influence of new technology and
social media on collecting injury data.

Funding

This study was funded and supported by Iran University of
Medical Sciences, Tehran, Iran (IUMS/SHMIS_1394/9221563205).

Ethical Statement

Ethical clearance was obtained from the institutional ethics
committee of the hospital before the start of the study. Written
informed consent was obtained from each patient before the
conduct of the study.

Declaration of Competing Interest

The authors declare that they have no conflicts of interest.

References

1. Holder Y, Peden M, Krug E, et al. Injury Surveillance Guidelines. Geneva: World
Health Organization; 2001. https://www.who.int/violence_injury_prevention/
publications/surveillance/surveillance_guidelines/en/.

2. Alonge O, Hyder A. Reducing the global burden of childhood unintentional
injuries. Arch Dis Child. 2014;99(1):62e69. https://doi.org/10.1136/archdis-
child-2013-304177.

3. Wainiqolo I, Kafoa B, McCaig E, et al. Development and piloting of the Fiji injury
surveillance in hospitals system (trip project-1). Injury Int J. 2013;44(1):
126e131. https://doi.org/10.1016/j.injury.2011.10.007.

4. Marquez P, Farrington J. The Challenge of Non-communicable Diseases and Road
Traffic Injuries in Sub-saharan Africa: An Overview. Washington DC, USA: World
Bank; 2013.

5. Lyons A, Turner S, Lyons J, et al. All Wales Injury Surveillance System revised:
development of a population-based system to evaluate single-level and
multilevel interventions. Inj Prev. 2016;22:i50ei55. https://doi.org/10.1136/
injuryprev-2015-041814.

6. Liu X, Li L, Cui H, et al. Evaluation of an emergency department-based injury
surveillance project in China using WHO guidelines. Inj Prev. 2009;15(2):
105e110. https://doi.org/10.1136/ip.2008.019877.

7. Mitchell RJ, Cameron CM, Bambach MR. Data linkage for injury surveillance and
research in Australia: perils, pitfalls and potential. Aust NZ J Pub Health.
2014;38(3):275e280. https://doi.org/10.1111/1753-6405.12234.

8. Alanazi F, Hussain S, Mandil A, et al. Towards an electronic national injury
surveillance system in Saudi Arabia. East Mediterr Health J. 2015;21(2):
140e146. https://doi.org/10.26719/2015.21.2.140.

9. Mitchell RJ, Williamson AM, O'Connor R. The development of an evaluation
framework for injury surveillance systems. BMC Publ Health. 2009;9(1):260.
https://doi.org/10.1186/1471-2458-9-260.

10. Bartolomeos K, Kipsaina C, Grills N, et al. Fatal Injury Surveillance in Mortuaries
and Hospitals: A Manual for Practitioners. first ed. Geneva, Switzerland: World
Health Organization; 2012.

11. Rogmans W. Joint action on monitoring injuries in Europe (JAMIE). Arch Publ
Health. 2012;70(1):19. https://doi.org/10.1186/0778-7367-70-19.

12. Kipsaina C, Ozanne-Smith J, Routley V. The WHO injury surveillance guidelines:
a systematic review of the non-fatal guidelines' utilization, efficacy and
effectiveness. Publ Health. 2015;129(10):1406e1428. https://doi.org/10.1016/
j.puhe.2015.07.007.

13. Santijiarakul S, Santikarn C, Chowdhury MS, et al. Profile of Injury Surveillance
Systems in the Member States of the Asia-Pacific Region. World Health Organi-
zation, Regional Office for South- East Asia; 2012.

14. Tham RCA, Cassell E, Calache H. Traumatic orodental injuries and the devel-
opment of an orodental injury surveillance system: a pilot study in Victoria,
Australia. Dent Traumatol. 2009;25(1):103e109. https://doi.org/10.1111/j.
1600-9657.2008.00720.x.

15. Fitzharris M, Yu J, Hammond N, et al. Injury in China: a systematic review of
injury surveillance studies conducted in Chinese hospital emergency de-
partments. BMC Emerg Med. 2011;11(1):18. https://doi.org/10.1186/1471-
227x-11-18.

16. Auer AM, Dobmeier TM, Haglund BJ, et al. The relevance of WHO injury sur-
veillance guidelines for evaluation: learning from the Aboriginal Community-
Centered Injury Surveillance System (ACCISS) and two institution-based sys-
tems. BMC Publ Health. 2011;11(1):744. https://doi.org/10.1186/1471-2458-
11-744.

17. Motevalian A, Tehrani A, Haddadi M, et al. Strengthening injury surveillance
system in iranIran. Chin J Traumatol. 2011;14(6):348e353. https://doi.org/
10.3760/cma.j.issn.1008-1275.2011.06.005.

18. Cinnamon J, Schuurman N. Injury surveillance in low-resource settings using
Geospatial and Social Web technologies. Int J Health Geogr. 2010;9(1):25.
https://doi.org/10.1186/1476-072x-9-25.

19. Yeomans C, Kenny IC, Cahalan R, et al. The design, development, imple-
mentation and evaluation of IRISweb; A rugby specific web-based injury sur-
veillance system. Phys Ther Sport. 2019;35:79e88. https://doi.org/10.1016/
j.ptsp.2018.11.007.

20. Duan L, Deng X, Wang Y, et al. The National injury surveillance system in
China: a six-year review. Injury Int J. 2015;46(4):572e579. https://doi.org/
10.1016/j.injury.2014.12.013.

21. Martinez R, Ordunez P, Soliz N, al er. Data visualisation in surveillance for
injury prevention and control: conceptual bases and case studies. Inj Prev.
2016;22:i27ei33. https://doi.org/10.1136/injuryprev-2015-041812.

22. Crain J, McFaull S, Thompson W, et al. Status report - the Canadian hospitals
injury reporting and prevention program: a dynamic and innovative injury
surveillance system. Health Promot Chronic Dis Prev Can. 2016 Jul;36(6):
112e117. https://doi.org/10.24095/hpcdp.36.6.02.

23. Auer AM, Andersson R. Canadian aboriginal communities: a framework for
injury surveillance. Health Promot Int. 2001;16(2):169e177. https://doi.org/
10.1093/heapro/16.2.169.

24. Sklaver BA, Clavel-Arcas C, Fandi~no-Losada A, et al. The establishment of
injury surveillance systems in Colombia, El Salvador, and Nicaragua (2000-
2006). Pan Am Health. 2008;24:379e389. https://doi.org/10.1590/s1020-
49892008001200002.

25. Zavala DE, Bokongo S, John IA, et al. A multinational multinational injury injury
surveillance surveillance system system pilot pilot project project in Africa.
J Health Policy. 2008;29(1):432e441. https://doi.org/10.1057/palgrave.jphp.
3200154.

26. Chow C, Leung M, Lai A, et al. Development of an electronic emergency
department-based geo-information injury surveillance system in Hong Kong.
Injury Int J. 2012;43(6):739e748. https://doi.org/10.1016/j.injury.2011.08.008.

27. Zhang K, Wang J, Mikami Y. Evaluations on several national injury surveillance
systems. Appl Mech Mater. 2013;321e324:2596e2601. https://doi.org/
10.4028/www.scientific.net/amm.321-324.2596.

28. Calba C, Goutard FL, Hoinville L, et al. Surveillance systems evaluation: a sys-
tematic review of the existing approaches. BMC Publ Health. 2015;15(1):448.
https://doi.org/10.1186/s12889-015-1791-5.

29. Lakshmi P, Tripathy P, Tripathy N, et al. A pilot study of a hospital-based injury
surveillance system in a secondary level district hospital in India: lessons learnt
and way ahead. Inj Epidemiol. 2016;3(1):24. https://doi.org/10.1186/s40621-
016-0090-7.

30. Soomro N, Chhaya M, Soomro M, et al. Design, development, and evaluation of
an injury surveillance app for cricket: protocol and qualitative study. JMIR
mHealth and uHealth. 2019;7(1), e10978. https://doi.org/10.2196/10978.

31. Ballesteros MF, Webb K, McClure RJ. A review of CDC's web-based injury sta-
tistics query and reporting system (WISQARS™): planning for the future of
injury surveillance. J Saf Res. 2017;61:211e215. https://doi.org/10.1016/
j.jsr.2017.01.001.

32. Watson A, Watson B, Vallmuur K. Estimating under-reporting of road crash
injuries to police using multiple linked data collections. Accid Anal Prev.
2015;83:18e25. https://doi.org/10.1016/j.aap.2015.06.011.

33. Bunn T, Singleton M, Nicholson V, et al. Concordance of motor vehicle crash,
emergency department, and inpatient hospitalization data sets in the identi-
fication of drugs in injured drivers. Traffic Inj Prev. 2013;14(7):680e689.
https://doi.org/10.1080/15389588.2012.757310.

https://www.who.int/violence_injury_prevention/publications/surveillance/surveillance_guidelines/en/
https://www.who.int/violence_injury_prevention/publications/surveillance/surveillance_guidelines/en/
https://doi.org/10.1136/archdischild-2013-304177
https://doi.org/10.1136/archdischild-2013-304177
https://doi.org/10.1016/j.injury.2011.10.007
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref4
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref4
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref4
https://doi.org/10.1136/injuryprev-2015-041814
https://doi.org/10.1136/injuryprev-2015-041814
https://doi.org/10.1136/ip.2008.019877
https://doi.org/10.1111/1753-6405.12234
https://doi.org/10.26719/2015.21.2.140
https://doi.org/10.1186/1471-2458-9-260
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref10
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref10
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref10
https://doi.org/10.1186/0778-7367-70-19
https://doi.org/10.1016/j.puhe.2015.07.007
https://doi.org/10.1016/j.puhe.2015.07.007
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref13
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref13
http://refhub.elsevier.com/S1008-1275(20)30108-5/sref13
https://doi.org/10.1111/j.1600-9657.2008.00720.x
https://doi.org/10.1111/j.1600-9657.2008.00720.x
https://doi.org/10.1186/1471-227x-11-18
https://doi.org/10.1186/1471-227x-11-18
https://doi.org/10.1186/1471-2458-11-744
https://doi.org/10.1186/1471-2458-11-744
https://doi.org/10.3760/cma.j.issn.1008-1275.2011.06.005
https://doi.org/10.3760/cma.j.issn.1008-1275.2011.06.005
https://doi.org/10.1186/1476-072x-9-25
https://doi.org/10.1016/j.ptsp.2018.11.007
https://doi.org/10.1016/j.ptsp.2018.11.007
https://doi.org/10.1016/j.injury.2014.12.013
https://doi.org/10.1016/j.injury.2014.12.013
https://doi.org/10.1136/injuryprev-2015-041812
https://doi.org/10.24095/hpcdp.36.6.02
https://doi.org/10.1093/heapro/16.2.169
https://doi.org/10.1093/heapro/16.2.169
https://doi.org/10.1590/s1020-49892008001200002
https://doi.org/10.1590/s1020-49892008001200002
https://doi.org/10.1057/palgrave.jphp.3200154
https://doi.org/10.1057/palgrave.jphp.3200154
https://doi.org/10.1016/j.injury.2011.08.008
https://doi.org/10.4028/www.scientific.net/amm.321-324.2596
https://doi.org/10.4028/www.scientific.net/amm.321-324.2596
https://doi.org/10.1186/s12889-015-1791-5
https://doi.org/10.1186/s40621-016-0090-7
https://doi.org/10.1186/s40621-016-0090-7
https://doi.org/10.2196/10978
https://doi.org/10.1016/j.jsr.2017.01.001
https://doi.org/10.1016/j.jsr.2017.01.001
https://doi.org/10.1016/j.aap.2015.06.011
https://doi.org/10.1080/15389588.2012.757310

	Injury surveillance information system: A review of the system requirements
	Introduction
	Methods
	Results
	ISIS data elements
	Core and supplementary data
	Epidemiological data
	Hospital-based data
	Other types of data

	ISIS functions
	Injury tracking
	Data monitoring
	Data linkage
	GIS/Geoweb
	Reporting
	Analytics tools
	Data dissemination
	Security standards


	Discussion
	Funding
	Ethical Statement
	Declaration of Competing Interest
	References


