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Designing national systems to support the analysis and prevention of
occupational fatal injuries: evidence from Italy

Abstract: Analysing injury causes is an essential activity for both companies and national as well as
local authorities involved in safety at workplace. For a single company, benefits mainly consist of
pointing out root causes of an occurred injury aiming to prevent its replication; at the national level,
injury analysis enables a stronger evaluation of actual critical risk factors that usually lead to accidents
at similar workplaces. Thus, if data on injuries are gathered from different companies working in the
same local area as well as in the same industrial sector, the analysis of critical risk factors could
support more effective and focused preventative activities developed by companies and control
authorities involved in Occupational Safety and Health (OSH) surveillance. The proposed work aims
to describe and critically analyse a good practice developed under the current Italian national
surveillance system to control and prevent occupational fatal injuries based on a structured system
for collecting and analysing data about occurred injuries and, next, developing proactive activities to
support prevention at workplace. A system called Infor.Mo has been developed by a collaborative
project developed between national - the Ministry of Health, the Italian National Institute for
Insurance against Accidents at Work (INAIL) — and local institutions, i.e. Regions, Autonomous
Provinces, and local surveillance authorities. The Infor.Mo system involves methodological and
operational tools as it includes a model for analysing critical factors that have contributed to injury
development, and a software based tool to collect and disseminate information extracted by analysed
data. The methodological model is based on a multi-factor analysis of risk factors aiming to determine
the actual dynamic of an injury event thus allowing to point out root causes of the event. A final
critical discussion about positive results and current challenges, derived by practical experience of a
multi-year application of the proposed system, is analysed aiming to support both researchers and
safety experts in designing effective supporting systems for occupational fatal injury surveillance.

Keywords: occupational injury prevention, national surveillance system, company assistance, risk
factors, multi-factor analysis.

Introduction

One critical issue for national strategies to prevent occupational injuries and diseases at the workplace
regards the institutional support provided to companies for improving their activities in OSH
management (ILO-OSH, 2001). National surveillance systems should therefore collect and analyse
data about occurred injuries, by identifying related causes to support a more effective prevention
system for accidents at the workplace. Otherwise, results obtained in a recent European Project — i.e.
the SESAME Project- have outlined, from one side,how is critical the development of more
standardized and effective approaches for injury analysis, on the other side, the project has also
pointed out the importance of a wider diffusion of knowledge about critical risk factors to companies

(Walters et al., 2018). A promising option to create a proactive surveillance system is to develop

2



national health plans aiming to effectively and efficiently extract, analyse and share accident-related
causes. Thus, an effective communication system between companies and other stakeholders is
essential as well to disseminate knowledge. However, although surveillance systems have been
differently developed all over the world (e.g. at a sectoral, federal or national level), a common feature
could be outlined: surveillance systems often become critical in emergency conditions even if they
exist in the background of public health programs (National Academies of Sciences, Engineering,
and Medicine, 2018). This is a critical issue as prevention activities require a continuous effort to
obtain short and long-term results. Another common issue is a lack of coordinated tools for OSH
accident analysis and data sharing across OSH authorities, companies and other involved stakeholders
, thus reducing the efficacy of prevention activities (Roed-Larsen and Stoop, 2012).

At company level, Lundberg et al. (2010) highlighted the reduced capability of such a company in
systematically analyse occurred occupational accidents due to several factors One potential cause
could be the lack of a systematic expertise in injury analysis methodologies often due to low exposure
to accidents in their company (Roed-Larsen and Stoop, 2012)). In addition, Salguero-Caparros et al.
(2015) also outlined how often several investigation reports do not include detailed descriptions of
the dynamic of events that have led to injuries/accidents.; moreover, the analysis stops on immediate
causes thus not detecting all levels of critical causes. (Salguero-Caparros et al., 2015, 2019). In
addition, it has to be considered as the accident investigation process is “merely one of the elements
in the process of learning from accidents. For safety improvements to be achieved, it is essential that
the recommendations on remedial actions presented in the accident investigations [...] are
implemented” (Cedergren, 2013). Often, follow up activities are not developed in an effective way
thus reducing the global effectiveness of such an intervention (Cedergren, 2013).

In this context, interventions at the national level proposing standardized and coordinated approaches
to collect and analyse data about occurred fatal events and to share knowledge among all actors
involved in accident prevention are becoming urgent, especially for supporting effective preventative
activities at Small and Medium-sized Enterprises (SMEs) and micro companies. These are the
companies, which generally allocate few resources for OSH prevention as they hardly adopt effective
OSH management models (Hasle and Limborg, 2006; Micheli and Cagno, 2010; Masi and Cagno,
2015; Cagno et al., 2016 Walters et al., 2018). Past analyses have outlined a high effort, in terms of
both human and economic resources, required by these companies in effectively applying safety
management systems (Masi and Cagno, 2015).It has to be also noted that the low frequency of
accidents occurred in absolute in SMEs is contributing to reduce the efficacy of their accident
investigation models thus causing a not effective adoption of preventative measures (Roed-Larsen

and Stoop, 2012).



An effective national surveillance system would help to fill this gap by developing standardised
approaches by providing to private and public stakeholders consistent and coherent information
derived from different sources (e.g. different companies) but with common features that provide
reliability of such a source. Companies and organizations would benefit from this surveillance system,
as it will represent a reliable source of information to prevent accidents at their workplace. The
availability of this type of tool would also help those companies — e.g. SMEs - , which have not yet
fully developed their systems to analyse and monitor accidents.

Furthermore, the availability of a huge and standardized amount of data gathered among “similar
companies” (e.g., working in the same industrial sector and/or with similar hazardous activities) could
allow developing more accurate data analysis and preventative project plans at a local and national
level.

By analysing the literature, the current organisations of national surveillance systems, developed in
different countries, can be classified into two main categories based on the activities they perform.
The first one refers to national (or international) systems that apply approaches to classify and analyse
injuries; they mainly operate at an operational level as they should provide “reliable” information
about past occurred events (ICECI Coordination and Maintenance Group, 2004; Wiatrowski, 2013).
Usually, follow up activities are not an essential element of these systems. The latter category is
composed of multi-year plans developed at a national (or international) level for work accident
prevention; they mostly aim at developing effective strategies and interventions to prevent injuries at
the workplace (NIOSH, 2020; Aspinwall and Jacinto, 2003). Thus, the focus of these systems is not
on outlining critical factors based on field data. Finally, despite there are several national surveillance
systems all over the world, only few of them can be considered “complete”, i.e., including data
collection and analysis as well as effective communication systems to extract and share knowledge
with stakeholder involved in injury prevention.

Hence, this work proposes a critical analysis of a “complete” good practice - currently applied in Italy
- developed to support local OSH authorities as well as companies in the control and prevention of
occupational fatal injuries. The system has a multi-year application: it consists of a coordinated set
of methodological and operational tools for collecting and analysing available data about occurred
fatal injuries in Italian companies and sharing knowledge extracted by field data. In detail, the paper
aims at critically analysing the application of this system — which is called Infor.Mo- in Italy, thus
providing major opportunities and threats related to its application and further improvements points
to support researchers and safety experts in designing similar systems in other national and local

contexts.



The paper is organized as follows: in Section 1, a review of the current state of development of
national surveillance systems is proposed; in Section 2, the Italian national surveillance system
(Infor.Mo) is explained in detail; finally, in Section 3, early results derived from the multi-year

application of the Italian system are critically discussed.

1. Analysing current national surveillance systems for occupational injuries

A critical overview of current typologies of national surveillance systems is provided. First, the main
features and potential advantages of these surveillance system are discussed (see Section 1.1), and
next, the current state of the art is analysed (Section 1.2), aiming to outline current applications of

these systems at different levels. .

1.1. Main features and limits analysis

Analysing occurred injury events for supporting more efficient prevention activities is confirmed as
a priority for both companies and institutions. Ex-post analyses usually outline the dynamic of an
accident event, its severity, and the most relevant factors (e.g., technical, organisational) contributing
to its occurrence, aiming to design more effective preventative actions.

This analysis could be performed at different levels of analysis, i.e., at international, national and

company level. At the international level, injuries are mainly categorised to compare aggregate data

of each country: the main purpose is to analyse trends and compare data rather than to define specific
preventative actions in OSH systems (Tedone, 2017). By analysing current models, it has to be noted
that standardised classifications have been developed more frequently for a specific nation or for
countries, which have some common features; therefore, comparing international data on accidents
is extremely challenging due to heavy differences in national legislation and regulations, which
induce differences in OSH national systems and, consequently, in their objectives (Tedone, 2017).

At the company level, the same result could be outlined: each company usually applies a specific

model for analysing accident events aiming to define operational measures and their specific policies
to prevent injuries. As a not standardized approach is often applied, results extracted by the accident
analyses can be hardly shared with other firms, as they are heavily dependent on the specific
organization of the company and/or to the specific type of work performed. In addition, another issue
has to be considered together with technical ones: companies are not very helpful in sharing their
“sensitive data” with external organisations. Although, information could be collected in an
anonymous way and no sensitive data could be shared, the problem still remain critical, if it is still
possible to trace back the source of the data; this is mainly true in small local areas, where few

companies are working in specific sectors. In this case, innovative models must be applied to provide
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companies the correct level of information security. According to Dien et al. (2012), accidents should
be analysed with a wider perspective, which overcomes company boundaries, aiming to aggregate
more data - compared to the analysis developed by a single company- thus designing more effective
plans for injury prevention.

According to this issue, OSH campaigns at an international and national level are designed to develop
more effective solutions and practical tools for injury prevention at the workplace. As an example,
EU-OSHA campaigns aim at disseminating high-quality information on several specific subjects. The
2020-2022 EU-OSHA campaign focuses on work-related musculoskeletal disorders prevention (EU-
OSHA, 2021). These campaigns are centrally managed by EU-OSHA; the local application is
developed by European nations, which develop the specific activities trough by their national
networks (INAIL, 2020a). In addition to the EU international campaigns, every nation promotes
specific prevention campaigns aligned with its national specific targets. As an example, the Italian
National Institute for Insurance against Accidents at Work (INAIL) currently promotes a national
campaign to foster the return to work of people with occupational disabilities (INAIL, 2021a). These
international and national prevention campaigns represent a powerful tool to focus on specific injuries
and diseases problems; however, a more detailed analysis of occurred events must be also developed
at national level as outlined by Lunt (2013), as, by aggregate a larger volume of data about occurred
injuries and their basic causes, more reliable information could be extracted to develop standardised
procedures supported by national regulations.

Thus, national surveillance systems are the main tools to acquire and analyse data from the
operational field —i.e. companies — aiming to define effective national and local strategies to prevent
injury occurrence at the workplace. Identifying actual causes of events allows to define operational
guidelines, which could be adopted by policy makers as well as safety experts to develop more
effective national and local surveillance approaches (Salguero-Caparros et al., 2015). This is also
confirmed by (Katsakiori et al., 2009) that outlined how a combination of models for injury analysis
could support the development of a system with less fragmented information and Molinero-Ruiz et
al. (2015) which focused on evaluating benefits of standardised approaches for collecting data and
pointing out event causes.

Table 1 summarises general features that should characterise a national surveillance system.

NATIONAL SURVEILLANCE SYSTEMS FOR PREVENTING INJURIES

users Local surveillance authorities and companies.



Expected results ~ Defining multi-year plans for work accident prevention according to continuous
improvement of safety at the workplace.

Overall benefits Increasing self-awareness of hazards at workplace by an aggregate view of occurred

accidents.
FIELD OPPORTUNITIES THREATS
Extracting reliable knowledge
Volume of data based on an aggregate level of Collected information might be strictly
information. dependent on specific factors , i.e. industry
Categorisation of _Deyelopmg aunique sectgr and/or the _type of vyork performed.
ot classification for detecting basic Privacy-related issues might also arise.
events causes and event dynamic
o ) Approaches are often company/sector-
Combining various mgdels for specific (low flexibility).
Models for accident accidents analysis to build a more . .
analysis reliable system with less A lower level of detail for accident

analysis compared to the analysis
developed at company level.
Low diffusion of of standardised

Standardised Developi'ng. standardised approaches at national and local levels. .
approaches aiming to support the

collecting data and cause
evaluation processes.

fragmented information

approaches/plans for

: . Low responsiveness at national level to
accident analysis

develop corrective action plans than at the
company level.

Multi-directional flows of Communication approaches not fitted to
Communication model | information between stakeholders, specific requirements.
institutions, and companies. Limited diffusion of information.

Table 1. Key features related to national surveillance systems.

1.2. An overview of the state of the art

The analysis of technical reports, institutional websites, and scientific papers has outlined two main
typical components in national surveillance systems: statistical classification and accident analysis
models. The national surveillance system discussed in this work covers both aspects (i.e., accident
investigation and statistical classification) and proposes some additional elements to imcrease the
overall efficacy of the system.

Thus, in paragraphs /.2.71 and /.2.2, these two models are rispectively discussed aiming to evaluate
how these two processes are developed in current national systems aiming to evaluate the current

state of the art of applications.

1.2.1. Statistical classification models
The European Union through the European Statistical Office (Eurostat) has developed from 1994
annual European Statistics on Accidents at Work (ESAW) reports. These reports record and analyse

statistical information collected at the European level in a unified way, that is by an harmonised
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methodology for injury classification (across all industrial sectors) based on specific country data
sources (Jacinto and Aspinwall, 2004). The main purpose of this approach is to extract non-subjective
information related to an injury event, such as the occurrence place and date, and the injury type and
severity. Furthermore, the method allows to collect and store information regarding causes and
specific circumstances characterising the specific event collected at national level. This information
are essential to develop specific policies at a national level aiming to prevent and/or reduce injury
occurrences based on historical data.
Another similar example is the Nordic Medico-Statistical Committee (NOMESCO), which was
established in 1966 to coordinate health statistics management in EU Nordic countries. The first
edition of NOMESCO Classification of External Causes of Injuries (defined as NCECI) was
published in 1984; in the following years, various revised editions were presented and this
classification has been actively applied to support injury prevention and control in EU Nordic
countries (Jorgensen et al., 2007).An evolution of the NCECI model is the International Classification
of External Causes Injuries (ICECI) model, which is characterized by a wider application as it has
been applied in the World Health Organization Family of International Classifications (WHO-FIC),
firstly released in 2001. ICECI enables an analytical description of the dynamic of an injury,
supporting also the development of a systematic data collection system (ICECI Coordination and
Maintenance Group, 2004). In addition, this method aims to support researchers and technicians in:

e defining more precisely the domain of injuries;

e clarifying the circumstances in which injuries occurred;

e providing more detailed information about specific cases (e.g., those related to transport, sport

or violence).

Several types of data can be collected by adopting the ICECI method not strictly collected to external
causes of an injury, such as demographic data items (e.g., age, sex), time of injury occurrence, thus
enabling a wider perspective on events to be analysed.
In the U.S., starting from 1992 and updated in 2012, the Bureau of Labor Statistics (BLS) introduced
the Occupational Injury and Illness Classification System to classify and describe fatal injuries as
well as the most severe non-fatal ones (U.S. Department of Labor, 2012). The current version of the
model includes a larger category of diseases, and proposes a standardization to improve the
information available for designing injury prevention actions (Wiatrowski, 2013). The system
includes four hierarchical coding structures: nature of the injury or illness; part of the body affected
by the injury or illness; the primary and secondary source of the injury or illness; type of event or

exposure (U.S. Department of Labor, 2012).



With a wider perspective of application, the International Labour Office (ILO) has started several
years ago an activity to draw up a code of practice for recording occupational accidents and diseases
worldwide (ILO, 1996). Similarly to previous analysed cases, this model aims to support a more
effective design of accident prevention activities based on historical data. This code of practice is
used as a guideline for coordinating actions developed by employers and activities implemented by
governments, control institutions and other organisations.

In conclusion, this brief analysis has outlined that statistical classification models provide a system
to collect a large amount of data characterising the accident event by recording a wide range of
potential related causes and conditions. However, data are usually only stored and not fully critically
analysed, therefore defining preventative measures is not so effective compared to the theoretical
target. As an example, the ILO’s code of practice requires additional actions to outline what type of
interventions must be applied by governments, private organisations, and companies to effectively

prevent accidents at work.

1.2.2. Accident investigation approaches

Structured accident analysis approaches that could be applied for analysing data at a national level
have been selected starting from a recent work proposed by Salguero-Caparros et al. (2019), where
an extensive review of the scientific literature aiming to classify the existing approaches for analysing
occupational accidents is proposed An interesting result proposed by the authors is that, although
there is a broad range of approaches, most of them are industry-specific, thus their applicability in
cross-sectoral contexts is not so simple (Salguero-Caparros et al., 2019). In addition, an evolution
could be outlined in these models, which range from traditional single cause detection approaches to
methods aiming to identify multiple causes as well as organisational weaknesses (Katsakiori et al.,
2009; Dien et al., 2004). As the aim of this paragraph is not to discuss all the features of these models
that could be potentially applied in a national surveillance method, only a quick mention is just
proposed as follows for completeness. The most well known are MES (Multi-Linear Event
Sequencing) (Benner, 1975); MORT (Management Oversight and Risk Tree) (Johnson, 1980); STEP
(Sequentially Timed Events Plotting) (Hendrick and Benner, 1987); FTA (Fault Tree Analysis)
(Ferry, 1988). All these models could be adopted to develop effective national surveillance programs
for accident analysis and prevention since they are adaptable and flexible to be applied in several
contexts.

By analysing current adopted methods, the first example is the WAIT (Work Accidents Investigation
Technique) model: it has been adopted by the Portuguese Labour Inspectorate for the official

classifying and analysing serious accidents occurred at Portuguese workplaces (Jacinto and
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Aspinwall, 2003; Jacinto et al., 2011). WAIT provides a systematic and structured model that could
be applied for both classifying and analysing accidents occurred across all sectors of industrial
activities. It provides the identification of active failures together with critical factors that have
influenced the dynamic of the injury, by adopting a standardised coding classification proposed by
Eurostat. WAIT is based on nine steps, grouped in two main stages: investigation and in-depth
analysis. The first focuses on outlining immediate causes and circumstances that have contributed
directly to the accident. The second step identifies possible weaknesses outlined for the company
organization to perform a complete and in-depth analysis; this activity aims to detect the root causes
of the specific injury by analysing the “actual” dynamic of the accident. This allows to evaluate
improvement opportunities for the specific company as well as national policies.
By enlarging the perspective of the analysis, two relevant examples of national programs for accident
analysis are reported below aiming to provide a more complete picture of the current condition of
accident analysis methods not specifically based on a specific approach.
The first one is developed in the U.S. and it is the so called BLS Occupational Safety and Health
Statistics program. The approach aims at underlining the root causes of an injury focusing on
integrating five specific approaches (Wiatrowski, 2013):

e examining the sequence of events to understand the dynamic of the accident;

e considering the accident frequencies;

e assessing the injury severity;

e cvaluating context factors that have contributed to the accident;

¢ identifying contributing factors.
Another program developed in the U.S. is the Fatality Assessment and Control Evaluation (FACE)
carried out by the National Institute for Occupational Safety and Health (NIOSH): it is a voluntary
program, which involves states in sharing with NIOSH data about a specific type of injury, traumatic
occupational fatalities (NIOSH, 2020). Afret data collecting, NIOSH analyses overall conditions and
causes that have led to traumatic occupational fatalities; information are shared publicly for providing
a guideline to learn from these occurred events that could be useful for safety professionals,
researchers, employers, trainers, as well as workers. The primary purpose is to share information
useful for preventing future fatal injuries. In detail, data are categorised following four criteria:
location, industry type, causes of death (e.g. confined spaces, electrocutions, machine-related, falls,
motor vehicles, trenching, etc.) and populations (foreign citizens, temporary workers, etc.). Reports
are used to highlight contributing factors (i.e. a complete list of causes) for each analysed event;

recommended intervention strategies are also developed together with dissemination activities for
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increasing worker awareness. Several years of application have confirmed its effectiveness in

reducing the rate of fatal injuries (Menendez et al., 2012).

2. Injuries surveillance and prevention: a national system’s design and a multi-
year application

A good practice concerning the Infor.Mo system, the Italian system to support fatal injury
surveillance at the workplace, is described in detail as follows. It is a complete tool, which integrates
methodological approach and operational models for collecting, analysing data about fatal injuries
occurred at Italian workplaces and disseminate knowledge extracted by field data. It has been
developed by the Italian National Institute for Insurance against Accidents at Work (INAIL), Regions
and Autonomous Provinces, and Local Health & Safety Departments (LHSDs), which are the centres
of administrative operations related to public healthcare in Italy under the National Healthcare
Service. LHSDs are responsible to develop prevention and control activities at the workplace: thus,
they are the main Health & Safety at Work authorities at the local level in Italy. The Infor.Mo system
currently represents the tool to collect and analyse fatal injuries occurred at the workplace across the
Italian territory. It started from a pilot research project in 2002 (ISPESL, 2006) and, for several years,
it has been supported by specific projects of the Ministry of Health. Furthermore, it has been recently
introduced as a structured system in the National Prevention Plan (NPP): it now represents the main
source of information for evaluating injury risk factors. The NPP is defined in accordance with the
Italian Ministry of Health and Regions; it defines strategies to be adopted by all structures of the
National Health services and sets specific objectives. (Rosso et al., 2015). The NPP involves activities
in several fields (e.g., chronic non-communicable diseases, communicable diseases and vaccinations)
including accidents at workplaces, which is the field of interest of this study. The NPP is updated
approximately every 3—5 years. Recently, the last version of the NPP covering from 2020 to 2025 has
been published (Ministero della Salute, 2020). Thus, for occupational injury and disease prevention,
the NPP has confirmed the adoption of standardised and proactive surveillance systems based on the
Infor.Mo model. They are organised in collaboration with regions aiming to integrate traditional
surveillance activities developed at regional levels with supporting activities to prevent injuries at
workplace.

The Infor.Mo system is based on a set of coordinated and standardised approaches to collect and
analyse data about fatal injuries occurred at the workplace and to support companies in their
prevention activities by disseminating extracted knowledge about critical risk factors. The Infor.Mo
system aims at developing activities in four main directions:

11



implementing a national registration system about fatal injuries occurred in Italy, based on a
mandatory analysis carried out by LHSDs in each territory;

providing reliable information to support more efficient prevention activities developed at
local levels;

promoting and sharing approaches with companies to monitor the effectiveness of their risk
analysis tools and to outline effective corrective actions;

sharing interventions and programs to support companies in preventing injuries with
institutional stakeholders (e.g., employer associations, labour unions), which are involved in

communicating and spreading knowledge extracted from the Infor.Mo system.

Furthermore, the Infor.Mo system works at two levels: operational and strategical. At the operational

level, the main targets are the analysis of fatal injuries occurred at the workplace and the assessment

of critical risk factors that have potentially caused the event. At the strategical level, providing reliable

information to develop more effective prevention plans at different levels (company, industrial

sectors, regional areas) in collaboration with LHSDs and INAIL represents the main target. Thus,

four are the main actors involved in the Infor.Mo system:

INAIL: is responsible to define the adopted methodology, collect and analyse data on fatal
injuries, manage the database with all the gathered information, and train LHSD technicians
on the approach used for injuries’ analysis;

LHSDs: are responsible for the data collection on fatal injuries occurred in companies located
within their geographical area;

Stakeholders: collaborate with institutions to support injury prevention at the workplace;
Companies: interact with LHSDs and INAIL to collect critical information on occurred

injuries.

In addition to these direct informative flows, INAIL supports feedback informative flows between

LHSDs, stakeholders and companies to disseminate the knowledge acquired from data analysis.

A National Coordination team (including representatives of INAIL, LHSDs and the Ministry of

Health) manages and approves the development of project activities and the methodological and

organisational aspects of the surveillance system. Locally, activities are managed by Regional

Coordination teams, which ensure the completeness and quality of information collected at the
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regional level. The roles and relations among the actors defined previously are depicted in Fig. 1.

Regions Ministry of Health

l l

National Prevention Plan

(NPP) \ Planned interventions to be
applied in other fields

Planned interventions to prevent
injuries at the workplace

! !The Infor.Mo system

National Database
LHSD ——> Tools and Methods <—— Stakeholders
Planned preventative activities in Monitoring risk
specific contexts analysis to define
(local areas, industrial sectors, etc.) corrective measures
Companies —> T | <— INAIL

Fig. 1. Interactions in the Italian National system to prevent injuries at the workplace.

Figure 2 shows the building blocks of the Infor.Mo system (on the right side) that have been
generalised (on the left side) by defining the major elements that should characterise and support in

designing efficient common national systems to prevent injuries at the workplace.

Key general steps The Italian system
Designing a network to collect The regional/national
data on injuries system

N \ 4
Defining a model to analyse the The multi-factorial
main risk factors from injuries Infor.Mo model
\ 4 A 4
Structuring a data collection The national database
system
Y
Sharing acquired knowledge to Prevention plans organised The Infor.Mo website
prevent future negative events by LHSDs and INAIL

Fig. 2. Building blocks of national surveillance systems and their application in the Infor.Mo system.

The blocks of the Infor.Mo system are detailed below.
13



First, the definition of the network and the flows of information have been defined. The flow starts
from LHSDs that interact with companies where a fatal injury occurred to collect data through a
standardised protocol identified ex-ante by INAIL researchers.

This protocol supports the application of a multi-factorial model, developed and validated by INAIL
and LHSDs, for analysing the main causes of fatal injuries. The adopted multi-factorial model belongs
to the category of cause tree models (Kjellen and Larsson, 1981; Laflamme, 1990; Laflamme, 1998;
Campo et al., 2006) and it allows to evaluate in a structured way the dynamic of the injury event.
Thus, starting from data collected for the event, the model provides the dynamic of the injury event,
based on five elements. Three elements (biological damage, the contact, and the accident) help in
defining the full dynamic of the fatal injury and they can be objectively assessed. The two other
elements are defined as the modulator and determinant factors and they are the most affected by the
analyst’s subjectivity. Details of these five elements are reported below.

e Biological damage: is defined as a combination of the place and type of occurred damage.

e The contact: is defined as the combination of the contact agent (machine, equipment,
materials, etc.) and the part of the body involved.

e The accident: represents a specific event “providing” the hazardous energy that became
uncontrolled in the workplace (e.g., workers falling from altitudes, overturning of a working
vehicle).

e Modulators factors: represent risk factors that have contributed to increasing the severity of
the analysed accident.

e Determinant factors: represent risk factors that have contributed to increasing the probability
of the analysed accident.

Each risk factor (i.e., modulator or determinant depending on the specific dynamic of the event) has

to be evaluated based on a predefined list, which is reported in Table 2.

Risk factor category Definition

Activity developed by an | Inappropriate actions, movements, etc., carried out by an injured worker

injured person during the event
Activity developed by a | Incorrect actions developed by other workers or people (different from the

third subject injured one) during the event
Equipment, machine, plant,| Equipment of any type (or part of it) that presented criticalities in the dynamics
working tool of the event
Materials Issues on the processed materials that influenced the dynamics of the event

Working environment

. Critical aspects related to workplace conditions
conditions
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Personal Protective
Equipment (PPE) and Issues on PPE or work clothes that influenced the injury occurrence
clothing

Table 2. Risk factor categories evaluated in the Infor.Mo multi-factorial model.

The Infor.Mo multi-factorial model identifies two major typologies of accidents based on the
behaviour of the potentially harmful energy, as represented in Fig. 3. The first one is generated by a
quick and unintentional transformation of hazardous energy which causes an injury due to a
variation of energy, while the other refers to an event that occurred due to a variation in the
interface between the worker and the standard dangerous energy in the workplace. In the latter case,

there is no variation of energy and the accident and the contact overlap.

Injury due to a variation of energy Injury due to a variation of interface

‘ Occurred injury ‘ | Occurred injury ‘
- Identifying the | |  Identifying the .

‘ Detecting the damage ‘ :> modulafor factors modulafor factors | Detecting the damage ‘

Analysing the type of Identifying the L
contact modulator factors

Identifying the Analysing the type of
— | determinant factors contact and the accident

. . Identifying the
Analysing the accident ‘ |:> determin}a/ntg factors [ |

v V
| DIRECT AND ROOT CAUSES OF THE INJURY |

Fig. 3. The Infor.Mo system basic logic.

The proposed multi-factorial model allows outlining, in a standardised way, the most critical factors
(i.e. technical and organisational) that contributed to the dynamic of the analysed injury. In detail, the
joint analysis of modulators and determinants can allow also to point out organisational aspects
contributing to an injury, which are “indirect” factors not usually easy to identify.

Detailed information is collected for each risk factor identified through the model (i.e. determinant
or modulator factor), including the Safety Issue variable. This variable, characterized by the risk factor
categories reported in Table 2, outlines details on the safety problems, which represent the direct
causes of the event characterizing the specific injury dynamics; this information allow to definitively

evaluate organizational root causes. As an example, when a fault is outlined in a task procedure
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carried out by the worker, the direct cause could be associated with the lack of training, which derives
from a not effective control prcess developed by the company .

After designing the multi-factorial model to classify and analyse occurred events, a structured data
collection tool has been developed to provide simple support to LHSDs. Thus, LHSDs compile a
standardised form with all data needed to analyse the injury event occurred in their territorial area.
Further information on the data entry process and methodology are described in Rosso et al. (2015)
and are available at the Infor.mo website in Italian (INAIL, 2020b). Next, INAIL, responsible to feed
the national database, develops a coherent analysis containing all information collected from
LHSDs.

Results provided by the national database are accessible for free via a website managed by INAIL
(INAIL, 2020b). Data are stored anonymously, adopting various strategies to ensure a high level of
data protection. As an example, some data contained in the national database, have been reported in
Figure 4, which shows information about fatal injuries occurred in Italy and recorded in the database
from 2002 to 2018. Data are reported based on a first analysis (Fig. 4) regards the geographical
distribution of fatal injury events in the Italian territory divided into 4 areas: North-West (NW),
North-East (NE), Centre (C), South and Islands (S&I).

2 NW: 1630
M NE: 1633
) C: 1059
) S&I: 934

{5

| A

//‘\/
S /
L 4
e

g

-/

Fig. 4. Data about occurred injuries from 2002 to 2018; different colours apply to different geographical
areas: North-West (NW), North-East (NE), Centre (C), South and Islands (S&I). .

The total number of fatal injury events is equal to 5,300 and the total number of risk factors (i.e.,
determinants and modulators) evaluated for this sample is 10,220. More details about the risk factors

evaluated for these events are in Table 3.
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Risk factor category outlined in the analyzed sample | Occurrence
Activity developed by an injured person 4,442
Activity developed by a third subject 986
Equipment, machine, plant, working tool 2,054
Materials 371
Working environment conditions 1539
Personal Protective Equipment (PPE) 828
TOTAL 10,220

Table 3. Risk factor categories evaluated for events from 2002 to 2018.

The three largest risk factor categories outlined for collected events cover almost about 80% of the
total values: they are “Activity developed by an injured person” with a 43%, the“Equipment, machine,
plant, working tool” representing about 20%), and finally, the “Working environment conditions”
representing 15% of the total value.

In addition to the website publication, another activity — i.e. developing the so called Oriented
Prevention Plans (OPPs) - has been developed to spread the knowledge acquired on critical risk
factors by actively supporting companies and local departments in defining more effective
prevention plans. OPPs are dissemination and training events organised for one or multiple
companies in specific areas of the Italian territory. LHSDs authorities, in collaboration with INAIL,
develop OPPs aiming to communicate, share and discuss with companies, data acquired by the system
about critical risk factors in a collaborative approach. The main idea behind OPPs is to share specific
knowledge about critical risk factors and, consequently, help companies in increasing the
effectiveness of their prevention activities. Local authorities, therefore, started developing assistance
activities in addition to traditional surveillance ones to promote continuous improvement plans for
managing risk factors at the company level (INAIL, 2021b).

A recent example of OPP has been designed for port areas. Eight Italian port clusters have been fully
involved in disseminating and sharing knowledge about critical risk factors for their specific sectors.
The data of companies operating in those areas have been extracted by the Infor.Mo database, then
interventions to eliminate and/or mitigate the impacts of these critical risk factors have been shared

with companies involved in OPPs organization (INAIL, 2019; INAIL, 2020c).

3. Discussion
The Infor.Mo system, born as a research project in 2002, now represents a structured approach to

monitor injuries at the local level and support companies in increasing their performance in OSH
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management. From its first application, the idea was to create a territorial and participatory system to
assist companies in promoting more effective actions to prevent injuries at their workplace.
The first activity performed to support the development and diffusion of the Infor.Mo system was to
analyse common projects and initiatives developed at the Italian and international level. This allowed
defining a standardised and effective system that integrates traditional mandatory surveillance
activities, developed by local authorities at the workplace, with assistance activities to directly support
companies in improving their risk analyses and control processes. Thus, the Infor.Mo system provides
multiple tools to companies: from a standardised approach to collect and analyse occurred injuries at
the workplace, to informative support to revise risk analysis documents and share knowledge on the
most critical risk factors.

Besides, the proposed system is in line with the European Directives and the Italian legislation on

OSH, which requires new organisational models to support both the public (Ministry of Health,

LHSDs, research centres, etc.) and the private system.

The application of the proposed model in multi-year plans has brought out some open discussion

points. Both positive and negative elements are discussed below, as they might be useful to local

authorities and private companies to develop more effective OSH management.

First, the opportunities arisen from the multi-year application of the Infor.Mo system are detailed.

e Knowledge diffusion: the spread of institutional information systems has supported an increased
knowledge on critical risk factors that heavily contribute to occupational injuries and has improved
the planning process of prevention activities developed by public and private actors.

e Knowledge integration: the integration of information about fatal injuries with other data derived
from different sources (e.g., epidemiological studies) provides policymakers and researchers with
a clearer picture of the actual condition of such hazardous conditions.

e Deep knowledge of risk factors: the Infor.Mo system has provided a structured knowledge about
risk factors that mainly contribute to injury occurrence. This availability has supported the OSH
public system in developing guidelines for risk analysis and control at the workplace of specific
territories and industrial sectors. These guidelines could be used by large companies as well as by
SME:s to improve their risk analysis process.

e Deep knowledge of cause-and-effect relationship: the adoption of a multi-factorial model,
shared by public and private actors, provides a more reliable assessment of the relationship
between damage-accident-cause in occurred injury events. This knowledge allows to effectively
re-direct efforts of public institutions and companies to better define their specific prevention

activities.
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¢ Development of tailored interventions: the integration between the specific working activity and

the dynamic of the injury enables the development of “tailor-made” training projects (e.g., OPPs)

specific for each industrial sector.

Next, the challenges related to the proposed Infor.Mo system are outlined below.

Efforts dedicated to training staffs: some initial resources (especially in term of competence
and time) must be dedicated to inform and train people that are involved in collecting and
analysing injury events on the use of the software tool and the multi-factorial model. Over the
years, this activity has been carried out by INAIL experts directly to every LHSD staff. This
implies that a continuous training effort is needed to maintain the system at its full capability.
Sensitivity in selecting appropriate approaches for data integration of occurred fatal
injuries: the choice of the approach to jointly address data inputs coming from different
sources, with a potentially different level of granularity, is not as easy as it may seem and is
crucial to their correct assessment and integration as, after all, affects the detection of proper
risk factors.

Not completely standardised approaches of local authorities to effectively integrate
assistance (i.e., complementary) and surveillance (i.e., mandatory) activities: although the
Infor.Mo system adopts standardised approaches to analyse risk factors, any standardised
strategy is mandatory to overcome and prevent critical factors. Each local authority could
establish a specific way to treat a certain phenomenon: some of them could focus on increasing
mandatory surveillance activities (e.g., inspections at the workplace) towards companies,
while others could concentrate on assisting companies through prevention activities before
performing inspections. Thus, in local areas, there is still a lack of a unified approach to assist
companies. This limits the global effectiveness of the system due to insufficient coordinated
strategies. Nevertheless, the new Italian NPP has already started by promoting the application
of standardised activities that can effectively integrate assistance and surveillance in a
common strategy.

Not fully developed follow-up activities after knowledge diffusion: a lack of indicators to
monitor ex-post company performance after the development, through OPPs, of dissemination
activities. Some leading and lagging indicators are monitored at the local level soon after an
OPP, but few attempts are developed to monitor the effectiveness of OPPs over the years.
This activity should require more involvement of stakeholders in ex-post monitoring by

following overtime companies in their prevention activities.
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The above-stated opportunities and challenges of the Infor.Mo system are now reported in Table 4.

Obtained results

Opportunities

Challenges

Knowledge development
about critical risk factors
in OSH

- enlarging capabilities of current surveillance
systems

- integrating data belonging to different sources
(i.e., databases)

- sharing approaches for data analysis between
public and private actors involved in OSH
management

- allocating permanent
resources

- identifying and
integrating data with
appropriate approaches
- increasing of
communication between
local institutional actors
(e.g., LHSDs)

Development of flexible
networks focusing on
OSH management

- strengthening the coordination between national
institutions and involved local authorities

- promoting active participation of all private and
public actors

- increasing the
awareness of specific
roles

- increasing the effective
coordination in the
“enlarged” network (i.e.,
between stakeholders,
companies, institutions)

Development of
structured activities of
assistance and monitoring
for companies

- developing “tailor-made” interventions for each
local area/industrial sector based on actual risk
factors

- developing more effective incentive policies for
companies

- allocating resources
focused on additional
tasks (i.e., assistance
activities) beyond
mandatory surveillance

Sharing of best practices
developed after OPP
organisation

- increasing potential audience of prevention
interventions and overcoming the limited number
of companies participating in OPPs

- standardizing
approaches of analysis

Evaluation of realised
prevention activities’
effectiveness

- adopting leading and lagging indicators

- reinforcing the legislative compliance of
companies

- adopting more effective and efficient economic
incentives for companies through a continuous
improvement approach provided by institutions

- collecting data and monitoring the OPPs realised
for each local area

- putting in place an ex-

post monitoring process
for companies involved

in OPPs

- using appropriate KPIs

Table 4. The Infor.Mo system: opportunities and challenges.

Conclusions

There are several national and local surveillance systems to monitor and analyse fatal injuries
occurred at the workplace, however organisational and assessing models usually differ among
countries. The difference between national legislations and the target to be achieved through the
defined system by each specific institution is one of the leading causes (National Academies of
Sciences, Engineering, and Medicine, 2018).

This paper aims at defining a guideline, based on a multi-year field experience, to support the effective
development of national surveillance systems. Thus, this study proposes a critical analysis of a “good

practice”, developed in Italy for several years, to design a national surveillance system for
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occupational fatal injuries: the Infor.Mo system. Its structure is based on a wide network of actors; it
has been developed in collaboration with local authorities that collect data about accidents occurred
in their local areas, and INAIL, which has developed the specific software tool and the multi-factorial
model for analysing accidents. The system, which started as a research project, is now a relevant pillar
of the Italian NPP for OSH management. The Infor.Mo system involves not only a software tool to
collect data and a multi-factorial model to extract root causes of fatal injury events, but it also
represents a source of knowledge for companies to plan innovative prevention activities in
collaboration with local authorities. The most relevant examples are OPPs that promote dissemination
activities towards companies to communicate and analyse critical risk factors identified by the data
collected over time in the Infor.Mo system. The multi-year application has shown positive results and
areas for improvement that will be managed in the next future.

By comparing the Infor.Mo system with other ones developed at the international level, it has to be
noted that it provides a deep and complete model for assessing the root causes of occurred injuries.
Indeed, the Infor.Mo system can point out the full dynamic of the event together with the main risk
factors that contributed to its occurrence. Besides, all these data are obtained from the adoption of a
standardised and consequently comparable approach, which allows a more structured analysis of
information. This capability enables to design more specific preventative interventions for companies
and surveillance authorities.

Finally, further developments will be directed towards the enlargement of the application field of the
Infor.Mo system by including in its system the analysis of near-miss events: the aim is to increase the
global effectiveness of prevention activities by providing knowledge not only on occurred severe
events but also on precursor events that are characterised by common causes. The model has the
intrinsic capability of outlining the root causes of occurred events with the highest severity and with
no severity, like near-miss events. The adoption of the multi-factorial model to analyse near-miss
events could also contribute to increasing the awareness of companies about their actual risk factors.
This possible evolution of the Infor.Mo system will also require a design of an “enlarged” network
of actors, like an ecosystem, where all of them work together in a more coordinated way. In
conclusion, this would be an additional step to enhance the efficacy of prevention activities developed

by companies, especially SMEs.
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