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Abstract
Objectives—Trends in the rates of total
injuries and fatal accidents in the diVerent
sectors of Italian industries were explored
during the period 1951–98. Causes and
dynamics of injury were also studied for
setting priorities for improving safety
standards.
Methods—Data on occupational injuries
from the National Organisation for La-
bour Injury Insurance were combined
with data from the State Statistics Insti-
tute to highlight the interaction between
the injury frequency index trend and the
production cycle—that is, the evolution of
industrial production throughout the
years. Multiple regression with log trans-
formed rates was adopted to model the
trends of occupational fatalities for each
industrial group.
Results—The ratios between the linked
indices of injury frequency and industrial
production showed a good correlation
over the whole period. A general decline in
injuries was found across all sectors, with
values ranging from 79.86% in the energy
group to 23.32% in the textile group. In
analysing fatalities, the trend seemed to be
more clearly decreasing than the trend of
total injuries, including temporary and
permanent disabilities; the fatalities
showed an exponential decrease according
to multiple regression, with an annual
decline equal to 4.42%.
Conclusions—The overall probability of
industrial fatal accidents in Italy tended to
decrease exponentially by year. The most
eVective actions in preventing injuries
were directed towards fatal accidents. By
analysing the rates of fatal accident in the
diVerent sectors, appropriate targets and
priorities for increased strategies to pre-
vent injuries can be suggested. The analy-
sis of the dynamics and the material
causes of injuries showed that still more
consideration should be given to human
and organisational factors.
(Occup Environ Med 2001;58:330–338)
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This paper aims to point out the main factors
aVecting the risk in industrial activities, consid-
ering in particular data on both occupational
fatal and non-fatal injuries in Italy over a long
period, for the diVerent sectors of industrial
activities.

Four main factors can be identified as aVect-
ing productivity1: socioeconomic factors; typical

technologies used; environmental conditions;
and labour force characteristics (especially age
and experience).2 3 Among them, the socioeco-
nomic factors may be considered the most
important, in that they exert a considerable
influence on the injury frequency, especially if
considered over a long period.4 The economic
trend is closely connected to production dynam-
ics, involving technologies, environment, work
organisation, and workforce. The socioeco-
nomic factors to which recent studies were
referred are the quality of labour relations5; the
economic climate2; the unemployment rate; and
occupational legislation.6 In particular, the
influence of the production pressure on the
injury rate is presented in this paper, by
correlating the injury frequency indices with the
industrial production indices. The high degree
of correlation between the two indices shows
that the factors influencing human safety in
industrial activities do not depend on techno-
logical development,7 and that technological
changes do not have a universally preventive
eVect on injuries and accidents. In some
workplaces advances in technology have been
associated with higher injury frequency; in
others with risk transfer; in still others with the
appearance of new hazards.8

An in depth analysis of the type and charac-
teristics of injuries and of the injuring agent or
cause allows evaluation of the influence of
technological evolution on these aspects of
occurrence of industrial injury.

Methods
The occupational fatal and non-fatal injury
data were obtained from the National Organis-
ation for the Labour Injury Insurance (IN-
AIL).9 The frequency indices show the inci-
dence of accidents of the workers exposed to
risk, and are defined as follows, respectively for
total accidents and fatalities:

Therefore index (1) is a measure of the rate
of injuries per million of hours worked and
index (2) is a measure of the rate of the fatal
injuries per 102 million hours worked.

As the reference variable—that is, working
hours—can be calculated regularly and refers to
risk at a particular time, the indices already
mentioned can represent a proper instrument of
evaluation of the dynamics and evolution of the
injuries. The limiting factors in the analyzed
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data are that accidents involving absence from
work for less than 3 days, which can occur more
often than those causing longer absence, are not
considered. Moreover, injuries in which the
employment is not regularly signed and regis-
tered (moonlighting) are not taken into account.
According to the CENSIS (Centre for Social
Studies and Policies, Italy) report,10 moonlight-
ing employment throughout Italy corresponds
to 17.8% of national regular employment, but in
southern Italy, the percentage is as high as
31.3%. Under these circumstances, we can
expect the injury frequency index (FI) and fatal
accident frequency rate (FAFR) to be underes-
timates, especially in those sectors with high FI
and FAFR (construction), where manpower not
regularly registered is characterised by a low
degree of experience and specialisation (immi-
grants and young people). These limitations and
possible criticisms of traditional injury statistics
apply not only to the Italian situation, but
worldwide. The problem of improving the
organisational memory, and the need for a new
look at the sort of injury data that are collected
and analyzed11 are becoming more and more
important.

To obtain a strong statistical correlation with
the production cycle, industrial production
data supplied by the National Statistic Institute
(ISTAT) were adopted.

Starting from (1), the linked indices of the
total injury frequency were defined as:

where FIi is the injury FI of the i-th year.
Similarly, the linked indices of the industrial

production were calculated as:

where PIi is the industrial production index of
the i-th year, according to ISTAT definition
and statistical data.12

The occupational FAFR was modelled as an
explicit function of the year, by adopting a
multiple regression model with log trans-
formed rates, as follows13:

where year0 is the first year considered in the
present analysis (1951).

The occupational FAFR for all industries
was modelled also as an explicit function of the
year and the production, by a linear model with
a log link, as follows:

where PI0 is the production index correspond-
ing to the first year considered in the present
analysis (1951).

The percentage annual systematic change of
the FAFR, AV, was calculated according to:

AV = 100(1 − exp(trend parameter)): (7)

where the trend parameter corresponds to the
fitted value of b for each category.

To measure the goodness of fit of the fatal
injury regression lines for the diVerent sectors,
we considered the coeYcient of determination,
defined as the ratio of the explained variation to
the total variation.

From equation (5):

The total variation in Y can be partioned
into two components, the unexplained varia-
tion and the explained variation, respectively as
follows:

where Yi is the measured value and √y is the
mean value of Yi.

Results
INJURY TREND

As stated, the purpose of this paper is to oVer
perspectives on the factors influencing occupa-
tional risk in the diVerent Italian industrial sec-
tors. Figure 1 depicts the trend of the total FI,
for all industrial sectors, in the years 1951–98.

Figure 1 Overall accident frequency index (FI) over the
period 1951–98.
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Figure 2 Worked hours and total injuries versus year, over the period 1951–80. (Values of
hours worked and injuries are reported as powers so—for example, 5.0E+09=5.0×109.)
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The change of worked hours during the inves-
tigated period is highlighted in figure 2, report-
ing, as well, total accident trend. It is worth
noting that the trend was characterised by a
major increase in industrial injuries in the years
immediately after the second world war, with
its highest peak in the year 1963 (FI=107.63;
1 183 091 injuries). The marked decrease in
the year 1962 was correlated only to a change
in the injury report duty for the food and agri-
culture sector. The trend was correlated with
the postwar industrial rebuilding phase, start-
ing the period of economic expansion and
leading to the so called Italian economic boom.
These years were characterised by a high
percentage of plant use as well as by a consist-
ent immigration of workers from southern Italy
towards the industrialised northern Italy. Inad-
equate preparation for the use of new equip-
ment and a change in the employment sector
(mainly from agriculture to industry) charac-
terise an immigrant workforce. The so called
human factor plays a prominent part in
frequency of injuries, where human errors are
mainly due to lack of experience2 3 and poor
instructions or training.

The mechanisation and partial automation
represent challenges to the work capacity of
older workers in particular, posing adaptation
problems of various types.14 A key aspect is
that, as reported by Asogwa,15 an adaptation
period is required for workers to perform satis-
factorily in new work jobs and a changed envi-
ronment, but when the pressure of production
was intensified (as in the years 1951–65) this
training period was usually reduced or elimi-
nated. Moreover, intensification of work and
production in combination with an increase in

overtime (characteristic of the period) consti-
tuted a set of interacting factors that increase
risk of injury.6

From the year 1970 onwards, the FI
declined, due to the continuous development
of safety techniques, and the adoption of more
legislative constraints that aVected industrial
health and safety.

When the whole period was considered, the
trend of injuries did not seem to be monotonic;
periods of falling frequency of injuries alter-
nated with periods of upswing. A better evalu-
ation of the dynamics of injuries can be
obtained by analysis of the production cycle.4

The evolution of the Italian production cycle
is reported in figure 3. Because the linked pro-
duction index showed a cyclic trend, the rate of
production increased and decreased from one
year to another. A marked fall was evident in
connection with events that influenced the
economic cycle of the whole world—for exam-
ple, the oil shock in 1975. This cyclic trend,
characterised by periods of economic expan-
sion followed by recession, aVects the varia-
tions of the injury FI. A high degree of correla-
tion between the FI and the economic cycle is
highlighted in figure 4, which shows the ratios
between the linked indices both of the injury
frequency FI and of the industrial production
PI. The corresponding degree of correlation
over a long period showed a 95% confidence
interval (95% CI) of 0.9234 to 0.9531.

The eVect of group of industry on injury rate
is clearly shown in figures 4, 5, 6, and 7.

The occupations with the highest rates of
accidents (building, mining, and wood)
showed a similar trend among them, constantly
above the mean of all industries, and with more
marked evidence of the cyclic evolution (fig 5).

Figure 3 Concatenated industrial production index (CPI)
covering the period 1951–98.
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Figure 4 Accident frequency (CFI) and industrial
production concatenated indices (CPI) ratio covering the
period 1951–98.
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Figure 5 Accident FI in the building, mining, and wood
sectors.
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Figure 6 Accident FI in the food and agricultural,
metallurgical, and chemical sectors.
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This feature was partially due to the high inter-
dependence of these sectors, particularly evi-
dent in the postwar years, when the plastic and
new materials sector was not developed. In the
years from 1990 onwards, in connection with
the rediscovery of old construction materials—
for example, wood—in bioarchitecture, this
common trend is particularly evident again.
The metallurgical group (fig 6) shows high fre-
quency indices for injuries, and this trend
aVects the global trend, because it comprises
about 30% of the working hours in Italy. The
chemical group was for many years (1951–63)
characterised by a low frequency of injuries,
but in subsequent years injuries showed an
increasing trend that reached its peak in the
year 1973. In recent years, a decline was found,
although from 1986 onwards injuries were at a
constant frequency, the Italian trend was above
the global one. The food and agricultural
sector is an obvious case to study in this analy-
sis, with the fall in 1963 that has been
mentioned already. It is worth noting that the
increasing trend in the 1950s was closely con-
nected to the introduction of mechanisation

and partial automation in agriculture. The tex-
tile group (fig 7) always had above average
injuries with a response that has not changed
with time. Transport and energy were charac-
terised by the severity of accidental injuries:
permanent disability and fatalities. The trans-
port group was constantly above the average
trend.

A general decline in the frequency of the
injuries was found across all industries, as in
the analysis of the 5 year average FI values. A
significant decline of the average value of the FI
in the years 1949–53 versus 1994–8, over the
nine industry groups considered, ranged from
79.86% in energy to 23.32% in textiles. From
a comparative analysis of the diVerent groups it
is evident that the overall decreases in FI of the
textile and chemical industries corresponded
respectively to 48.13% and 54.90% of the
peaks in the whole period, whereas the actual
values were comparable with the ones in the
1950s. Transport industry showed a slow and
continuous decrease in FI down to a constant
value corresponding to 50.04% of the average
value in the period of the postwar industrial
rebuilding. Practically speaking, all the sectors
approached minimum values of the FI, which
can be regarded as a statistically reinforced ref-
erence for the minimum risk per man em-
ployed in the diVerent industrial activities.
Obviously, this is only a statistical considera-
tion, and should not be regarded as an attempt
to renounce the eVort of reducing even the
lowest injury frequency recorded. After the
application of all possible technical and man-
agement factors to reduce risk and the integra-
tion of prevention (safety, health, and ergo-
nomics) in the design process, several injuries
still remained. These accidents were not
related to the process itself and require a

Figure 7 Accident FI in the textile, energy, and transport
sectors.
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Figure 8 Dynamics of total accident: average values in the period 1994–8.
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deeper analysis—that is, injury type, cause, and
material agent) to show the important factors
contributing to the risk.

INJURY FACTORS

In analysing the data of the dynamics of the
injuries, related to the mean numbers of
injuries in 1994–8 (fig 8) (injuries are related to
E codes from the international classification of
diseases (ICD),16 we found that about one third
of injuries in the workplace resulted from falls
(E880–888; 16.0%) and collisions (E917;
15.6%). It is clear that direct simple interven-
tion in work organisation and environment
could aVect the level of risk to operators: fixed
courses, safety ranges, and installation of
railings, handrails, and catwalks. Unfortu-
nately, these interventions are often disre-
garded.

In our studies, accidents directly connected
to work organisation and environment were the
most important. This occurs not only in
Europe and the United States, but also in the
emerging markets. For example, over recent
years, the Council of Labour AVairs in Taiwan
noticed the seriousness of accidental falls and
injuries, and strongly encouraged the use of
relevant protection against falls—for example,
helmets, safety nets, handrails, safety belts, and
reins.17

A high number of injuries (20.7%) involved
the operators passively (crushed or pierced by
something E918–920) and were caused by the
lack of guards, safety devices, protective equip-
ment, and clothing.

Another relevant cause of injuries was the
use of tools (injured himself with something,
E958.8, E958.9; 14.4%). This factor indicates
the necessity of adequate training of the opera-
tors; each operation should be conducted
strictly in accordance with procedures and
checklists.

The remaining 35.25% of injuries were
caused by less important factors related to the
process being performed.

By analysing the trend of the 5 year averages
(fig 9) in the period 1974–98, we found a con-
siderable constancy between falls, a decrease in
passive events and imprudent movements, and
an increase in injuries caused by improper use
of tools, equipment, and facilities.

The aim of a correct and useful safety prac-
tice therefore should be to provide equipment
and procedures able to minimise possible
errors by operators, designs should avoid
possible injuries in cases of operator error, and
designs and safeguards should be able to
prevent injury if an accident occurs. The
analysis of injuries should assess whether such
activities are improving safety: new ideas are
required, developed over time, which would
gradually be accepted by the workforce.18

The analysis of the material causes of injuries
should provide useful data: figure 10 shows the
average distribution of the material causes of
accidents over the period 1994–8. Figure 11
shows the trend of the average from a 5 year
base during the period 1974–98.

We found that considering the whole period,
contrary to the injury dynamics, the percentage
variation was not remarkable. Because of a
more detailed description of the notification of
injuries, some parts of industry showed in-
creased injuries, E917, E918, E920, but the
injuries connected with machines (E919)
declined.

In the past 5 years, about half of the injuries
were directly related to work organisation and
environmental conditions (labour environment
E880, E916–918, E928, 21.54%, and material,
substances, radiations E 860–869, E890–899,
E923–926; 24.52%).

The main conclusion of this analysis is that
development of technology is not eVective in
reducing industrial injuries. The magnitude,
type, and distribution of risks of injury after the
implementation of a technological change may
depend on intrinsic characteristics of a new
technology, but may also be conditioned by
other factors that moderate its main eVect.19 Our

Figure 9 Dynamics of total accident: 5 year average values in the period 1994–8.
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results on causes of injury should be considered
in setting priorities to improve safety perform-
ance through improved equipment. However,
such improvement must be accompanied by
higher consideration of human factors—such as
managerial and organisational systems.

SEVERITY OF INJURY

In occupational risks the extent of the damage
incurred after an occupational accident or dis-
ease varied.20 Even if severity of an injury seems
to be a multifaceted entity, for the purpose of
this paper it seems preferable to adopt a simple
classification of the consequences of an acci-
dent. Based on this simplified approach, all the

injuries were classified on the basis of their
consequences: fatal injuries, injuries with
permanent disability of operators, and tempo-
rary inability to work.

Referring to the year 1951 (=100, fig 12), the
reduction of the number of fatalities was much
higher than the reduction in permanent or
temporary disability.

In 1998 fatal injuries corresponded to
15.18% of the value recorded in the year 1951;
injuries with permanent disability were 27.47%,
and injuries with temporary inability to work
were 30.00% on the same basis of comparison.

By comparing the values of the three catego-
ries of injuries in 1998 with their maximum

Figure 10 Total injuries from material causes: average values in the period 1994–8.
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Figure 11 Total injuries from material causes: 5 year averages covering the period 1974–98.
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values for the whole period (respectively
recorded in 1952, 1955, and 1963), the decline
in fatal injures was 86.39%. The reduction in
permanent disability was 76.52%, and in the
minor injuries it was 79.26%.

These data show that the most eVective
actions in preventing injuries were directed
towards fatalities. This fact is related to the
greater importance and diVerent perception of
risk given, in the past, to fatal injuries
compared with the other levels of injuries. A
further contribution to this decline was repre-
sented by the general improvement in indus-
trial practice and by the increased standardisa-
tion and automation of processes. Because of
adoption of preventive actions to reduce risk,
the FAFR decreased significantly; however
these actions had lower eVects on other
injuries.

In analyses of 1951–98, the trend for fatal
injuries seemed to be more clearly decreasing
than that for total injuries (fig 13 and fig 1): this
agrees with the results of Bailer et al.21 They
confirmed that all occupations had significant
declines, and for all industries and occupations

investigated, an annual decline of 3.4% a year
was found.

Table 1 shows the annual percentage varia-
tion of fatalities, obtained from the log-link
regression models for the diVerent industrial
sectors in Italy. The values of the coeYcient of
determination show the goodness of fit of the
fatal injury regression lines for the diVerent
sectors: six sectors out of nine had a value for
the coeYcient above 0.823. The low value of
the coeYcient of determination of the textile
group is justified by the fact that the FAFR was
characterised by very low values and negligible
variations in the whole period.

Fatal injury trends for all sectors have
decreased exponentially, with an annual de-
cline equal to 4.42%: the adopted regression
model represents well the variation of FAFR in
the whole period analysed (coeYcient of deter-
mination equal to 0.97; p<0.0005), as shown in
a semilogarithmic diagram (fig 14).

By adopting the bivariate transformed
regression model, according to equation 6, to
all industrial sectors, we found an overall
adjusted decline in rates of fatal injuries equal
to 4.45% (coeYcient of determination equal to
0.98; p<0.0005).

From the trend of fatalities in the past few
years, we found that the zero injury target does
not seem to be achievable, owing to the
existence of an inherent minimum number of
injuries involving industrial activity. Confirma-
tion of this finding occurred in the textile
sector: it had the lowest FAFR but it presented
no remarkable variation during the whole
period considered in this study. The FAFR of
the textile industries was fixed at a mean value
of 1.5 and its variations were negligible, with an
annual decline of 0.72%.

Our final considerations deal with the trend
of FAFR in the diVerent industrial sectors (fig
15). The chemical group was characterised by
low values of FAFR, and the reduction in this
sector over 48 years corresponds to 73.6%. It
must be noted that this variation was restricted
to the first 30 years of our study; in the last part
of the period the trend was more or less
constant (between 1983 and 1997 the reduc-
tion was 1.91%) with a small increase in the
past 5 years.

Discussion
As already reported, metallurgy industry was
the sector with the highest number of workers
employed in Italy (about 30% of working

Figure 12 Total frequency indices classified on the basis of
severity, over the period 1951–98.
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Figure 13 Frequency of fatal accidents over the period
1951–98.
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Table 1 Estimated annual percentage declines of fatalities according to the linear
regression models, for the diVerent industrial sector

Industrial sector a b
CoeYcient of
determination % Decline

Food or agricultural 3.980 −0.066 0.823 6.36
Chemical 2.532 −0.041 0.859 4.06
Building 3.988 −0.032 0.907 3.14
Energy 4.140 −0.065 0.911 6.33
Wood 2.111 −0.019 0.550 1.87
Metallurgical 2.546 −0.008 0.260 0.81
Mining 3.890 −0.041 0.909 4.00
Textile 0.571 −0.007 0.129 0.72
Transport 3.621 −0.031 0.890 3.03
Overall 3.385 −0.045 0.970 4.42

Figure 14 Linear unadjusted regression model for
fatalities over the period 1951–98.
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hours). We found that the reduction in fatalities
in this sector (40.33%) was lower than those in
other fields. This figure can be related to the
fact that, unlike in other sectors, metallurgical
industrial practice has not changed remarkably
in the past years, especially in small and middle
sized firms, which are prominent in Italy.

The wood industry was characterised by a
reduction in FAFR of 60.46%; on the other
hand, in this industrial sector values of the FI
used to be very high, with a particularly high
number of injuries causing permanent disabil-
ity from the use of equipment such as saws.
Finally, we found a marked decrease of
fatalities in the energy industries (96.92%) and
in food and agriculture (87.87%). In these
cases the reduction was comparable with that
for total injuries, even though the reduction in
agricultural production was related also to
changes in the classification system used. By
contrast, the energy sector was characterised by
a sharp improvement in the quality of indus-
trial technology, causing an inherent reduction
in safety.

In conclusion, building and transport indus-
tries ware characterised by the highest values of
FAFR; we found a decline over the full period
even though the past 5 years showed an
increase, a finding which requires further
investigation. The results of this analysis clearly
placed the transport and construction groups
at a higher fatality risk than manufacturing
sectors: transport and construction involve
many activities, operations, and practices that
have an inherently high risk.22 Our analysis
agrees well with the findings of Kisner and
Fosbroke,23 who reported a fatality rate, for
construction workers, 3.5 times the overall
occupational fatality rate for all industries in
the United States.

Conclusions
This paper shows that many factors aVect risk
levels in industrial activities. With reference to
the Italian situation over a span of half a

century, a good correlation between produc-
tion cycles and injury frequency was found. In
agreement with other studies it can be
concluded that technological evolution does
not in itself prevent industrial injuries. During
the period studied the injury rate for all indus-
trial classes showed a decline, with some diVer-
ences from sector to sector. Several reasons for
those diVerences have been put forward. The
analyses of the dynamics of the injuries and of
the immediate material causes show that,
despite the development of safety techniques in
both hardware and software, still more consid-
eration should be paid to the human factor. It
was concluded that the overall probability of
fatalities is exponentially decreasing by the year
and that linear regression models with log
transformed rates represent the trend well
(coeYcient of determination =0.970). A slight
improvement (coeYcient of determination
=0.981) of the modelling was verified by
adopting a regression model adjusted for the
production index. By analysing the rates of
fatal accidents in the diVerent sectors, appro-
priate targets and priorities for increased
prevention of injuries can be suggested.

In the light of the evidence produced in this
study, the fairest conclusion is that more
consideration should be given to the work
environment, to the improvement of the
man-machine interface, and to human and
organisational factors.
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