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Objectives The purpose of this study was to examine alternative methods for quantifying occupational injuries
and to estimate the costs of foregone earnings due to these injuries.

Methods A model based on the three possible outcomes of occupational injuries (premature death, permanent
disability, and temporary dysfunction) was proposed, and several new indices were developed to measure the
frequency and severity of occupational injuries. In the calculations, the human capital method was employed to
measure potential salary lost due to occupational injury. An example was adopted from a steel corporation to
demonstrate these indices.

Results The cumulative injury rates, based on age and duration of employment, represented the average
cumulative risk of acquiring occupational injuries by lifetime work duration and by employment duration,
respectively. The severity index revealed the rate of estimated potential workdays lost by incorporating both the
age at which an injury occurred and the severity weighting factors of various disabilities into the formula. After
the estimated potential workdays lost was divided by the total employees’ potential affordable workdays, the
proportion of potential workdays lost showed a result that adjusted for the varied age distribution in each year
implicitly. The potential loss in salary calculated the foregone earnings of occupational injuries, which could be
considered as a lower limit of the monetary cost estimated by the willingness-to-pay method.

Conclusions Such indices supplement disabling frequency and severity rates. They cannot only be applied to
occupational safety monitoring, but also to the policy-making process in occupational safety and health.

Key terms human capital, frequency rate, occupational injury, proportion of potential workdays lost, severity

index, severity rate, work capability.

Maximizing expected value is the primary goal of a firm;
this statement constitutes the conceptual basis of the firm
theory of economics (1). From an economic point of
view, employees are the most important keys to the qual-
ity of products, services, or goods. To be competitive in
the marketplace, most firms try to increase their produc-
tivity, which is sometimes promoted at the sacrifice of
occupational safety and health. However, accidental oc-
cupational injuries may not only damage a company’s
public image, but also impede productivity by damaging
the employee’s health and resulting in temporary or per-
manent physical and mental impairment, or even prema-
ture death. To an employee, an occupational injury not
only brings economic loss, suffering, grief, physical and
mental impairment or even death, but it also burdens the
family as well. The reduction in productivity and the
increase in expended resources usually produce a sub-
stantial and countless cost to society, including both eco-
nomic and noneconomic costs (2, 3).

Therefore, the efficient prevention of occupational
injuries is an earnest and challenging task to be met by
both firms and governments. The current statistical tools
used for occupational injuries, such as disabling frequen-
cy and severity rates, have been used for more than two
decades (4). Although these two measurements have been
used extensively throughout the world, they are not with-
out limitations. In this article, we first review these mea-
surements and then propose alternative or supplemental
methods for quantifying occupational injuries and their
potential impacts.

Disabling frequency and severily rates

Disabling frequency and severity rates are the two most
widely used indices used to evaluate occupational inju-
ries. The frequency rate quantifies the number of occu-
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pational injuries in a firm per million person-hours
worked yearly. The severity rate measures the total
number of disabled days of a firm per million person-
hours worked yearly. These two indices were adopted by
the American National Standards Institute (ANSI) in
1967 (5). Disabling injuries are usually classified into
the following four categories: (i) deaths, (ii) permanent
total disabilities, (iii) permanent partial disabilities, and
(iv) temporary disabilities. An injury resulting in perma-
nent disability is coded as a specific number of “disabled
days” that is retrieved from ANSI’s standard scale of
time charges of different injuries (5). For example, death
and permanent total disability are charged with the high-
est number of workdays lost (6000 days), and a perma-
nent partial disability is charged with the number of days
less than 6000 based on its severity. If an injury involves
multiple parts of the body, the total number of days is
usually charged with the sum of the parts with a ceiling
limit of 6000 days. The formulas to compute the fre-
quency and severity rates within a specified period of
time (eg, a year) are as follows: disabling frequency rate
= (total number of disabling injuries x 1 000 000) / (total
number of person-hours worked in a firm); disabling
severity rate = (total number of disabled days X
1 000 000) / (total number of person-hours worked in a
firm).

In general, these two indices describe the occupation-
al injuries of a firm in two aspects, frequency and severi-
ty, and they seem sufficient to meet the needs of mea-
surement. However, they have some inherent defects in
measuring the occupational injuries of a firm. The dis-
abling frequency rate does not take an employee’s age
into account nor does it adjust for the duration of em-
ployment. This statistic can hardly be interpreted as per-
sonal lifetime risk. Moreover, it is not usually suitable to
compare between years or firms directly without rate
standardization. While the disabling severity rate intends
to reveal the magnitude of impact that injuries have upon
a firm, the total number of disabled days (coded for
deaths, permanent total and partial disabilities) are in-
flexible and fixed figures. On the surface, it seems to
weight everybody equally; in reality, such an arbitrary
coding schedule ignores the individual differences in the
age at which an injury occurred and the contribution of
the remaining work capability. The implication of dis-
abled days calculated in this manner probably loses effi-
ciency in human resource costing and accounting (6).

Waorkyears of potential life lost

The concept of years of potential life lost was developed
as early as the 1940s, estimating the average potential
years that a person could lose if a fatality occurred before
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the life expectancy of his or her age (7). It can be used to
quantify the impact on society due to certain diseases or
health-related events with the common unit “person-
year.” Although this concept cannot replace mortality
rate, it can provide another aspect of the quantification of
social impact by measuring the potential years lost due to
certain etiology.

After years of potential life lost many other indices
were developed to describe social impact by distinct
conceptual definitions and calculating methods. Among
these indicators, the workyears of potential life lost
(WYPLL) involved estimating the average work years a
person could lose if he or she died prematurely before his
or her retirement age (7). WYPLL is usually defined as:

w-1 N

WYPLL = Zo ditN- W)+ dei(N~ i,
where i = age at death, di = number of deaths at age i,
W =20 years of age (lower cutoff value), N = 64 years of
age (upper cutoff value).

The worklife period is usually defined to be between
20 and 64 years of age. The formula contains two parts,
including contributions from employees who died before
20 years of age and those who died between 20 and
64 years of age. Therefore, the workyears lost are
45 years and 64-i years, respectively. For people older
than the usual retirement age (ie, 65 years), it is usually
assumed that they have no workyears lost due to an
injury. Although the workyears of potential life lost takes
the age factor into account, it can only be applied to
estimate the workyears lost due to death. Furthermore,
with the competing general mortality being considered
(8), the results of the workyears of potential life lost
would be less than the figures derived from the preced-
ing calculation. In addition to the case fatalities, there is
still a need to assess the worklife lost due to permanent
and temporary disabilities and to quantify the status of
occupational injuries more reasonably.

Cumulative injury rate of occupational injuries

To tackle these problems, we propose alternative mea-
surements to quantify the frequency and severity of oc-
cupational injuries. The cumulative injury rate integrates
the age factor into the incidence rate itself. While incor-
porating the age distribution, it remains exactly the same
as the cumulative incidence rate in common epidemio-
logic measurements with a specific definition of the inci-
dent of injury. It takes the following equation (9—11):

CIR g ¢4 = 1 — e ZURYIXAG]
where CIRy, ¢ = cumulative injury rate between 20 and

64 years of age (or any specified age period), i = age
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stratum (eg, every 5 years of age as a stratum), IR =
injury rate for a specific stratum, Ar = the number of
years in each age stratum (eg, if each age stratum is
5 years of age, then the Ar=5).

Applying the CIR,, ¢, to quantify the annual fre-
quency of occupational injures in a firm takes advantage
of the standardized age distribution and stands for esti-
mating the average risk of acquiring occupational inju-
ries through an employee’s lifetime workyears in the
firm. Simultaneously, the CIR,, , can be interpreted as
the annual risk indicator of the work environment of the
firm. If the duration of employment is the major determi-
nant to the occurrence of occupational injuries, rather
than age, we can also quantify the CIR by specifying and
dividing the stratum by the duration of employment in-
stead of age. It has a similar equation to that of CIR,, ,:

CIRpopp s = 1 — €-ZIRIXAT

where CIRpogy_p4 = cumulative injury rate on duration of
employment between 0 and 24 years of employment (or
any other specified duration), i = stratum of duration of
employment (eg, every 5 years as a stratum), At = the
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Figure 1. Potential workdays lost due to premature death from the
occupational injury of an employee. (T1 denotes the age of onset, L
represents the age of retirement)
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Figure 2. Potential workdays lost due to permanent disability from the
occupational injury of an employee. (T2 indicates that the employee
starts to come back to work with residual work capability and simulta-
neously under further rehabilitation; T3 means the time when the
disability of the employee is stabilized and cannot be improved further)
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Figure 3. Potential workdays lost due to temporary dysfunction from
the occupational injury of an employee. (T2 denotes the age of recovery)
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number of years in each stratum (eg, if each stratum is 5
years of employment, then the At = 5).

Potential workdays lost from occupational injuries

The conceptual modification for the severity rate is to
divide the outcomes of occupational injuries into the
following main categories: (i) premature deaths (workers
die immediately when an occupational injury occurs or
die later but lose their work capability immediately after
the occurrence of the injury) (figure 1); (ii) permanent
disability (workers permanently lose various proportions
of their work capability due to different injuries to their
own bodies) (figure 2); (iii) temporary dysfunction: nei-
ther death nor permanent disability occurs due to the
injury, but workers have to leave scheduled work for a
certain number of days; when such a worker returns to
work, he or she can work with the same capacity as
before the injury (figure 3).

The following equations quantify the potential work-
days lost corresponding to figures 1—3:

CF
X1= -21 (L—T1);x W,
In

X2=
=
+ (L—T3)x Ws},
D

X3 :jZl (T2 - T1); x W,

(MR -THXWt+ (T3 ~T2) X Wm

3

(total potential workdays lost in the firm = X1 + X2 +
X3), where X1 = potential workdays lost from the cases
of fatality, X2 = potential workdays lost from the cases
of permanent disability, X3 = potential workdays lost
from the cases of temporary dysfunction, L = age of
retirement, 65 years of age in this model, CF = total
number of fatalities, PD = total number of permanent
disabilities, 7D = total number of temporary dysfunc-
tions, Wt = full loss of one’s work capability, 1.0 in this
model, Wir = mean work capability lost during 72 to 73,
between 0 and 1, Ws = work capability lost compared
with that before the injury and when the worker reaches
a stable disability period at 73, between 0 and 1 (usually
Wm > Ws).

Figure 1 indicates that when a deadly injury occurs at
T1, the injured employee loses his work capability im-
mediately and permanently. The area from 71 to L de-
notes the potential workdays lost of this employee. In
figure 2, when permanent disability occurs at 71, the
injured employee loses work capability immediately, and
the clinical courses of such a disability may vary individ-
vally (eg, visiting the emergency room, ward admis-
sions, operations, rehabilitation or resting at home) de-
pending on the severity and treatment of the injury. The
area between 71 and 72 denotes the potential workdays




lost from the beginning of the injury to the first day back
to work. T2 to T3 represents the time after the injured
employee returns to work, perhaps not yet fully recov-
ered, and work capability improves as time passes. Final-
ly, the injured employee reaches the point of stabilized
disability (73). If the worker’s work capability gradually
improves, then we can assume that the recovery is linear
and Wm = (1+Ws)/2. The period from 73 to L describes
the expected duration in which the employee can con-
tribute his work capability until the age of retirement,
although his or her work capability might be only a
proportion of that before the injury. The total area under
the curve from 71 to L represents this employee’s poten-
tial workdays lost if permanent disability occurs. Fig-
ure 3 shows that, when the temporary dysfunction occurs
at T1, the injured employee has to leave scheduled work
immediately, but he or she can work with at least full
work capability when he or she returns after a period
away from work. The area enclosed represents the work-
days lost due to the employee’s injury.

The total potential workdays lost due to different
outcomes in a firm within a certain period of time can be
quantified by such approaches. In the situation of perma-
nent disabilities, further investigation of the varied per-
centage of work capability lost after injury needs to be
addressed to complete the whole model. Nevertheless,
before such a survey has been undertaken and data ob-
tained, we suggest temporarily adopting the values from
the disability classification system for the worker’s wage
compensation. For example, in the system of disability
classification used by the Bureau of Labor Insurance for
the Taiwan-Fukien Area (12), there are 15 grades of
wage compensation based on the severity of occupa-
tional injuries. The first grade, the most serious perma-
nent disability, which is designated to receive 1800 days
of wage compensation, is used as a base to derive the
other varied percentage of work capability lost (table 1).
In this situation, the work capability from 72 to T3
weighted by Wm would simply be substituted by the
remaining work capability from 73 through retirement
(ie, Ws). Similarly, we can immediately obtain an as-
sumed percentage of work capability lost by simply di-
viding the number of workdays lost charged to a specific
injury by that of permanent total disability (ie, 6000
workdays) in ANSI’s schedule (5), as in table 2.

With the total potential workdays lost as the numera-
tor, we can then derive two indicators to quantify the
severity of occupational injuries by introducing two ways
of counting as denominators. The first indicator can be
obtained by simply applying the new quantification of
total potential workdays lost to the numerator of the
disabling severity rate while retaining the same denomi-
nator. The quotient derived is an estimation of the sever-
ity of the impact of occupational injuries. To differen-
tiate this value from the disabling severity rate itself, we
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have named it the severity index [severity index = (total
number of potential workdays lost x 1 000 000 / (total
number of person-hours worked in a firm)].

Because the numerator of the severity index depends
on the age of the injured workers, we can make a similar
adjustment for the denominator to reduce such a bias.
The second indicator is to calculate the total potential
affordable workdays that could possibly be contributed
by all employees before their retirement in the firm year-
ly and replace it as the denominator. Because the units of
both the numerator and the denominator are potential
workdays, the quotient is actually a proportion named
the proportion of potential workdays lost (PPWDL).
[PPWDL = total number of potential workdays lost/
(total number of potential affordable workdays of all
employees in a firm)].

Tabie 1. Assumed work capability lost after permanent disability
granted according to the workmen’s compensation schedule of
Taiwan.

Grade of Wage Percentage of
permanent compensation work capability
disability in days lost
1 1800 100.0
2 1500 83.3
3 1260 70.0
4 1110 61.7
5 960 53.3
6 810 45.0
7 660 36.7
8 540 30.0
g 420 23.3
10 330 18.3
11 240 13.3
12 150 8.3
13 90 5.0
14 60 33
15 45 2.5

Table 2. Examples of assumed percentage of work capability lost
calculated from the tabulation of scheduled charges of permanent
disabilities adopted by the American National Standards Institute
(ANSI).

Disabled Work
days capability

Type of disability

charged lost (%)
Loss of member (amputation)
Distal phalange of great toe 150 2.5
Distal phalange of thumb 300 5.0
Foot at ankie 2460 40.0
Hand at wrist 3000 50.0
Any point above ankle and at or below knee 3000 50.0
Any point above wrist and at or below ethow 3600 60.0
Any point above knee 4500 75.0
Any point above elbow 4500 75.0
Impairment of function ;
One ear 600 10.0
One eye 1800 30.0
Both ears 3000 50.0
Both eyes 6000 100.0
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Potential salary lost due to occupational injuries

In addition to the preceding indices, we have also formu-
lated the estimation of potential salary lost, or foregone
earnings, based on the same concept of potential work-
days lost. It offers a way to estimate the social cost due to
occupational injuries in monetary value. From an eco-
nomic point of view, such figures are practical supple-
ments which can be directly used to count the human
capital cost of occupational injuries, and they are usually
considered as the lower bound of the costs estimated
from the willingness-to-pay method (13). Likewise, the
development of the total potential salary lost can be built
on the structure of the three outcomes of occupational
injuries. We can adjust the incremental rate of labor
productivity of an employee and discount future mone-
tary value to present value in order to estimate both cases
of premature death and permanent disability more accu-
rately. The incremental rate of labor productivity can be
substituted by the mean value of the incremental rate of
GNP (gross national product) (eg, the average incremen-
tal rate of the GNP of Taiwan between 1981 and 1990 is
6.6%). The discount rate usually fluctuates from year to
year, and therefore a sensitivity analysis is needed to
obtain a more reasonable range of estimation. As for
cases of temporary disability, we simply sum up the
actual loss in the year in which the injuries occurred.
Because the potential workdays lost in cases of tempo-
rary dysfunction rarely encompass more than one year’s
time, the estimation of salary lost does not need the
preceding adjustments. The equations for the estimation
of the three different outcomes of occupational injuries
are as follows:

1. The potential salary lost resulting from case fatality
due to occupational injuries:
cF

64
1 -
Mi=X MOD(xl,-/300)><(P//30°)+Eij( +g)64 I}'
‘ i=n+1 l+r

where M1 = potential salary lost due to fatality, x1 =
individual potential workdays lost due to fatality, MOD()
= remainder function of the arithmetic, 300 = average
number of total workdays in a year in Taiwan, j = jth
case of fatality, n = age of years of the jth case when the
deadly injury occurred, Pj = annual income of the jth
case, g = annual incremental rate of labor productivity,
and r = annual discount rate,

2. The potential salary lost resulting from permanent
disability due to occupational injuries:

PD m
1 m-i
M=% {MOD(xzj/aoo)x(P,,mH b3 ij( +g)
b i=n+

1 l+r
64
1 64-i
+ X Pj><Ws><( +g>4 }
i=m+1] 1+r
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where M2 = potential salary lost due to permanent dis-
ability, j = jth case of permanent disability, x2 = indi-
vidual potential workdays lost due to permanent dis-
ability, n = age in years of jth case when the injury
occurs, m = age in years of jth case when the worker
comes back to work.

3. The salary lost resulting from temporary dysfunction
due to occupational injuries:

D
M3 = ? X3 X (Pyago)s

where M3 = salary lost from the cases of temporary dys-
function, x3 = individual workdays lost due to temporary
dysfunction (potential salary lost of all occupational in-
juries in the firm = M1 + M2 + M3).

In the preceding equations, the income of each work-
day is assumed to be the annual income divided by 300
workdays, which is the average number of total work-
days in a year in Taiwan. However, since the average
total number of workdays of a worker in a year can vary
from couniry to country or across different companies,
we suggest using 300 workdays for the convenience of
comparison.

Example from a steel manufacturer

To demonstrate the performance of these indices, we
have applied them to the register data of occupational
injuries of a steel company in Taiwan from 1985 through
1991. This company has a comprehensive registration
system for all occupational injuries involving the loss of
workdays. Table 3 lists the frequencies of various severi-
ties of disabling occupational injuries and the workdays
lost estimated by various methods. There were 625 occu-
pational injuries during these years. Among them, 576
cases involved temporary dysfunction, 38 cases resulted
in permanent disability, and 11 cases resulted in fatality.
On the average, 20 workdays were lost per case of tem-
porary dysfunction. In permanent disability, the potential
workdays lost estimated from the work capability lost
adopted from ANSI and Taiwan reveal that the numbers
calculated from ANSI (table 2) are usually smaller than
those from Taiwan (table 1), but both values are much
greater than those of the total number of disabled days. A
similar situation occurs in the case of fatality. It indicates
that ANSD’s original schedule may underestimate the
impact of injury on production if workers are generally
young. Although the frequencies of disabling injuries
were high during 1987--1989, the numbers of perma-
nent disabilities decreased, except in 1989. There were
five cases of mortality in 1987, and this value was the
highest during these years. Table 4 summarizes the
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Tahle 3. Frequencies of various kinds of occupational injuries and respective estimation of workdays lost from a steel making company
for different fiscal years. (PWDL = potential workdays lost, ANSI = American National Standards Institute)

Years
1985 1986 1987 1988 1989 1990 1991 1985—1991
Number of injuries 72 81 102 109 114 80 67 625
Temporary disability
Number of cases 60 74 92 103 106 77 64 576
Disabled days?
Total 1301 2189 2472 2091 2389 1558 1991 13991
Mean 213 29.6 26.9 20.3 22.5 20.2 31.1 24.2
SD 224 54.1 4.7 33.5 32.0 319 58.2 40.6
PwDL"
Total 1069 1798 2030 1717 1962 1280 1635 11492
Mean 17.52 24.30 22.07 16.67 18.51 16.62 25.55 19.92
SD 18.39 44,44 36.71 27.48 26.26 26.18 47.83 33.31
Permanent disability
Number of cases H 7 5 5 7 1 2 38
Grade
1—3 — — — — — — — —
4—6 1 — — — 1 — — 2
7—9 3 2 2 — 1 — — 8
10—12 4 2 3 — — — 1 10
13—15 3 3 — 5 5 1 1 18
Total disabled days? 8200 3772 4279 793 5935 50 235 23264
PWDL (ANSI)e 15482 8474 7283 1737 9544 122 460 43101
PWDL (Taiwan)? 19934 12035 8933 2434 9740 302 1145 54525
Occupational deaths
Number of cases 1 — 5 1 1 2 1 11
Age group (years)
<35 1 5 1 — — 1 8
35—49 — — — — 1 2 — 3
50—64 — —_ — — — —_ —_ —
Total number of disabled days? 6000 — 30000 6000 6000 12000 6000 66000
PWDL 10241 — 51019 10982 4629 12747 10586 100203

s

Total disabled days charged by the method of ANSI Z16.1-1967(5).

=

Potential workdays lost is the same from either the ANS! or Taiwan method of estimation. The counting of total disabled days from temporary dysfunction

usually included the holidays and weekends, which are not included in the PWDL.

®

Potential workdays lost from the estimation of table 2.
Potential workdays lost from the estimation of tahle 1.

a

Table 4. Number of employees, mean age, person-hours worked, potential affordable workdays, and various estimations of workdays
lost from occupational injuries in a steel making company from different fiscal years.

Years Number Mean age Person-hours Potential affordable Total Potential workdays lost
of (vears) worked workdays of all disabled -

employees employees days ANS Taiwan
1985 9614 31.69 21318818 96 022 149 15 501 26 791 31244
1986 9 667 32.52 22318 952 94 131 470 5961 10 272 13 833
1987 9 807 33.33 23 345 482 93 109 980 36 751 60 332 61982
1988 9879 34.21 22713 801 91184 916 8884 14 436 15133
1989 9 864 35.16 22 578 041 88249735 14 324 16135 16 332
1990 9813 36.08 22 791 051 85 090 381 13 608 14148 14 329
1991 9748 37.04 22 800 047 81710449 8226 12 681 13 367

number of employees, mean age, person-hours worked,
potential affordable workdays of all employees, and the
various kinds of estimation of workdays lost. The number
of employees and the person-hours worked do not fluctu-
ate much in these years, but the mean age of all employ-
ees increases and is reflected in the declining number of
total potential affordable workdays. The magnitude of
change during 1985—1991 for the total number of disa-
bling days charged by ANSI's schedule seems to be

larger when compared with those of the potential work-
days lost.

Table 5 shows the figures of these indices in two
aspects, the frequency and severity of injury. The mortal-
ity rate was greatest in 1987, which had five cases of
fatality. The disabling frequency rate peaked in 1989 and
then declined. However, either CIR,,_4, or CIRpogy o4
had its highest value in 1988 rather than in 1989. As for
the severity-related indices, the figures for all indices
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Table 5. Frequencies and severities of occupational injuries that occurred in a steel making company from 1985 through 1991.
(CIR,9_64 = cumulative injury rate between 20 and 64 years of age, CIRpgg_p4 = Cumulative injury rate on duration of employment between
0 and 24 years, PPWDL = proportion of potential work days lost, ANSI = American National Standards Institute)

Years
1985 1986 1987 1988 1989 1990 1991
Frequency of injury
Mortality rate (10-3) 0.10 0.00 0.51 0.10 0.10 0.20 0.10
Frequency rate 3.38 3.63 437 4.80 5.05 3.51 2.94
CIRyg-54 0.32 0.47 0.32 0.59 0.44 0.43 0.30
CIRpoz0-24 0.10 0.12 0.15 0.49 0.21 0.16 0.24
Severity of injury
Severity rate 727 267 1574 391 634 597 361
Severity index (ANSI) 1257 460 2584 636 715 621 556
Severity index (Taiwan) 1466 620 2655 666 723 629 586
PPWDL (105, ANSI) 279 109 648 158 183 166 155
PPWDL (10-5, Taiwan) 325 147 666 166 185 168 164

Tahle 6. Estimation of potential salary lost from three different outcomes of occupational injuries from 1985 through 1991 that occurred

in a company with various discount rates (r). (Unit: USD 100 000)

Year
1985 1986 1987 1988 1989 1990 1991
Death
r=0.04 12.48 0.00 61.94 13.69 4.34 13.32 13.06
r=0.06 8.71 0.00 43.31 9.38 3.72 10.49 9.02
r=10.08 6.33 0.00 31.66 6.73 3.22 8.45 6.51
r=0.10 478 0.00 2410 5.04 2.82 6.97 4.89
Permanent injury
r=0.04 18.91 10.56 8.49 1.89 11.21 0.17 0.62
r=0.06 14.07 7.59 6.72 1.50 8.31 0.14 0.52
r=0.08 10.97 5.79 5.50 1.24 6.40 0.12 0.45
r=0.10 8.93 4.65 4.64 1.06 510 0.10 0.40
Temporary injury 0.82 1.38 1.56 1.32 1.51 0.98 1.26
Total
r=0.04 32.21 11.94 71.99 16.90 17.06 14.47 14.94
r=0.06 23.60 8.97 51.59 12.20 13.54 11.61 10.80
r=0.08 18.12 717 38.72 9.29 11.13 9.55 8.22
r=0.10 14,53 6.03 30.30 7.42 9.43 8.05 6.55

show similar trends except for the last three years. For
1985 and 1989, the results of the disabling severity rate
are less exaggerated than those from the severity index
and the proportion of potential workdays lost. In 1989
there was one case of fatality, seven cases of permanent
disability, and 106 cases of temporary dysfunction, while
in 1985 there was one case of fatality, 11 cases of perma-
nent disability, and 60 cases of temporary dysfunction
(table 3). But the severity rate in 1985 (727 disabled days
per million person-hours worked) was only 1.1-fold high-
er than that in 1989 (634 disabled days per one million
person-hours worked) (table 5). With the severity index,
the result of 1985 is 1.7-fold higher than that of 1989 by
ANST’s schedule (1257 versus 715 potential workdays
lost per million person-hours worked); and about two-
fold higher if calculated and compared with Taiwan’s
schedule (1466 versus 723). With the proportion of po-
tential workdays lost, we can obtain a smaller magnitude
of the difference for these two years if they are compared
with those of the severity index (ie, 1.52-fold for the
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proportion of potential workdays lost for ANSI and 1.75-
fold for the proportion of potential workdays lost for
Taiwan). The figures fluctuate more smoothly after 1988
for both ANST’s and Taiwan’s methods. It adjusts the
various age distributions of employees in each year, and
we can tell that there was a small improvement in occu-
pational safety from 1990 to 1991, 166(10-%) to 155(1079)
by ANSI’s schedule and from 168(10°) to 164(10-6) by
Taiwan’s schedule, which is not so large as that shown
for the severity rates (597 to 361 disabled days per mil-
lion person-hours worked).

Table 6 exhibits the potential salary lost in monetary
value. On the assumption that any age and either gender
have the same income in our example, we used USD
23 000 as the average annual income for the calculation
of three equations. With four different discount rates, we
obtained four pairs of figures for death and permanent
disability. Because the potential salary lost due to tempo-
rary dysfunction only counts the actual loss of the year in
which the injury occurred, it does not change with differ-



ent discount rates. With any discount rate, the potential
salary lost from death remains the major part of the total
potential salary lost, except in 1985 and 1989, which had
more than seven cases of permanent disability. When the
discount rate becomes larger, the figures for permanent
disability come close to those of temporary dysfunction,
or are even less than them, as shown for 1988. The
potential salary lost due to occupational injuries in 1991
is about one million American dollars when the discount
rate is 6%.

Discussion

Both the disabling frequency and severity rates have
been used to quantify and monitor the status of occupa-
tional injuries in firms since 1967 (5). However, these
two indicators are not without drawbacks. The disabling
frequency rate is actually a crude rate, which needs to be
further standardized in order for comparison between
different companies or different years. Moreover, it can-
not be directly interpreted as a personal lifetime risk of
acquiring occupational injuries in a particular company.
As for the disabling severity rate, the measurement of the
total disabling days is relatively arbitrary and fixed for
permanent disability and death. It is not based upon a
worker’s potential work capability lost or remained, but
changes with the rigidly weighted disabled days for in-
jury to different parts of the body.

As an alternative to the disabled frequency rate, we
propose the CIR,, 4, and CIRpqp, 54 to quantify the fre-
quencies of occupational injuries. These two indicators
not only allow for inherent adjustments for uneven age
distribution or duration of employment, but also serve as
indicators assessing a worker’s cumulative risk of ac-
quiring occupational injuries in a specific company. In
other words, the CIR,, ¢, represents an employee’s life-
time cumulative risk of acquiring an occupational injury,
while the CIRpogy,s indicates the average risk of ac-
quiring an occupational injury after working for 25 years
in the company if the worker has not left for any other
reasons. For instance, if an employee works in the firm
of our example from 20 years of age to retirement, the
average risk of acquiring an occupational injury in the
work environment of 1991 is 30% (table 5). Similarly,
the risk of acquiring an occupational injury for an em-
ployee working for 25 years is 24% for the same envi-
ronment of 1991. However, since the CIR,, ¢, uniformly
weights each age stratum, it will be affected by any age
stratum with a small number of population at risk. For
example, a disabling injury occurred for one out of every
14 workers in the age stratum of 60—64 in the year of
1986 (not shown in the tables). This occurrence heavily
influences the figure of CIR,, ¢, of 1986 and makes it the
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second highest during 1985—1991. The bias generated
from a small fraction of the population at risk in a partic-
ular stratum might be mild when we apply this indicator
to fit the data from the national level. However, we
recommend that users look with caution at the CIR
values, including CIR,, 4, and CIRpggg04- A duration of
employment of 0 and 24 years was used because a work-
er is eligible for retirement if he or she has worked for
25 years in the same firm according to the labor regula-
tions in Taiwan. This upper limit of employment dura-
tion can be different for countries with different criteria
for retirement. As long as the time period specified for
either age or duration of employment is the same, they
can be directly compared.

The concept of potential workdays lost involves the
actual estimation of the potential workdays a worker
would lose if he or she died or sustained disabilities due
to occupational injuries. The total potential workdays
lost can be directly interpreted as a quantitative loss of
human resources to society and converted into a mone-
tary value. The severity index introduces the total poten-
tial workdays lost to serve as the numerator. Since the
denominator of the severity index is still the same as the
severity rate (ie, per million person-hours worked) the
severity index still has potential bias against the impact
of the death or permanent disability of young workers,
who generally have longer potential work lives than those
of the aged. The proportion of potential workdays lost
can amend such flaws by incorporating the age distribu-
tion into the calculation. It replaces the per million per-
son-hours worked with the total potential affordable
workdays for the denominator of the severity index. The
calculation of the proportion of potential workdays lost
assumes that all employees will work in the firm until
retirement age and will not leave for any other reason
before retirement. This should not distort the meaning,
because the total potential workdays lost of injured em-
ployees comes from all the employees who contribute to
the total potential affordable workdays. Since most per-
manent disabilities due to occupational injuries are mild
to moderate [in our example, only two out of 38 belong
to the moderate injury class (grade 4—6), see table 3],
the assumption is not violated in most cases. Workers
with severe disabilities that affect their own survival
generally have a low residual work capability, and thus
the error due to the poor survival of disabled workers
may be trivial. Moreover, before one’s retirement, there
might be some interactive effect of occupational injuries
with other health-related events affecting work capabili-
ty, such as diabetes mellitus, cardiovascular diseases,
cancer, infectious diseases or the like, in his or her work
career. Since working populations are generally healthier
than those unemployed (14-—16) and the effect would
similarly affect all work forces, we assume that the mag-
nitude of interaction may not be too large and will prob-
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ably not bias the estimation of our model to a significant
extent. However, if we want to extend our model to other
occupational and nonoccupational diseases, both the sur-
vival time of the specific health-related event and the
residual work capability should be taken into considera-
tion simultaneously. In this case, the competing risk of
dying from other causes can also be taken care of (8),
and we can extend the model to quantify the potential
workdays lost of either acute or chronic health events
and to estimate their impact on society.

To determine an employee’s work capability is a
difficult task and probably cannot be completed by a
single figure or dimension. Since we are lacking such
data at present, we simply defined the loss of work capa-
bility by comparing it with that before the injury as a
percentage, adopting the schedules of Taiwan and ANSI
as examples, shown in tables 1 and 2. However, the real
figure may be different because these quick schedules
were not originally made for estimating a worker’s loss
of work capability. Thus we suggest conducting surveys
of workers who have suffered from various degrees of
severity of occupational injuries to determine the per-
centage of change in work capability after injury and to
validate further the figures of the 15 grades in table 1 or
those of ANSI’s schedule in table 2. Although rare, it is
possible that an injured employee with a relatively mild
permanent disability may return to work with an im-
proved work capability than that prior to the injury, as in
figure 4. Such a gain or improvement in work capability
generally cannot be attributed directly to the injury be-
cause the victim usually goes through much pain and
psychological trauma after one injury. The condition is
even worse for any injury resulting in permanent dis-
ability of a more serious nature. Therefore, we suggest
treating such cases as outliers until actual survey data are
obtained to refute or to verify our proposal. Since these
cases may be relatively rare, they will probably not af-
fect our overall estimation significantly.

Among different dimensions for estimating the cost
of occupational injuries, foregone earnings of affected
workers remain a major part (17). Using the concept of
potential workdays lost, we have also proposed a model
to calculate the potential salary lost. Determinants of
such an estimation, (eg, the growth of labor productivity,

Loss of work
capability

100%

T1 T2 Time

T3 L

Figure 4. Possible condition for gaining surplus work capability due to
permanent disability from the occupational injury of an employee.
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real interest rate and annual individual income) are ad-
justed in our model, which offers a straight way of esti-
mating the severity of occupational injuries in monetary
value. When the estimation extends to the national level,
we can use the average income instead. Nevertheless,
adjustment for some key factors influencing a worker’s
income, such as industry, occupation, education, and the
like can also be further taken into account and factored
into the equations (17). Although this approach, based on
the method of human capital, may not be so convincing
as the estimation from the method of “willingness to
pay” (18), it can be considered as its lower limit (13) and
still provides us with a direct and quick tool for counting
the potential monetary cost for occupational injuries.

The CIR g1, CIRpopg 04, SEVerity index, proportion of
potential workdays lost, and total potential salary lost are
expected to serve as quantification and summarization
tools towards describing the issue of occupational inju-
ries, in addition to helping the established disabling fre-
quency and severity rates. We anticipate that these indi-
cators can be applied to the policy-making process of
occupational safety and health. Furthermore, the applica-
tions of the concept of potential workdays lost can be
similarly extended to other occupational and nonoccupa-
tional diseases and used to calculate the costs of human
resources for both policy-decision analysis and evalua-
tion in issues of public health.
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