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he recognition and control of occu-
pational injuries involving musculo-
skeletal pain (musculoskeletal disor-
ders, or MSDs) has become a major
concern of employees, employers,
medical professionals, and the fed-
eral government because of the neg-
ative impact of these common inju-
ries on worker health and long-term
productivity. The impact is measur-
able as the MSD contribution to
workplace risks, health and safety
costs, injury rates, lost work time,
treatment duration, and workers’
compensation costs. Various names
have been used for MSDs, including
cumulative trauma disorders (CTDs)
and repetitive motion injuries. Effec-
tively reducing the incidence of
MSD would reduce total costs, in-
crease corporate productivity, and
improve employees’ quality of life.
In 1990, the National Institute for
Occupational Safety and Health
(NIOSH) estimated that 15% to 20%
of Americans were at risk for devel-
oping CTDs." As recently as 1995,
the US government predicted that by
the year 2000, 50% of the American
workforce will have occupational in-
Juries annually, and 50 cents of every
gross national product dollar will be
spent on occupational injuries.” In
1997, the cost of workplace health
and safety was estimated at over
$418 billion in direct costs and—
using the lower estimates—over
$837 billion in indirect costs, for a
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total cost of over $1.26 trillion.’
According to the Occupational
Safety and Health Administration
(OSHA) Office of Ergonomic Sup-
port, MSDs arc responsible for 33%
to 40% of workers’ compensation
claims.* The high costs of MSDs
make them a high priority for strate-
gic planning to prevent or reduce
their incidence.

There is evidence that the number
of MSD injuries and illnesses may be
decreasing. In 1998, the Bureau of
Labor and Statistics™® released re-
sults of its 1996 annual survey of lost
work time due to injuries and ill-
nesses. The data revealed that a total
of nearly 1.88 million injuries and
illnesses in private-industry work-
places required recuperation away
from work beyond the day of the
incident. This represents a decline of
8% from the 2.04 million cases re-
ported in 1995. In fact, the number of
injuries and illnesses resulting in
time away from work declined
throughout the period from 1992
through 1996 (from 2.24 million
cases in 1992, the number declined
by 3.4% in 1993, 0.7% in 1994, 8.7%
in 1995, and 7.9% in 1996.) Al-
though the decline in numbers of
injuries is important, it does not rep-
resent trends in injury severity,
worker productivity, or workers’
compensation costs.

Injury-severity measures demon-
strate that MSDs remain a serious
and costly problem in the workplace.
The number of lost workdays per
MSD case have increased, with MSD
cases contributing disproportionately
more lost workdays per case (median
number of lost workdays in 1996
was 5 days for all cases but 25 days
for MSD cases).® Webster and
Snook’ reported the mean cost per
MSD/CTD case to be ten times
higher than costs per case for other
workplace injuries (ie, a mean cost of
$8070, compared with a mean cost
for all other cases of $824). Most of
the MSD/CTD costs were due to
indemnity costs (65.1%), rather than
to medical costs (32.9%).
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Longer treatment duration appears
o be responsible, in part, for the
higher costs associated with MSD
injuries. Feuerstein et al® reported
185,927 claims in the federal work-
force from October 1, 1993, to Sep-
tember 30, 1994. The mean number
of lost workdays was 84 for only one
MSD—carpal tunnel syndrome
(CTS)—at a direct medical cost of
$4941. They concluded that upper-
extremity MSDs incurred signifi-
cantly higher direct and indirect
medical costs because of the longer
treatment duration and greater work
disability.

These facts support the need for
early identification and prevention of
MSDs. NIOSH stated the need for a
national prevention strategy over a
decade ago®® Feuerstein et al® re-
stated the need in their 1994 study.

Prevention and/or early interven-
tion strategies are more cost-effec-
tive when applied to specific seg-
ments of the population that have an
increased risk of developing the dis-
ease of interest; in this case, MSDs.
One study suggests that risk levels
are higher in ten specific occupa-
tions; these occupations accountcd
for nearly one third of the injuries
and illnesses requiring recuperation
away from work for the period 1992
through 1996.° These occupations
are truck drivers, laborers (noncon-
struction), nursing aides/orderlies,
janitors and cleaners, assemblers,
construction laborers, carpenters,
stock handlers and baggers, cashiers,
and cooks. Cheadle et al'® investi-
gated patterns of work-related dis-
ability in Washington State workers’
compensation cases from 1997 to
1999. Although over half of all
claimants (all injuries, neck/back
sprains, fractures) returned to work
within the first month and were no
longer receiving disability payments,
those with upper-extremity work-
related injuries took a disproportion-
ately longer time to return to work,
with 17.5% of all carpal tunnel syn-
drome claims resulting in at least 6
months of lost work time: 12% had
12 months of lost work time, and

7.4% were off work for at least 2
months. Early, effective screening
and prevention and intervention ef-
forts aimed at higher-risk employees
may be able to prevent or reduce
disability.

The effectiveness of workplace
screening programs for the reduction
of MSDs cannot be measured only
by the Bureau of Labor Statistics
incidence rate.”® Screening contrib-
utes to the prevention of work-
related disease when individual and
group test results are routinely scru-
tinized for indications of adverse
health effects, and appropriate ac-
tions are taken in response to such
findings.!! Golaszewski et al'? dem-
onstrated that for every dollar spent
on general health prevention, 3.40
dollars are saved (benefit-to-cost ra-
tio). Nevertheless, employers have
been reluctant to undertake work-
place screening because of concerns
that the process of screening and the
associated education might cause an
increase in the reporting of OSHA
200 events, an increase in requests
for medical care, and an increase in
workers’ compensation claims,
thereby resulting in incrcased work-
ers’ compensation costs. A prospec-
tive study by Melhorn'? suggested
that these concerns may he unwar-
ranted. No increases in the reported
number of OSHA 200 events or in
incidence of workers’ compensation
claims after completion of an indi-
vidual MSD risk-screening program
that included education and em-
ployee awareness about work-related
musculoskeletal pain. The possible
beneficial effects of screening on
indemnity costs was not examined.

Unfortunately, there is a long his-
tory of difficulties in differentiating
individual risk factors from work-
place risk factors.'* Recent studies
suggest that occupational diseases
involve multiple etiological factors
and that a specific job may not be the
primary cause for their occur-
rence.’>*® When this literature is
reviewed, a number of questions
arise regarding etiology and job re-
lationship; however, sufficient epide-
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miological evidence is present to
demonstrate an association between
an individual’s risk and activities
(workplace and non-work environ-
ment).”’*® Evidence suggests that
prevention is the best approach to the
reduction of MSDs and that preven-
tion is best achieved via individual
screening and surveillance in the
workplace.''?% 733

Currently there is little data re-
garding applications of workplace
risk reduction programs for MSD.
There is, however, common agree-
ment on the nced for a reduction of
MSDs in the workplace. A truly
effective MSD intervention program
would be expected to increase
awareness and earlier reporting of
MSD injuries, and, perhaps, result in
higher MSD injury incidence rates.
However, the same MSD program
would decrease the total number of
lost workdays, lost time case inci-
dence rate, lost time day severity
rate, and workers’ compensation
costs, while increasing production
and corporate profits.** The lack of
prevention models is likely due to
one or more of the following: (1)
limited agreement on the appropriate
case definition for MSDs that occur
in the workplace; (2) the lack of an
ergonomic and epidemiologic model
for MSDs; and (3) the lack of scien-
tific evidence on specific dose and
exposure relationships occurring in
the workplace, in the individual, and
on the job.

The evidence emphasizes the
causes for concern relating to MSDs.
Although designing and implement-
ing effective intervention programs
to reduce risks is difficult, the poten
tial benefits of a program that that is
only partially successful would be
expected to result in substantially
improved workplace health and
safety, reduced injury incidence
rates, decreased lost work time, de-
creased treatment duration, and de-
creased workers’ compensation
costs.

This study was designed to pro-
vide and evaluate the effects of a
proactive program in an aircraft

manufacturing company to (1) iden-
tify cmployees at increased risk of
MSDs, (2) provide specific, targeted
interventions to reduce risk and pre-
vent MSDs, and (3) maintain high
productivity.

Methods

The MSD Intervention Program

In January of 1995, an aircraft
manufacturer established a unique,
prospective quality improvement
study based on MSD risk manage-
ment, using an individual risk-
assessment instrument and a specific
group of risk-reduction strategies.
OSHA?® and NIOSH>® have pro-
vided guides for the development of
ergonomic prevention programs. The
current MSD intervention program
was designed to integrate a tradi-
tional occupational medicine clinic
(physician on site) and a disease-
specific individual risk assessment
instrument for assigning risk and im-
plementing intervention. This five-
step program includes all current
suggestions provided from the
OSHA and NIOSH guides and is
outlined in Table 1. The foundation
for this combined approach is sup-
ported in many studies.’’~* The
main objective of the MSD interven-
tion program was to reduce the costs
of MSDs of the upper extremities,
lower extremities, and back, without
reducing production and without in-
curring higher production-related
costs.

For this study, all new hires for the
period beginning January 1995 and
ending January 1998 (n = 3152)
who were considered for the job of
sheet metal mechanic were included
in the intervention program. Each
participant received the same post-
hire pre-placement assessment,
which included a formal history and
physical examination by a physician,
the individual risk assessment, a
match to current hiring requirements
(jobs available), and a match to es-
sential functions of the job. The stan-
dard protocol was followed for each
new hire in accordance with the
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TABLE 1

The Five Steps of the Intervention
Program

. Organization

Employer commitment

Prevention committee

Medical consultants

—

2. Data collection and protocols
Problem identification
Data collection
Protocols
Ergonomic
Medical
Educational

@

Risk identification
Risk-assessment instrument
Individual risk factors

Employer or workplace risk factors

4. Risk analysis
New data collection
Analysis affects
Review of protocols

5. Risk resolution plan
Recommendations
Implementation of change

Ergonomic

Education

Engineering modification
Design changes

Repeat steps 3, 4, and 5 for Total Quality
Management

Americans with Disabilities Act
guidelines.**~>? Individual risk as-
sessment was completed using the
CtdMAP™ instrument (Map Manag-
ers, Inc., Wichita, KS). The Ctd-
MAP™ instrument was selected be-
cause it meets the requirements of an
outcome instrument, is disease-
specific for MSDs, and has previ-
ously been validated.*®#%33->7 The
CtdMAP™ instrument contains 137
questions and 50 physical measure-
ments and takes approximately 40
minutes to complete. In a risk range
of 1 to 7, 4 is the average, 1 to 3 is
below average, and 5 to 7 is above
average risk for the development of
musculoskeletal pain. The individual
risk scores by group are listed in
Table 2.

Using company information re-
garding the essential functions of
each job, an algorithm was devel-
oped for implementation of the MSD



836 Occupational Intervention Program for CTDs ¢ Melhorn et al
TABLE 2
Individual Risk Scores
% of Lower Extremity % of
Upper-Extremity Risk % of Scores 5, and Back % of Scores 5,
Scores, by Group Number Total 6 and 7 Risk—-Positive thal 6 and 7
All 3152 100 189 6
1 to 4 average and below average 2391 76 24 1
5 To 7 above average 761 24 165 5
5 631 20 83 121 4 73
6 96 3 13 30 1 18
7 34 1 4 14 0 8
\ cluded use of power and vibratory
New Hire tools limited to 7 hours per 8-hour
Preplacement day in time blocks of 1% hours per 2
hours repeated for an 8-hour day;
- — and repetitive motion limited to 7
' I - . I hours per 8-hour day in blocks of 55
Cthap Risk , ‘ ‘ Cthap Risk o minutes per 1 hour. A risk score of 6
. Score1234 U . Score567 ‘ ‘ (n = 96, or 13%) required limiting

‘Assign Individual by
Employer Job Needs

| Repeat CaMAP a1 4 weeks
0 symptoms move
10 regular work

Modify Job
Provide Transitional
Work Program

7

Score 5

ot
| cmcal evataton ;

F~ 7 days repeat
clinical evaluation

! : Work Guides
e ) : 7 Symptoms

Score 7
Work Guides

Score 5
I Work Guides

7 days ropaat
} cnical avatuation

© Repest CIOMAP at 4 weeks. R
i Ifno symptoms Tave to fevel 5
L wree—d

e
Score 6
Work Guides

work guide:

/

¥y

Score §
' Work Guides

7 days repeat
clinical evaluation

Symptoms /

o
! Continued Symptoms
See Health Care Provider !

possibls

svaluation as a

repeat chnical
ossible future modification

functio~s of job chang:

L e

Permanent
Work Guides

¥ essental
e

Fig. 1. New hire-preplacement algorithm.

intervention program, as shown in
Fig 1. Individuals with individual
CtdMAP"™ scores of 4 and below
(n = 2391, or 76%) were integrated
into the workforce on the basis of
current hiring requirements (jobs
available) (Table 3). Individuals with
risk scores of 5 and higher (n = 761,
or 24% of the total [n = 3152]) were

assigned to transitional (temporary)
work. Transitional work consisted of
the same job activities but placed
limits on the number of hours that
certain aspects of the job could be
performed (Table 3). For individuals
with a risk score of 5 (n = 631, or
83% of the high-risk group [n =
761}), the transitional period in-

power and vibration ory tools to 6
hours per 8-hour day in time blocks
of 1Y% hours per 2 hours repeated for
an 8-hour day and limiting repetitive
motion to 6 hours per 8-hour day in
time blocks of 50 minutes per 1 hour
repeated for 8-hour day. A risk score
of 7 (n = 34, or 4%) resulted in
limiting power and vibratory tools to
4 hours per 8-hour day in time blocks
of 1 hour per 2 hours repeated for an
8-hour day and limiting repetitive
motion to 5 hours per 8-hour day in
time blocks of 40 to 50 minutes per 1
hour repeated for an 8-hour day.
Individuals with higher risk for
lower extremity and back injuries
(n = 165, or 5% of total) were
instructed in appropriate body me-
chanics and lifting techniques.
Employees with CtdMAP™ risk
scores of 5, 6, or 7, were reevaluated
by the occupational physician at 4
weeks. If they were asymptomatic
for musculoskeletal pain, those
workers with risk scores of 5 or 6
resumed regular work without re-
strictions and were instructed to im-
mediately report the occurrence of
any symptoms. Those with risk
scores of 7, if they were asymptom-
atic, were provided with risk score 5
transitional work guides for 7 days,
followed by a reevaluation. At the
7-day follow-up, if they were cur-
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TABLE 3
Transitional Work Guides
Risk Level Vibratory/Power Tools Repetitive Motion
1To4 None, if asymptomatic None, if asymptomatic
5 7/8 Hours in 1% per 2 hours 7/8 In 55 minutes per 1 hour
6 6/8 Hours in 12 per 2 hours 6/8 In 50 to 55 minutes per 1 hour
7 4/8 Hours in 1 per 2 hours 5/8 In 40 to 50 minutes per 1 hour

rently asymptomatic, they were ad-
vanced to regular work without re-
strictions and instructed to
immediately report the occurrence of
any symptoms. At the 7-day follow-
up, if they were currently symptom-
atic, they were returned to risk score
6 transitional work guides for 7 days
and the evaluation process was re-
peated until they were asymptomatic.
Only 11 of the 34 (29%) with risk
scores of 7 required permanent re-
strictions at the level of the risk score
6 transitional work guides; that is,
vibratory or power tools limited to 6
of 8 hours in time blocks of 1V2
hours per 2 hours and repetitive mo-
tion limited to 6 of 8 hours in time
blocks of 50 to 55 minutes per hour.
This number represents less than 1%
of the original high-risk group (risk
scores 5 to 7, n = 761) and only
0.4% of the entire study group orig-
inally screened.

Medical management protocols
were not changed for the study. The
on-site occupational physician and
health services personnel saw every
employee who reported developing
work-related musculoskeletal pain.
The medical treatment protocols
used for all eligible employees (the
new hires “study group” and other
employees “non-study group”) were
similar to the medical management
protocols used during the compari-
son years of 1990 through 1994.

Outcome Measures and Data
Collection

Six outcome measures were used
to evaluate the MSD intervention
program effects. To address the ef-
fects of potential confounding vari-
ables, the following were also eval-
uated: (1) annual number of hours

worked per employee; (2) annual
average number of employees and
new hires; (3) annual data on the
same measures from the two other
companies within the same parent
company in which sheet metal

worker was a primary job, and (4)

annual data from a second facility in

the same company that opened in

1994. All data were provided by the

employer for several years before

and after implementation of the in-
tervention program.

The study measures included the
following:

1. Recordable Case Incidence Rate:
The number of OSHA 200 re-
cordable injuries or illnesses that
occurred per 200,000 hours
worked (RCIR). OSHA 200 inju-
ries are defincd as any injury—for
example, cuts, fractures, sprains,
amputations—that results from a
work accident or from a single
instantaneous exposure in the
work environment.”” OSHA 200
illnesses are defined as any abnor-
mal condition or disorder, other
than none resulting from an occu-
pational injury, caused by expo-
sure to environmental factors as-
sociated with employment”’ As
discussed in the introduction, this
measure has some important lim-
itations; therefore, the following
measures were also taken through
1994; the post-program initiation
period included years 1995
through 1998.

2. ILost Time Case Incidence Rate
(LTCIR): The subset of measure 1
above that resulted in the employ-
ee’s being unable to return to
work (regular work or restricted
work) on the next scheduled
workday. This rate is often ex-
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pressed as days away from work
and is an excellent indicator of
disability rate, ie, the number of
cases in which they were unable
to perform any work activity. It is
closely related to workers’ com-
pensation costs.

3. Lost Time Day Severity Incidence
Rate (LTDSIR): The number of
workdays away from work for the
subset of measure 1 above who
are unable to return to regular
work or for whom the employer is
unable to accommodate in tempo-
rary restricted work. This mea-
sure is the most difficult for em-
ployers to affect via established
administrative changes; therefore,
it directly relates to quality of life
issues for the injured employee.

4. Airplane production: The number
of aircraft produced and general
information on the number of dif-
ferent types and models of aircraft
produced were measured. No in-
formation was collected on tools,
machinery, or model complexity
that were changed.

5. Costs of the intervention pro-
gram: Three types of cost mea-
sures were used: (i) costs directly
related to the individual risk as-
sessment ($39 per assessment to
administer); (ii) costs of transi-
tional work related to intervention
protocols; that is, hourly wages
multiplicd by number of hours of
restrictive work that prohibited or
required different job tasks; (iii)
costs for the educational classes
in terms of employee time away
from work multiplied by their
hourly wage plus the instructor
costs; and (iv) administrative
costs related to managing the pro-
gram, measured in terms of phy-
sician and staff time multiplied by
their hourly wages.

6. Estimated workers’ compensation
costs: Estimated workers’ com-
pensation costs per individual
were measured.

All six of these rates were calcu-
lated per employee or per 200,000
hours worked. The 200,000 hours
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Fig. 2. Recordable Case Incident Rate (RCIR; Occupational Safety and Health Administration [OSHA] 200 events) and work hours per employee
before and after the cumulative trauma disorder (CTD) intervention program.

figure was chosen to represent the
hours worked by 100 people in a
standard work year (2080 hours mi-
nus 80 hours of vacation). The pre-
program period included the years
1990 (hrough 1994. The post-
implementation period included the
years 1995 through 1998.

Results

RCIR per 200,000 Hours
Worked

As a simple, unadjusted measure
of injury and illness rates, the RCTR
showed no specific trend prior to
implementation of the MSD preven-
tion program, ranging between 7.09
and 9.13. Post-implementation RCIR
rates remained within this range dur-
ing the first 2 years (8.44 and 8.37,
respectively) but increased during
the last 2 years (10.95 and 11.41,
respectively). As shown in Fig 2, a
significant corrclation was seen be-
tween the RCIR and the number of
hours worked per employee for the

entire 9-year period (r = 0.75, P <
0.05) but not for the two separate
pre-intervention and post-interven-
tion periods. This suggests that the
increases in injury rates may have
been related to the increasing num-
ber of hours worked per employee

LTCIR per 200,000 Hours
Worked

Using the LTCIR as an indicator
of disability rates aud workers® com-
pensation costs, a significant in-
crease (25%) was seen during the
pre-program period of 1990 to 1994
(from 1.69 to 2.12), followed by a
dramatic decrease of 71% during the
program implementation period of
1995 to 1998 (6% decrease in 1995,
32% decrease in 1996, 39% decrease
in 1997, and 24% decrease in 1998).
This occurred despite the increasing
numbers of hours worked per em-
ployee and increasing workforce
nuwnbers (Fig 3). A strong and statis-
tically significant correlation is seen
between the LTCIR and the number

of new hires for the 9-year study
period. Upon closer examination, the
correlation is due primarily to a
strong negative correlation after im-
plementation (r = —0.99, P < 0.01).
That is, the dramatic RCIR reduction
during the post-implementation pe-
riod is related to the number of new
hires during the same period.

LTDSIR per 200,000 Hours
Worked

The LTDSIR is an indicator of
injury severity and is the best out-
come measure for cstimating work-
ers’ compensation costs. The pre-
implementation rate increased
dramatically by 899% from 1990 to
1992 and by another 16% from 1992
to 1994 (rate = 1991 rate, 31.8; 1994
rate, 69.78). The rate declined after
the program’s implementation, by
6% in 1995, and major declines were
seen in 1996 (76%), 1997 (43%), and
1998 (52%). A total decline of 88%
was seen from 1995 to 1998 despite
a 56% increase in the number of
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hours worked per employee and a  ees and Fig 5 for new hires only. Itis ~ gram’s implementation, the LTDSIR
62% increase in the size of the work-  important to note that while hours  dropped dramatically. However, as
force, as seen in Fig 4 for all employ-  per employee increased after the pro-  seen with the LTCIR, there is a
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strong negative correlation between
the LTDSIR and the number of new
employees after the program’s im-
plementation.

Employee and Environmental
Changes in the Workplace

The total number of employees
increased by 15% from 1990 through
1994, although there were major lay-
offs in 1994. During the pre-
implementation period, new hires ac-
counted for roughly 10% of total
employees. During the post-imple-
mentation pcriod, new hires ac-
counted for approximately 16.6% in
1995, 25% in 1996, 33% in 1997,
and 34% in 1998. The opening of a
second facility in July 1996 is re-
sponsible, in part, for the increase in
new hires for the subsequent years.

The opening of a second facility in
July 1996 was evaluated as a poten-
tial confounder in the evaluation for
the impact of the MSD risk-interven-
tion program. In 1997, the employ-
ees from the second facility com-
priscd 7% of total employees
(second facility n = 710, primary
facility n = 9082) and contributed

7% of all recordable injuries but only
19% of lost hours due to injuries and
4% of lost days due to injuries. The
recordable injury rates per employee
were the same (11%) for both facil-
ities. Further, the employer shared

Workers' Comp. per
Employee ($)
450

400
350
300
250
200
150
100

50

0
1991 1992 1993 1994

that the MSD intervention program
was not thoroughly implemented at
the second facility because of the
turnover in human resource staff.
Both facilities experienced a 51%
increase in work hours during 1997
and 1998 and similar recordable in-
jury rates. The workforce decreased
at the primary facility by 6% and
increased at the second facility by
28%. Figures 6 and 7 show that the
study company had the lowest work-
ers’ compensation costs at the begin-
ning of the study, which dismisses
the possibility that the study com-
pany had unusually high costs before
the program which later normalized
coincidentally with the program. In
addition, the two comparison compa-
nies’ costs did not decrease during
the program years.

Airplane Production

The employer manufactures air-
craft that are in the corporate jet and
single-engine aircraft categories.
During the 8-year study period, nine
different aircraft models were pro-
duced. Using 1991 through 1994 as
the baseline, the employer manufac-
tured 161 aircraft per year in an
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Fig. 6. Studied company’s workers’ compensation per employee.
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Fig. 7. Workers’ compensation per employee, by company.

average time of 102 days, which
translates into 0.0288 aircraft per
employee and 1.58 aircraft per day.
During the study period (1995 to
1998), the employer manufactured
236 aircraft in an average time of
120 days, which translates into
0.0287 aircraft per employee and
1.97 aircraft per day. At first glance,
there appears to be a slight increase
in productivity, but interpretation is
limited by other uncontrolled factors,
such as varying manufacturing de-
mands, requirements, and complex-
ity, and tool and machinery changes.

Risk-Intervention Program
Costs

The total, 4-year program cost of
the initial individual risk assessments
was $122,928 for 3152 assessments.
The 761 repeat assessments per-
formed after the transitional work
cost $29,679. The total cost of the
transitional work intervention for up-
per extremitics was $142,350. The
costs for the body mechanics and
lifting techniques class was $2,028.
The total administrative cost was
$7,485. Thus the total cost for the
MSD intervention program over the
4 years was $304,470, or $76,118 per
year. This represents less than 0.06%
of the employer’s annual salary
COsts.

Estimated Workers'’
Compensation Savings

Worker’s compensation costs per
employee are illustrated in Figure 6.
During the pre-implementation pe-
riod of 1990 through 1994, the costs
remained relatively constant, with a
high of $427 and a low of $415 per
employee in a relatively constant to-
tal workforce. Post-implementation
costs per employee dropped to $356,
$346, $258, and $252, respectively,
for 1995 to 1998. This drop occurred
despite a 56% increase in work hours
post-implementation.

Another potential confounder
could have been that this employer’s
workers’ compensation costs were
disproportionately high before the
start of the MSD intervention pro-
gram. This employer is one of three
companies (in three different states)
under the same parent corporation
whose employees perform similar
work activities (sheet metal mechan-
ic). Data were available for all three
companies for 1994 and 1995. A
comparison of the three companies’
workers’ compensation costs per em-
ployee, adjusted for each state’s
workers’” compensation system rela-
tive cost,”® is shown in Fig 7. The
range is $579 to $340 for the before
implementation period and $535 to
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$311 for the after implementation
period.

For the years 1995 to 1998, the
employer-estimated savings in direct
workers’ compensation costs were
$469,990 the first year, $678,337 the
second year, $1,936,105 the third
year, and $1.995.759 the fourth year.
The yearly cost of the MSD interven-
tion program was $76,118. These
figures result in a benefit-to-cost ra-
tio for the MSD intervention pro-
gram of 6 in the first year, 9 in the
second year, 25 in the third year, and
26 in the fourth year.

Discussion

The MSD Intervention Program

The MSD intervention program
for this study was designed to inte-
grate a traditional occupational med-
icine clinic (physician on site) and a
disease-specific individual risk as-
sessment instrument for assigning
risk and implementing intervention.
The main objective of the MSD in-
tervention program was to reduce the
costs of MSDs of the upper extrem-
ities, lower extremities, and back,
without reducing production and
without incurring higher production-
related costs. Five steps are outlined
in Table 1: (1) organization, (2) data
collection and protocols, (3) individ-
ual risk identification, (4) risk anal-
ysis, and (5) risk-resolution plan-
ning, which includes repeating steps
3, 4, and 5.

Evaluation of Qutcomes

The increase in the RCIR rate of
injuries and illnesses may reflect the
encouragement by the employer for
earlier reporting of all MSDs in the
workplace and the relationship of
increased hours worked per em-
ployee (Fig 2). Higher RCIRs do not
directly relate to higher workers’
compensation costs, as supported by
several studies which demonstrated
that earlier reporting results in less
severe cases and, therefore, a de-
crease in overall workers’ compensa-
tion costs.'***7 This study’s re-
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sults would be consistent with those
conclusions.

As an indicator of disability rate
closely related to workman’s com-
pensations costs, the LTCIR rate in-
creased before program by 25% from
1.69 to 2.12 but then dropped dra-
matically during the post-implemen-
tation period despite an increasing
number of hours worked per em-
ployee and increasing numbers of
employees (Fig 3). This suggests a
strong beneficial effect of the inter-
vention program.

The LTDSIR is the best indicator
of injury or illness severity and is the
best outcome measure for the dollar
costs related to workers’ compensa-
tion. The tremendous increases seen
during the before program period
show a clear contrast, with the major
declines seen after program imple-
mentation. The total decline of 88%
from 1995 to 1998 occurred despite a
56% increase in the number of hours
worked per employee and a 62%
increase in the number of employees
(Tig 5).

The strong negative correlation
seen between number of new hires
and the LTDSIR after program im-
plementation, which was not seen
during the before program period,
suggests that MSD intervention for
new hires may be responsible for the
dramatic decline in the LTDSIR. The
stable CtdMAP®™ risk scores seen
among new hires throughout the
study period suggest that the reduc-
tion in the LTDSIR was not due to
the company’s adding new hires at
lower risk for musculoskeletal pain,
thus lending support to a strong ben-
eficial impact of the intervention
program.

Because aircraft manufacturing is
a cyclical industry, the aircraft em-
ployee is frequently affected by fluc-
tuations in employment levels. Dur-
ing this study, the total number of
employees increased by 15% from
1990 through 1994, although there
were major layoffs in 1994. The
number of employees increased dra-
matically (62%) during the years af-
ter the program’s implementation,
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with the largest increases seen in
1997 and 1998. The number of lay-
offs was greatest in 1994 (before
implementation) and 1996 and 1997
(after implementation). The number
of new hires increased each year
from 1990 through 1993 and
dropped in 1994. New hires ac-
counted for roughly 10% of total
employees during the pre-implemen-
tation period, whereas during the
post-implementation period, new
hires increased substantially as a pro-
portion of total employees, account-
ing for 16.6% of total employees in
1995, 25% in 1996, 33% in 1997,
and 34% in 1998. The opening of a
second facility in July 1996 is re-
sponsible in part for the increase in
new hires.

The opening of a second facility in
July 1996 was seen as a potential
confounder in the evaluation for the
impact of the MSD risk-intervention
program. In 1997, the second facility
employed 7% of the total number of
employees (second facility n = 710,
primary facility n = 9082) contrib-
uted 7% of all recordable injuries but
only contributed 1% of the lost hours
due to injuries and 4% of the lost
days due to injuries. The recordable
injury rates per employee were the
same (11%) for both facilities. This
data confirms that the second facility
was not responsible for the substan-
tial decline in workers” compensa-
tion rates in 1997. To further support
this conclusion, if the worse case
scenario was assumed and the sec-
ond facility had no workers’ com-
pensation costs for 1997, the com-
bined decrease in workers’
compensation costs would have been
20%, rather than the 25% observed.

The employer shared the informa-
tion that the MSD intervention pro-
gram was not thoroughly imple-
mented at the second facility because
of human resource staff turnover.
This conclusion was supported by
the following data: Both facilities
had similar recordable injury rates
for 1997. Both facilities experienced
a 51% increase in work hours during
1997 and 1998. However, the aver-

age number of employees decreased
in at the primary facility by 6% and
increased by 28% at the second fa-
cility. Therefore, more work hours
were performed per employee at the
primary facility while the primary
facility reported 16% less recordable
injuries, 72% less lost days due to
injuries, and 40% less lost hours due
to injures. These facts lend further
support for the benefit of complete
implementation of the MSD inter-
vention program.

Productivity, as an outcome mea-
sure, also improved during the study
period. The study employer manu-
factures aircraft that are in the cor-
porate jet and single-engine aircraft
categories. During the 4 years before
the study and the 4 years of the
study, the employer manufactured
nine different aircraft models. Using
1991 through 1994 as the baseline,
the employer manufactured 161 air-
craft per year in an average time of
102 days, which translates into
0.0288 aircraft per employee and
1.58 aircraft per day. During the
study period (1995 to 1998), the
employer manufactured 236 aircraft
in an average time of 120 days,
which translates into 0.0287 aircraft
per employee and 1.97 aircraft per
day. Although the models produced
during the study period were more
complex and required, on average,
18 more days to produce, the produc-
tivity of the workforce increased by
0.39 aircraft per day during the post-
implementation period.

Evaluation of Costs

Costs related to MSD intervention
programus have traditionally been dif-
ficult to assess. For this study, the
costs for each part of the program
were tracked prospectively and were
organized into three groups: (1) costs
directly related to the individual risk
assessment: (2) costs related to inter-
vention protocols (modified work ac-
tivities); and (3) administrative costs
related to managing the program.
The individual risk-assessment cost
was $39 per assessment to adminis-
ter and score, for a cost of $122,928
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(n = 3152 over the 4 years). Using
the MSD intervention protocol, 761
individuals underwent a repeat as-
sessment during their transitional
work program, for a cost of $29,679.
Total costs for individual assess-
ments was $152,607. The costs of
transitional work for the 761 em-
ployees with CtdMAP™ scores of 5,
6, or 7 were calculated by multiply-
ing the number of hours of restrictive
work that prohibited or required dif-
ferent job tasks by the individual
employee’s hourly wage. The cost
for the 631 CtdMAP™ score ol 5 was
$82,030, for the 96 CtdMAP™ score
of 6 was $24,960, and for the 34
CtdMAP™ score of 7 was $35,360.
The total cost for transitional work
for upper extremities was $142,350.
The costs for the body mechanics
and lifting techniques class were cal-
culated as time away from work
times the individual’s wage plus the
cost of the instructors, a cost of
$2028. The cost to administrate the
MSD intervention program for the
physician and staff was $7485. The
total cost for the MSD intervention
program over the 4 years was
$304,470, or $76,118 per year,
which represents less than 0.06% of
the employer’s annual salary costs.

The workers’ compensation costs
per employee remained relatively
constant during the before imple-
mentation period of 1991 through
1994, with a range of $427 to $415
per employee and an average of
$423. However, significant changes
were seen during the after implemen-
tation period of 1995 through 1998,
with a range of $356 to $252. This
range represented a drop in the work-
ers’ compensation cost per employee
of 16% in the first year, 3% in the
second year, another 24% in the third
year, and another 8% in the fourth
year. This drop in costs occurred
despite a 56% increase in work hours
during the same period (post-imple-
mentation).

To address a possible confounder,
the higher initial workers’ compen-
sation cost of the study company, a
comparison was made with the other

two companies of the same parent
corporation. All three companies’
employees perform similar work ac-
tivities of sheet metal mechanic in
aircraft (study company), helicopter
(Company 1), and automotive (Com-
pany 2) manufacturing of the same
parent corporation (Fig 7). This type
of comparison helps to decrease the
affects that administrative corporate
attitude would have on the reporting
and response to work-related inju-
ries. Data was available for 1994, in
the before implementation period,
showing a range of $579 w $340,
and for 1995, in the after implemen-
tation period, showing a range of
$535 to $311 after adjustment for the
state’s workers’ compensation Ssys-
tem relative cost.”® The study com-
pany clearly did not start at a higher
relative cost per employee for their
workers’ compensation costs.

Evaluation of Savings

Benefit-to-cost (savings for every
dollar spent on prevention) can be
calculated using actual costs or esti-
mations of costs. Health care costs
can be considered as direct or indi-
rect.”” For this study, only direct
costs were considered, which in-
cluded medical care (physician or
other provider services), clinic or
hospital care, ancillary diagnostic
services, patient-specific medical
supplies and equipment, medica-
tions, occupational/physical therapy,
employee assistance counseling,
workers’ compensation payments (as
applicable), sick pay (as applicable),
and other benefits (as applicable).

Indirect costs related to workers’
compensation arc cven more difficult
to assign dollar amounts to but im-
pact negatively on the profits of a
company and are included for com-
pleteness. If these additional indirect
costs had been considered, the sav-
ings would have been even greater
than those reported. Indirect costs
can be grouped as those that can be
directly related to a specific em-
ployee and those that affect the com-
pany in more general terms. Indirect
employee-specific costs include (1)
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cost of compliance with OSHA re-
porting; (2) wages for temporary em-
ployees to accomplish the tasks of il
or injured workers; (3) case-manage-
ment costs; (4) vocational rehabilita-
tion counseling costs; (5) case-
specific litigation costs; (6) case-
specific human resource or personnel
costs; and (7) costs of specific ac-
commodations required by the
Americans with Disabilities Act. In-
direct general costs include (1) ab-
sence of the injured or ill employee;
(2) shift in activities of coworkers to
accomplish the absent employee’s
work; (3) increased supervisor effort
to cope with the absence of the em-
ployee; (4) temporary or long term
absence of corporate policy pos-
sessed by the ill or injured employee;
(5) start-up and training time for the
replacement employee; (6) start-up
and training time for the returning ill
or injured employee; (7) develop-
ment of a limited work position for
the ill or injured worker, as appropri-
ate; (8) reduced effectiveness of
“nearby” coworkers; and (9) over-
time pay. Possible impacts on com-
petitiveness include (1) potential for
reduced customer satisfaction be-
cause of employee absence; (2)
greater-than-projected medical costs;
(3) increased risk of illness or injury
in the temporary replacement em-
ployee because of limited time for
hazard or safety training or other
factors; (4) increased insurance pre-
miums; (5) increased overtime costs
and increased training and retraining
costs; (6) increased legal costs, in-
cluding class-action defense, coordi-
nation of new policies to respond to
event or prevent recurrence and re-
lated costs, and the loss of senior
management time as required to re-
spond to event; (7) reduced perfor-
mance and effectiveness of the re-
turning il or injured person; (8)
effects on labor relations, including
requests for hazardous pay, new
safety programs or equipment, strike
potential, adverse media coverage,
effect on worker morale (which also
impacts productivity), requirements
for increased quality control efforts,
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as required, for the replacement or
returning employee, increased hu-
man resources and personnel depart-
ment costs associated with efforts to
replace the ill or injured worker,
medical, industrial hygiene, and
safety costs involved in the investi-
gation of accident or exposure site,
and risk-management activities in-
volved with respect to investigation
of accident or exposure site or other
activities.”

The effectiveness of intervention
programs have been discussed by
Hochanadel and Conrad,®® Mel-
horn,”” and Warner et al.*® When
considering the costs related to the
injured worker, Golaszewski et al'?
concluded that most prevention pro-
grams can achieve a benefit-to-cost
ratio of 3.4 or more.

The employer in this study is self-
insured for worker’s compensation
and was able to provide accurate
direct costs of workers” compensa-
tion costs as defined above. By using
the yearly cost of the MSD interven-
tion program, $76,118, and using
only employer-estimated savings for
direct workers’ compensation costs
at $469,990 the first year, $678,337
the second year, $1,936,105 the third
year, and $1,995,759 the fourth year,
the benefit-to-cost ratio for the first
year would be 6, 9 for the second
year, 25 for the third year, and 26 for
the fourth year. In the study pre-
sented here, the average benefit-to-
cost ratio was 16.5 to 1. This fact
illustrates that for every dollar spent
for prevention (MSD intervention),
the employer saved 16.5 dollars per
year over the 4-year period, with a
range of $6 to $26. If the indirect
costs had been included, the results
would be even more dramatic.

Conclusions

Musculoskeletal pain associated
with the workplace accounts for 1.88
million injuries and illnesses in the
private sector and 185,927 claims in
the federal sector per year at an
estimated total cost of $1.25 trillion.
Although the concept of prevention
of musculoskeletal pain is appealing
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and has been encouraged by the US
government through legislated pro-
grams, it has been difficult to dem-
onstrate successful application of
such prevention programs in the
workplace and the resulting benefits
to the employer. In addition, some
employers have been reluctant to es-
tablish workplace screening for fear
of increased costs related to workers’
compensation. The current MSD in-
tervention program was designed to
evaluate the impact of an integrated
traditional occupational medicine
clinic approach and a disease-
specific individual risk-assessment
instrument. Using individual risk and
standardized protocols for new hires,
the benefit-to-cost of the intervention
program was evaluated over a 4-year
period. Although the recordable inci-
dence rate increased, the lost time
case incidence rate and the lost time
day severity rate decreased signifi-
cantly. The correlation for benefit to
the reduction in costs for the MSD
invention program was statistically
significant at P < 0.01. The benefits
to the employer were substantial,
resulting in a direct dollar savings of
over $5 million during the first 4
years of the study.
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