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Table VI–8.—Summary of Studies Reporting the Effectiveness of Workplace Interventions on Exposures to Risk Factors
Associated With the Development of Work-Related Musculoskeletal Disorders—Continued

STUDY INDUSTRY
SECTOR OPERATION NATURE OF

INTERVENTION RESULTS

Johansson et al.
(1998, Ex. 26–
1246)

Retail food stores
(laboratory
study)

Checkout cashier Location of scales
to the left of the
cashier and con-
veyor vs. in front
of the cashier
and under the
conveyor. Also
evaluated stand-
ing vs. sitting

There was no effect of the two con-
figurations on work rate. Placing the
scales under the conveyor resulted
in less external rotation of the left
arm, a decrease in the time spent
handling articles, an increase in op-
portunities for resting the left arm,
and a reduction in head twisting. A
standing position was found to be a
more favorable posture for the taller
cashier.

Davis et al. (1998,
Ex. 26–1243)

Various Palletize/
depalletize (man-
ual handling)

Use of handles on
items being
manually lifted

Use of handles reduced anterior-pos-
terior shear and compressive forces
on the spine and reduced muscle
activity for several groups of back
muscles.

Peng (1994, Ex.
26–1251)

Heavy vehicle
manufacture
(laboratory
study)

Use of pneumatic
percussive rivet
hammers and
bucking bars

Design modifica-
tions of rivet
hammers and
bucking bars to
impart recoilless
and vibration
dampening prop-
erties

Mean vibration levels of recoilless rivet
hammers and bucking bars were
about half that of conventional tools.

Radwin and Oh
(1991, Ex. 26–
1253)

Various (laboratory
study)

Use of pneumatic
hand-held power
tools

Varying handle
span between 4
and 7 cm. Use
of extended trig-
ger (permitting
two-finger oper-
ation)

Use of a handle span between 5 and
6 cm minimized palm and finger ex-
ertion levels. A small but statistically
significant reduction in palm and fin-
ger forces resulted from use of the
extended trigger.

Powers et al. (1992,
Ex. 26–1252)

Various (office
work)

Keyboarding Use of full-motion
forearm supports
or negative-slope
keyboard sup-
port

Wrist extension was significantly less
for subjects using the negative-
slope keyboard support compared
to a traditional keyboard (¥1.2° vs.
13.0°). Use of forearm supports did
not affect wrist extension compared
to use of a traditional keyboard.
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3 Note that, by this definition, the presence of background MSD cases (non-
work-related cases) will decrease the apparent effectiveness of ergonomic
interventions since the interventions would presumably not have any effect
on the background rate of MSDs in the working population (i.e., both NB and
NA might contain background MSD cases).

Table VI–8.—Summary of Studies Reporting the Effectiveness of Workplace Interventions on Exposures to Risk Factors
Associated With the Development of Work-Related Musculoskeletal Disorders—Continued

STUDY INDUSTRY
SECTOR OPERATION NATURE OF

INTERVENTION RESULTS

Luttman and Jäger
(1992, Ex. 26–
1249)

Weaving mill Handling and
mounting 10-kg
bobbins onto the
beamer. Trans-
ferring bobbins
from transfer
boxes to push
carts prior to
mounting

Passageways be-
tween arrays in
the beamer were
widened to ac-
commodate the
transfer boxes
and eliminate the
need to first un-
load bobbins
onto the push
cart. Bobbins
could then be
mounted directly
from the trans-
port boxes

Bobbins were
packed hori-
zontally in boxes
rather than
vertically to per-
mit them to be
unloaded with
both hands

Used transport
boxes with de-
tachable sides
along with a hy-
draulic lift truck
to eliminate the
need to bend
over while un-
packing bobbins

Prior to interventions,
electromyography showed signifi-
cantly increased electrical activity
reflecting muscle fatigue for the fin-
ger flexors of both hands. Interven-
tion eliminated muscle fatigue in
both hands. The intervention did not
affect work rate.

Furthermore, a large body of literature provides strong
evidence that implementation of ergonomic programs and
interventions can substantially reduce the prevalence or
incidence of work-related MSDs. Appendix VI–B of this
section summarizes the published literature and other
information that OSHA has identified that include measures
of the effectiveness of ergonomics programs in reducing the
incidence and severity of MSDs. Generally, the studies that
are listed involve case studies of individual companies that
instituted programs including some or all of the elements
in OSHA’s proposed ergonomics program studies were
conducted in manufacturing establishments as well as in
workplaces where jobs routinely involve manual handling.
Overall, OSHA identified 92 case studies that quantified the
reduction in MSD incidence following implementation of
ergonomic programs and interventions; of these, 21 provided
data on the reduction in lost-work-day MSDs and 80
provided data on the reduction in total MSDs, which include
both lost-work-day and non-lost-work-day cases. From each
of these case studies, OSHA calculated the effectiveness of
the standard (e.g., employee involvement and training,
implementation of engineering or work practice controls).
These case ergonomic interventions as the percent reduction
in either lost workday or total number of MSDs prior to and
after implementation of the program. That is, effectiveness
was calculated as the ratio

(NB¥NA)/NB

where NB represents the number or incidence of MSD cases
prior to implementation of the ergonomic intervention, and
NA represents the number or incidence after the
intervention.3

OSHA’s estimate of the overall effectiveness of ergonomics
programs is expressed as the median and mean reduction
in MSD injury rates contained in this data set. For all MSDs
(i.e., lost workday and non-lost workday MSDs), these case
studies reported a median 76 percent reduction in injury
rates (mean effectiveness was 73 percent). The median and
mean reductions for lost workday MSDs only were
somewhat higher, at 82 percent and 79 percent, respectively.
Although the effectiveness of individual ergonomics
programs varied widely among the establishments described
in these case studies, most interventions (about 90 percent
of the case studies) achieved at least a 30-percent reduction
in MSD injury rates, 70 percent of the case studies reduced
MSD rates by half or more, and several achieved the total
elimination of lost workday MSDs (see Appendix VI–B).

The effectiveness of ergonomics programs in reducing
MSD injury rates is also demonstrated by a group of case
studies reported by ergonomists from several countries
(including the United States). These studies were compiled

VerDate 29-OCT-99 17:38 Nov 21, 1999 Jkt 190000 PO 00000 Frm 00182 Fmt 4780 Sfmt 4780 E:\FR\FM\A23NO2.001 pfrm01 PsN: 23NOP2



65949Federal Register / Vol. 64, No. 225 / Tuesday, November 23, 1999 / Proposed Rules

into a volume entitled ‘‘Increasing Productivity and Profit
through Health and Safety’’ (Commerce Clearing House
International, Inc., Book #4703, Chicago, IL) and edited by
Oxenburgh (1994, Ex. 26–1041). From these case studies,
Oxenburgh concluded that engineering controls can, in
general, reduce work-related musculoskeletal disorders by
70 to 90 percent (Oxenburgh 1994, Ex. 26–1041). The large
number of case studies summarized by this author in his
book support this effectiveness rate.

The companies reflected in the case studies may have
policies protecting the reporting of or paying for all lost-time
caused by job-related injuries. Companies do not consider
their benefits policies noteworthy and do not discuss them
in any detail when reporting on successful ergonomics
interventions. There is no information on their benefits
policies in these materials.

OSHA also reviewed the epidemiological literature to
identify evidence of the effectiveness of ergonomic
approaches. Although many articles recommend the use of
engineering and administrative controls to control
workplace risk factors, few articles present quantitative
evidence of their effectiveness. However, several articles
provide assessments of the extent to which particular types
of jobs or particular types of risk factors contribute to work-
related musculoskeletal disorders. Because the proposed
standard will reduce or eliminate risk factors in problem
jobs, these articles are relevant to an assessment of the
potential effectiveness of the standard. In a recent meta-
analysis, Hagberg and Wegman (1987, Ex. 26–32) reviewed
the epidemiological literature and selected 21 studies in
which diagnoses of neck and shoulder disorders were made
from physical or laboratory examinations. Odds ratio
measures from studies describing similar disorders were
pooled across studies for common occupations that involved
exposures to workplace risk factors, and the authors
computed the overall odds ratio for each type of occupation
and disorder. In addition, the authors assessed the effect of
the exposure to workplace risk factors on MSD risk by
computing the etiological fraction in the exposed
population; this statistic describes the proportion of MSD
cases among the exposed workers that is, in fact, attributable
to their exposures (and thus is the fraction of MSDs that is
potentially avoidable by reducing or eliminating the
exposure to workplace risk factors). The etiologic fraction
was computed only from those odds ratios that were
statistically significantly higher than 1. Hagberg and
Wegman (1987, Ex. 26–32) found the etiological fraction to
range from 40 to 99 percent, depending on the specific type
of upper extremity disorder. Thus, this study provides
evidence that most work-related MSDs could be eliminated
by implementing ergonomic interventions that serve to
reduce worker exposures to risk factors.

Several other epidemiological studies described in the
Health Effects section of this preamble (Liles et al., 1994,
Ex. 26–33; Snook et al., 1978, Ex. 26–35; Silverstein et al.,
1987, Ex. 26–34; Holmstrom et al., 1992, Ex. 26–36; Punnett
et al., 1991, Ex. 26–39; Punnett, 1998, Ex. 26–38)
demonstrated that the magnitude of the risk of work-related
MSDs is related to the intensity of exposure to workplace
risk factors (e.g., amount of force applied, number of
repetitive motions per unit of time) and to the duration of
exposure.

OSHA believes that these studies also demonstrate that
reductions in intensity and/or duration of exposure to
workplace risk factors will reduce the risk of work-related
MSDs among employees who are so exposed. For example,
Liles et al. (1994, Ex. 26–33) examined the relationship

between a numerical measure of work-related exposure to
back stress (called the Job Severity Index) and the number
of OSHA-recordable back injuries reported to have occurred
among workers in jobs that were rated on this numerical
scale. The data from this study show that reducing the stress
scores of manual handling jobs rated above 1.5 (the job
severity threshold identified in this study for back injuries
caused by manual handling) to an average score below 1.5
would reduce the number of back injuries by 79 percent.
Another well-known quantitative study conducted by
Snook, Campanelli, and Hart (1978, Ex. 26–35) found a
statistically significantly higher number of back injuries than
would be expected in manual handling jobs that required
a level of exertion beyond the physical capabilities of more
than 25 percent of the working population. Their findings
suggest that back injuries could be reduced by 66.6 percent
in jobs where the level of physical exertion associated with
the job could be reduced sufficiently by ergonomic controls
to enable 75 percent or more of the working population to
perform it without overexertion.

In another example, the National Institute for
Occupational Safety and Health (NIOSH) analyzed a survey
of 27,804 currently employed workers and developed
estimates of the relationship between the number of workers
reporting one week or more of severe back pain during the
previous year and the number of hours these employees
were exposed to strenuous physical activity (lifting, pushing
or pulling heavy objects) (Wild, 1995, Exs. 26–1104, 26–
1105, 26–1106, 26–1107). The workers surveyed were
between 18 and 64 years of age. Using these data, NIOSH
found statistically significant positive exposure-response
relationships between prevalence of back pain and number
of hours per week spent performing strenuous physical
activity or repeated bending, twisting, and reaching. Thus,
these data show that decreasing the duration of exposure to
physical exertion can decrease the risk of back pain (for a
complete presentation of these results, see the Health Effects
section of this preamble). For example, workers exposed to
strenuous activity for fewer than 2 hours per day have a
prevalence of back pain that is 65 percent less than the
prevalence among workers exposed to these stresses for
more than 2 hours per day.

For jobs that involve exposure to multiple risk factors,
other epidemiological studies provide evidence that the risk
of work-related MSDs can be reduced either by reducing or
eliminating exposure to one of those risk factors, or by
reducing duration of exposure to the risk factors. Silverstein
et al. (1987, Ex. 26–34) and Armstrong et al. (1987, Ex. 26–
48) examined the prevalence of carpal tunnel syndrome and
tendinitis, respectively, among populations exposed to
various combinations of risk factors, including those
involving low-force-and-low-repetition, high-force-and-low-
repetition, low-force-and-high-repetition, and high-force-
and-high-repetition. The high-force-and-high-repetition
population in this study is exposed to two or more risk
factors (i.e., repetition and force). Silverstein et al. (1987, Ex.
26–34) found that the prevalence of carpal tunnel syndrome
was statistically significantly elevated among workers
exposed to high repetition alone or to both risk factors
together; the prevalence of carpal tunnel syndrome was
elevated, but not statistically significant, among workers
exposed to high force alone. Odds ratios for hand/wrist
tendinitis were elevated for all three groups of exposed
workers, but was statistically significant only among
workers exposed to both high force and high repetition
(Armstrong et al. 1987, Ex. 26–48). Based on these data,
implementing ergonomic interventions that reduce
employee exposures from two risk factors to one could be
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4 Note that even if all of the work-related risk is eliminated, the effectiveness
of the ergonomic interventions is still less than 100 percent because of the
presence of background illnesses.

expected to lead to a reduction in injuries of 83 percent for
carpal tunnel syndrome and a between 79 and 89 percent
for tendinitis. Punnett et al. (1998, Ex. 26–38) conducted a
cross-sectional study in an automobile stamping plant and
in an engine plant, and assessed exposures to workplace risk
factors by using an exposure scoring procedure that reflected
the intensity and duration of exposure to any of several risk
factors and found a positive, statistically significant
relationship between risk factor exposure score and
prevalence of upper-extremity disorders. Data from her
study indicate that the prevalence of employee-reported
symptoms of upper extremity disorders, and the prevalence
of physician-confirmed MSD cases, could be reduced by
more than 50 percent if the exposure score was reduced by
at least half, which could be accomplished by eliminating
exposures to some risk factors or by reducing exposure
durations. These data also show that about one-fourth to
one-third of MSD cases could be eliminated from more
modest reductions in the exposure score. Thus, the
Silverstein et al. (1987, Ex. 26–34), Armstrong et al. (1987,
Ex. 26–48), and Punnett et al. (1998, Ex. 26–38) studies show
that exposures to workplace risk factors do not need to be
entirely eliminated to achieve substantial reductions in MSD
injury rates.

Finally, OSHA turned to the large body of scientific
epidemiology studies reviewed by NIOSH (1997, Ex. 26–1),
which compiled the measured excess MSD risk reported in
these studies, to make an overall estimate of the
effectiveness of ergonomic programs and interventions from
data sources independent of the case studies described
earlier in this section. The risk measures contained in the
epidemiological studies include odds ratios, prevalence rate
ratios, and (for a few studies) incidence ratios, and
approximate the relative risk of musculoskeletal disorders in
an exposed worker population compared to a referent group.
These studies reported a total of 83 risk ratios for neck and/
or shoulder disorders, 91 risk ratios for upper extremity

disorders, and 56 risk ratios for musculoskeletal disorders
of the lower back. (The NIOSH study did not review studies
of lower extremity disorders.) To determine the extent to
which risk could be reduced, as predicted by the risk ratios
reported in these studies, OSHA calculated the median and
mean values of the risk ratios from each of the studies
included in the NIOSH report, by body part affected. From
these values, OSHA estimated the mean and median
etiological fraction for each type of disorder; this measure
describes the proportion of MSD injuries among exposed
workers that is attributable to their exposure and thus
potentially avoidable by reducing those exposures. OSHA
then estimated the effectiveness of ergonomics programs
(defined the same as for the case studies described above,
which recognizes that some MSDs represent background and
are not work-related), assuming either that half of the work-
related MSD injuries would be avoided or that all of the
work-related risk would be eliminated. OSHA does not
believe that the latter assumption is unreasonable since, as
discussed above, epidemiological evidence indicates that it
is not necessary to eliminate all exposures to workplace risk
factors to achieve substantial reductions in MSD incidence.
The results of OSHA’s analysis appear in Table VI–9. Under
the assumption that the risk attributed to exposure at work
is reduced by half, the median estimated effectiveness of
ergonomic programs and interventions ranges from about 28
to 43 percent (the mean effectiveness estimate ranges from
about 38 to 47 percent). If all of the work-related risk were
to be eliminated, the median effectiveness estimate would
range from 56 to 86 percent, with a mean estimate of from
75 to 95 percent.4 The estimates of effectiveness based on
the latter assumption are similar to the estimates drawn from
the intervention case studies described above, which OSHA
believes corroborates the general finding from the case
studies that ergonomic interventions will result in
substantial declines in MSD case rates.

Table VI–9.—Estimated Effectiveness of Ergonomic Interventions Based on Risk Ratios Contained in the NIOSH (1997)
Review of the Epidemiological Literature for MSDs

BODY PART AFFECTED/DISORDER RANGE IN
MEDIAN

OR MEAN
EFFEC-

TIVENESS
(PER-

CENT) a

NECK OR
NECK/

SHOUL-
DER

ONLY
SHOUL-

DER
ELBOW

CARPAL
TUNNEL

SYN-
DROME

HAND/
WRIST
TEN-

DINITIS

HAND/
ARM

VIBRA-
TION

BACK

Number of Stud-
ies Included 57 26 19 38 21 13 56

Risk Ratios b

Median 3.30 3.30 2.70 2.75 3.70 7.10 2.25

Average 17.78 4.76 5.03 4.15 6.96 18.71 4.01

Estimated Etiologic Factor c

Median 0.697 0.697 0.630 0.636 0.730 0.859 0.556

Average 0.944 0.790 0.801 0.759 0.856 0.947 0.751
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Table VI–9.—Estimated Effectiveness of Ergonomic Interventions Based on Risk Ratios Contained in the NIOSH (1997)
Review of the Epidemiological Literature for MSDs—Continued

BODY PART AFFECTED/DISORDER RANGE IN
MEDIAN

OR MEAN
EFFEC-

TIVENESS
(PER-

CENT) a

NECK OR
NECK/

SHOUL-
DER

ONLY
SHOUL-

DER
ELBOW

CARPAL
TUNNEL

SYN-
DROME

HAND/
WRIST
TEN-

DINITIS

HAND/
ARM

VIBRA-
TION

BACK

Estimated Percent Effectiveness Assuming Exposure-Related Risk Is Reduced by Half d

Median 34.9 34.9 31.5 31.8 36.5 43.0 27.8 27.8–43.0
Average 47.2 39.5 40.5 37.9 42.8 47.4 37.6 37.6–47.4

Estimated Percent Effectiveness Assuming Exposure-Related Risk Is Eliminated e

Median 69.7 69.7 63.0 63.6 73.0 85.9 55.6 55.6–85.9

Average 94.4 79.0 80.1 75.9 85.6 94.7 75.1 75.1–94.7

a Effectiveness is the estimated percent reduction in MSD incidence after implementation of ergonomic interventions.
b Risk ratios include odds ratios, prevalence rate ratios, and incidence ratios.
c Etiologic factor is the proportion of disorders among exposed workers that is attributable to their exposure at work, and is cal-

culated as (RR–1)/RR, where RR is the median or average risk ratio derived from each group of epidemiological studies.
d Calculated as half of the etiologic factor, expressed as a percentage. Alternatively, using the formula to calculate effective-

ness, (NB¥NA)/NB, where NB is the fraction of cases existing before ergonomic intervention=1, and NA is the fraction of cases
remaining after intervention=[1¥(0.5*etiologic fraction)].

e Equals the etiologic factor expressed as a percentage. Alternatively, using the formula to calculate effectiveness, (NB¥NA)/
NB, where NB is the fraction of cases existing before ergonomic intervention=1, and NA is the fraction of cases remaining after
intervention=[1¥etiologic fraction)].

Source: Derived from NIOSH (1997).

Based on this review of an extensive body of case studies,
epidemiological studies, and other articles from the trade
and scientific literature, OSHA believes that it is reasonable
to assume that the proposed standard will reduce work-
related musculoskeletal disorders in the high risk
population by at least 30 percent and by as much as 100
percent, as has been documented in a number of case studies
of ergonomics programs. Overall, OSHA believes that MSD
incidence will be reduced by about half or two-thirds as a
result of implementing ergonomics programs.

E. Preliminary Conclusions
In this section, OSHA estimated the risk of experiencing

a lost workday MSD to workers exposed to workplace
conditions such as forceful lifting, pushing, or pulling;
repeated bending and twisting; repetitive hand or arm
motions; static and awkward postures; contact stress; and
whole-body and localized vibration. The basis for these
estimates is drawn from BLS data that describe the incidence
of employer-reported MSDs from 1992 through 1996. For the
latest year for which data are available, the estimated
industry-specific annual incidence of MSDs ranges from 0.5
to 36.6 lost workday cases per 1,000 workers (by 2-digit SIC);
OSHA believes that, because these figures represent the
incidence across the entire production workforce in each
industry sector, the true incidence among the subset of
workers exposed to workplace risk factors is much higher.
This is supported by the vast array of epidemiological
evidence showing that the risk among exposed workers is
up to 10 or 20 times higher than the risk to workers that
are not so exposed. The BLS data also demonstrate a
significant risk of experiencing MSDs among workers in
specific occupations, with the annual incidence estimated
to range between 5.6 and 42.4 lost workday cases per 1,000
workers for the 75 occupations having the highest incidence.
From these data, OSHA estimated the lifetime risk to

workers exposed to risk factors in the workplace, assuming
exposure over a 45-year period. The estimated probability
of a worker experiencing at least one lost workday MSD over
45 years ranges from 24 to 813 per 1,000 workers, depending
on the industry sector.

OSHA also provided evidence that implementation of
ergonomic programs and interventions are effective in
reducing the risk of MSDs to exposed workers. This
evidence consists of 92 case studies that document
reductions in MSD injury rates that have resulted after
ergonomic programs and interventions have been
implemented by employers; field and laboratory studies that
show ergonomic interventions are successful in reducing the
magnitude of the forces imposed on the body that can
damage musculoskeletal tissues; and several
epidemiological studies that have shown quantitative
relationships between the intensity and duration of exposure
to workplace risk factors and the risk of MSDs, which
provides direct evidence that reducing exposures will
reduce MSD incidence. From the case studies, OSHA
estimates that ergonomic programs and interventions will
reduce the incidence of total MSDs (i.e., both lost workday
and non-lost workday) by a median value of 76 percent
(mean value of 73 percent). Case studies suggest that the
effectiveness of ergonomic programs and interventions will
be somewhat higher in reducing lost workday MSDs, with
median and mean estimates of 82 and 79 percent,
respectively. These estimates are consistent with those
inferred from the body of epidemiological data, which show
that more than one-half of the MSDs that occur among
exposed employees is attributable to exposure, and therefore
potentially preventable under an ergonomics program.
OSHA requests additional information and data describing
the effectiveness, or lack thereof, of ergonomics programs on
reducing MSD rates
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Appendix VI–A.—BLS Injury Categories Likely To Include Employer-Reported Musculoskeletal Disorders

BLS CODE NATURE OF INJURY DESCRIPTION

00 Traumatic injuries and disorders,
unspecified

This major group classifies traumatic injuries and disorders when the
only information available describes the incident as traumatic. For
example, employee was hurt in car accident.

01 Traumatic injuries to bones,
nerves, spinal cord

This major group classifies traumatic injuries to the bones, nerves, or
spinal cord which include breaking and dislocating bones and car-
tilage and traumatic injury to the brain, spinal cord, and nerves.

011 Dislocations Subluxations; slipped, ruptured, or herniated disc; partial displace-
ment; and fractured or broken cartilage.

012 Fractures Closed fractures for which no open wound exists; open fractures for
which there is an accompanying open wound; comminuted, com-
pound, depressed, elevated, fissured, greenstick, impacted, linear,
march, simple, and spiral fracture; and slipped epiphysis.

013 Traumatic injuries to spinal cord Severed spinal cord, nonfatal severed spinal cord resulting from a
gunshot wound, traumatic transient paralysis, anterior cord syn-
drome, lesion of spinal cord, and central cord syndrome.

014 Traumatic injuries to nerves, ex-
cept the spinal cord

This nature group classifies traumatic injuries to nerves other than the
spinal cord. Cranial nerves, peripheral nerve of the shoulder or pel-
vic girdle, and nerves of the limb are possible locations for injuries
in this nature group. Diseases or disorders of the nervous system
that occur over time as a result of repetitive activity, such as carpal
tunnel syndrome, are classified in major group 12. Includes division
of nerve, lesion in continuity, traumatic neuroma.

018 Multiple traumatic injuries to
bones, nerves, spinal cord

This nature group classifies multiple injuries and disorders of equal
severity within Traumatic injuries to bones, nerves, spinal cord,
major group 01.

019 Traumatic injuries to bones,
nerves, spinal cord, n.e.c.

020 Traumatic injuries to muscles, ten-
dons, ligaments, joints, etc., un-
specified

Traumatic injuries that affect the muscles, tendons, ligaments or
joints; exact nature of disorder not specified in employer’s report.

021** Sprains, strains, tears This nature group classifies cases of sprains and strains of muscles,
joints tendons, and ligaments. Diseases or disorders affecting the
musculoskeletal system, including tendonitis and bursitis, which
generally occur over time as a result of repetitive activity should be
coded in Musculoskeletal system and connective tissue diseases
and disorders, major group 17. Includes avulsion, hemarthrosis,
rupture, strain, sprain, or tear of joint capsule, ligament, muscle, or
tendon. Excludes hernia (153), lacerations of tendons in open
wounds (034), torn cartilage (011).

029 Injuries to muscles, tendons, liga-
ments, joints, etc., n.e.c

This nature group classifies injuries to muscles, tendons, ligaments,
etc. that are not classified elsewhere in this major group.

0972**

0973**

0978

0979

Back pain, hurt back
Soreness, pain, hurt, except the

back
Multiple nonspecified injuries and

disorders
Nonspecified injuries and dis-

orders, n.e.c

Subcategories under nature group 097, Nonspecified injuries and dis-
orders, which includes traumatic injuries and disorders where some
description of the manifestation of the trauma is provided and gen-
erally where the part of body has been identified. Subcategory 0972
includes hurt back, backache, low back pain.

099 Other traumatic injuries and dis-
orders, n.e.c.
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Appendix VI–A.—BLS Injury Categories Likely To Include Employer-Reported Musculoskeletal Disorders—Continued

BLS CODE NATURE OF INJURY DESCRIPTION

1240

1241**
1249

Disorders of the peripheral nervous
system, unspecified

Carpal tunnel syndrome
Other disorders of the peripheral

nervous system, n.e.c.

Subcategories under nature group 124, Disorders of the peripheral
nervous system, which includes the nerves and ganglia located out-
side the brain and spinal cord. Subcategory 1249 includes Bell’s
palsy, tarsal tunnel syndrome, other mononeuritis of the extremities,
nontraumatic lesion of the median, ulnar and radial nerves, mus-
cular dystrophies.

1371 Raynaud’s syndrome or phe-
nomenon

Subcategory under nature group 137, Diseases of arteries, arterioles,
capillaries.

153** Hernia This nature group classifies hernias of the abdominal cavity. Includes:
femoral (1539), esophageal (1539), hiatal (1532), inguinal (1531),
paraesophageal (1539) scrotal (1531), umbilical (1539), and ventral
(1533) hernias. Excludes: herniated disc (011), herniated brain
(1231), and strangulations (091).

17** Musculoskeletal system and con-
nective tissue diseases and dis-
orders

This major group classifies diseases of the musculoskeletal system
and connective tissue.

170 Musculoskeletal system and
connective tissue diseases
and disorders, unspecified.

171 Arthropathies and related dis-
orders (arthritis)

This nature group classifies joint diseases and related disorders with
or without association with infections. Includes: ankylosis of the
joint, arthritis, arthropathy, and polyarthritis. Excludes: disorders of
the spine (172), gouty arthropathy (1919), rheumatic fever with
heart involvement (131).

172 Dorsopathies This nature group classifies conditions affecting the back and spine.
Includes: spondylitis and spondylosis of the spine (1729);
intevertebral disc disorders, except dislocation (1723); sciatica
(1721); lumbago (1722); and other nontraumatic backaches (1729).
Excludes: dislocated disc (011), curvature of the spine (1741), frac-
tured spine (012), herniated disc (011), ruptured disc (011), trau-
matic sprains and strains involving the back (021), and other trau-
matic injuries to muscles, tendons, ligaments, or joints of the back
(02), and traumatic back pain or backache (0972).

173 Rheumatism, except the back This nature group classifies disorders marked by inflammation, degen-
eration, or metabolic derangement of the connective tissue structure
of the body, especially the joints and related structures of muscles,
bursae, tendons and fibrous tissue. Generally, these codes should
be used when the condition occurred over time as a result of repet-
itive activity. Includes: rotator cuff syndrome (1739), rupture of
synovium (1739), and trigger finger (1739). Excludes: rheumatism
affecting the back is included in code (172), traumatic injuries and
disorders affecting the muscles, tendons, ligaments and joints (02).

174 Osteopathies, chondropathies,
acquired deformities

This group is comprised of diseases of bones, diseases of cartilage,
and acquired musculoskeletal deformities. Includes: osteomyelitis,
periostitis and other infections involving bone; and acquired cur-
vature of the spine.

179 Musculoskeletal system and
connective tissue diseases
and disorders, n.e.c.

This nature group classifies musculoskeletal system and connective
tissue diseases and disorders that are not classified elsewhere.

4120 Symptoms involving nervous and
musculoskeletal systems, un-
specified

Subcategories under nature group 412, Symptoms involving nervous
and musculoskeletal systems, which includes symptoms specific to
either the nervous or musculoskeletal systems. Subcategory 4129
includes abnormality of gait, lack of coordination, tetany, and
meningismus.

4128 Multiple symptoms involving nerv-
ous and musculoskeletal sys-
tems.

4129 Symptoms involving nervous and
musculoskeletal systems, n.e.c.
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Appendix VI–A.—BLS Injury Categories Likely To Include Employer-Reported Musculoskeletal Disorders—Continued

BLS CODE NATURE OF INJURY DESCRIPTION

414 Symptoms involving head and
neck

This nature group classifies symptoms which are specific to either the
head or neck. Includes: throat pain (4149), aphasia (4149), and epi-
staxis/nosebleed (4149).

** Categories included in OSHA’s preliminary risk assessment.
Source: Occupational Injury and Illness Classification Manual, Bureau of Labor Statistics, December 1992 (Ex. 26–1272).

Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Food Packing 20 Implemented full program on
packing line, including job task
analysis, employee involve-
ment in identifying problems
and solutions, worker training,
and medical management. Job
analysis resulted in 56 pro-
posals for changes in equip-
ment and work environment,
half of which were imple-
mented in six months.

In 1976, prior to
implementing
the program,
there were 51
hand MSDs
identified
among 200
packing work-
ers. Hand
MSDs were
eliminated by
1980, four
years after
program im-
plementation.
Other upper
extremity ill-
nesses de-
clined by
about 47% in
this same time
period.

Luopajarvi et al.
(1982) (Ex.
26–1042);
Luopajarvi et
al. (Undated)
(Ex. 26–1090).

Meatpacker 2011 Training efforts included aware-
ness training of corporate and
plant managers and technical
training of safety and medical
personnel. Ergonomic task
forces were established at indi-
vidual plants to identify prob-
lem jobs and implement expo-
sure controls. Controls included
use of anti-fatigue mats and
manual handling assists such
as conveyors and trucks. Job
rotation and cross-training of
rotated workers was also em-
ployed.

Not Reported. Cumulative trau-
ma injuries re-
duced from
four in one
month to none
reported dur-
ing a 6-month
period.

McCasland
(1992) (Ex.
26–1043).

Meatpacker-pork
deboning

2011 Introduction of automated system
for deboning/skinning and a
pneumatic lifter to automate
hanging of large sausage cas-
ings onto processing racks.

Lost time due to
injury dropped
from 30% of
total work
hours to less
than 2%.

CTDs have de-
clined from 84
cases to 9
cases over a
6-year period.

Murphy (1992)
(Ex. 26–1103).

VerDate 29-OCT-99 17:38 Nov 21, 1999 Jkt 190000 PO 00000 Frm 00188 Fmt 4780 Sfmt 4780 E:\FR\FM\A23NO2.001 pfrm01 PsN: 23NOP2



65955Federal Register / Vol. 64, No. 225 / Tuesday, November 23, 1999 / Proposed Rules

Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Meatpacker 2011 Implementation of an ergonomics
program, including engineering
controls, work hardening pro-
gram, training, and medical
management.

Not Reported. CTDs decreased
from 47.8 per
100 workers
(1987) to 17.2/
100 workers
(1990) and
17.7/100
workers
(1991).

OSHA Site Visit,
Case Study
No. 2 (26–
1175).

Meat preparation 2011 Introduction of engineering con-
trols: redesigned workstation
by sloping the work surface to-
ward the meatcutter; intro-
duced rotary cutter and single
hooks.

Not Reported. 80% reduction in
musculo-
skeletal inju-
ries in the first
year.

Oxenburgh
(1994) (Ex.
26–1041),
Case 45.

Poultry proc-
essing

2015 Implementation of an ergonomics
program, including redesign of
processing lines, use of rubber-
matted stools and platforms of
varying heights to eliminate
awkward reaches, worker train-
ing, and job reassignment for
injured workers.

Not Reported. Decline in
upper-extrem-
ity and neck/
shoulder inju-
ries from
about 32 per
month to 0.

Farr (1991) (Ex.
26–1044).

Poultry proc-
essing

2015 Introduction of workstation anal-
ysis and redesign, including al-
tering heights of products, pro-
viding workstands, and install-
ing tank tilters to reduce man-
ual handling. Program also in-
cluded worker training and de-
velopment of an integrated
medical management/surveil-
lance-analysis system.

Not Reported. Carpal tunnel in-
cidence rates
decreased
from 7.8 per
200,000 hours
to between
2.4 and 3.7
per 200,000
hours. Back
injury rates
declined from
4.4 per
200,000 hours
to 3.0 per
200,000
hours.

Stuart-Buttle
(1994) (Ex.
26–1045).

Poultry proc-
essing

2015 Introduction of engineering con-
trols: tool/handle redesign;
work practice controls; adminis-
trative controls.

Not Reported. Recordable inju-
ries and ill-
nesses de-
creased from
10–14/100
workers
(1988–89) to
7/100 workers
(1991).

OSHA Site Visit,
Case Study
No. 1 (Ex. 26–
1174).
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Ice cream manu-
facture, various
jobs

2024 Performed job hazard analysis,
implemented several controls
including use of non-skid ele-
vating platforms for shorter
workers; modified workspace
layout to permit workers to
move without being hindered;
replaced sharp edges of equip-
ment with sloping angles or
padding; replace hygienic thin-
filmed gloves with warm, flexi-
ble gloves; modified way em-
ployees performed lifting and
carrying tasks.

In 1985, before
implementing
the program,
there were 4
compensation
claims and ab-
senteeism
equalled 10%
of the number
of shifts
worked. In
1897, there
were no com-
pensation
claims and ab-
senteeism
was reduced
to 4% of shifts
worked.

Elie (OH&S
Canada, Vol.
4, No. 7) (Ex.
26–1100).

Cattle feed proc-
essing oper-
ation

2048 Provided a forklift and a bobcat
to eliminate manual lifting and
relocated the feed mixer in
order to install chutes and au-
gers to permit mechanical load-
ing of feed. Installed bulk stor-
age containers so that addi-
tives could be gravity-fed to the
mixer. Constructed a platform
under the auger equal in height
to the truck platform, which al-
lowed feed bags to be filled
without manual lifting. Program
also included providing lifting
and handling training to work-
ers.

Not Reported. The company
eliminated
manual han-
dling injuries.

Teleki (1995)
(Ex. 26–1046).

Bakery 205 Engineering controls: workstation
redesign, tool modifications;
improved work practices; for-
mation of labor-management
CTD committee.

Absenteeism re-
lated to carpal
tunnel syn-
drome de-
creased from
731 lost work
days (1987) to
8 lost work
days (Jan.–
Aug., 1991).

Carpal tunnel
cases de-
creased from
34 (1987) to
13 (1990).

Robinson (1993)
(Ex. 26–1102).

Packaging sugar
cubes

206 Cubes were packed tightly using
a hand tool that required work-
er to exert considerable pres-
sure on a sharp corner edge.
Company changes marketing
strategy that permitted cubes
to be packed loosely, avoiding
use of excessive hand force.

Considerable re-
duction in
sickness ab-
sence and
workers com-
pensation
claims.

Serious strain in-
juries to hands
was ‘‘virtually’’
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 41.
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Mattress manu-
facturer, mate-
rial handling

2515 Introduction of hand trucks and
lift systems to aid in manual
handling. Job hazard analysis
involving the employees in
identification of problem areas
and solutions to problems.

53.5% reduction
in workers
compensation
reports in one
year (1991).

Not Reported. Bedtimes (1992)
(Ex. 26–1047).

Mattress manu-
facturer, mate-
rial handling

2515 Job hazard analysis of all job
functions to resolve ergonomic
problems. Modified
workstations, tools, and manu-
facturing procedures. Modified
equipment to reduce need to
lift items above shoulder height
or below knee level.

Lost time re-
duced 1⁄4 to
1⁄3 in 3 years.

Not Reported. Bedtimes (1992)
(Ex. 26–1047).

Mattress manu-
facturer, ware-
housing

2515 Added conveyor, increased fork
truck use, reduced stacking
heights, and revised handling
procedures. Production proc-
ess changed to eliminate mate-
rial handling and loading onto
truck.

Not Reported. Decreased inju-
ries from 9 to
1 in one year.

Marcotte (un-
dated) (Ex.
26–1048).

Office furniture
manufacturing,
various jobs

252 Introduction of a plant
ergonomics program employing
engineering controls, work
practice controls, administrative
controls, medical management,
and education and training.

Restricted work-
days de-
creased from
301/100 em-
ployees to
221/100 em-
ployees.

Decreased rate
of MSDs from
21/100 em-
ployees
(1989) to 19/
100 employ-
ees (1991–
1992).

Robinson (1993)
(Ex. 26–1102).

Office furniture
manufacturing,
various jobs

252 Installed scissor lifts to aid in
packaging file cabinets of dif-
ferent sizes. Small-assembly
workstations were altered to
eliminate twisting and bending
during lifting.

Not Reported. Back injuries
have been cut
by 50 percent.

LaBar (1991)
(Ex. 26–1078).

Pulp and paper
mill workers

2611
&

2621

Conducted training sessions cov-
ering CTD issues and haz-
ardous postures at the work-
place. Job analysis included
interviews of employees. Pro-
gram included strengthening
exercises and fitness initiatives.

The following engineering con-
trols were implemented:
• Reduced the number of

wires per bale to reduce
weight,

• Use of padded bolt cutter
handles,

• Provided better lifting de-
vices.

Not Reported. In a six-month
follow-up to
the interven-
tions, the CTD
rate had been
diminished to
zero and there
were no wrist
and elbow
problems.

‘‘Avenor’s fitness
a warm-up to
ergonomics.’’
CTD News
(1996) (Ex.
26–1050).
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Printing, glue ma-
chine operators

27 Installed partial mechanical aid
for off loading of cartons.

Not Reported. No injuries re-
ported in 2 yrs
since
changes.

Shinnick (1985)
(Ex. 26–1049).

Book binding op-
erator

278 Introduced industrial load leveler
(a spring loaded table) for load-
ing/unloading pockets, binders,
stitchers, and off-line mailers.

Lost workdays
fell from 413
to 112.

Not Reported. Ferris (1992)
(Ex. 26–1051).

Organic chemical
manufacture,
manual han-
dling

283 Analysis of injury data, observa-
tion of material handling tasks.
Installed materials handling
equipment, automated con-
tainer-packaging and inspec-
tion equipment. Reduced
weight of bags and drums.
Worker training program.

Severe back in-
juries resulting
in lost work-
days were
eliminated
(1979–1989).

62% reduction in
the incidence
of total over-
exertion back
injuries.

Ridyard (1990)
(Ex. 26–1052).

Paint manufac-
turing, manual
handling

2851 Installation of material handling
equipment. Medical manage-
ment of injuries.

From 1990–
1993, lost time
injury rate de-
creased by
approximately
63%.

Total OSHA
recordables
reduced by
40% from
1990–1993.

Akzo Coatings,
Inc., Louisville,
KY. cor-
respondence
with OSHA
(1994) (Ex.
26–1054).

Oil refinery, han-
dling hoses
and valves,
manual han-
dling

2911 Added platforms that make valve
access easier, added exten-
sions to valve stems to elimi-
nate bending to turn valves, in-
stalled hoists over work tables
to eliminate lifting and bending,
purchased adjustable height
carts, upgraded lighting, and
conducted back injury training.

Not Reported. Injury rates
dropped by
90%.

Bone (1993)
(Ex. 26–1055).

Rubber hose
manufacturing

3052 A new hand tool was designed
(an air gun) that is
counterbalanced to reduce the
amount of weight supported.
This tool also has better han-
dles.

No lost time inci-
dents from re-
petitive trauma
since the new
tool was intro-
duced.

Not Reported. Oxenburgh
(1994) (Ex.
26–1041),
Case 7.
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Shoe/luggage
manufacturing,
various jobs

31 Instituted a comprehensive
ergonomics program as part of
a total quality management ini-
tiative. Program included ele-
ments of worker participation,
medical management, job anal-
ysis and control of exposures
to risk factors, and employee
education and training. Expo-
sure controls included installa-
tion of adjustable workstations;
new jig fixtures to hold work
pieces at proper angles; partial
automation of processes; and
use of anti-skid surfaces on
tools, fixtures, and handles.

Reduced lost
time upper ex-
tremity and
back disorders
by 79%.

Rooney and
Morency
(1992) (Ex.
26–1056).

Shoe manufac-
turer, various
jobs

314 Several programs implemented
that included exercise and con-
ditioning, stretching, and
ergonomics awareness train-
ing.

Conducted special training on
ergonomics for industrial engi-
neers and maintenance work-
ers.

Continuous flow manufacturing
including group working, cross
training, and job rotation was
instituted.

Engineering controls imple-
mented included:

Not Reported. Repetitive mo-
tion injuries in
two problem
areas were re-
duced from 70
percent to be-
tween 25 and
30 percent of
the total
OSHA record-
able incidents
in three years.

‘‘Red Wing
Shoes’ early
warning sys-
tem.’’ CTD
News (1995)
(Ex. 26–1057).

• Purchase of new adjustable
chairs;

• Use of anti-fatigue mats for
all employees whose jobs in-
volved prolonged standing;

• The cast iron base on heavy
equipment was cut off and
refitted with an adjustable
base;

• Electric or pneumatic foot
pedals were used instead of
non-adjustable mechanical
ones;

• Prepackaged shoe laces
were purchased to eliminate
hand-tying repetition; and

• Sewing machines were tilted
toward the worker to elimi-
nate awkward posture.
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Shoe manufac-
ture, pneumatic
press operator

314 Workstation design improvements
included use of adjustable
chairs and footrests, providing
armrests, changing angle of
the presses, providing parts
bins to reduce extreme wrist
flexion, and redesigning shoe
ornaments so prongs were an-
gled for easier insertion and
pressing.

No injuries re-
ported for 2
years since
changes were
implemented.

Wick (1987) (Ex.
26–1058).

Footwear assem-
bly and fabrica-
tion

3149 Extensive ergonomic training pro-
gram.

Lost-time injuries
dropped 67%
in 2 years.

Total number of
CTDs dropped
by 62% in 2
years.

Holland (1991)
(Ex. 26–1059).

Sewing and cut-
ting operations

3199 Introduction of ergonomics pro-
gram, including medical pro-
gram to detect and treat CTDs
early. Workplace modifications
included use of adjustable
workstations, footrests, and
anti-fatigue mats; installing
larger handles on hot irons to
improve grip; installing prox-
imity switches on presses; ad-
justing glue stations to prevent
awkward upper-extremity pos-
tures; and automating some
processes.

Not Reported. CTD incidence
fell from
14.6% in 1990
to 11% in
1992.

Nickasch (1994)
(Ex. 26–1060).

Encapsulating
automotive
glass windows

3229 Ergonomics program and control
measures, including installation
of adjustable workstations, job
rotation, and anti-fatigue mat-
ting; medical management pro-
gram and an employee training
program.

Incidence of
lost-work-day
injuries de-
clined from
8.6% to 0.2%
in 2 years.
Rate of lost
workdays de-
clined from
1,615/100
workers
(1990) to 0.9/
100 workers
(1992).

Not Reported. OSHA Site Visit,
Case Study
No. 12 (Ex.
26–1182).

Packagers 3231 Workplace improvements in-
cluded:
Reduced all material handling

to less than 50 pounds;
Purchased different sizes of

gloves, cuffs, and sleeves to
reduce additional stress and
energy expenditure;

Designed a device that allows
employees to roll the glass
onto the line instead of lifting
it;

Not Reported. Injury incidence
rate dropped
from 14 per
100 workers in
1987 to 3.3 in
1996.

Reduced sever-
ity and fre-
quency of inju-
ries.

‘‘PPG learned to
overcome
ergo inno-
cence.’’ CTD
News (1996)
(Ex. 26–1061).

VerDate 29-OCT-99 17:38 Nov 21, 1999 Jkt 190000 PO 00000 Frm 00194 Fmt 4780 Sfmt 4780 E:\FR\FM\A23NO2.001 pfrm01 PsN: 23NOP2



65961Federal Register / Vol. 64, No. 225 / Tuesday, November 23, 1999 / Proposed Rules

Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Raised the racks to knuckle
height to avoid bending while
lifting the windshields; and

Altered the racks to allow work-
ers to step into them and
load them from back to front
in order to eliminate stressful
forward reaches.

Ceramic tile man-
ufacturing, var-
ious jobs

3253 Implementation of an ergonomics
program including engineering
controls (workstation redesign),
job rotation, changes in work
practices, and an ergonomic
training program for employ-
ees.

Lost-time injury
rate for repet-
itive motion in-
juries de-
creased from
1.6 in 1988/
1989 to 0 in
1993.

Not Reported. Stuart-Buttle
(1994) (Ex.
26–1045).

Fiber-cement
board manufac-
ture, manual
handling

3272 Install on-loader at from of con-
veyor to permit workers to load
boards at their own pace. Auto-
mate process for separating
boards and transferring them to
the on-loader. Automate stack-
ing of final product.

Eliminated lost-
time MSDs in
2 years after
improvements
were made.

Not Reported. Oxenburgh
(1994) (Ex.
26–1041),
Case 11.

Metal castings,
unpacking op-
eration

33 Frequent, excessive reach was
required to unpack 15- to 18-
pound casting from crates.
Crates were modified by add-
ing drop gates at each end of
the crates and installing a scis-
sor lift to lift crates. In addition,
changes were made in the way
the castings were stacked in
the crates to permit the work-
ers’ arms to remain close to
the body while unpacking.

Not Reported. Eliminated back
injuries asso-
ciated with
this operation.

Oxenburgh
(1994) (Ex.
26–1041),
Case 34.

Palletizing oper-
ation

33 Scissor lift tables with turntable
tops were installed alongside
each packing station.

Not Reported. Five out of six
back injuries
were elimi-
nated.

Benson, (1987)
(Ex. 26–1062).

Aluminum manu-
facturer, mate-
rials handling

3350 Establishment of an ergonomics
program, including of introduc-
tion lift tables, cranes, and me-
chanical assists in overhead
lifting, rearrangement of work
to allow use of cranes in lifting.

Not Reported. Reduced over-
exertion inju-
ries of the
back by 40%
to 60%.

Mandelker
(1993) (Ex.
26–1063).

De-burring and
finishing cast
metal parts

34 Parts were held still by hand dur-
ing finishing operations. Work
bench was replaced by a pot-
ter’s wheel to hold the part and
rotate it as necessary. Fin-
ishing tools were redesigned.

Not Reported. Upper-extremity
disorders were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 43.
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Appendix VI–B.—Summary of Case Studies Demonstrating Effectiveness of Ergonomic Programs/Interventions—
Continued

JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

Welding 34 Manual welding of a 5-meter
weld required welder to work in
a prolonged static posture.
This process was replaced by
a semi-automatic powder weld-
ing process, permitting welder
to work from a standing posi-
tion.

Not Reported. All knee, neck,
and shoulder
injuries from
this operation
have been
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 33.

Materials han-
dling, hardware
manufacture

3411 Use of adjustable lift tables/trans-
porters completely eliminated
manual lifting from the job.

Not Reported. Back injuries re-
duced by
90%.

‘‘Put ergonomics
to practical
use.’’ Material
Handling Engi-
neering (1988)
(Ex. 26–1064).

Packager 3452 Packaging area was redesigned;
raised the level at which boxes
are lifted, installed semi-auto-
matic sealing machines and
adjustable chairs, and elimi-
nated loading of pallets; train-
ing introduced.

Nearly a five-fold
decrease in
musculo-
skeletal inju-
ries based on
days lost.
(equivalent to
5% of the de-
partment’s
total wage
costs).

Not Reported. Oxenburgh
(1994) (Ex.
26–1041),
Case 10.

Manufacturing
automotive ca-
bles

3496 Introduction of ergonomics pro-
gram utilizing engineering con-
trols, work practice training,
and medical management.

Lost workday
cases de-
creased from
48 (1991) to
27 (1993).
Number of lost
workdays de-
creased from
1,287 days
(1991) to 275
days (1993).

Decreased ill-
nesses from
47 (1991) to
17 (1993).

OSHA Site Visit,
Case Study
No. 11 (Ex.
26–1181).

Steel furniture
manufacturing,
various jobs

3499 Employee involvement in identi-
fying hazards and developing
interventions. Engineering ap-
proaches included the fol-
lowing:
• An enclosed shotblaster ma-

chine has been used to auto-
mate polishing of the steel.

• An automatic washing sys-
tem has been provided.

• Lighting placement and
brightness have been im-
proved to reduce the awk-
ward posture required to in-
spect and brush the prod-
ucts.

• Many of the jigs were im-
proved to be adjustable.

Lost days from
carpal tunnel
syndrome,
back strain
and other
CTDs dropped
to zero in
1996, down
from 176 lost
workdays in
1991.

Not Reported. ‘‘Charleston
Forge welds
homemade
approach.’’
CTD News
(1996) (Ex.
26–1065).
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JOB TITLE OR
ACTIVITY

SIC
CODE ERGONOMIC SOLUTIONS

REPORTED REDUCTION IN
INJURY RATES

SOURCES
LOST WORK-

DAY MSDs
TOTAL
MSDs

• And other engineering con-
trols.

Farm equipment
manufacture,
assembly and
materials han-
dling

3523 Initiated an eight-hour engineer
ergonomics training program.

Appointed ergonomics coordina-
tors in all U.S. and Canadian
factories, foundries and dis-
tribution centers chosen from
the industrial engineering and
safety departments.

83 percent re-
duction of
back injuries
that resulted
in lost time.

Not Reported. ‘‘An ergo proc-
ess that runs
like a Deere.’’
CTD News
(1995) (Ex.
26–1101).

Conducted training through at-
tending professional courses
and conferences, memberships
in professional organizations,
subscriptions to ergonomics
publications and tracking the
latest ergonomics research.

Conducted ergonomic review of
new office furniture purchases.

Conducted VDT ergonomics
awareness training for video
display operators.

Engineering Controls included:
• Limiting manual lifting to 40

pounds or less;
• Redesigning the assembling

operations so that assem-
blers worked in an upright
position;

• Altered hand tools for better
fit; and

• Installed hoists and lift ta-
bles.

Welding, vehicle
manufacture

3531 Ergonomic training program im-
plemented, seat height adjust-
ments installed, and work sta-
tion height adjusted.

Not Reported. Back injury rate
went down by
27%.

‘‘Caterpilar, Inc.’’
Welding Jour-
nal (1992)
(Ex. 26–1066).

Chain saw as-
sembly

3546 Introduction of new tools and
modified production methods,
and employee training.

The sick-leave
rate de-
creased from
17.0 to 13.7
on an average
annual basis.

Not Reported. Parenmark et al.
(1993) (Ex.
26–1067).
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Computer manu-
facturer

3571 The company engaged in several
training and education initia-
tives, including:
• Mandated ergonomics train-

ing classes for high risk
groups;

• Created and distributed a
16-page ergonomics bro-
chure; and

• Created an ‘‘ERGO Hotline’’
to schedule ergonomics eval-
uations, report problems, and
seek information;

Exposure control approaches
included:

• Limiting manual lifting to 40
pounds or less; educated the
employees via a brief pro-
gram on the basic
ergonomics fundamentals;

• Purchased new office sit-
stand workstations;

• Adjusted the workstation sur-
face height to accommodate
each worker; and

• Attached a wider, adjustable
keyboard and mouse plat-
form to the standard desk.

Not Reported. • 41 percent
drop in report-
able upper
limb disorders
from 1994 to
1995 which
addressed
about 70 per-
cent of the
company’s
upper-limb re-
portable inju-
ries.

• Further 50
percent de-
crease in re-
portable CTD
cases from
1995 to 1996.

• Reportable
cases of
CTDs de-
creased to 25
through No-
vember of
1996 com-
pared to 70
cases in 1994.

‘‘Silicon Graph-
ics melds
high- and low-
tech.’’ CTD
News (1997)
(Ex. 26–1068).

Computer main-
frame assem-
bly

3571 Training had been provided for
proper lifting techniques, gen-
eral safety and use of special
tools. Extensive office
workstation ergonomics training
was provided.

Engineering controls included:
• Providing new workbenches

to accommodate workers’
shorter reaches;

There are no
lost days due
to CTDs in the
office work-
place.

CTD related in-
juries were
eliminated in
production.

‘‘AT&T uses
cost-conscious
program to
fight CTDs.’’
CTD News
(1995) (Ex.
26–1069).

• Adding roller-ball conveyor
belts and lifting devices were
added to raise the units onto
the conveyor belt;

• Replacing pneumatic drivers
with lighter electric units
which had much less vibra-
tion and weighed about one
pound;

• Installing lift platforms that
would raise the cabinets and
3 feet off the floor;

• Providing seated and stand-
ing workstations so one em-
ployee could build the entire
cabinet instead of working on
an assembly line in order to
reduce the static fatigue; and
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• Modifying scissor lifts to rise
up to 4 feet off the floor.

Copying machine
control system
assembly

3579 Assembly of the systems was
performed on a workbench and
required frequent lifting and
turning of the part. The bench
was replaced by an adjustable
stand designed to take the
weight of the part being as-
sembled.

Not Reported. MSD rate de-
clined by 50%
in the first
year. In the
second year,
the MSD rate
declined to
one-third.

Oxenburgh
(1994) (Ex.
26–1041),
Case 37.

Hand tool oper-
ation, tele-com-
munications
manufacturing

36 Safety and health committee im-
plemented program that in-
cluded creation of task force,
worker training, improvements
in workstation design and tool-
ing, and medical management
of workers on restricted duty.

Plant-wide inci-
dence of re-
petitive trauma
disorders was
2.2 cases per
200,000 work
hours, re-
duced to 0.53
cases per
200,000
workhours in 1
year after pro-
gram imple-
mentation.

McKenzie et al.
(1985) (Ex.
26–1070).

Electronics manu-
facture

36 Controls: workstation redesign
and job rotation.

Not Reported. CTDs reduced
by 46% in one
year.

Robinson (1993)
(Ex. 26–1102).

Electrical equip-
ment manufac-
ture, press op-
erator

36 Automated handling and grinding
of resistance elements. Elimi-
nated possibility for hazardous
exposures.

Not Reported. Eliminated
MSDs.

Oxenburgh
(1994) (Ex.
26–1041),
Case 16.

Press operator,
small electronic
parts manufac-
ture

36 Press operation caused exces-
sive wrist flexion and palm
compression. The press was
modified by adding switches
that either eliminated hand
contact or only involved contact
with parts of the hand that do
not have nerves close to the
skin surface.

Not Reported. 29% reduction in
musculo-
skeletal injury
incidence.

Oxenburgh
(1994) (Ex.
26–1041),
Case 42.

Lamp manufac-
turing, mate-
rials handling

3641 Added a vacuum hoist, reduced
equipment height, reduced box
size and weight, and intro-
duced a back awareness pro-
gram for employees.

Not Reported. Eliminated back
and upper ex-
tremity dis-
orders in the
last four
years.

Carreau and
Bessett (1991)
(Ex. 26–1071).
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Telephone sys-
tems assembly

3661 Implemented an ergonomics pro-
gram for the assembly line.
Elements included an em-
ployee awareness program,
disorder treatment protocols,
job task analyses, job redesign,
and cost savings analysis.

Lost-time repet-
itive strain in-
juries dropped
from 20 to 4
over 1.5
years.

Darcangelo
(1989) (Ex.
26–1072).

Telecommuni-
cations equip-
ment assembly

3661 Introduced a training program,
job hazard analysis, and an en-
gineering program to abate
ergonomic hazards. Medical
management of injured em-
ployees on restricted jobs.

Rate of repet-
itive trauma
disorders
dropped from
1.1 per
100,000 hours
to 0.26 per
100,000 hours
in 1 year.

Pope (1987)
(Ex. 26–1073).

Telecommuni-
cations equip-
ment assembly

3661 Workstation redesign (adjustable
tables, illumination),
ergonomically designed chairs,
and tool redesign.

Musculoskeletal
injury sick
leave in
1978=5.0, in
1982=2.9.

Not Reported. Westgaard and
Aaras (1984)
(Ex. 26–1026).

Electronics as-
sembly

367 Job rotation, new assembly line
procedures, and ergonomic
line balancing.

Not Reported. No new cases of
cumulative
trauma were
reported.

Townes and
Imrhan (1991)
(Ex. 26–1074).

Electronics manu-
facturing, var-
ious jobs

3674 Redesigned workstations; intro-
duced powered-screwdrivers;
job rotation.

Not Reported. Reduced injuries
(not quan-
tified).

Burri and
Helander (un-
dated) (Ex.
26–1075).

Vehicle seat as-
sembly

371 Ergonomics training was pro-
vided.

Engineering controls included:
• Redesigning seat covers in

order to decrease the num-
ber of fasteners by more
than 50 percent;

• Provided a compression tool
to clamp the foam padding
to the seat;

Tendinitis cases
fell by 93%
and carpal
tunnel cases
fell by 96 per-
cent in the
year following
program im-
plementation.

‘‘Problem-solving
by committee
at General
Seating.’’ CTD
News (1995)
(Ex. 26–1076).

• Installed adjustable
workstations;

• Provide electric torque guns.
• In addition, a program of job

rotation was introduced.

Unpacking auto
parts

371 A plywood sheet end board had
to be removed to unpack
crates, requiring excessive
force and awkward postures.
Plywood sheets were modified
to reduce their weight and per-
mit them to slide more easily in
the grooves.

Not Reported. Back and shoul-
der injuries
associated
with this oper-
ation were
eliminated.

Oxenburgh
(1994) (Ex.
26–1041),
Case 38.
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