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Through its research program, in close collaboration with
customers, universities, and researchers around the
world, the Liberty Mutual Research Institute for Safety
strives to accomplish its primary purpose, embodied in
the Liberty Mutual Creed:

With our policyholders we are engaged
in a great mutual enterprise.

It is great because it seeks to prevent
crippling injuries and death

by removing the causes of home,
highway, and work accidents.
It is great because it deals in
the relief of pain and sorrow

and fear and loss.
It is great because it works to

preserve and protect the things
people earn and build
and own and cherish.

Its true greatness will be measured
by our power to help people
live safer, more secure lives.
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2002 marked another year of valuable con-
tribution by the Liberty Mutual Research
Institute for Safety.  With the backdrop of
the 2002 Liberty Mutual Workplace Safety
Index, which reported on the 10 most costly
work related injuries, the research staff con-
tinued to pursue the causes and controls of
this more than 40 billion dollar cost burden
to United States industry.

Whether advancing our understanding of
manual handling and repetitive motion dis-
orders, improving the measurement of slip
resistance on floor and shoe surfaces, or ex-
amining how supervisor responses to worker
injury impact disability duration, this re-
search contributes to information and tools
which help our 550 Loss Prevention field
consultants and our customers reduce loss.

The Research Institute also maintains a
strong international presence.  By partnering
with world-renowned universities and re-
search organizations, we are able to better
understand and address global safety and
health issues. This year, we are pleased to
add Tsinghua University in Beijing, China
to our growing list of international research
collaborators.

As you read this, we will have recently
opened our expanded and renovated state-
of-the-art  facility for research, training, and
laboratory analysis –another reflection of
Liberty Mutual’s commitment to helping
create safer workplaces at home and abroad.

In late 2002, the Liberty Mutual Research
Center for Safety and Health changed its
name to the Liberty Mutual Research
Institute for Safety. On the surface, this an-
nouncement may seem insignificant. In
reality, the new name both celebrates the
past and launches an exciting new era for
the facility, which started as a single lab in
1954, and has since grown into a world-
recognized research organization.

Today, hundreds of people from around the
world visit the facility each year to observe
our work and participate in occupational
health and safety research.

2002 was an exciting 12 months for the
facility.  From the release of the second an-
nual Liberty Mutual Workplace Safety Index
to a partnership with the world-renowned
Tsinghua University in Beijing, China, the
Institute further solidified its position as the
center for original research in occupational
safety and health, and into the causes, con-
sequences and prevention of disability.

It was also the year in which the Institute
laid the foundation – literally – for future
growth.  With its physical expansion to more
than 93,000 square feet – more than double
its previous size – the Institute will easily

accommodate its expanding research
program while providing more space for
visiting scholars.

We at Liberty Mutual take great pride, not
only in the contributions the Institute
makes, year after year, to people’s safety and
health, but in the quality of the people who
work there.  Of particular note was the pre-
sentation of the 2002 Ergonomics Society
Otto Edholm Award to Dr. Tom Leamon,
who has directed Liberty Mutual’s research
program for more than a decade.  This award
recognizes individuals for their significant
contributions to basic or applied research in
ergonomics.

I want to congratulate Tom Leamon for his
award, and his entire team at the Research
Institute for their dedication, hard work and
considerable achievements.
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Our trademark, “From Research to Reality,”
hit close to home this year as the Research
Center was transformed into a massive con-
struction site. Watching the demolition of
three of the four original buildings and a
workspace expansion from 42,570 to 93,800
square feet, our staff was confronted daily
with the “reality” to which our work remains
dedicated.  Separated by only a half-inch of
glass, it is not clear which was the bigger
distraction – the large machinery or the op-
portunity to observe supervisors enforce safe
work practices. Despite the distractions, we
met our 2002 targets for peer-reviewed
publications and made steady progress
on our safety and return-to-work research
programs.

For the second consecutive year, we pro-
duced the Liberty Mutual Workplace Safety
Index which ranks the leading causes of
workplace injuries in the United States.
Judging from the increasing number of
media references, the report appears to be
serving its purpose of drawing attention to
the real sources of workplace loss. It is our
hope that the Safety Index will help indus-
try and safety-driven organizations better
allocate resources to the major sources of
loss.  It also continues to shape our own re-
search program, which added several new
studies this year to address slips and falls,
manual materials handling, and repetitive-
work injuries.

On the international front, we extended our
reach by signing a research agreement with
the world-renowned Tsinghua University
in Beijing, China.  The University’s Depart-
ment of Industrial Engineering is committed
to reducing the social and financial burden
on Chinese enterprises through workplace
safety research.  We look forward to bring-
ing their intellectual capacity into our

partnership and to publishing joint research
findings that will lead to safer workplaces in
our respective countries and beyond.

Finally, as we prepare to celebrate our 50th
anniversary in 2004, we are pleased to
announce our new name – The Liberty
Mutual Research Institute for Safety – a
name that reflects our increased research
capacities and sets the stage for the next five
decades of helping people live safer, more
secure lives.

Tom B. Leamon, PhD
Vice President
Director of the Liberty Mutual
Research Institute for Safety





The Center for Safety Research investigates the causes and
distribution of work-related injuries using a multidisciplinary
approach that draws from epidemiology, biomechanics,
psychology, and other sciences. Our findings provide a
scientific basis for industry safety recommendations and
interventions to reduce the risk of workplace injuries.

This year, we completed several studies including, a study
of muscle changes during repetitive ulnar deviation, a case-
crossover investigation of traumatic hand injuries, an
investigation of the precision aspects of screwdriver use,
and one of a series of studies on the effects of distraction on
driving performance. We also made significant progress on our
slips and falls research including, a study of slip potential
during ladder climbing, a field investigation of slips and
falls among hospital workers, and ongoing tribological
investigations to determine optimal parameters for measuring
surface roughness.

Among the new studies initiated and reported on this year
were, a laboratory study of powered hand tool use among
experienced operators, a field study of sharps-related injuries
among health care workers, and an investigation into the
reliability of computeized narrative text analysis as a method
of obtaining information on accident and injury causes.



Identifying the causes and distri-
bution of occupational accidents
and injuries is an essential first
step toward addressing workplace
safety issues. Our epidemiology
researchers compile and analyze
occupational injury data from
internal and external sources, in-
cluding field study observations, to
investigate existing safety concerns
and identify new ones.

We are also working to develop
methodologies for extracting max-
imum value from narrative accident
descriptions. Ultimately, our epi-
demiological findings and meth-
odological developments provide a
scientific basis for workplace safety
recommendations and help shape
research agendas both within and
outside of the Institute.

2002 Workplace Safety Index

For the second year, our research-
ers completed and published an
exclusive ranking of the leading
causes of disabling workplace in-
juries and illnesses in the United
States. The 2002 Liberty Mutual
Workplace Safety Index pinpointed
the 10 leading causes of injuries
and illness, which accounted for 86
percent of the estimated $40.1 bil-
lion in wage and medical payments

made to injured workers in 1999,
the most recent year for which the
necessary data was available.

To develop the 2002 Workplace
Safety Index, researchers took
Liberty Mutual’s 1999 workers
compensation mean cost data and
multiplied it by the Bureau of La-
bor Statistics’ injury frequency
data for 1999 injuries and illnesses
involving more than five lost work-
days. The relative proportions of
each injury/illness cause group
were determined and applied to
national estimates of workers com-
pensation benefits costs compiled
by the National Academy of Social
Insurance, which covers a broad
range of workers compensation
companies.

Findings from the 2002 Workplace
Safety Index closely matched the
results of the 2001 Safety Index.
The significance of the leading
causes of workplace injuries was
confirmed. “Overexertion” and
“same-level falls” were again cited
as the leading injury causes account-
ing for five or more days away from
work. “Bodily reaction” (injuries
resulting from bending, standing,
reaching, and slipping or tripping
without a fall) and “falls to a lower
level” ranked third and fourth.
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Our epidemiology researchers compile and analyze
occupational injury data to investigate existing safety
concerns and identify new ones.

The direct cost of disabling work-
place injuries reported in 2002
(payments to injured workers and
their medical care providers for
injuries or illnesses resulting in
more than five days away from
work) rose 3.6 percent to $40.1
billion, up from $38.7 billion in
2001. Overexertion injuries ac-
counted for 25.5 percent of the
total direct costs, while same-level
falls and bodily reaction ac-
counted for 11.5 and 9.4 percent
of direct costs, respectively.

Slips, Trips, and Falls
Among Hospital Workers

We completed the pilot study for
our case-crossover field study of
slips, trips, and falls among hos-
pital workers. A collaborative
effort with the Harvard School of
Public Health and the National
Institute for Occupational Safety
and Health (NIOSH), the study
aims to identify transient risk fac-
tors that may lead to occupational
slips, trips, and falls – the second
leading cause of injury among
hospital workers. Our findings
may also provide a basis for de-
veloping intervention strategies
to reduce the risk of falls in this
work setting.

For the pilot study, our research-
ers interviewed a total of 36
hospital workers who had re-
ported a fall during the previous

two years. Researchers asked
workers about the circumstances
just prior to falling, such as
whether they were:

• rushing,
• distracted,
• experiencing stress or,
• walking on an unusual route.

Workers indicated if these same
exposures were present at earlier
time periods when no fall oc-
curred.  We also asked workers to
provide details on shoe and floor
conditions at the time of the fall.

The pilot study results indicate
that at the time of falling, about
40 percent of the subjects were
walking on contaminated floors
and roughly 25 percent also had a
further exposure, such as rushing,
distraction, or walking on an
unusual route. These findings
confirm that the factors we have
identified for further study are
frequently present at the time of
a work-related hospital fall. The
results also suggest that contami-
nated surfaces and distraction
pose a larger problem than ex-
pected. Further investigation will
determine whether these expo-
sures increase the risk of falling.

In addition to completing the pi-
lot study, we recruited three new
hospitals into the study and con-
tinued to add to our base of
injured hospital workers.

Risk Factors for
Sharps-Related Injuries

Each year, United States hospital
workers report an estimated
400,000 to 800,000 injuries
from sharp instruments, such as
needles, scalpels, and scissors.
Such injuries are of particular con-
cern because of their association
with the spread of bloodborne ill-
nesses, including hepatitis B,
hepatitis C, and HIV. To help
identify ways to reduce these po-
tentially fatal occurrences, we
are conducting a case-crossover
study of the transient risk factors
that precede such injuries.

With research partners at NIOSH
and cooperation from two large
city hospitals, we completed pi-
lot study interviews with 137
hospital workers who had been
injured by a sharp instrument.
Researchers asked the workers a
wide range of questions about the
circumstances just prior to injury.
For example, we asked whether
they were rushing, distracted, or
feeling angry at the time of the
injury.

Researchers also asked workers
whether in the weeks prior to in-
jury, they had experienced these
circumstances while using a sharp
instrument without injury. We es-
timated the relative injury risk by
comparing the amount of expo-



sure in the weeks prior to the in-
jury to the presence or absence
of exposure when the injury
occurred.

The pilot study results indicated
that being distracted, angry, or
rushed increased the risk of injury
by nine, six, and three times,
respectively. In addition, our
findings revealed that the risk of
injury increased threefold when
a worker made more than one
pass over the patient with a sharp
instrument.

We used the pilot study results to
refine our study questionnaire as
well as to recruit two additional
hospitals into the study.

Disabling Injuries Among
Construction Workers

We completed our study of
disabling occupational injuries
among construction workers. Ini-
tiated in 2001, the study examined
35,790 construction industry
workers compensation claims to
identify the leading types and
sources of disabling injuries.

Researchers also calculated the
typical disability duration of
specific injuries using methods
previously published by Institute
researchers.  These methods esti-
mate the number of disability days
based on the total  indemnity paid
to the injured worker.

The final data analysis indicated
that the average disability dura-
tion for an injured construction
worker was 46 days, with a me-
dian of zero days. The most
frequently occurring disabling
injury conditions were:

• low back pain (15 percent),

• foreign body (in)eye injuries
   (8.5 percent), and

• finger lacerations (4.8 percent).

Back pain accounted for the
greatest percentage of construc-
tion claim costs (21.3 percent)
and disability days (25.5 percent).

The conditions with the longest
disability durations were sudden-
onset injuries, including fractures
of the ankle (median 55 days),
foot (42 days), and wrist (38
days). Same-level and elevated
falls were the principal exposures
for fractures of the wrist and
ankle, while elevated falls and
struck-by incidents accounted for
the majority of foot fractures.
Manual materials handling activi-
ties were most often associated
with low back pain disability.

These results suggest that the
most disabling injuries can be ad-
dressed by increasing primary
prevention resources for slips and
falls and exposures related to
sudden-onset injuries and by re-
ducing manual materials handling

and other exposures associated
with more gradual-onset injuries.

Narrative Text Analysis

Over the past several years, our
researchers have been developing
computerized methods to extract
causal information from accident
descriptions and other narrative
text sources. Our pioneer efforts
in this rapidly emerging area,
known as text mining, seek to
maximize  our ability to gain spe-
cific injury information from
narrative text sources. Ultimately,
these methods can provide a tool
for better understanding how
workplace accidents happen and
how they may be prevented.

This year we used our computer-
ized text mining methods to
classify accident narratives from
the 1997 and 1998 United States
National Health Interview Survey
(NHIS). The annual survey, con-
ducted by the National Center for
Health Statistics (NCHS), gath-
ers information on disease and
injury distributions as well as im-
pairment and disability. More
than 100,000 people from 43,000
households take part in the survey.

Using a statistical model based on
conditional probability theory,
the computer identified and clas-
sified external cause of injury
codes – such as motor vehicle,
falls, foreign body (in) eye, or

8



overexertion – into 13 broad cate-
gories. To evaluate the program’s
performance, we compared the
computer-generated codes to the
e-codes assigned by NCHS-
trained experts. Our analysis
indicated that:

1) The computer correctly
classified 83 percent of the
external codes when multiple
keywords were included in the
model;

2) The use of multiple-word
predictors (two-, three-, and
four-word combinations) im-
proved both the sensitivity and

specificity of the computer-gen-
erated codes as compared with
using single-word predictors; and

3) The program has the capabil-
ity of identifying and filtering out
those records that cannot be
coded at high confidence or
threshold levels.

These results suggest that acci-
dent narratives can be e-coded
by machine with reasonable ac-
curacy when using a multiple-
word  classification approach. The
ability to set threshold levels sig-
nificantly reduces the amount of
manual coding required without

sacrificing accuracy. This allows
the analyst to focus on difficult
narratives that need to be coded
manually.

Risk Factors for
Traumatic Hand Injuries

We completed our case-crossover
field investigation of transient
risk factors for acute traumatic
occupational hand injuries. This
study was a long-term collabora-
tive effort between researchers at
our Institute and faculty members
from the Harvard School of Pub-
lic Health.

Computer coding of narrative injury text compares favorably to expert coding when the
multiple-word model is used. (N represents the number of accident narratives.)

9

Single-Word Model Multiple-Word Model

Program
Only

Both

Expert
Only

Program
Only

Both

Expert
Only

N=121 N=39N=11N=17 N=117N=43

N=60 N=140

Coded by Program Coded by Program

N=160 N=160

Comparison of Computer- Versus Expert-Coded Narrative Injury Text
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Workers whose machinery, tools, or workpieces were
not performing as expected or those who were using a
different work method were about 11 times more likely
to experience a hand injury.

We interviewed a total of 1,166
patients to evaluate the role of
potential risk and protective fac-
tors present at the time of a
work-related traumatic hand in-
jury. The findings will be used
to help promote scientific under-
standing of traumatic hand injury
risks and to help businesses de-
sign interventions to reduce the
frequency of such injuries.

For this study, researchers inter-
viewed workers from various
industries (e.g., machine trades,
construction, manufacturing, and
service) within two days of an in-
jury. With cooperation from 23
occupational health clinics, we
asked workers to provide infor-
mation on the circumstances
during the 90 minutes prior to
the injury, including whether or
not specified risk factors were
present. Workers also provided

open-ended descriptions of how
their injuries occurred, as well as
information on whether the same
risk factors were present during
the month prior to injury.

The study findings indicated that
workers whose machinery, tools,
or workpieces were not perform-
ing as expected (such as jammed
machinery), or those who were
using a different work method to
perform a task, were about 11
times more likely to experience
a hand injury than workers who
were not exposed to these circ-
umstances. Other factors, in
decreasing order of risk, included:
performing an unusual task, be-
ing distracted, and being rushed.

Further analysis indicated that
more than half of the reported
injuries (54.6 percent) occurred
in the morning, between 9 a.m.

and 12 p.m., and that the median
amount of time into the work
shift at the time of injury was 3.5
hours.

These results suggest the signi-
ficance of certain potentially
modifiable transient risk factors
as contributors to occupational
hand injuries. This knowledge
will help in the development of
industry-specific interventions to
help reduce these types of inju-
ries. Additionally, the findings
related to temporal factors sug-
gest the importance of increased
vigilance during the early hours of
the workday when hand injury
frequency is higher.
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Every worker – whether in a manu-
facturing plant, restaurant kitchen,
construction site, or office cubicle
– is subject to the physical, organi-
zational, and task-specific demands
of the job at hand. Understanding
these demands, especially for higher
risk jobs, is vital to providing safe
work solutions and effective inter-
ventions. Our researchers apply a
multidisciplinary approach to study
the workplace demands that occur
in a variety of job situations and to
assess the impact of existing inter-
ventions. This approach integrates
the principles of biomechanics,
ergonomics, psychophysics, and or-
ganizational sciences to provide a
scientific basis for addressing job
safety concerns.

Industrial Meat Cutting

The meat processing industry has
historically reported high numbers
of musculoskeletal injuries. Many
of these injuries are directly related
to the demands associated with
meat cutting, which include force,
repetition, and awkward postures.
Despite the known injury risks,
there is little information on the
specific levels of exposures that can
lead to musculoskeletal disorders.

To begin to address this, our
researchers conducted a field-based
ergonomic assessment of meat-
cutting tasks.

We recruited nine male workers at
a meat processing facility for the
investigation. After collecting basic
demographic and grip force data
on each subject, researchers com-
pleted ergonomic assessments as
workers performed three cycles
of a shoulder-deboning task. An
instrumented knife was used to
measure and record grip forces and
cutting moments during the task.
Time per cycle and time per cutting
task were also calculated.

The average grip force values re-
corded during the deboning task fell
between 11 and 35 percent of the
maximum voluntary grip force. The
latter end of the range is considered
high for a task performed during
eight-hour or longer shifts. The data
also indicated a high between-
subject variation in exposure to
integrated grip forces and cutting
moments. Workers with less expe-
rience tended to require more time
to complete each cycle, thus they
exerted higher integrated grip
forces. They also had a tendency to
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use a sawing motion to complete
cuts. This motion positively cor-
related with more and higher
integrated grip forces per cycle.

In addition to the field invest-
igation, we moved forward on
a laboratory-based ergonomic
evaluation of industrial meat-
cutting tasks. This study examines
the effects of workstation configu-
ration, knife blade angle, pace, and
task complexity on performance
variables such as grip force, cutting
time, and wrist posture.

Twelve male subjects completed a
four-session protocol involving 72
simulated industrial meat-cutting
tasks. Subjects performed cutting
tasks on modeling clay in various
combinations of:

•Workstation orientation (0, 30,
and 60 degrees),
•Height (elbow height, elbow
minus five inches, elbow minus 10
inches),
•Knife blade angles(straight ver-
sus bent),
•Pace (self- versus productivity-
paced), and
•Complexity (simple versus com-
plex task).

Each subject used an instrumented
knife so that researchers could
measure grip forces and cutting

moments. They also wore a goni-
ometer to measure wrist flexion
and deviation.

Preliminary results showed that
average cutting moments were 17
percent higher and gripping forces
were 26 percent higher for the
productivity-paced sessions. An
unexpected finding was that the
cutting moment was 13 percent
higher for the simple cutting con-
dition than for the complex cut-
ting condition. Likewise, the grip
force was 11 percent higher for the
simple cutting condition. This may
have occurred because subjects
took less time to complete the
simple task, but exerted more
force in order to complete the task
more quickly.     Researchers con-
tinue to examine the effects of
workstation set-up variables and
analyze the postural data collected
with the wrist goniometer.

Ultimately, the results of this and
related studies will provide a sci-
entific basis for meat-cutting
industry risk-reduction strategies.

Ladder Slips and Falls

Slips and falls from ladders are a
major source of injury both in and
out of the workplace. There are
many aspects of ladder use that
pose a potential danger, but little

validated information on how to
reduce the risk of a ladder slip or
fall. Our researchers initiated a
long-term investigation to identify
some of the probable contributors
to slips and falls from ladders. The
information gained will be useful
in the development of technical
innovations and guidelines to help
prevent ladder injuries.

This year, we conducted a labora-
tory study to evaluate the effects
of various factors such as climb-
ing speed, ladder angle, body
weight, and type of top support
(roller versus non-roller) on the
friction requirement between the
ladder bottom and the floor sur-
face. Researchers used a force plate
to measure the vertical and hori-
zontal forces at the bottom of an
inclined ladder (65 and 75 degrees)
as subjects climbed at slow and fast
rates. A total of 17 subjects, clas-
sified into three groups by body
weight (light, intermediate, and
heavy), performed 16 variations of
the ladder climbing task. The bot-
tom of the ladder was constrained
to prevent it from moving, and
subjects wore harnesses as a safety
precaution.

We analyzed the force plate results
to assess the friction requirements
under the various climbing condi-
tions. Preliminary results indicated

Our researchers apply a multidisciplinary approach to
study the workplace demands that occur in a variety of job
situations and to assess the impact of existing interventions.
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that inclined angle and climbing
speed were the most critical
factors affecting the friction re-
quirement at the bottom of the
ladder. In particular, the required
friction almost doubled when the
ladder’s inclined angle was reduced
from 75 to 65 degrees. There was
also a seven percent increase in the
required friction as subjects in-
creased their climbing speed from
55 to 75 steps per minute.

Measurement
of Slipperiness

The use of slipmeters to measure
the slip resistance of shoe and floor
surfaces is accepted practice both
in research and in industrial safety
environments. Slipmeter measure-
ments are often used to develop
floor surface selection guidelines
and cleaning protocols aimed at
reducing occupational slips and
falls. However, different research
institutions tend to report differ-
ent measurements even when
identical slipmeters are used on the
same types of floor surfaces. To
investigate this discrepancy, we
began a series of tribological stud-
ies that compare measurements
taken with two common industrial
slipmeters: the Brungraber Mark
II and the English XL.

This year, we analyzed floor
surface measurements taken pre-
viously at 18 restaurants of a
national fast food chain. Research
technicians used both slipmeters

to measure the slip resistance of
floor and shoe surfaces in four se-
lected kitchen areas: grill, fryer,
back sink, and back door. At each
of the 18 restaurant sites, we took
96 measurements (48 with each
slipmeter) in the four selected
areas for a total of 6,912 trials.

The initial data analysis revealed
that on average, measurements
taken with the Brungraber Mark
II showed more consistent mea-
surements than those taken with
the English XL for all four kitchen
areas. These results suggest that
overall, the Brungraber Mark II is
more sensitive to floor conditions
than the English XL. The data also
suggested that the common prac-
tice of hand sanding footwear
samples used in the devices and the
problem of grease build-up during
repeated strikes may affect the
measurement accuracy of both
slipmeters.

Office Ergonomics
Interventions

The dramatic increase in office
technologies during the latter part
of the 20th Century changed the
landscape of the American work-
place to include many more sed-
entary, keyboard-intensive jobs
and job functions. As the work-
force became more computer-
oriented, the incidence of upper
extremity disorders increased
steadily among working-age adults
in the United States. In an effort

to address this trend, our research-
ers study the demands placed on
occupational computer workers
and measure the effects of various
interventions.

As part of a field-based study ex-
amining the effectiveness of office
ergonomic interventions, our re-
searchers looked at musculoske-
letal symptom reporting among
office workers over a typical work-
day and workweek. Workers par-
ticipated in online surveys one and
two months prior to intervention,
and then two, six, and twelve
months post-intervention. The
surveys asked workers to rate their
levels of pain or discomfort at the
beginning, middle, and end of the
workday for each of the following
body areas: neck, upper arm, el-
bows/wrists, lower back/trunk,
buttocks/thighs, and lower leg/
ankles/feet.

According to data collected from
200 workers of a single employer,
baseline musculoskeletal symp-
toms increased over the course of
the workday, but did not increase
over the workweek. This finding
suggests that, on average, workers
recover from their symptoms
overnight, then experience the
same increase in symptoms the
next workday. This group of
workers also reported lower over-
all levels of symptom severity in
the second pre-intervention ques-
tionnaires, as compared to the
first. While this finding may point
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to the effects of the interventions,
additional data from other organi-
zations is needed to validate this
observation.

Utility Cover Lifting

Overexertion remains the leading
cause of workplace injury in the
United States, accounting for
more than $10 billion in annual
direct costs to employers. The in-
juries resulting from overexertion
are most often the result of exces-
sive lifting, lowering, pushing, or
pulling of an object. Over the past

several years, the telecommunica-
tions industry has seen a growing
number of overexertion injuries,
primarily among field technicians
who lift heavy utility covers to
access underground telephone and
cable lines.

This year, we completed an ergo-
nomic investigation of utility
cover lifting tasks. The purpose of
the study was to obtain scientific
information on the biomechanical
and physical demands associated
with these tasks, as well as to as-
sess the usability, effectiveness,

and maneuverability of eight dif-
ferent cover lifting tools. The
information gained will be used to
help address the high number of
musculoskeletal injuries among
workers who perform these tasks.

Using state-of-the-art motion
tracking equipment, we collected
anthropometric and postural
movement data as experienced
field technicians performed utility
cover lifts. The workers were given
eight different tools to perform
the tasks; five of the tools had a
simple J-hook configuration, two

In a comparison of eight different utility cover lifting tools, the fulcrum bar tools produced the
smallest lower back compressive forces.  (A-E indicates statistical grouping.)

Utility Cover Lifting Tool Comparison
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Our researchers initiated a new laboratory-based
study to compare the effects of reaction force on

experienced and novice powered hand tool users.

were designed to provide a ful-
crum, and one had a magnetic
lifting plate. For each task per-
formed, we also measured the
forces and moments applied on the
tools, and estimated subjects’
lower back compressive forces.

The results indicated that the dif-
ferent types of tools produced
significantly different handle
forces and lower back compressive
forces. The J-hook tools required
a notably higher level of exerted
force than the other lifting tools.
The fulcrum bar tools yielded the
smallest peak lower back compres-
sive force – about 67 percent of the
force produced by the long shaft
J-hook tools, and about 42 percent
of that of the short shaft J-hook
tools. The magnetic lift tool
resulted in a peak lower back com-
pressive force similar to that of the
short shaft J-hook tools, and much
greater than that of the long shaft
J-hook tools, despite much smaller
handle forces.

Powered Hand Tool Use

As technology has advanced, pow-
ered hand tools have become more
common in both industrial and
home settings. Unlike manual
tools which require the user to
transmit force or torque to the
tool, powered hand tools use ex-
ternal sources such as electricity or
air to complete a task. As a result,
the reaction force or torque ap-
plied to the powered hand tool is

transmitted back to the operator
and can be a potential injury source.

Our researchers initiated a new
laboratory-based study this year to
compare the effects of reaction
force on experienced and novice
powered hand tool users. In addi-
tion, the study will look at factors
such as working height, distance
and orientation, and handle con-
figuration to determine their
impact on reaction forces. Ulti-
mately, the study seeks to increase
our understanding of the interface
between the powered hand tool
and the operator so we can iden-
tify ways to reduce related risks.

We custom built two pieces of ex-
perimental apparatus for the study.
The first, an impulse generator, is
used to identify the mechanical
characteristics of the operator’s
hand and arm and to measure in-
dividual capacities for performing
specified tasks. The second appa-
ratus, a task joint simulator,
enables researchers to observe the
dynamics associated with normal
powered hand tool operations,
such as tool torque, tool motion,
and hand force exertion.

Following equipment validation,
30 male subjects, (15 experienced
and 15 novice powered hand tool
users) were recruited for the ex-
periment. Each subject performed
a total of 72 trials on the task joint
simulator as researchers collected
data on EMG, grip force, tool

handle displacement, and tool
torque output. Three common
configurations were tested:

• pistol grip tools on the vertical
surface,

• pistol grip tools on the horizon-
tal surface, and

• right angle tools on the hori-
zontal surface.

For each configuration, research-
ers observed the effects of posture
(as defined by handle height and
distance) and operator experience
on reaction force response.

A preliminary data analysis indi-
cated that task joint hardness (or
stiffness) and tool torque output
are the main factors influencing
the amount of hand-arm displace-
ment caused by tool reaction
torque. Within the range of test
postures, when pistol grip tools
are used on a horizontal soft (or
flexible) task joint surface, the re-
sultant hand displacement (mean
= 28 mm, standard deviation = 9
mm) is less than on vertical sur-
face (mean = 39 mm, standard
deviation = 12 mm). Measuring
the force subjects used to grip the
tool handle, researchers recorded
an average of 39 newtons when
subjects operated the tool at a
closer distance, compared to 50
newtons when they used the tool
at an extended distance.
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For nearly half a century the
Research Institute has investigated
human capacities and limitations for
performing common work tasks.
By simulating industrial tasks in
the laboratory and applying psy-
chophysical methodologies, our
researchers determine maximum
acceptable workloads for manual
materials handling tasks and upper
extremity repetitive motions. More
recently, we have expanded the
scope of our human capacities re-
search to include biomechanical
analyses of simulated industrial
tasks and cognitive studies to exam-
ine decision-making processes and
safety perceptions among workers.
This multidisciplinary approach in-
creases our understanding of the
physical and psychological factors
that can impact worker safety and
on-the-job performance.

Cognitive Studies

Our cognitive research investigates
how such factors as human percep-
tion, mental workload, decision
making, working memory and other
cognitive factors impact workplace
safety. We are currently conducting
studies concerned with the ability
to distribute attention and mental
resources across multiple tasks (i.e.,
driving and cell-phone use) and the
resulting limitations in perfor-

mance. We are also examining hu-
man awareness of performance
decrements in simulated work situ-
ations.

Driver Distraction Research

We continued our data analysis of
a year 2000 study that focused on
how various distractions affect
driver performance. This year's
analysis involved determining the
extent to which drivers are aware of
performance issues when distracted.
We also examined drivers' relative
ability to compensate for any per-
formance issues. Our research in
this area aims to advance our under-
standing of the relationship among
in-vehicle technologies, various
driving situations, and different
driver characteristics to ultimately
enhance safety on the roads.

In a prior study, we found that the
driving performance of older driv-
ers and female drivers when hand-
ling a cell phone distractor suffered
more than that of younger drivers
and male drivers. This year, we ex-
amined the extent to which drivers'
perceptions of their ability to deal
with distractions while driving
accurately reflected driving perfor-
mance in the presence of a cell
phone task. We employed three dif-
ferent approaches to examine the



relationship between driver confi-
dence in dealing with distractions
and actual driving performance.

Our findings suggest that while
high confidence ratings appear to
predict better driving performance
for male drivers - the more confi-
dent the driver, the less hindered
he was by the distraction - the re-
lationship did not hold to the same
extent for females. When drivers
were matched on confidence level,
older females showed the greatest
slowing in brake response times in
the presence of distraction. Fe-
males also rated the driving task as
less demanding than the males,
even though their performance
suffered more when distracted.
Our findings suggest that educa-
tional campaigns on driver distrac-
tion could be effectively targeted
toward female drivers.

Upper Extremity
Repetitive Motions

We continued our investigations
of simulated industrial tasks re-
quiring repetitive upper extremity
motions. Using a psychophysical
methodology, our researchers
gather and analyze data on maxi-
mum acceptable torques as sub-
jects perform tasks involving the
hands, wrists, and/or arms. We use
our findings to establish maximum
acceptable workloads for compa-
rable industrial tasks. This inform
ation is then compiled and incor-

porated into our patented task
analysis software program for use
in actual industry settings

Supination and Pronation

This year we completed a study of
the hand and wrist motions -
namely, supination (clockwise
motion) and pronation (counter-
clockwise motion) - used to per-
form industrial screwdriving
tasks. During the four-week data
collection phase, 10 subjects per-
formed simulated screwdriving
tasks seven hours a day at either
15, 20, or 25 repetitions per min-
ute, under four conditions:  supin-
ation with a 31 mm handle,  a 40
mm handle, and a 39 mm yoke
handle; and pronation with a 31
mm handle.

We also looked at tasks involving
ulnar deviation with a power grip
(comparable to industrial knife
cutting) and a hand grip task (simi-
lar to using pliers). For each
session, subjects adjusted the re-
sistance on the handle to what they
perceived to be an acceptable level.
Subjects were instructed to work
as hard as they could without de-
veloping unusual hand, wrist, or
forearm discomfort and were
asked to record their symptoms
during the last five minutes of each
hour.

Analysis of the data indicated that
for the screwdriving tasks involv-

ing supination, the mean maxi-
mum acceptable torque ranged
from 0.33 Newton meters (Nm)
to 0.65 Nm. For the task involv-
ing pronation, the mean maximum
acceptable torque ranged from
0.38 Nm to 0.47 Nm. For the
remaining ulnar deviation and
handgrip tasks, the mean maxi-
mum acceptable torques ranged
from 1.08 Nm to 1.13 Nm and
from 4.80 Nm to 4.85 Nm, respec-
tively. These values represent 14 to
24 percent (median 17 percent) of
maximum isometric torque, de-
pending on the frequency and
motion. Using the information
gained, we developed a table of
maximum acceptable torques and
forces of each of the studied mo-
tions for application in the field.

Precision Aspects
of Screwdriver Use

We completed a study of the ef-
fects of work height, workpiece
orientation, gender, and screw-
driver type (Phillips or flat head)
on productivity and wrist devia-
tion during a repetitive screw-
driving task. The information
gained from this and related stud-
ies will be used to develop recom-
mendations to enhance workplace
safety, health, and performance.

Seven males (mean age 37.6) and
seven females (mean age 51.7)
were recruited for the experiment.
Following a training session, each
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By applying psychophysical methodologies, our
researchers determine maximum acceptable
workloads for manual materials handling tasks and
upper extremity repetitive motions.
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subject participated in two data
collection sessions. Each session
comprised 45 screwdriving task
variations involving:

• two screwdriver designs (Phillips
and flat head);

• five work heights (elbow height,
elbow height plus and minus five
inches, elbow height plus and mi-
nus 10 inches); and

• nine workpiece orientations in
the sagittal plane (-60, -45, -30,
-15, 0, 15, 30, 45, and 60 degrees)

Each condition consisted of two
one-minute replications followed
by a two-minute rest period. Each
subject wore a wrist goniometer
throughout the sessions to enable
researchers to collect data on wrist
deviation in two planes (radial/
ulnar deviation and flexion/exten-
sion). Subjects were also asked
which screwdriver they would pre-
fer if the experimental task were
their full-time job, and the reasons
for their choice.

An analysis of the data revealed
that both males and females per-
formed better with the Phillips
head screwdriver. Although gen-
der was not significant, the in-
teraction between gender and
screwdriver was significant, with
females having a greater perfor-
mance difference (30%) between
the two screwdriver designs than
males (10%). There were also
strong interactive effects of work-

piece orientation and work height
on productivity and measures of
wrist deviation.

The results of this study indicate
that the relationships between
workplace design, productivity,
and wrist deviation are interactive.
This finding reiterates the impor-
tance of good ergonomic design as
a way to effectively enhance pro-
ductivity and minimize stress.

Repetitive Ulnar
Deviation Tasks

We also completed one of our in-
vestigations of repetitive motions
involving ulnar deviation (a side-
ways wrist movement common to
industrial tasks such as meat cut-
ting or hammering). The study, a
joint effort with the Harvard
School of Public Health, measured
EMG changes in the extensor carpi
ulnaris (forearm) muscle as sub-
jects performed a repetitive ulnar
deviation task. Electrical stimula-
tion was also used to quantify the
mechanical changes resulting from
muscle activity.

Using psychophysical workloads
determined in the first phase of the
experiment, 13 female workers
performed a simulated industrial
task involving ulnar deviation for
two eight-hour days under each of
three conditions: a control period
with no repetitive ulnar deviation
activity,  20 repetitions per minute,
and  25 repetitions per minute.

Eight times during both the work
and control days, researchers took
EMG measurements of the exten-
sor carpi ulnaris muscle during
isometric contractions of 20 and
60 percent of maximum voluntary
contraction.

The data analysis indicated that the
EMG signal amplitude was lower
on workdays as compared to con-
trol days. Although power was
reduced in all spectrum bands of
the EMG power spectra, the re-
ductions were not uniform across
the entire frequency range. The
initial median EMG signal fre-
quency showed no change be-
tween the control and workdays.
However, over the course of eight
hours, the decline of the median
frequency during each isometric
contraction became steeper during
the workdays as compared to
control days. These changes sug-
gest that the muscles are in an early
stage of fatigue after an eight-hour
workday.

Each time the researchers per-
formed EMG measurements, they
also applied electrical stimulation
of 2, 20, and 50 hertz to subjects'
extensor carpi ulnaris muscle in or-
der to measure the mechanical
response. In addition, subjects
were asked to record their per-
ceived arm fatigue at various
points during the day.

According to the data, the muscle's
mechanical response to electrical



stimulation was fairly constant in
the control condition. However,
in the repetitive work conditions,
we observed muscle potentiation–
a first-stage protective mechanism
to counteract fatigue–at all fre-
quencies. The amount of poten-
tiation increased as the frequency
of electrical stimulation increased.
These results suggest that at psy-
chophysically determined work-
loads, the extensor carpi ulnaris
muscles manifested early stages of
fatigue over the eight-hour work
session, even though subjects did
not report any substantial discom-
fort or fatigue. These indicators,
which were unperceived by sub-
jects, returned to baseline before
the next work session.

The third objective of the study
was to see if we could detect any
low-frequency fatigue (LFF) dur-
ing the work phase. LFF is meas-
ured by the ratio of force output
from low-frequency (20 Hz) and
high-frequency (50 Hz) stimu-
lation. The results did show
significant decreases in the ratio of
the extensor carpi ulnaris tetanus
force produced by the repetitive
work, indicating that some LFF
had occurred.

Biomechanical Modeling

A common approach to under-
standing human systems is to try
to formulate individual physical
capacities and behaviors math-
ematically, fit the parameters of

the mathematical model to the ex-
perimental results, and then study
the generalization of the model.
This interactive process can clarify
the features of the work system,
teach us more about the system,
and suggest new experimental
approaches.  Through human per-
formance modeling in the work-
place it is possible to test the
knowledge, reliability, and human
limitations in order to develop
appropriate interventions.

Glenohumeral
Joint Research

We continued our long-term in-
vestigation of individual geomet-
rical differences in the gleno-
humeral (shoulder) joint, and the
impact of such differences on
individual load limitations. By cal-
culating individual workloads
from magnetic resonance imaging
(MRI) information and comparing
them to data gathered from sub-
jects as they perform simulated
industrial tasks, we seek to de-
termine whether the theoretical
calculations correspond to the
laboratory findings. Ultimately,
our findings will provide the
basis for a biomechanical model
of the glenohumeral joint, which
will aid in injury prevention, diag-
nosis and rehabilitation efforts,
and the development of safer work
standards.

This year, we compiled MRI data
previously collected from 12 sub-

jects who had never experienced
chronic shoulder pain, stress frac-
ture, or joint injury. The data
included information and mea-
surements of bone surfaces, liga-
ment lengths, joint looseness, and
contact surfaces. This information
was used to calculate the maximum
acceptable workload that could be
applied to the hand without injur-
ing the glenohumeral joint. We did
these calculations for each of the
12 subjects, taking into account
individual geometries and me-
chanical strength.

Once the workloads were theo-
retically determined, we asked the
same 12 subjects to perform a
series of simulated industrial push-
ing and pulling tasks. Over a two-
week period, each subject per-
formed two and four repetitions
of constraint range upper-limb
abduction (pushing) and adduc-
tion (pulling) at six different
angles (5, 10, 15, 20, 25, and
30 degrees) while standing. For
each repetition, participants were
instructed to gradually increase
their effort to what they felt was
an acceptable maximum force.
Once the maximum force was
reached, subjects applied that force
to an instrumented bar for two
seconds and then held the force
constant for three seconds as re-
searchers measured the maximum
voluntary contraction. The total
testing time including set-up and
rest breaks was approximately 20
minutes per day.
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An analysis of the screwdriver experiment data revealed strong
interactive effects of work-piece orientation and work height
on productivity and measures of wrist deviation.



A preliminary analysis of the MRI
and simulated task data indicated
that the maximum weight a sub-
ject was able to pull was related to
geometry of the joint and arm po-
sition as well as handle position.
The data also indicated that when
individuals performed a pushing
task, the bone-on-bone forces
have the greatest influence on the
maximum acceptable workload,
and the load applied at the hand is
a critical element for assessing in-
dividual forces during activities.

We also compared the laboratory
findings to the maximum accept-
able workloads calculated from the
data on their individual MRIs. We
observed that: four subjects per-
formed above their theoretically
calculated maximum acceptable
workload, four subjects performed
tasks at their theoretically calcu-
lated maximum acceptable work-
load, and four subjects performed
tasks below their theoretically
calculated maximum acceptable
workload.

Manual Materials Handling

Manual materials handling tasks,
such as lifting, pushing, pulling
and carrying objects continue to
be a leading source of workplace
injuries. In the 1970s, our re-
searchers began a series of manual
materials handling studies to de-
termine maximum acceptable
workloads for female industrial
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workers. We have used the find-
ings from these studies to enhance
our computer-based task analysis
software (CompuTaskTM)  and to
better address the needs of today's
diverse work populations.

Maximum Acceptable
Forces for Females

In a recent experiment, we had 11
female industrial workers perform
pushing tasks using both a mag-
netic particle braked treadmill and
a high momentum pushcart. The
purpose of the experiment was to
investigate maximum acceptable
forces as subjects performed a 25-
foot push at a frequency of one
push per minute using the two
testing systems. Our researchers
collected data as the subjects per-
formed three two-hour pushcart
tasks and one 40-minute treadmill
pushing task. These tasks were
performed in the context of a
larger experiment involving three
days of training followed by 17
four-hour days. A psychophysi-
cal methodology was employed
whereby the subjects were asked
to select a workload they could
sustain for eight hours without
straining or becoming unusually
tired, weakened, overheated, or
out of breath.

A preliminary analysis of the data
indicated that the female subjects
responded similarly to male sub-
jects in a comparison of the

In the 1970s, our researchers began a
series of manual materials handling studies
to determine maximum acceptable
workloads for female industrial workers.

maximum acceptable forces of
pushing on the treadmill versus the
high momentum pushcart. How-
ever, the magnitude of difference
was not the same. We found that
the maximum acceptable force was
23 percent higher on the pushcart
than on the treadmill for male sub-
jects, and 14 percent higher for
female subjects.

In a part of the experiment deal-
ing with floor slipperiness, we
found that the women had a 28
percent lower maximum accept-
able force on a low-friction floor
than on a high-friction floor. For
men the same measurement was 38
percent lower. In addition, the
men experienced considerably
more slipping than the women
when performing pushing tasks on
the lower-friction floor.
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Researchers at the Center for Disability Research study
factors that predict or influence return-to-work outcomes
and investigate ways of improving these outcomes. While
our research focuses on various aspects of occupational
disability, the goal of each project is the same – to improve the
quality of life for all workers by helping them return to safe,
sustained employment after an injury.

Our researchers initiated several new studies in 2002. We
explored primary care provider involvement in work-related
back pain, and analyzed spinal cord injury treatments. We also
began a comparison study of alternate approaches to treating
carpal tunnel syndrome, and investigated the impact of
chiropractic care on return-to-work outcomes. Another study
focused on whether electromyographic activity can be used to
direct low back pain treatment.

In addition to these new projects, our researchers completed
a study of Intradiscal Electrothermal Therapy outcomes for
low back pain patients, and looked at new ways to measure
the success of vocational rehabilitation programs. We also
continued investigations on the impact of supervisor training
on return-to-work outcomes, contributing factors to low back
reinjury and the unique return to work issues facing older
workers – one of the fastest growing segments of the United
States work population.

Glenn Pransky, M.D., M.Occ.H.
Director of Disability Research



Lost work time due to occupational
disability accounts for more than
$350 billion in annual costs to em-
ployers and workers. Studies have
shown that nearly half of these
costs could be avoided with optimal
medical management, disability pre-
vention, and workplace accommo-
dation strategies. We study existing
clinical treatments and case man-
agement approaches to reducing
disability in an effort to find the
best ways to help disabled workers
regain health and job function. Our
research is aimed at providing a sci-
entific basis for improving return-
to-work outcomes.

Intradiscal Electrothermal
Therapy Outcomes

As part of our efforts to investigate
and evaluate the impact of new
treatments on return-to-work out-
comes, we completed a study of
Intradiscal Electrothermal Therapy
(IDET). This procedure, which has
been implemented to treat patients
with discogenic low back pain, uses
a heated probe to destroy pain re-
ceptors thought to be the source of
discomfort.

We completed our analysis of data
from 142 cases of workers who had

received IDET treatment with a
minimum of two years of follow-
up. An examination of return-to-
work outcomes indicated that only
a small group of patients actually
improved their work status as a re-
sult of the treatment. Overall, 37
percent of all cases were working at
24 months post-IDET. However,
within this subset, nearly half had
already been working prior to re-
ceiving the treatment. Additionally,
a significant number who had been
working pre-IDET were not work-
ing one year after treatment.

Initial published reports suggested
that post-IDET surgeries or injec-
tion treatments are required in less
than 11 percent of cases. In our
study, however, more than a third
of those who had been treated with
IDET required epidural injections
and/or further surgery to manage
their pain.  More than half of the
treated patients required continued
narcotic use six months or more
post-IDET.

The strongest indicators of poor
outcomes post-IDET (such as pro-
longed disability, requirement for
additional invasive pain manage-
ment interventions, and continued
prescribed narcotic use) included



27

being self-referred (the same pro-
vider performed both the pre-
IDET diagnostic and the IDET
procedure), having a litigated case,
and use of narcotics during the
three months pre-IDET.

Carpal Tunnel Surgery
Treatment Outcomes

We completed the pilot study data
analysis for an outcomes investi-
gation of two surgical approaches
to treating work-related carpal
tunnel injuries – endoscopic and
open-hand carpal tunnel release.
The goal of the study is to develop
an economic model to compare
the return-to-work results and
post-surgical costs associated with
the approaches. This model could
help improve return-to-work
outcomes and decrease workers
compensation costs through bet-
ter treatment and intervention
selection. Once it has been val i-
dated, the model may be applied
to evaluate other occupational in-
juries and treatments.

The initial data extraction yielded
6,000 carpal tunnel claims that
involved a surgery after January 1,
1995. Each claim had at least 12
months of post-surgery follow-up.
A preliminary analysis of the data
from this study period indicated
that open-hand surgeries outnum-
bered endoscopic carpal tunnel

release procedures by a ratio of five
to one. Direct surgical costs were
found to be higher for endoscopic
procedures, while the average
length of disability was shorter.
The data also revealed that at-
torney involvement was more
frequent in claims involving endo-
scopic surgery.

Our researchers also began ex-
tracting outcomes information,
including length of disability,
nature of the return-to-work out-
come, total medical and indemnity
costs, length and type of treat-
ments before and after surgery,
age, occupation, attorney involve-
ment, average weekly wage, and
time span between injury and sur-
gery.  This data will be analyzed
to identify significant influences
on return-to-work outcomes.

Impact of Chiropractic Care
on Return to Work

Physical medicine treatments (in-
cluding chiropractic treatments)
represent more than a quarter of
all medical costs in the workers
compensation system.  However,
there is little scientific evidence to
support an ideal approach for ap-
plying these treatments to achieve
optimal return-to-work outcomes.

In collaboration with the Occupa-
tional Health Program at the

Harvard School of Public Health,
we are studying the relationship
between the level of chiropractic
services use and return to work,
while controlling for factors that
may influence outcomes, such as
age, gender, occupation, and na-
ture and severity of injury. We are
also examining whether high ver-
sus low use of chiropractic care can
be linked to prolonged work
absences, recurrences, or exten-
sion of overall medical treatment.

The study examines occupational
low back pain injuries with at least
one visit to a chiropractor that
occurred between January 1, 1995,
and December 31, 2001, in selected
workers compensation jurisdic-
tions. By analyzing the frequency
of chiropractic care on a state-by-
state basis, we are able to classify
these jurisdictions based on the
use of chiropractic benefits, com-
parison of chiropractic care use
with known state policies regard-
ing the entitlement to such care,
and the existence of any shifts in
chiropractic entitlement during
the study period.

We are focusing on those states
where shifts in entitlement occur-
red to evaluate the impact of such
changes on return-to-work out-
comes. We have identified four
possible levels of chiropractic care
use, ranging from no chiropractic

We study existing clinical treatments and case
management approaches to find the best ways to
help disabled workers regain health and job function.



care to using a chiropractor as the
primary care provider and are con-
trolling for these levels of use in
the study.

The  initial findings confirmed that
there is a significant variation in
average jurisdictional utilization
of chiropractic care in the course
of treatment of occupational low
back pain. Similar differences were
observed when we considered the
share of individuals utilizing chi-
ropractic care in the total number
of claimants with occupational
low back pain. We began the pro-
cess of identifying the likely causes
of these differences and reasons
for changes in utilization within
a particular jurisdiction during the
study period.

Objective Versus Subjective
Work Performance Measures

Insights on how health affects
work performance can provide
guidance for preventive and treat-
ment interventions to benefit
workers and their employers.
However, work performance mea-
sures are often complicated and
difficult to relate to actual at-work
performance. Objective work per-
formance measurements can be
complex, multifaceted, and chal-
lenging to analyze. Self-reported
measures, while easier to obtain
and analyze, are unreliable in their
relationship to actual at-work
performance.

To address these issues, we began
a study to look at the relationship
between objective and subjec-
tive measures of work perfor-
mance. The goal is to improve our
understanding of how these types
of measures can be used together
to determine how health status and
illness affect work ability.

We studied 124 employees work-
ing at three sites of a medical bill
review and approval operation.
Our subjects were working full-
time, had been on the job at least
three months, and expected to
continue full time for at least an-
other three months. A centralized
bill processing system provided
the objective daily productivity
data for each employee, including
the number and types of bills
processed, types of processing ac-
tivities performed, and hours
actually worked on the bill pro-
cessing system.

For subjective measurements, par-
ticipating employees were asked
to provide daily responses to ques-
tions administered by telephone
interactive voice response (IVR).
Employees accessed the system by
calling a toll-free number at the
end of each workday and entered
responses by pushing touch-tone
buttons. The entire process took
about five minutes. Self-reported
productivity was measured each
month by a seven-item question-
naire mailed to each participant.

We analyzed the daily objective
measures of work productivity
along with the employees’ self-re-
ported daily responses and found
a weak correlation between the
two on average. In the monthly
data, correlations between the self-
reported measures of health ef-
fects on work and the objective
productivity reports were low or
nonexistent.

These pilot study results do not
indicate that self-reporting is in-
accurate. Rather, it appears that
subjective and objective measures
provide information about differ-
ent aspects of work performance.
Both types of measure may be nec-
essary to fully capture the burden
of illness and its treatment. Fur-
ther studies are needed to explore
the factors that determine subjec-
tive responses in order to better
understand their relationship to
objective performance measures
and actual total impact on employ-
ers’ costs.

Alternative View of
Vocational Rehabilitation

While the return of injured indi-
viduals to work is a primary goal
of vocational rehabilitation pro-
grams, other factors – including a
person’s job satisfaction and aspi-
rations – are important measures
of program effectiveness. Typi-
cally, these factors are overlooked,
as with evaluations of vocational
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rehabilitation programs focusing
only on employment status. This
year we completed a study aimed
at developing a broader measure
for evaluating vocational rehabili-
tation programs. Our findings will
help define a standard measure
that will help industry, social ser-
vices, insurance providers, and
health services better assess the
success of such programs.

Assisted by researchers at La
Trobe University in Melbourne,
Australia, we studied 170 people
with spinal cord injuries. Re-
searchers, experienced in voca-
tional services, interviewed each
participant individually, asking
about their job status and their
corresponding level of satisfaction.
When applicable, we asked sub-
jects what they would prefer to do,
as well as what, if anything, they
were doing to achieve their voca-
tional goals.

Using this line of questioning, we
found that at least 52 percent of
study participants could benefit
from some type of vocational
assistance. Of the unemployed
participants, 74 percent were
unhappy with their job status, in-
dicating a significant potential to
improve outcomes in this area. Of
the employed participants, 29 per-
cent were not completely satisfied
with their job situations, which
suggests that ongoing retention
services would potentially benefit
this group.

Our findings indicated significant
potential for using this broad-
based interview approach as a
guide and evaluation tool for mea-
suring the effectiveness of voc-
ational rehabilitation programs.
This more comprehensive measure
identifies individuals who could
potentially benefit from vocational
services and provides ways to de-
termine an individual’s desired
outcome. It also offers a way to
collect baseline information about
relevant behaviors that may help
evaluate the effectiveness of voca-
tional rehabilitation services.

Return-to-Work Outcomes
Among Older Workers

With people living longer, health-
ier lives, and an increasing num-
ber remaining employed later in
life, older workers are a growing
segment of the workforce in the
United States. The number of
workers over age 55 workers is ex-
pected to increase by 10 to 15
percent over the next 10 years. To
better understand the issues fac-
ing older workers, our researchers
are conducting a prospective in-
vestigation of occupational injur-
ies and illnesses among this group.
Our goal is to identify effective in-
terventions and return-to-work
strategies to meet the unique needs
of this worker population.

In collaboration with researchers
from the University of Massachu-
setts, we collected survey re-

sponses from 2,000 injured work-
ers in 2002. This brings us to a total
of 3,000 injured workers surveyed,,,,,
half between the ages of 20 and 55
and the other half over age 55. All
were surveyed within six weeks of
injury. Workers provided details
on health, medical, demographic,
economic, vocational, and social
factors, as well as information on
employer and medical responses to
the injury.

Our continued data analysis re-
vealed several unique issues in the
older worker population. These
include:

•  a higher prevalence of second-
career jobs with risks that are quite
different from prior careers;

• slightly more chronic illnesses
that may complicate recovery
from a work-related injury; and

•retirement options that are not
available to younger workers.

However, overall, older workers
had  higher job satisfaction, more
stable employment, and reported
a higher quality of medical care and
more positive employer responses
compared to younger workers.
Follow-up data analysis is under-
way to determine how these dif-
ferences relate to functional and
return-to-work outcomes and
those factors that are associated
with optimal outcomes.
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To better understand the issues facing older
workers, we are conducting a prospective
investigation of occupational injuries and
illnesses among this group.
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Researchers track electrical activity of the lumbar
muscles as well as trunk and pelvic position using a
four-sensor surface EMG system and inclinometers.

Erector Spinae Myoactivity
and Low Back Pain

Low back pain continues to be the
most prevalent and costly work-
related musculoskeletal disorder
facing the United States and other
industrialized countries. Yet be-
cause of its many manifestations
and causes, it remains one of the
most difficult conditions to treat.
Typically, physicians and other
treatment providers rely on a
patient’s subjective report of pain
level and degree of functional
impairment to determine an appro-
priate course of treatment.

As part of an effort to find new,
less subjective sources of infor-
mation, we began to investigate the
relationship between electromy-
ographic (EMG) activity of the
lumbar musculature and changes in
patient reports of low back pain
symptoms over time. Ultimately,
the findings from this study will
indicate whether EMG measure-
ments can be used to help direct a
patient’s treatment program.

We recruited 32 low back pain
patients to participate in the eight-
week study. Nineteen individuals
were also recruited as part of a no-
pain control group. The low back
pain group used a telephone re-

porting system to provide daily
reports of low back pain symp-
toms using a zero to ten pain score
scale. They also participated in up
to eight clinic test sessions and
completed functional assessments
for each session.

Using a portable experimental sta-
tion that includes a four-sensor
surface EMG system and incli-
nometers, our researchers were
able to track electrical activity of
the lumbar muscles as well as trunk
and pelvic position. Subjects were
asked to perform a slow-paced
trunk flexion and extension mo-
tion as if bending to touch their
toes with the knees straight, in
both a free-standing position and
with the pelvis restrained. The
movement was also performed in
a sitting position. Researchers
measured muscle activity during
the eccentric (trunk flexion) phase
and concentric (trunk extension)
phase of the motion with EMG
electrodes placed over the upper
and lower lumbar region of the
subject’s erector spinae.

A preliminary analysis of the raw
data indicated that the amplitude
ratios of the extension phase to the
flexion phase at the lower lumbar
(L5) region were markedly higher
for the low back pain group than

for the control group. The ratio
was 105 percent greater in the free-
standing condition, 71 percent
greater in the restrained pelvis
condition, and 84 percent greater
in the seated condition. These
findings suggest that, compared to
the control group, the subjects
with low back pain produce greater
muscular activation during con-
centric contraction of the lower
erector spinae than during the ec-
centric contraction.
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It is estimated that more than one
third of reported occupational in-
juries and illnesses result in days
away from work. Through our stud-
ies into the causes and predictors of
work-related disability, we seek to
increase our understanding of fac-
tors that influence return-to-work
outcomes. Our goal is to make rec-
ommendations that help improve
medical and case management strat-
egies, ultimately leading to fewer
days away from work and safe and
sustained employment following
an injury.

Effects of Supervisor Training

We continued to investigate the ef-
fects of supervisor training on
disability outcomes. In its third full
year, this field-based investigation
examines whether training supervi-
sors to effectively respond to
injured employees can reduce or
even prevent disability. We study
this question by implementing su-
pervisor training workshops at
various industrial sites, tracking
changes in workers compensation
claims before and after training, and
administering surveys to supervi-
sors and employees.

This year, we analyzed the workers
compensation claims of an indus-

trial food processing plant where we
had administered supervisor train-
ing to selected departments.  We
found that in the seven months
following training, the selected de-
partments experienced a 47 percent
reduction in claims and a 25 percent
reduction in lost-time work claims
as compared to the prior seven
months.  This improvement com-
pared with a 27 percent reduction
in claims and no reduction in lost-
time work claims experienced by
non-trained departments perform-
ing similar job tasks in the same
time period.

In another part of the study,
researchers analyzed and coded em-
ployee and supervisor interview
data from four industries (retail
clothing, food processing, nursing
care, and synthetic fabrics manufac-
turing).  We found a high level of
agreement among supervisors and
employees on the importance of
such factors as accommodation,
communication, responsiveness,
empathy/support, validation, and
follow-up. However, employees
were more likely to stress the im-
portance of communication, while
supervisors were more likely to
stress the importance of including
employees in the decision-making
process.  We will use the informa-
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tion from these interviews to fur-
ther refine the supervisor training
program and intervention assess-
ment surveys for future industrial
application.

Back Pain Treatment in
the Primary Care Setting

As most cases of occupational low
back pain are treated by a primary
care physician (PCP), how these
physicians manage patients has a
significant effect on clinical and
return-to-work outcomes.  How-
ever, few investigations have
evaluated the nature or extent of
PCP involvement and influence on
outcome in typical cases of occu-
pational low back pain.  In order
to provide new information on
these topics, we completed a study
of occupational low back pain
treatment by PCPs.

Our study looked at PCP involve-
ment in the care of patients with
work-related low back pain and ex-
plored the relationship between
various aspects of care and medi-
cal costs, indemnity costs, and
disability outcomes.  We were par-
ticularly interested in determining
whether treatment by a PCP (as
opposed to treatment through an-
other provider) decreases the
length of a patient’s disability.

In collaboration with the General
Medicine Division of Massachu-

setts General Hospital, we de-
signed a study of patients with
workers compensation back pain
claims from four hospital-affiliated
PCP practices. We extracted infor-
mation on emergency room visits,
radiographic studies, hospital ad-
missions, and surgical procedures
from medical records. Information
on past back pain history and de-
mographics was also collected.
Data on the duration of work loss
and claim costs, including medical,
indemnity, and administration was
extracted from insurers’ records.

Results indicated that PCP care
was related to a greater total dis-
ability claim cost.  However, when
a PCP was involved in treatment,
care often occurred relatively late
in the course of persistent symp-
toms. Patients with a prior history
of low back pain were more likely
to see a PCP for a work-related
back pain incident. But there was
no relationship between number
of prior PCP visits and the likeli-
hood of visits to the PCP for an
episode of work-related back pain.
In fact, prior PCP visits for any
reason were shown to lower the
likelihood of seeing the PCP after
an initial claim of occupational low
back pain. Further studies are
needed using a larger population
to confirm these findings.

These preliminary results suggest
that because visits to a PCP may

occur relatively late in the course
of treatment, the PCP does not
often have a significant role in ini-
tial patient care. Thus, some PCP
visits may actually be an early
indicator for future risk of pro-
longed work absence from occu-
pational low back pain.

Treatments for Tetraplegic
Spinal Cord Injuries

We completed a study aimed at
gaining a better understanding of
types of treatments and total costs
associated with work-related tetra-
plegic spinal cord injury (SCI).
Initial findings suggested that
patients with work-related tet-
raplegic SCI received similar
treatments to those with non-
work-related tetraplegic SCI in
the first year post injury. How-
ever, in subsequent years, treat-
ment of the two groups appeared
to differ.

In collaboration with Boston
Medical Center’s Department of
Rehabilitation Medicine, we set
out to describe the characteristics
of those who experienced a work-
related tetraplegic SCI and to
describe the annual medical costs
and types of treatments for the
first five years post-injury. Cases
were classified into three groups
based on where along the spinal
cord the injury occurred and the
grade of injury according to the

Through our studies into the causes and
predictors of work-related disability, we seek
to increase our understanding of factors that
influence return-to-work outcomes.
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American Spinal Injury Associa-
tion (ASIA). We also compared
expenses and treatments among
various motor levels of injury by
classifying patients into three cat-
egories of severity. Treament types
included: initial hospitalization
and acute rehabilitation during the
first year post-injury, SCI-related
subsequent hospitalization or re-
habilitation, outpatient services,
medications, medical supplies, du-
rable medical equipment, personal
care attendants, vocational reha-
bilitation, and ambulance/assisted
transportation.

We identified 62 patients who met
our selection criteria for the study.
Represented industries included
construction, transportation, re-
tail, manufacturing, agriculture,
utility, and service. Ninety-two
percent of the patients identified
were male. Falls and vehicular ac-
cidents accounted for the majority
of injuries – 36 and 34 percent,
respectively.

The extent and costs of first-year
post-injury treatment for our
workers compensation cases were
similar to previously published es-
timates for non-work-related
spinal cord injuries by severity
group.  However, subsequent year

costs and overall amount of treat-
ment were substantially higher for
work-related tetraplegic SCI.  In-
creased attendant care services
accounted for a substantial portion
of this disparity.

We are currently working to de-
scribe and compare the specific
components of treatment associ-
ated with occupational tetraplegic
SCI among the three motor level
groups.

Recurrences of
Low Back Injuries

We continued our study of occu-
pational low back injury recur-
rence, with the goals of develop-
ing and testing new research and
analytical methods related to re-
currences and identifing factors
that contribute to such recur-
rences. Ultimately, the inform-
ation gained may help improve loss
prevention interventions and pro-
mote safe, sustained return to
work after an injury.

We identified approximately 2,100
cases of work-related low back
injuries (defined as contusion,
rupture, sprain, or strain) which
occurred during a two-year period
in a single jurisdiction – New

Initial findings from our study of occupational low back injuries
indicated that reinjury rates were highly sensitive to the applied

definitions of medical care or work disability recurrence.

Hampshire.  We then classified the
claims into three groups accord-
ing to the type of recurrence:

• claim-based recurrence (at least
one claim filed after initial claim),

• care-based recurrence (health
care was utilized again), and

• disability-based recurrence (a
second episode of work-related
disability occurred).

Initial findings demonstrated that
recurrence rates for medical care
were highly sensitive to the length
of the selected minimum between-
episode gap (the time required
between treatments to constitute
a new episode). Recurrence rates
based on disability gaps were less
sensitive to variations in minimum
between-episode gaps, once very
short periods of disability (one to
four days) were removed.  We have
also determined that the use of
several definitions of recurrence
prevents researchers from reach-
ing a consensus on recurrence
rates and identifying the factors
relevant to a recurrence.
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An important strategy in realizing the Research Institute's
scientific potential is to form collaborative relationships with
premiere research institutions around the world. To date,
our partnerships include the Harvard School of Public Health;
prominent universities in China, such as Tsinghua and Fudan;
the University of Aberdeen in Scotland; the Finnish Institute
of Occupational Safety and Health; and the British Health
and Safety Laboratories.

The Research Institute also conducts various activities aimed
at increasing awareness of occupational safety and health and
enhancing worker safety. These endeavors include the
Institute's Visiting Scholar Program as well as special awards
to recognize excellence in safety and health research. Each
of these extramural activities contributes to our expanding
portfolio of global safety and health research and enhances
our existing research programs.



China Research Partnerships

This year we expanded our collabo-
rative efforts in China, a country
faced with unique challenges of size,
rapid industrialization, and social
change. Our efforts support China’s
commitment to improving workplace
safety, and involve close collab-
oration with the State Administra-
tion of Work Safety Supervision
(SAWS), which was established in
2001. This year, we worked closely
with SAWS and leading Chinese
universities to define a strategy for
knowledge transfer, research col-
laborations, and shared intellectual
capacity.

Tsinghua University

Among the 2002 highlights was the
establishment of a new collabora-
tive relationship with the premiere
engineering university in China,
Tsinghua University (Beijing).  The
Research Institute and Tsinghua
formalized this partnership in Oc-
tober, when representatives from
both organizations met in Beijing
to sign the official agreement. Un-
der this agreement, the Research
Institute  and Tsinghua will conduct
joint research to help reduce the oc-
cupational injury burden in China.
As with our other partners in
China, we will share joint research
findings worldwide through peer-
reviewed publication.

China International
Forum on Work Safety

In a first-time event, Liberty
Mutual co-sponsored the China In-
ternational Forum on Work Safety
with SAWS and the International
Labor Organization (ILO).  The
theme of the two-day forum, which
was held in Beijing in October, was
“Work Safety and Occupational
Health in the 21st Century.”

Keynote speakers included Shan
Chunchang, deputy administrator
of SAWS, who spoke about
China's safe work conditions, im-
provements, and countermeasures;
and Liberty Mutual Vice President
and Research Institute Director,
Tom Leamon, Ph.D., who delivered
an address on controlling the cost
of unsafe workplaces. Other speak-
ers included David Lauriski, United
States Assistant Secretary of Labor
for Mine Safety and Health, who
spoke on mining safety supervision
in the United States; and Dr. Jukka
Takala, ILO representative, who
presented on safe work for the
world and related challenges.

There were several sessions cover-
ing topics on workplace safety in
Chinese industry, global occupa-
tional health and safety research and
practices, and challenges associated
with accident insurance. Nearly 40
specialists and experts from dif-
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ferent countries also presented
research papers at the forum, cov-
ering topics such as safety laws and
regulations, occupational safety
management systems, occupa-
tional hazards, and safe work
education.

Held in conjunction with the China
International Forum on Work
Safety, the Fourth Annual Liberty
Mutual Safe Work Forum focused
on traffic safety issues.  More than
60 participants attended the event,
including health and safety ex-
perts, government officials, and
representatives from international
enterprises. Attendees participated
in roundtable discussions on the
contribution of research to traffic
safety and the role of organization
and regulation on highway traffic
safety.  In addition, participants
looked at various case studies and
exchanged views on the implica-
tions for China.

Liberty Mutual-Harvard
Program in Occupational
Safety and Health

Our efforts to establish a doctoral
program in Occupational Injury
Epidemiology and Safety Science
with the Harvard School of
Public Health marked a major
milestone this year. A year-long
faculty search reached a conclu-
sion with the hiring of injury epi-
demiologist Melissa Perry, Ph.D.,
to spearhead the occupational in-
jury program in the Department
of Environmental Health. Dr.
Perry served as an Instructor in

Occupational Health for the
Department of Environmental
Health since joining the faculty at
Harvard in 1999. Prior to that,
she held academic appointments at
the Medical College of Wisconsin
and the University of Vermont.
In addition to the new faculty ap-
pointment, the program produced
the first Harvard School of Public
Health doctoral graduate with a
concentration in ergonomics.

The Liberty-Mutual Harvard Pro-
gram maintained steady progress
on several research projects in-
cluding a study of sharps-related
injuries among hospital workers
(see p. 7), an investigation of the
impact of physician practice pat-
terns on length of disability (see
p. 33), and a study of the relation-
ship between chiropractic care and
return to work (p. 27). Program
researchers also completed work
on a study of risk factors for acute
traumatic hand injuries (see p. 9).

Scientific Visitors
Advisory Board

The heads of five premiere inter-
national research organizations
convened at the Research Institute
in October for the second annual
meeting of the Scientific Visitors
Advisory Board (SVAB).  In ad-
dition to learning about research
developments through staff pre-
sentations and laboratory tours,
SVAB members exchanged valu-
able insights on the expanding
scope of the Institute and the de-
velopment of the new facilities.

The group was established in 2000
to help enhance the quality of the
Research Institute’s programs and
to advance the goals of research
collaboration, dissemination, and
application around the world.

The SVAB members are David
Buchanan, Ph.D., chief executive
and director, Health and Safety
Laboratories (United Kingdom);
Jean-Claude Andre, Ph.D., direc-
tor of research, Institut National
de Recherche et de Sécurité
(France); Terrence Sullivan,
Ph.D., vice president and head of
the Preventive Oncology Divi-
sion, Cancer Care Ontario; Jorma
Rantanen, Ph.D., professor and
director general, Finnish Institute
of Occupational Health; and Barry
Bloom, Ph.D., dean of the faculty,
Harvard School of Public Health.



One of the many ways the Research
Institute is promoted and recog-
nized in the field of occupational
safety and health is by receiving and
co-sponsoring awards that foster
research excellence. Such awards
help to advance workplace safety  by
increasing awareness of current re-
search efforts in the field. This year,
the Institute accepted two presti-
gious awards from the American
Industrial Hygiene Association and
the Ergonomics Society. We also
presented two research awards in
partnership with the International
Ergonomics Association (IEA) and
the International Journal of Indus-
trial Ergonomics.

Honors Received

Alice Hamilton Award

The American Industrial Hygiene
Association (AIHA) presented
Institute Researcher, Barbara S.
Webster, RPT, PA-C, with the 2002
Alice Hamilton Award.  One of
AIHA’s highest honors, the award
is presented annually to an out-
standing woman who has made a
definitive, lasting achievement in
the field of occupational and envi-
ronmental hygiene. This accomp-
lishment may involve public and
community service, social reform,

innovations or advancements in the
scientific approach to the recogni-
tion, evaluation, and control of
workplace hazards.

Nominated for her work in the ar-
eas of cost and disability burdens of
musculoskeletal disorders and the
diagnosis and treatment of work-
related low back pain, Ms. Webster
holds a long tradition of profes-
sional and community service in the
health care profession. She received
the award at the opening general
session of the AIHA annual con-
ference on June 3 in San Diego,
California.

Otto Edholm Award

The Ergonomics Society named
Research Institute Director, Tom B.
Leamon, Ph.D., the 2002 winner of
the Otto Edholm Award. The
award recognizes significant contri-
butions to basic or applied research
in ergonomics.  Dr. Leamon was se-
lected for his work in developing
and leading the Research Institute
and for his earlier contributions in
industry and academia.  Ergonom-
ics Society President, Magdalen
Galley presented the medal at the
Annual Ergonomics Society Con-
ference held in April in Cambridge,
England.



Awards Presented

Liberty Mutual Prize

Hongwei Hsiao, Ph.D., of the
National Institute for Occupa-
tional Safety and Health, Bruce
Bradtmiller, Ph.D., of Anthrotech,
Inc., and Jennifer J. Whitestone, of
Total Contact, Inc., won the 2002
Liberty Mutual Prize. Jointly
sponsored with IEA, the award
recognizes outstanding, original
research in the field of occupa-
tional safety and health.

The winners received this recog-
nition for their research, published
in the paper, “Sizing and Fit of
Fall-Protection Harnesses.”  Their
investigation into a full-body,
fall-protection harness system
provided the first detailed, three-
dimensional anthropometry of
construction workers and identi-
fied 15 representative body models
for standard-size harness design.
The study also revealed deviations
between traditional measurements
and the three-dimensional scans.

Best Paper Award

Faculty of Engineering Profes-
sors, Mitsunori Kubo, Dr. Eng.,
Fumio Terauchi, Ph.D., and
Hiroyuki Aoki, Dr. Eng., of the
Department of Design and Arch-
itecture at Chiba University
(Chiba, Japan), and Faculty of
Science and Technology Profes-
sor, Yoshiyuki Matsuoka, Ph.D.,
of Keio University (Kanagawa,
Japan) won the 2002 Liberty Mu-
tual Best Paper Award.  The
annual award recognizes the best
paper published in the Inter-
national Journal of Industrial
Ergonomics during the prior year
and reflects our commitment to
quality research into the re-
duction of workplace pain and
suffering.

The award recipients authored
“An Investigation into a Me-
chanical Vibration Human Model
Constructed According to the
Relations Between the Physical,
Psychological, and Physiological
Reactions of Humans Exposed to

Vibration."  The winning paper
decribes a study in which re-
searchers developed a mechanical
vibration model to simulate the
physical reactions of the human
body when exposed to external vi-
brations.

The investigation revealed reso-
nance points from head, chest, and
abdominal shaking in the fre-
quency range 2–11 hertz.  The
study also revealed a relationship
between the physical reactions and
the resulting psychological and
physiological reactions.  The  syn-
thetic vibration model has sig-
nificant  implications in the field
of industrial design, particularly in
the automotive industry.
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Kai Way Li, Ph.D.

The Visiting Scholar Program
entered into its eighth year of
offering unique collaborative expe-
riences for senior researchers from
around the world. Kai Way Li,
Ph.D., of Chung-Hua University in
Taiwan, was this year’s Visiting
Scholar.  An associate professor
with the Department of Industrial
Management, he has research inter-
ests in occupational injury pre-
vention, including slips and falls
and hand tool design.  In the area
of slips and falls, he specializes in
gait analysis, friction measurement,
and perception.

During his three-month stay at the
Institute, Dr. Li collaborated with
our researchers to design a field
investigation of work-related slips
and falls in restaurants.  The study
explores the relationship between
actual floor friction measurements
and worker perceptions of floor
slipperiness.  Dr. Li and Institute
researchers surveyed restaurant
workers from various sites of a
single restaurant chain.  Participants
were asked to rate the slipperiness
of selected areas of the kitchen.
They were also asked about their
job experience, work duties, foot-
wear, and other factors that might

affect their perception of floor slip-
periness.  The information provided
by workers will be compared to ac-
tual floor friction measurements
taken by researchers in the kitch-
ens of participating restaurants.

Dr. Li continues to collaborate with
the Institute on the restaurant
study.  Using similar protocols, he
implemented a parallel study in
Taiwan. Dr. Li and Institute re-
searchers will compare the results
of both studies and will work to-
gether towards publication of their
joint research findings. Plans are
also underway for future collabora-
tion on another slips and falls
experiment in Taiwan.

At Chung-Hua University, Dr. Li
has served as special assistant to the
president, chairman of the Depart-
ment of Transportation Manage-
ment, and the executive director of
the Extension Education Center.
In 1991, Dr. Li received his Ph.D.
in industrial engineering from Texas
Tech University, Lubbock. He
earned his M.S. in Industrial Engi-
neering from the University of
Texas at Arlington, and his B.S. in
Civil Engineering from the Na-
tional Chiao Tung University.
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Chien-Chi Chang, Ph.D.
Fifth Applied Ergonomics Conference,
“An Analysis of Utility Cover Re-
moval,” Baltimore, MD,  March 11-14

National Institute for Occupational
Safety and Health Invited Presenta-
tion, “Design a Biomechanical Task
Analysis System,” Cincinnati, OH,
November 5

Theodore K. Courtney, M.S., C.S.P.
China International Forum on Work
Safety, “Frequent, Costly, and Disabling
Injuries in the Construction Industry,”
Beijing, People’s Republic of China,
October 10-11

American Public Health Association
Annual Meeting, “Disabling Injuries in
the U.S. Construction Industry,” Phila-
delphia, PA,  November 9-13

Krystyna Gielo-Perczak, Ph.D.
Biomechanics in the Decade of Bone
and Joint, “Musculoskeletal Modeling
in Biomedical Education,” Brussels, Bel-
gium, April 27-29

46th Annual Meeting of the Human
Factors and Ergonomics Society, “How
to Predict Musculoskeletal Injuries
and Complaints Using Simulation
Tools,” Baltimore, MD, September 30-
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Yueng-Hsiang Huang, Ph.D.
17th Annual Conference of the Society
for Industrial and Organizational Psy-
chology, “Environmental Control and
Workplace Design on Performance,
Effectiveness, and Collaboration”
Toronto, Canada, April 12-14

European Academy of Occupational
Health Psychology, “Attitude Towards
the Application of Augmented Feed-

back in the Trucking Industry” and “Ef-
fects of Office Ergonomics Training on
Environmental Control, Environmen-
tal Satisfaction, Communication, and
Psychological Stress,” Vienna, Austria,
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Tom B. Leamon, Ph.D.
The Hong Kong Polytechnic Univer-
sity Department of Rehabilitation
Sciences Ergonomics and Human Per-
formance Seminar, “The Liberty Model
in Occupational Safety and Health -
Disability Assessment and Management
of Work Injuries,” Hong Kong,
People’s Republic of China, March 12

International Symposium on Genetic
Science, “Insurance Approaches to
Genetic Information Policy and
Public Health,” Cambridge, England,
September 12-13

China International Forum on Work
Safety, “Controlling the Cost of Unsafe
Workplaces:  Benefits to Workers and
Enterprises,” Beijing, People’s Repub-
lic of China, October 10-11

Association of Workers Compensation
Boards of Canada Knowledge Transfer
Conference, “Effective Knowledge
Transfer: Getting the Ideas and In-
formation to Those Who Need It,”
Toronto, Canada, November 18-20

Jia-Hua Lin, Ph.D.
National Tsinghua University, “A Dy-
namic Biomechanical Model of the
Human Operator Response to Im-
pulsive Reaction Forces,”  Taiwan,
People’s Republic of China, May 15

David A. Lombardi, Ph.D.
130th Annual Meeting of the American
Public Health Association, “Reliability
and Memory of Potential Risk Factors

for Acute Traumatic Occupational
Hand Injuries,” Philadelphia, PA,
November 9-13

Rammohan V. Maikala, Ph.D.
Aerospace Medical Association 73rd
Annual Scientific Meeting, “Cerebral
Hemodynamic Responses in Healthy
Men and Women,” Montreal, Canada,
May 4-7

Institute of Industrial Engineers Annual
Research Conference, “Exposure to
Seated Whole-Body Vibration – Erec-
tor Spinae Hemodynamic Responses in
Healthy Men and Women,” Orlando,
FL, May 17-22

American College of Sports Medicine
49th Annual Meeting, “Cardiores-
piratory and Muscle Oxygenation
Comparisons During Arm Cranking
and Task Specific Pushing-Pulling in
Healthy Women,”  St. Louis, MO,
May 29-June 1

United States Army Labs Invited
Presentation, “Cerebral and Muscle
Hemodymamics During Whole-Body
Vibration,” Natick, MA, June 11

Glenn S. Pransky, M.D., M.Occ.H.
Montreal International Forum for
Primary Care Research on Low-Back
Pain, “Physicians, Disability, and
Employment Issues in Low-Back Pain:
A Survey of Primary Care and Occupa-
tional Practitioners,” Montreal, Canada,
May 10-11

International Society for Pharma-
ceutical Outcomes Research Fifth
Annual European Congress, “Mea-
suring Health Impacts on Work
Performance: Comparing Subjective
and Objective Reports,” Rotterdam,
The Netherlands, November 3-5
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10th International Congress on Oc-
cupational Health Services, “The
Effectiveness of Occupational Health
and Safety:  What Measures Can We
Trust?,” Amsterdam, The Netherlands,
November 13-16

Michelle M. Robertson, Ph.D., C.P.E.
10th Annual Conference for Office
Ergonomics Research, “Designing Of-
fice Environments:  A Macroergonomics
Perspective,” San Francisco, CA,
January 10-14

Second Annual Department of Defense
Ergonomics Conference, “The How
To’s of Ergonomics in Industry,”
Chantilly, VA, April 29-30

2002 Annual Usability Professional
Association Conference, “Usability Fac-
tors of Computer Workstation Design
Features:  How They Influence Human
Performance and Well-Being,” Orlando,
FL, July 9-11

Matthias Roetting, Ph.D. and
Yueng-Hsiang Huang, Ph.D.
Behavioral Safety Now 2002, “Feasi-
bility of and Attitude Towards the
Application of Augmented Feedback in
the Trucking Industry,” Amelia Island,
FL, September 24-26

William S. Shaw, Ph.D., P.E.
Eighth Annual Lewis H. Millender
Occupational Medicine Conference,
“What Do Studies of Disability Dura-
tion Suggest About Doctor/Patient
Communication?,” Newton, MA,
March 24

Second Annual Department of Defense
Ergonomics Conference, “What Do
Studies of Disability Duration Sug-
gest About Doctor/Patient Communi-
cation,” Chantilly, VA,  April 29-30

Montreal International Forum V for
Primary Care Research on Low Back
Pain, “Returning to Work After Acute
Occupational Low Back Pain:  A Mul-
tiple Site  Study of Prognosis,” Montreal,
Canada, May 10-11

The Seventh Annual Meeting of the
Disability Management Employers Coa-
lition, “IDM Breakthrough:  The Power
of Enlightened Supervision,” San Anto-
nio, TX, August 7

Annual Convention of the American
Psychological Association, “Functional
Limitation and Pain in Work-Related
Upper Extremity Disorders,” Chicago,
IL, August 22-25

Gary S. Sorock, Ph.D.
Measuring the Burden of Injury,  “Com-
puterized Coding of Injury Narrative
Data from the NHIS,” Montreal,
Canada, May 16-17

International Conference on Occu-
pational Health, “Glove Use and
Traumatic Hand Injury Prevention,”
Baltimore, MD, October 27-30

State-of-the Art Conference 2002, Mus-
culoskeletal Disorders Series–Hand
Injuries and Pain, “Epidemiology and
Risk Factors for Acute, Traumatic,
Occupational Hand Injuries,” Balti-
more, MD, October 28, 2002

130th Annual Meeting of the American
Public Health Association, “Transient
Risk Factors for Occupational Acute
Hand Injury,” Philadelphia, PA, No-
vember 9-13

Barbara S. Webster, R.P.T., P.A.-C.
Montreal International Forum V for
Primary Care Research on Low-Back
Pain, “Physician’s Knowledge and Prac-

tice Approach in the Initial Management
of Acute Work-Related Low Back Pain,”
Montreal, Canada, May 10-11

American Academy of Physical
Medicine and Rehabilitation 63rd
Annual Assembly, “Comparison of
Medical Cost Components for Work-
ers Compensation Tetraplegic Spinal
Cord Injuries,” Orlando, FL, Novem-
ber 21-23

Amanda E. Young, Ph.D.
International Spinal Cord Society
Australasian Conference, “Reasons for
Leaving Employment Gained Following
Spinal Cord Injury,” Auckland, Austra-
lia, November 28-30
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Research Institute personnel participate
in a variety of professional organiza-
tions, societies, and activities related to
their respective areas of expertise. These
opportunities allow researchers to in-
teract with their peers, gain valuable
scientific input, and recommend change
in the standards and practices applicable
to their fields. In addition, many of our
researchers serve on review committees
and editorial boards for leading health
and safety scientific journals. Listed here
are the organizations to which our re-
searchers belonged, the activities in
which they participated, and the jour-
nals for which they served as reviewers
in 2002.

Organizations and Societies

American Academy of
Physician Assistants

American College
of Epidemiology

American College of Occupational
and Environmental Medicine

American College
of Sports Medicine

American Economic Association

Association for
Computing Machinery

American Industrial
Hygiene Association

American Pain Society

American Physical
Therapy Association

American Psychological Association

American Public Health Association

American Society of Biomechanics

American Society of
Mechanical Engineers

American Society of Safety Engineers

American Society of
Safety Engineers Foundation

American Society for
Testing and Materials

American Statistical Association

Association for the Advancement
of Automotive Medicine

Association for Comparative
Economic Studies

Australasian Epidemiological
Association

Board of Certified
Safety Professionals

Ergonomics Society

German Association of
Biomedical Engineering

German Association for
Electrical Engineering, Electronics
and Information Technologies

German Ergonomics Society

German Informatics Society

Human Factors
and Ergonomics Society

Institute of Electrical Engineers

Institute of Industrial Engineers

International Association
for Rehabilitative Research

International Council on Alcohol,
Drugs, and Traffic Safety

International Epidemiological
Association

International Society
of Biomechanics

Massachusetts Association
of Physician Assistants

National Academy for
Social Insurance

New England Society
of Applied Psychology

Psychophysiology in Ergonomics

Public Health Association
of New Zealand

Society for Epidemiologic Research

Society of Industrial and
Organizational Psychology

System Safety Society

Activities

Academy for Health Services
Research and Health Policy

American Society of Safety
Engineers Foundation
  - Research Committee Member

BIOMCH-L
  - Co-moderator Electronic
    Discussion Forum

Commonwealth of
Massachusetts Board
of Registration of
Physician Assistants
  - Chair

Harvard Occupational Injury
Prevention Program
  - Advisory Committee

Human Factors
and Ergonomics Society
  - Executive Council Member,
     Secretary, Treasurer

International Collaborative
Effort on Injury Statistics
  - Coordinator, Sentinel Injury
     Evaluation Project

International Human Computer
Interaction Symposium
  - Scientific Advisory Board

International Commission on
Occupational Health

Mass Medical Society
Physician Health Program
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Professional Activities

and Advisory Committee
  - Board of Directors

National Center for Health Statistics
  - Consultant

National Safety Council
  - International Conference on
     Injury Committee

National Study Center for Trauma
and EMS, University of Maryland
  - Consultant

New England College of Occupa-
tional and Environmental Medicine
  - Board of Directors

National Institute for Occupational
Safety and Health
  - National Occupational
    Research Agenda Liaison
  - Traumatic Injury Study Team
  - Musculoskeletal Injury
     Study Team

Organizational and Design
International Symposium
  - Scientific Advisory Board

Transportation Research Board
  - Committee on Simulation and
     Measurement of Vehicle and
     Operator Performance
  - Committee on Vehicle
     User Characteristics

Workers Compensation
Research Group
  -  Steering Commitee

Journal Reviews

Accident Analysis and Prevention

American Industrial Hygiene
Association Journal*

American Journal of Epidemiology

American Journal
of Industrial Medicine

American Journal of Public Health

Annals of Epidemiology

Applied Ergonomics

Assistive Technology

Behaviour and Information
Technology

Disability and Rehabilitation

Ergonomics

Enviromental Health*

Human Factors

Injury Prevention*

International Journal of
Industrial Engineering

International Journal of
Industrial Ergonomics

International Journal of
Occupational Safety and Ergonomics

Journal of the American
Medical Association

Journal of Family and
Economic Issues

Journal of Occupational and
Environmental Medicine

Journal of Occupational
Rehabilitation

Journal of Safety Research

Journal of Tribology

MMI-Interaktiv

New England Journal of Medicine

Occupational and
Environmental Medicine

Occupational Ergonomics*

Safety Science

Social Science and Medicine

Theoretical Issues
in Ergonomics Science*

*Editorial Board
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Each year, the Research Institute
welcomes visitors from industry,
academia, and government to tour the
facilities and learn about our research
programs.  In 2002, we  hosted the fol-
lowing visitors from around the
world:

AAPA-Occupational Medicine
  - Alexandria, VA

AMT
  - McLean, VA

Advanced Common Sense
  - Chestnut Hill, MA

Applied Sciences Laboratory
  - Bedford, MA

Association for
Manufacturing Technology
  - McLean, VA

Boston College
  - Chesnut Hill, MA

Boston Globe
  - Boston, MA

Cancer Care Ontario
  - Toronto, Canada

Cloutier Consulting Services
  - Cincinnati, OH

Columbia University
  - New York, NY

Cook County Hospital
  - Chicago, IL

Coomeva International
  - Colombia, South America

Deere and Company
  - Moline, IL

Design Safety Engineering
  - Ann Arbor, MI

Exelon Corporation
  - Chicago, IL

Visitors

Finnish Institute of
Occupational Health
  - Helsinki, Finland

FirePsych, Inc.
  - Norwood, MA

General Motors
  - Troy, MI

Health and Safety Laboratory
  - Sheffield, England

Heilind Electronics
  -  Wilmington, MA

IBM
  - Waltham, MA

IBM Watson Research Center
  - Yorktown Heights, NY

Institut National de Recherche
et de Sécurité
  - Paris, France

Institute of Occupational Medicine
and Industrial Hygiene
  - Taipei, Taiwan

Insurance Information Institute
  - New York, NY

Iron Mountain,  Inc.
  - Boston, MA

Johnson Wax
  - Sturtevant, WI

Key Energy Services, Inc.
  - Midland, TX

Kimball International
  - Jasper, IN

King Kullen Grocery Co., Inc.
  - Bethpage, NY

Marsh USA, Inc.
  - Louisville, KY

Matworks
  - Beltsville, MD
  - Glenwood, MD

Mount Holyoke College
  - South Hadley, MA

NIOSH
  - Morgantown, WV

Northeastern University
  - Boston, MA

Rensselaer Polytechnic Institute
  - Troy, NY

SensoMotoric
Instruments, USA, Inc.
  - Needham, MA

Straub Clinic
  - Honolulu, HI

Technical University of Berlin
  - Berlin, Germany

Terra Lycos
  - Waltham, MA

Tufts University
  - Medford, MA

Travelers Insurance Co.
  - Hartford, CT

University of Connecticut
  - Hartford, CT

University of Massachusetts
  - Amherst, MA

University of New Hampshire
  - Durham, NH

US Bureau of Labor Statistics
  - Boston, MA
  - Washington, DC

Victorian WorkCover Authority
  - Melbourne, Australia

Wal-Mart Stores, Inc.
  - Bentonville, AR



Staff

Liberty Mutual Research Institute
for Safety
71 Frankland Road
Hopkinton, Massachusetts 01748

Telephone: 508 497-0200
Fax: 508 435-8136ts of
www.libertymutual.com/research

From Boston via Massachusetts
Turnpike (Interstate 90)

Take 90 west to Exit 11A (495
South). Take 495 south to Exit 21A
(W. Main St. Hopkinton). Go east
on W. Main St., which becomes
Rte. 135. Proceed on 135 through
the lights at Hopkinton Center
(Colella’s grocery store). About a
mile and a half past Hopkinton
Center, bear left onto Frankland
Road (the turn is at the crest of a
small hill; a small sign indicates

where you enter for Frankland
Road). On Frankland Road, follow
the signs to the Research Institute.
The entrance will be on your left
after a long, stone fence.

From Framingham
via Route 135

Take Rte. 135 west out of
Framingham. Follow through
Ashland, past Dairy Queen,
Honeydew Donuts, and then a
Mobil station. Shortly after the
Mobil you will see Ashland State
Park on your left. On the right side
of the street is a small, white sign
pointing to the Research Institute.
Take that right onto Frankland
Road. After the intersection (stop
sign) at Cross Street, the Research
Institute will be the first right.

Research

Chien-Chi Chang, Ph.D.
Wen-Ruey Chang, Ph.D.
Vincent M. Ciriello, Sc.D., C.P.E.
Theodore K. Courtney, M.S., C.S.P.
Patrick G. Dempsey, Ph.D., C.P.E.
Alfred J. Filiaggi, C.S.P.
Krystyna Gielo-Perczak, Ph.D.
Yueng-Hsiang Huang, Ph.D.
Rammohan V. Maikala, Ph.D.
Tom B. Leamon, PhD, C.P.E.
Mary F. Lesch, Ph.D.
Jia-Hua Lin, Ph.D.
David A. Lombardi, Ph.D.
Simon Matz, M.S.
Raymond W. McGorry, M.S., P.T.
Glenn S. Pransky, M.D., M.Occ.H.
Michelle M. Robertson, Ph.D., C.P.E.
Matthias Roetting, Ph.D.
William S. Shaw, Ph.D., P.E.
Gordon S. Smith, M.D., M.P.H.
Gary S. Sorock, Ph.D.
Radoslaw Wasiak, M.A., M.S.
Barbara S. Webster, R.P.T., P.A.-C.
Helen M. Wellman, M.S.
Amanda E. Young, Ph.D.

Technical

Joanne D. Bangs
Edmund M. Correa
Mary Dionne
Joanne M. Gouin
Richard E. Holihan
James E. Klock, C.S.P.
Eric Jones
Jamie R. McDevitt, M.S.
Dianne M. Morgado
Niall O’Brien
Mary Jane Woiszwillo
Peter R. Teare
Danyel Tarinelli, M.S.
Santosh Verma

Administrative

Patricia Boelsen
Debra A. Larnis
Lyn E. Melli
Margaret M. Rothwell
Julie Twomey
Kathleen Whittles

Liberty Mutual Research
Institute for Safety



The Liberty Mutual Research Institute for Safety in
Hopkinton, Massachusetts, is a company-owned and
operated occupational health and safety research
facility.  The Research Institute is recognized
throughout the world for its continuing contributions
to the prevention of workplace injuries and to the
control of work-related disability.

The Institute houses two entities, the Center for Safety
Research (CSR) and the Center for Disability Research
(CDR). The CSR investigates the causes of accidents
and injuries, human capacities for various job tasks,
and ways to enhance on-the-job safety.  The CDR
studies the causes, consequences, and prevention of
disability in workers, and aims to achieve safe and
sustained return to work for injured  workers.

Through broad-based research programs and in close
collaboration with researchers and practitioners
around the world, the Research Institute is dedicated
to a common purpose, embodied in the Liberty Mutual
Creed,  to help people live safer, more secure lives.

Visit our website at www.libertymutual.com/research
© 2003 Liberty Mutual Group – All Rights Reserved


