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1 From Research to Reality®

When people think of the risks involved in 
occupational knife use, cuts and lacerations 
may be the primary injuries that come to 
mind. However, the statistics show that there 
is another, less obvious, but highly signifi-
cant risk associated with these tasks – that of 
upper-extremity musculoskeletal disorders. 

In recent years, the U.S. Bureau of Labor Statistics 
has reported more than a quarter million disabling 
upper-extremity injuries annually. Of these, roughly 26 
percent occurred as a result of workers being “struck 
by an object,” a category commonly associated with 
knife cuts and lacerations. However, another 10 per-
cent of these injuries were due to repetitive motion. 
Repetitive motion injuries – which include strains, 
sprains and other musculoskeletal disorders – are 
reported to involve four times as many days away 
from work as injuries in the “struck by an object” 
category. For this reason, these injuries are a major 
concern for industry. 

“The costs associated with repetitive motion injuries 
are signifi cant,” states Nils Fallentin, Ph.D., director of 
the Research Institute’s Center for Physical Ergonom-
ics. “According to our most recent Workplace Safety 
Index [see p. 10], industry paid out two billion dollars 
in direct costs for repetitive motion injuries in 2006,” 
notes Fallentin, citing lengthy recovery times, corre-
sponding work absences, and the high medical costs 
associated with treating such injuries as reasons for 
the high direct costs. 

High forces and repetition are the primary exposures 
that can lead to repetitive motion injuries. Sustained awkward postures are another related exposure. Both of these 
exposures are typically associated with production-paced occupational knife cutting tasks. “The combination of 
high forces and repetition at a high work pace can place excessive strain on the hand and arm. Over time, these 
exposures can contribute to the development of upper-extremity musculoskeletal disorders,” states Fallentin.
Strains, sprains, carpal tunnel syndrome, and tendonitis of the arms, shoulders, hands, and wrists are examples 
of common musculoskeletal disorders associated with occupational knife cutting tasks.

Over the years, Research Institute scientists have acquired a unique understanding of the exposures associated 
with occupational knife cutting and other repetitive hand tool tasks. While much of the current research in this 
area relies on subjective assessments of exposure, Research Institute scientists have come up with innovative 
ways to directly measure the forces involved in repetitive knife tasks. “Our ability to observe such tasks as well 
as quantify the force exposures gives us an important edge in understanding the relationship between various 
task exposures and conditions and injury risk,” says Fallentin. “This understanding has helped to inform other 
research in this area and has formed the scientifi c basis for a variety of tools, recommendations, and ergonomic 
interventions used by industry to help reduce the risk of repetitive motion injuries.”

Occupational Occupational 
Knife Safety:Knife Safety:

The Hidden RisksThe Hidden Risks



“We knew that the 
same forces that 

trigger cut injuries 
could also contribute 

to upper-extremity 
musculoskeletal disorders 

– and we wanted to find out
just how significant 

that impact could be.”

Raymond McGorry, M.S., P.T.

Is a Shar per Knife Is a Sharper Knife 
a Safer Knife?a Safer Knife?
Liberty Mutual Researchers Investigate

We’ve all heard the old adage “a sharp knife is a safer knife.” The implication is that a dull knife 
requires excessive forces, and these forces can cause users to lose control, slip, and sustain 
serious cut or stab injuries. A sharp knife, by contrast, requires less force to maneuver, provides 
more control, and generally reduces the risk of such injuries. While these common assumptions 
may be true, Liberty Mutual Senior Research Scientist Raymond McGorry, M.S., P.T., is con-
vinced that the safety benefi ts of sharper blades extend even further. 

McGorry hypothesized that sharper knives could play a signifi cant role in re-
ducing repetitive strain injuries. “Most people immediately think about cuts 
when they consider knife safety,” notes McGorry, “but we knew that the same 
forces that trigger lacerations could also contribute to upper-extremity muscu-
loskeletal disorders – and we wanted to fi nd out just how signifi cant that impact 
could be.” To test this hypothesis, Liberty Mutual scientists decided to conduct 
a fi eld study of experienced meat cutters in two mid-sized meat processing 
plants. But before the researchers could test their “sharper knife/safer knife” 
theory in the fi eld, they had some development work to do. 

“In prior studies, we learned that traditional ergonomic assessments were 
not great at accurately estimating grip forces,” explains McGorry. “So we 
developed a transducer system that could measure actual grip forces dur-
ing real-world tasks.” The system consists of an instrumented core for a 
tool handle, with force sensors that could be fi tted to an exact replica of 
the knives used by the meat cutters in the study. The researchers also 
developed a portable device that could measure blade sharpness with-
out dulling the blades in the process. (see p. 4). 

Armed with their newly developed high-tech devices, as well 
as traditional video equipment, the researchers set out to ob-
serve meat cutters at work. They began by collecting baseline 
grip force measurements from 15 pre-screened, experienced 
meat cutters. They randomly assigned each worker an instru-
mented knife with a blade that had been prepared and tested to 
represent either a dull, medium, or sharp condition. 

Study participants used the knives as they worked on one of 
three production lines – shoulder boning, loin trimming, or rib 
trimming – selected for their diversity of task requirements. 
Researchers instructed the participants to work at as nat-
ural a pace and technique as possible. The participants 
performed two trials of each assigned task protocol under 
three conditions of knife sharpness, for a total of 90 trials. 
During each trial, researchers recorded hand grip forces 
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Poultry and fi sh processors, professional chefs, and even some non-

food related jobs such as carpet layers, upholsters, and tile installers, 

involve repeated knife use. So why did Liberty Mutual researchers tar-

get the meat processing industry to study the impact of knife sharpness 

on safety? “It’s true that there are many professions in which repeti-

tive knife cutting tasks could be cause for concern,” explains Raymond 

McGorry, principle researcher on the study. “But the meat processing 

industry reports up to 30 times the industry average for repetitive strain 

injuries.” According to McGorry, meat processing was the logical starting 

point because the nature of the work involves very high repetition rates, 

forceful exertions, and awkward postures. “These are the very risk factors 

that ergonomists have linked to work-related repetitive strain injuries.”

Research Targets 
Meat Processing Industr y 
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and reactive moments on the blade, and tracked the 
task time and number of repetitions performed. 

The study fi ndings, published in Applied Ergonomics 
(Vol. 24, pp. 375-382), indicated that blade sharpness 
did indeed have a signifi cant impact on grip and cut-
ting forces (see chart, right). In fact, the researchers 
found that cutting time, grip force, and cutting mo-
ments with a sharp knife were 20 to 30 percent lower 
than with a dull knife. 

These fi ndings strongly suggest two important conclu-
sions: 1) A sharp knife is indeed a safer knife, because 
it reduces the forces that potentially contribute to re-
petitive strain injuries; and 2) sharper blades improve 
effi ciency by reducing cutting time. But what do these 
fi ndings mean for industries in which workers perform 
repetitive cutting tasks? “Our research suggests that 
periodic blade sharpening, as part of a company’s 
safety program, can reduce the force exposures that 
often lead to repetitive strain injuries,” states McGorry. 

“The reduced cutting time associated with sharper 
knives also has important safety implications,” adds 
McGorry. “The time saved by using a sharper knife 
could be applied to longer or more frequent ‘micro-
breaks’, which could help workers recover and rest 
their muscles between tasks.” 

Differences Between a Dull and Sharp Blade

Reduction (%)

Cutting time (sec) 44%

Peak cutting moment (Nm) 26%

Mean cutting moment (Nm) 36%

Peak grip force (N) 25%

Mean grip force (N) 18%

The measures above show the percent reduction 

in time and forces when a sharp knife replaces a 

dull knife during meat cutting tasks.
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Tools of the Trade
 Liberty Mutual Researchers Invent Devices to Collect Measurements

Over the years, the Research Institute has worked on an array of customized tools and devices to  
facilitate direct measurement of the forces involved in repetitive hand tool tasks, such as industrial 
knife cutting. Among these are the Musculoskeletal Stress Measurement Kit (MSMK), the Instru- 
mented Knife System, and a knife sharpness tester, developed in conjunction with Anago, Ltd. (New 
Zealand). All three devices have yielded vital information for understanding force exposures that can 
lead to upper-extremity musculoskeletal injuries.

How sharp is that knife, anyway? 

The knife sharpness tester (international patent, Anago, Ltd.) 
measures cutting forces along the knife blade as the blade is 
mechanically driven downward though a standard mesh mate-
rial (c). The forces provide a relative measure of blade sharp-
ness (d). Unlike other knife sharpness testers, this one does 
not dull the blades during the measurement process, making it 
ideal for repeated field-based measurements.
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Measurements of a single knife dulled by passing through 
sandpaper (0 to 7 passes) show that as a knife blade  
becomes less sharp, cutting forces increase.

Getting a Grip on Hand Tool Forces

The MSMK measures the forces exerted during various industrial hand tool 
tasks. The device’s universal sensor has been fitted to a variety of industrial 
knives, screwdrivers, and other single-handled tools, and is used by both 
researchers and loss control specialists to gather data in field settings. The 
sensor captures grip and applied torque data from the hand and transmits 
these data to a laptop computer (a).

As part of an earlier version of the MSMK, the Instrumented Knife 
System was specifically designed to capture forces exerted during 
occupational meat cutting tasks. The device consists of six strain 
gauges mounted to a fabricated replica of a boning knife handle. 
The handle is then attached to an actual knife blade (b).

c.
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In addition to fi eld studies aimed at identifying worker exposures (see p. 2 article), the Liberty 
Mutual Research Institute conducts laboratory experiments to examine the ergonomic and 
physiological factors associated with occupational knife cutting tasks. 

Laboratory Studies Use New Technologies 
to Assess Knife Cutting Exposures

At the Cutting EdgeAt the Cutting Edge

“In the laboratory,” explains Liberty Mutual Senior 
Research Scientist Raymond McGorry, “we’re able to 
apply sophisticated technologies under controlled con-
ditions to measure the different exposures associated 
with occupational cutting tasks. This approach allows 
us to identify those job elements that pose the most 
signifi cant risk, and fi nd ways to reduce that risk.”

Force Measurement Systems Yield 
Insights on Ergonomic Factors

In one experiment, Institute researchers observed 
12 study participants as they performed knife cutting 
tasks in a standardized modeling clay to simulate meat 
cutting. Specially instrumented knives and wrist goni-
ometers recorded grip forces, cutting forces, and wrist 
posture data. The participants performed a total of 
72 cutting tasks under varying conditions: three work 
surface orientations (horizontal, tilted 30°, tilted 60°); 
three work surface heights (low, medium, high); two 
knife blade angles (bent, straight); and two work paces 
(self-paced, production-paced). 

The study fi ndings, published in the journal Ergonomics, 
(Vol. 47, No. 5), suggest that the interaction between 
work surface height and orientation had a signifi cant 
impact on wrist fl exion, extension, and displacement. 
The “best” (i.e., most ergonomically favorable) combi-
nations were: lowest height / 30° tilt; and highest height 
/ 60° tilt. The next most favorable interaction was the 
30° tilt at medium height. At all surface heights, the 
“worst” surface orientation was horizontal, because it 
caused the greatest wrist fl exion and ulnar deviation. 

There were also strong interactions between knife 
blade angle and surface orientation, resulting in large 
differences in wrist displacement (fl exion or exten-

sion). The “best” combinations of blade angle and sur-
face orientation were: bent blade / 30° tilt; and straight 
blade / 60° tilt, because they minimized wrist deviation 
from a neutral posture. 

“The results suggest that providing ergonomic work-
stations that offer height and work surface angular 
adjustment would improve wrist posture during meat 
cutting tasks,” says McGorry. “We also found that us-
ing an angled blade in conjunction with an adjustable 
workstation might also improve working wrist postures, 
but that fi nding requires further investigation.”

Next, the researchers analyzed the force data from 
self-paced cutting tasks, in which participants selected 
a work pace they felt they could sustain comfortably, 
and production-paced tasks, in which they used a fast-
er cutting pace, aimed at maximizing production. As 
a group, study participants used signifi cantly greater 
torque and grip force during the production-paced 
tasks. This fi nding suggests that they exerted higher 
forces to achieve greater speed. 

However, data also showed that the grip-to-cutting ratio 
was 7.6 percent greater for the production pace than 
for the self-selected pace. This fi nding suggests there 
may be a trade-off between performance speed and 
the effi ciency of energy transfer from the participant 
to the clay, because the participant must use greater 
energy to produce the desired work. The relative in-
crease in grip force suggests that participants felt the 
need to grip the knives tighter for better control when 
working at production-paced cutting tasks. 

Does this fi nding mean companies will have to modify 
the pace of their industrial cutting tasks and accept 
lower production rates in order to reduce injury ex-
posures? “Not necessarily,” says McGorry, who was 
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principle investigator for the study. According to 
McGorry, a slower pace would reduce the num-
ber of task repetitions per shift, but this reduc-
tion could be offset by increased effi ciency. “In 
theory, the worker who is not as rushed will do a 
better job of cutting and create less waste on the 
line,” says McGorry. “The ideal approach would 
be for companies to evaluate the extent to which 
decreasing line speed impacts yield and reported 
symptoms, and make their decisions based on 
what they fi nd out.” 

Researchers Use Medical Technology 
to Explore Optimal Work:Rest Ratios

Delving deeper into the issue of task pace and 
injury exposure, Institute researchers recently 
began a new laboratory study to examine physi-
ological responses to repetitive upper-extrem-
ity tasks such as knife cutting. The study is the 
fi rst of its kind to use near-infrared spectroscopy 
(NIRS) to measure muscle oxygenation during 
repetitive upper-extremity tasks (see side article, 
p. 7), and the fi ndings will be used to help defi ne 
optimal work-to-rest ratios.

The 19 participants in this study performed nine 
half-day sessions of repetitive hand-grip tasks 
at three different work intensities (10, 15, and 
25 percent of their maximal effort) and three 
different work-to-rest intervals. Research Institute 
scientists used NIRS to measure the participants’ 
muscle oxygenation and blood volume respons-
es in the fl exor and extensor muscles during the 
tasks. They set values for work output and time 
spent on each task trial according to an estab-
lished experimental protocol. Before and after 

A simulated knife cutting task study suggests interaction 
between work surface height and orientation has a signifi cant 
impact on wrist fl exion and extension. 

The bar graph, below right, shows results of the effect of 
surface orientation and height on fl exion and extension 
of the wrist. Three surface orientations – 0, 30, and 60 
degrees, at three surface heights – high (elbow height), 
medium (elbow height -12.5 cm) and low (elbow height 
-25 cm) are shown. The “best” combinations were: lowest 
height / 30° tilt (photo) and highest height / 60° tilt. 
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Georgia Tech Taps Institute Force 
Measurement Expertise 

Researchers at Georgia Tech Research Institute’s 
Agricultural Technology Research Program recently 
announced the development of new Ergonomic Work 
Assessment System (EWAS) to identify musculoskel-
etal exposures associated with poultry cutting tasks. 
As part of the development process, Georgia Tech in-
volved subject matter experts from the Liberty Mutual 
Research Institute for Safety and McMaster University, 
Ontario. The resulting tool integrates a fi ber optic posi-
tion measurement system, EMG sensors, and the Lib-
erty Mutual Instrumented Knife to measure ergonomic 
factors related to these tasks.

EWAS is unique in that it can simultaneously collect 
real-time data on arm position, muscle response, and 
grip force during cutting tasks performed on an actual 
production line. As the worker performs tasks, data is 
transmitted wirelessly to a laptop computer, allowing 
researchers to study relationships among force, exer-
tion, posture, and repetition. The information can be 
used to boost work effi ciency on the deboning line and 
to correct ineffi cient movements by workers perform-
ing the cutting task. 

The tool is part of Georgia Tech’s broader research 
program aimed at helping poultry processors and er-
gonomists develop effective worker rotation schemes 
and training programs to minimize the risk of injury. 

a
b
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each trial, participants were asked to rate their perceived lev-
els of discomfort (if any) in the upper extremity (hand, wrist, 
or arm).

Researchers are currently analyzing the data to exam-
ine how the muscles responded to different work-to-rest 
ratios, and the extent to which these responses correspond 
to reports of discomfort. 

The application of sophisticated technologies is a corner-
stone of the Liberty Mutual Research Institute’s efforts to 
better understand the exposures that can lead to upper-
extremity musculoskeletal disorders associated with oc-
cupational hand tool tasks. “These technologies give the 
Research Institute an unparalleled ability to identify and 
quantify specifi c exposures. Our fi ndings will ultimate-
ly help businesses fi nd ways to reduce the human and 
business costs associated with high-risk tasks such as in-
dustrial knife cutting,” says Research Institute Director, Ian 
Noy, Ph.D.

Near-Infrared 
Spectroscopy: What Is It?

Near-infrared Spectroscopy (NIRS) is a non-invasive 
diagnostic procedure that measures how effi ciently 
human tissues use oxygen during physical activity. 
The procedure involves transmitting near-infrared 
light into the tissue and then measuring the amount 
of light absorbed by the tissue. An increase in light 
absorption indicates a high hemoglobin concentra-
tion in the tissue region, which means that the tissue 
is using oxygen effi ciently. Ineffi cient use of oxygen 
is an early indicator of muscle fatigue.

Scientists at the Research Institute are fi nding that 
NIRS, while developed primarily for use in clinical or 
diagnostic settings, can be instrumental in the study 
of work-related upper-extremity tasks. In the labo-
ratory, Liberty Mutual researchers apply this state-
of-the-art technology to study how effi ciently arm 
muscles (fl exor and extensor) use oxygen during 
simulated upper-extremity repetitive work tasks. By 
quantifying changes in muscle oxygenation during 
various work tasks, researchers can compare the 
measured exposures to different task parameters. 

This novel use of NIRS technology provides valu-
able information that researchers will use to develop 
recommendations for optimal work-to-rest ratios for 
high-risk, repetitive upper-extremity tasks.

During various work tasks, near-infrared 
light is transmitted into muscle (a). The 
amount of light absorbed is measured (b). 
Changes in hemoglobin concentration 
in the muscles determine how effi ciently 
muscles are using oxygen. Ineffi cient 
use of oxygen is an indicator of possible 
muscle fatigue.
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Workers whose jobs involve frequent or 
prolonged knife cutting face an increased 
risk of repetitive motion injuries of the 
arms, hands, and wrists. Wayne Maynard, 
technical director of ergonomics and tri-
bology at the Liberty Mutual Research 
Institute for Safety, says the best way to 
reduce these injuries is a three-pronged 
approach involving ergonomic job analy-
sis to identify and prioritize risk factors; 
proper knife selection and maintenance; 
and a proactive rest or recovery time pro-
gram to mitigate effects of muscle fatigue. 
This type of comprehensive approach can 
help reduce the frequency and severity of 
repetitive motion injuries resulting from 
occupational knife use.

Analyze the Job

The fi rst step a company should take to address repeti-
tive motion injuries, stresses Maynard, is to identify po-
tential problem jobs (those contributing to higher injury 
and severity trends) and then perform an ergonomic 
analysis of those jobs. “It is important to observe the 
worker, and break the job down into tasks to gain an 
understanding of the physical requirements. Look at 
what the worker does during the course of an 8-, 10-, or 
12-hour workday. What are the positions of the shoul-
der, elbow, wrist, and hand? What other tasks may be 
further stressing the same body parts? All of these fac-
tors need to be assessed,” he explains.

Based on the analysis, the next step is to identify po-
tentially risky task elements and prioritize what can be 
done to improve the overall ergonomics of the job. “We 
know that people are strongest and fatigue less quickly 
when they employ neutral wrist and upper-body pos-
tures, and keep arms and elbows close to the body. 
So anytime we can identify non-neutral positions and 
redesign the task to allow workers to maintain more 
optimal positions, that will help reduce fatigue and in-
crease productivity,” notes Maynard. 

For example, if a task requires the worker to perform 
frequent overhead or above-shoulder reaching tasks, 
the job should be redesigned so that the work height 

Reducing the Strain of Reducing the Strain of 
Occupational Knife Cutting TasksOccupational Knife Cutting Tasks
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and angle allow for more neutral body postures. “These 
types of seemingly small improvements become very 
signifi cant over time,” explains Maynard, noting that 
even if just one awkward task is eliminated, it can make 
a huge difference for people who perform this task day 
after day over weeks, months, and years. 

Get the Right Knife and Keep it Sharp

One of the most important aspects of occupational knife 
safety is providing the right knife for the job. “Selecting a 
handle design that encourages straight or neutral wrist 
postures, and a blade that is specifi cally designed for 
the task helps ensure that workers will be able to per-
form the required tasks in the most effi cient and safe 
way possible,” explains Maynard. However, he cau-
tions that there may be more to proper knife selection 
than meets the eye. “There are ergonomic knives out 
there with handles designed to keep the wrist straight. 
However, their benefi t depends on the orientation of 
and the precision required by the work,” he notes. For 
example, bent-angle knives are benefi cial to shoulder 
and wrist posture for cuts performed at or just below 
elbow height. But these knives may not be helpful for 
cuts performed over-head or cuts below waist height. 

Once knife selection is completed, keeping that knife 
sharp should be a top priority. “Our research has re-
vealed 20 to 30 percent reductions in grip force, cutting 
moment, and cutting time with sharper versus duller 
blades,” notes Maynard. “Since prolonged exposure to 
high forces contributes to repetitive motion injuries, the 
more we can lower those forces, the better.” 

Maynard recommends that companies develop a for-
mal protocol for keeping knives sharp. Such a protocol 
should include:

• Periodic scheduled sharpening;

• Training workers how to properly sharpen a blade;

• Appropriate knife-sharpening equipment; and /or

• Sharp replacement knives available for workers to
exchange with duller knives.

Incorporate Rest Breaks

Employers can also help reduce repetitive-motion inju-
ries by implementing suffi cient rest breaks throughout 
the course of the work day. Rest breaks – which can 
include regular scheduled breaks (morning, afternoon, 
lunch), micro-breaks (pauses in work), and scheduled 
light work activity – help the muscles to recover be-
tween job tasks. Job rotation is commonly employed to 
provide a period of light work activity in-between physi-
cally demanding tasks. However, Maynard advises a 
cautious approach to implementing rotation programs. 
“Always complete an ergonomic assessment of jobs with 
potential for rotation to ensure that physical risk factors 
are such that recovery time is optimized,” says May-
nard. “Otherwise, you would only be guessing that job 
rotation provides a satisfactory level of recovery time.”

“We’ve just begun to scratch the surface in understand-
ing what constitutes an optimal work-to-rest ratio for 
repetitive upper-extremity tasks,” says Maynard. “What 
we do know is that incorporating frequent ‘microbreaks’ 
along with formal scheduled breaks, and proactively 
building in light work activity, helps reduce worker dis-
comfort by giving muscles and joints more recovery 
time between tasks.”

Although there is no way to fully eliminate the high forc-
es and repetition associated with occupational knife 
cutting tasks, there are ways to mitigate the associated 
injury risks. Employers that use a combination of ergo-
nomic task analysis and redesign, proper tool selection 
and maintenance, and adequate rest breaks help their 
workers remain as comfortable and injury-free as pos-
sible while maintaining productivity.

“This multi-faceted approach helps companies provide 
safety solutions based on the whole picture, rather than 
on just one or two aspects of a job,” says Maynard, who 
believes companies that commit to all three elements 
in this comprehensive approach will have the most suc-
cess in reducing unwanted exposures that can lead to 
upper-extremity repetitive motion injuries. 



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

Dear Readers,

As people all across America sharpen their knives to carve the tra-
ditional holiday turkey, we go to press with our sixth issue of From 
Research to Reality, which focuses on occupational knife safety. The Institute’s 
research in this area has yielded new technologies, force data, and ergonomic 
knowledge to help reduce the exposures associated with on-the-job knife use. 

From laboratory studies of simulated knife cutting tasks, to fi eld studies in meat 
packing plants, our research uses a unique direct measurement approach to 
understanding and combating the associated risk of repetitive motion injuries. 
Our fi ndings have signifi cance across many industry sectors including food 
processing, restaurants and hospitality, manufacturing and construction – and 
may even provide everyday knife users with some useful safety insights.

As always, we hope you fi nd our newsletter informative, and we welcome your comments or suggestions.

From Research to Reality® is a publication of the Liberty Mutual Research 
Institute for Safety, an internationally recognized occupational safety 
and health research facility. Through its broad-based investigations, the 
Institute seeks to advance scientifi c, business-relevant knowledge in 
workplace and highway safety and work disability. The Institute’s fi ndings 
are published in the open, peer-reviewed literature and often serve as the 
basis for recommendations, guidelines, and interventions used by industry 
to help reduce workplace injury and related disability. 

Readers may reprint any item from this newsletter with specifi c acknowl-
edgement of the source. For more information about our publications, 
programs, or activities, or to be added to our mailing list, please visit 
www.libertymutual.com/researchinstitute.

E-mail: researchinstitute@libertymutual.com

A Message from the Director...

Y. Ian Noy, Ph.D.
Vice President and Director 
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