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Disclaimer: These proceedings do not constitute endorsement of the views expressed or
recommendations for the use of any commercial product, commodity, or service mentioned by
the National Institute for Occupational Safety and Health (NIOSH). The opinions and conclusions

expressed in the presentations and report are those of the authors and not necessarily those of
NIOSH. All conference presenters were given the opportunity to review and correct statements
attributed to them within this report. Recommendations are not final statements of NIOSH policy
or of any agency or individual involved. They are intended to be used in advancing the knowledge
needed for improving worker safety.
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Foreword

r

Falls represent a serious hazard to workers in many industries. Workers who perform tasks at
elevation—workers in the construction, structural metal working, and tree trimming industries, for
example—are at risk of falls from heights, with frequently grave or even fatal consequences. Many
more workers, in nearly every industry, are subject to falls to floors, walkways or ground surfaces.
These falls, characterized as fall on the same level, are responsible for well over half of nonfatal
injuries that result in days away from work.

The etiology of falls as injury-producing events is multi-factorial, and encompasses multiple
mechanisms of exposure. Working at heights involves completely different fall risks than those found
on workplace surfaces and floors. The different exposures represent serious safety risks in both cases,
resulting in fatal and serious nonfatal injury. To address the various causes of multi-factorial events
such as these, there needs to be wide-ranging and multidisciplinary injury-mitigation approaches
provided to practitioners based on a wide variety of research methods.

To advance our knowledge of occupational fall injuries, the International Conference on Fall Prevention
and Protection (ICFPP), held in May of 2010, was convened to provide a forum for researchers from
NIOSH, its stakeholders, and the community of fall-prevention specialists and experts to present
research findings, recommendations and expert advice on the latest tools and methods to reduce
the incidence of injury from falls. At the conference, a wide variety of research approaches and
methods were presented, and these approaches reflected the multidisciplinary orientation of the
different stakeholders in attendance, as well as the individual interests and expertise of participating
researchers.

NIOSH is pleased to present the findings from this conference in these proceedings. This document
represents a wealth of knowledge from experts and informed stakeholders on the best way to
understand, prevent, and control fall-related risk exposures.

It is anticipated that these presentations will serve to bring together the communities of interest
that attempt to prevent and ameliorate fall-related injuries, and will spur efforts that will continue in
the form of joint and supported research investigations, research consortia, and informed dialogue
in support of a common goal. NIOSH hopes to continue to sponsor forums for the presentation of
methods and findings related to occupational fall injury protection and prevention in the future.

It is gratifying and exciting to be a part of this research effort, which exemplifies some of the best
efforts to advance work-related fall injury prevention. It is an approach that calls on the national
and international community of interest—representing academic researchers, workers and worker
advocates, safety and health practitioners, laboratory directors, manufacturers , and the entire range
of concerned stakeholders—to achieve research that is directed toward a goal that benefits both
workers and the Nation: safe and healthful working conditions for every working man and woman.

John Howard, MD

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control and Prevention
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A Commentary on Global Strategic Goals

Nancy Stout, Ed.D.
Division of Safety Research
National Institute for Occupational Safety and Health

Inaplenarysessiononglobal strategicgoals,
national leaders of occupational safety
research organizations from five countries
came together to share and discuss strategies
for preventing work-related fall incidents from
a global perspective. Presenters representing
Japan, the Netherlands, Korea, the United
Kingdom, and the United States (from the
National Institute for Occupational Safety
and Health and from the Liberty Mutual
Research Institute for Safety), described
their nations’ priorities and strategies for
occupational fall prevention.

Many commonalities in priorities for fall
prevention emerged from these discussions.
In all countries represented, falls from
elevations, particularly in the construction
industry, are a high priority for prevention
efforts. In this industry, specific foci in
common include prevention of falls from
scaffolding, ladders, roofs, and openings
and edges. Another high-risk priority in
several countries, that crosses multiple
industry sectors, is falls from motor vehicles,
particularly trucks and industrial vehicles.
These falls occur during ingress and egress,
as well as during loading, unloading, and
maintenance.

There is also substantial variation between
countries in methodological approaches for
reducing falls from elevations. Research foci
range from the need to collect data to better
understand fall risks, to using digital modeling
of human fall dynamics to evaluate protective
technology. Approachesincommondescribed
bysomepresentersincluderesearchfocusing
on risk assessment and human factors,
and prevention-through-design strategies

Research and Practice for Fall Injury Control in the Workplace

- taking working conditions into consideration
in the design process and employ engineering
solutions in building design to minimize injury
risks. Others described approaches including
development of accident analysis tools
and safety hazard assessment instruments,
conducting epidemiologic studies to identify
modifiable risk factors, investigating the role
of stability and balance, and developing new
personal protective technologies.

Interventioneffortstopreventfallsfromelevations
also vary among the countries. Strategies range
from training, informational campaigns, risk
assessment tools, and increased inspections,
to new policy, regulations, design standards,
and protective technology.

Although falls from elevations, with the high
risk of fatal injury, is a primary research target
in all of these countries, prevention of Slip, Trip
and Fall (STF) injuries is also a priority research
area in some countries. While STF injuries have
a lower case mortality rate than falls from
elevations, they are a leading cause of injury —
and cost of injury - in many industries.

The US, UK and the Netherlands include STF
injuries among their fall prevention priorities.
Research activities aimed at STF prevention
focus on measuring slipperiness, stability, and
friction to predict STF potential, examining
footwear  performance, and conducting
epidemiological studies of risk factors and
intervention effectiveness. Prevention strategies
include informational campaigns, risk assessment
approaches, and developing, evaluating and
promotingcomprehensive best practices programs
aimed at reducing STF injuries, particularly in the
healthcare and food services industries.



In all of the nations represented at this
symposium, and most other countries as
well, falls is one of the leading cause of injury
and death of workers. The commonalities
between countries in goals and strategies to
prevent occupational fall injuries reinforce a
global priority for occupational fall prevention
efforts, especially for falls from elevation and
in construction. The common aims also suggest
an advantage of working together to advance
a global strategy.

The differences in methodological approaches
and prevention strategies for reducing falls
likely reflect, in part, differences between
countries in work practices and safety policies.
But they also suggest differences between
countries in the longevity and maturity of

national-level attention to and action
towards occupational fall research and
prevention. This variation also reinforces
the need for sharing of knowledge and
experiences in fall prevention strategies, for
learning from each other about successful
and promising approaches, as well as
failures to avoid repeating.

Both the similarities and distinctions in
priorities and approaches for occupational
fallprevention presentedinthis plenarysession
further strengthen the need for international
communication and collaboration to advance
work-related fall prevention worldwide. This
forum provided the opportunities to begin
this international dialog. Now it is up to all
of us to ensure that it continues.

Research and Practice for Fall Injury Control in the Workplace
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NIOSH Strategic Goals to Reduce Fall Injuries In The Workplace

Nancy Stout, Ed.D., Hongwei Hsiao, Ph.D.
National Institute for Occupational Safety and Health,
1095 Willowdale Road, Morgantown, West Virginia, 26505, USA

Fall-prevention research has long beenrecognized
as one of the most critical areas of occupational
safety research. Over the past 15 years, the
National Institute for Occupational Safety and
Health (NIOSH) has recognized fall prevention as
a strategic research priority and has conducted a
program of laboratory- and field-based research
to identify fall risks and develop prevention
strategies and technologies. Recently, NIOSH has
made a concerted effort to develop and update
strategic research goals to systematically address
the national occupational fall burden. This paper
summarizes the NIOSH priority goals for research
to prevent workplace falls.

Introduction

The U.S. Bureau of labor Statistics reported a
total of 5,657 fatal work injuries for calendar year
2007 [BLS 2009]. Of the fatality cases, 847 were
associated with falls. In addition, of the 1,078,140
nonfatal occupational injuries and illnesses involving
days away from work in 2008, there were 260,610
cases associated with slips and falls [BLS 2010].
The National Safety Council [2002] estimated
that compensation and medical costs associated
with employee slip and fall incidents were
approximately $70 billion/year. The U.S. construction
industry continues to suffer the highest rate of fall-
related fatalities, while the health services and
wholesale and retail industries experience the
highest frequency of non-fatal fall injuries.

Historically, NIOSH biannual meetings with
Occupational Safety and Health Administration (OSHA)
to discuss research needs for safer workplaces
consistently included the subject of fall prevention.
NIOSH's National Occupational Research Agenda
(NORA) also has identified reducing fall injuries as a
primary strategic goal for the Construction Sector and
the Traumatic Injuries Cross-Sector. Recently, NIOSH
has undertaken a concerted effort to work with
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stakeholders to develop and update strategic goals
to address this national occupational burden. This
paper describes the current NIOSH priority research
goals for occupational fall prevention. Through this
effort, we hope to increase communication among
ourselves and with key stakeholders, to more
effectively advance a common research agenda,
and to facilitate the implementation of research
findings to prevent falls in the workplace.

The Process

The strategic plan for the NIOSH effort in reducing
fall injuries in the workplace was developed to (1)
focus program activities in directions that are likely
to have the greatest impact on preventing fall
injuries and deaths,(2) ensure a systematic approach
from risk factor identification to implementation
of results in the workplace, (3) provide guidance
to NIOSH intramural and extramural scientists in
conceptualizing and planning research projects
and activities, (4) assist leadership in balancing
programmatic direction and resource management,
and (5) facilitate coordination of research programs
within the NIOSH portfolio.

The Goals

Based on the magnitude and severity of fall injury
data, stakeholders’ input and the above mentioned
process criteria, 5 strategic goals are proposed;
each with 1 to 3 intermediate goals.

Strategic Goal 1 - Reduce Fall Injuries in the
Construction Industry

Intermediate Goal 1: Construction organizations,
engineers, architects, and employers in the construction
industry will implement effective, evidence-based
fall prevention and protection designs, technologies,
programs, and communications materials for
their structure design and at their work sites.

Research and Practice for Fall Injury Control in the Workplace
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Intermediate Goal 2: Safety research organizations,
trade associations, insurance companies, and
employers will identify, characterize, and reduce fatal
and serious injuries associated with construction falls
to a lower level among Hispanic construction workers.

Strategic Goal 2 - Reduce Fall Injuries in the
Health Services Industry

Intermediate Goal 1: The health services industry
will implement comprehensive slip, trip, and fall
(STF) prevention programs.

Strategic Goal 3 - Reduce Fall Injuries in the
Wholesale and Retail Trade (WRT) Industry

Intermediate Goal 1: Engineers, WRT trade associa-
tions, and employers in the WRT industry will imple-
ment effective, evidence-based fall prevention and
protection designs, technologies, programs, and
communication materials for the handling, storage
and retrieval of merchandise.

Strategic Goal 4 - Reduce Fall Injuries in the
Public Safety, Services, Manufacturing and
other high risk Industries

Intermediate Goal 1: Government agencies, vehicle
and equipment manufacturers, standards committees,
and occupational safety professionals will work
together to improve the designs of ambulances, fire
trucks, and heavy trucks to reduce the risk of injuries
and fatalities associated with falls from these vehicles.

Intermediate Goal 2: The food services industry and
other highrisk industries willimplement comprehensive
slip, trip, and fall (STF) prevention programs.

Strategic Goal 5 - Reduce fall injuries through
research on human characteristics and on
biotechnology-based fall control measures.

Intermediate Goal 1: Researchers will identify
biomedical information of humans to design out
fall risk or craft engineering solutions to control
worker fall risk.

Intermediate Goal 2: Manufacturers will produce and
market new, improved fall protection devices and

Research and Practice for Fall Injury Control in the Workplace
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systems that effectively reduce the forces to the human
body during fall arrest and fall termination.

Intermediate Goal 3: Researchers, safety professionals,
and safety investigators will use comprehensive digital
models of human fall dynamics to evaluate new fall
prevention and protection technologies, products,
and methods and conduct fall injury investigations to
recommend solutions.

Summary

Fall-prevention research has long been recog-
nized as one of the most important and needed
areas of occupational injury prevention research.
This paper presents current NIOSH priority stra-
tegic goals to reduce fall injuries in the workplace,
including the construction, health services, whole-
sale and retail trade, public safety, and manufactur-
ing industries. These priorities include research on
human characteristics and biotechnology-based
fall control measures. Targeted research priorities
also address areas of surveillance and technology
assessment, among others. Although not present-
ed here, detailed "Activity/Output Goals” have
also been developed for these strategic goals to
guide project planning. Through this presentation,
we hope to increase communications among our-
selves and with key stakeholders, to more effec-
tively advance a common research agenda, and to
facilitate the implementation of research findings
to prevent falls in the workplace. The findings and
conclusions are those of the authors and do not
necessarily represent the views of NIOSH or imply
the policies of NIOSH.
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MHLW and NIOSH Strategic Goals to Reduce Fall Injuries
in the Workplace in Japan

Yasuo Toyosawa, Ph.D. and Ohdo Katsutoshi, Ph.D.
National Institute of Occupational Safety and Health,
1-4-6 Umezono, Kiyose, Tokyo, 204-0024, JAPAN

Fall-prevention research has been recognized as
one of the most critical areas of occupational safety
research. Over the past 40 years, the National
Institute of Occupational Safety and Health, Japan
(NIOSH) has recognized fall prevention as a strategic
research priority and has conducted a program of
laboratory- and field-based research to identify
fall risks and develop prevention strategies and
technologies. This paper introduces the Ministry of
Health, Labour and Welfare (MHLW) and the NIOSH
priority goals for activity and research to prevent
workplace falls.

Introduction

The Ministry of Health, Labour and Welfare reported
a total of 1,268 (construction 430) fatal work injuries
in 2008. Of the 1,268 fatality cases, 311 (construction
172) were associated with falls. In addition, of the
119,291 (construction 24,382) fatal accidents and
nonfatal occupational injuries involving four or more
days away from work in 2008, there were 22,379
(construction 6,629) cases associated with falls.

Occupational Accident Trends in Japan

There has been a long-term decline in the number
of casualties due to occupational accidents from
the peak of 1.72 million in 1968. However, 604,139
workers are still suffering from occupational
accidents and injuries. Those requiring absence
from work for four or more days account for
about 119,291 of the workers affected in 2008.
Moreover, the number of fatalities peaked at
6,712 in 1961, and has gradually declined since
this peak. The number nearly halved in the four
years from 1972, after the Industrial Safety and
Health Law came into force. It has continued to
decline steadily since going below 2,000 in 1998.
However, 1,268 (311 due to falls) workers were
victims of fatal occupational accidents in 2008.
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11th Industrial Accident Prevention Plan

The Japanese Government (Ministry of Health,
Labour and Welfare) has promulgated an
“Industrial Accident Prevention Plan” every 5
years. The 11th planis afive-year plan commencing
in fiscal 2008 and ending in fiscal 2012.

Targets of the Plan

(1) The plan aims to reduce the overall number
of fatal occupational accidents during the term
of the plan by more than 20%.

(2) The plan also aims to reduce the overall number
of occupational accidents (injuries requiring
absence from work of four or more days) during
the term of the plan by more than 15%.

Targets of the fall accidents prevention plan

(1) Promotion of the “Guardrail-first erection
method” and the “Precedent scaffolding
erection method.”

The plan will promote the method of erecting
(dismantling) scaffolding that requires
installation of the handrails prior to going to
the next level in the construction work.

(2)Precedent scaffolding erection Method

The plan will continue to advocate the
dissemination and consolidation of the
“precedent scaffolding erection method” for
the construction of low-rise buildings, such as
wooden houses.

(3)Enhancement of prevention measures for
fall accidents from scaffolding

The plan aims to publicize and promote new
regulations and measures for scaffolding.

Research and Practice for Fall Injury Control in the Workplace
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(4)Enhancement of prevention measures for
the non-construction industry

The plan aims to review prevention measures for
falls from vehicles during cargo handling operations
in the land freight transportation industry.

Issues in relation to the Promotion of the
Prevention of Occupational Accidents

(1) Construction Industry

The number of workers in the construction
industry represents about 10% of all workers.
However, the industry accounts for over one third
of all fatal industrial accidents and over 20% of
accidents resulting in injuries requiring absence
from work for four or more days.

By type of accident, falls account for about 40%
of fatal accidents and over 30% of accidents
resulting in injuries requiring absence from work
for four or more days.

(2) Land Freight Transportation Industry

By type of accident, fall accidents account for
about 30% of the fatal accidents and 30% of the
accidents resulting in injuries requiring absence
from work for four or more days in the land
freight transportation industry.

Fall Occupational Accident Prevention
Strategy by Industry

The plan will put a priority on promoting
measures in the construction and the land freight
transportation industries, which have a high rate
of fall accidents.

Fall accident prevention targets in the
construction industry

1)Promotionofthe “Precedentscaffolding erection
method” for low-rise building construction
(wooden houses)

2) Promotion of the “Guardrail-first erection
method” for the erection and dismantling of
scaffolding
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3) Review and implementation of prevention
measures for “falls from openings”, “falls from

beams”, “falls from tiled roofs”.

Fall accident prevention targets in the Land
Freight Transportation Industry

In order to reduce accidents caused by falls
during loading and unloading work, and accidents
involving loading and unloading machinery, the
plan seeks to encourage thorough methods
of ensuring safe work practices based on the
provision of safe work manuals and training
that uses such manuals. Furthermore, the plan
will encourage freight shippers to improve the
terms and conditions in contract ordering and to
establish safe working environments at sites.

Proposals for Measures to Prevent
Accidents involving Falls from Scaffolding

NIOSH organized a committee for “Preventing
Falling Accidents from Scaffolding” from May
2007. The aim of the committee is to review the
prevention measures for accidents that involve
falling from scaffolding in view of the incidence
of fall accidents from scaffolding and interviews
with people working in the field. Based on the
committee’s proposals, the related Ordinance on
Industrial Safety and Health was amended by 1
June 2009.

Views on Strengthening Measures for the
Prevention of Falls from Scaffolding

Expand and strengthen the provisions covering
scaffolding guardrails, etc., and to prevent danger
from falling objects of the current Ordinance on
Industrial Safety and Hygiene as given below.

For preventing falls

(a) Tube and coupling scaffolding, etc.

Require guardrails (height of at least 85 cm) and
rails (position height of 35 cm to 50 cm) (including
equivalent measures).

(b) Prefabricated scaffolding

Research and Practice for Fall Injury Control in the Workplace 15
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Require that a rail (position height of 35 cmto 50 cm) or
atoe-board (height of at least 15 cm) be installed in the
cross bracing (including equivalent measures).

For preventing objects from falling

Require the installation of toe-boards (height of at
least 10 cm) and safety nets or scaffolding mesh.

Views on the State of Scaffolding Erection
Methods

Revision of the Guidelines for the Guardrail-
First Erection Method

Together with revision of the measures for
preventing falls from scaffolding, the Guidelines
should also be partially revised in the Views on
Strengthening Measures for the Prevention of
Falls from Scaffolding.

Views on Strengthening Safety Inspections

Inspections are indispensable for ensuring the
safety of scaffolding, and since it is effective to
record and preserve the results of scaffolding
inspections, the inspections after scaffolding
erection or modification should be strengthened
and pre-work inspections should be required.

For fall accidents from scaffolding, the data,
including that for injury accidents, should be
compiled and analyzed annually and the results
disclosed. After three years, the results of these
strengthened measures should be studied, and,
if necessary, measures should be implemented
based on the results.

¢ EaL

Summary

Fall-preventionresearch haslongbeenrecognized
as one of the most important and needed areas
of occupational injury prevention research. This
paper presents the current strategic goals of the
Ministry of Health, Labour and Welfare (MHLW)
and the National Institute of Occupational Safety
and Health, Japan (NIOSH) to reduce fall injuries
in the workplace.

Resources

Japan Construction Occupational Safety and Health
Association, 1965-2009, Yearbook, (Tokyo) (www.
kensaibou.or.jp/english/statistics/index.html)

Japan Construction Occupational Safety and Health
Association, 2006, Explanation for the guideline on
the preceding scaffolding erection method, (Tokyo)
(www.mhlw.go.jp/bunya/ roudoukijun/anzeneisei26/
index.html)

Japan Construction Occupational Safety and Health
Association, 2003, Explanation for the guideline on the
guardrail first erection method, (Tokyo), The Ministry
of Health, Labour and Welfare, Industrial Accident
Prevention Plan (11th Industrial Accident Prevention
Plan, from 2008 to 2012), 2007, in Japanese (www.mhlw.
go.jp/bunya/roudoukijun/anzeneisei21/ dI/01.pdf)

National Institute of Occupational Safety and Health,
Japan (JNIOSH), 2009, Report on measures for
preventing falling accidents from scaffolding (www.
JNIOSH.go.jp/results/ 2008/1016/index.html)

The Ministry of Health, Labour and Welfare, Japan
(MHLW), 2009, Ordinance on Industrial Safety and
Health, (www.mhlw.go.jp/new-info/kobetu/roudou/
gyousei/anzen/0902-1.html)
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Research and Practice on Fall Prevention of OSHRI, KOSHA

Seong-Kyu Kang, MD, Ph.D.
Occupational Safety and Health Research Institute
Korea Occupational Safety and Health Agency,
34-4 Gusan-dong Bupyeong-gu, Incheon 403-711, Rep of Korea

According to the workers’ compensation data,
fall from the height (fall) is one of the major causes
of occupational injuries in Korea. Approximately
50% of falls occurred in the construction
industry, while the industry accounted for 22%
of workforces in 2008. In particular, fatal injuries
occurred mostly in the construction industry. The
Korea Occupational Safety and Health Agency
(KOSHA) has performed technical assistance to
workplaces for reducing falls. The Occupational
Safety and Health Research Institute (OSHRI),
which is an affiliated institute of KOSHA, has
selected five major causes of falls and conducted
research for the strategy on prevention. This
paper summarizes the activities of KOSHA and
priority goals of OSHRI in research in order to
prevent falls at workplaces.

Introduction

The Ministry of Labor reported 78,306 nonfatal
injuries requiring 4 or more days of treatment
and 1,161 fatal injuries for calendar year 2008
(Ministry of Labor, 2009). Among the fatality
cases, 40% (468 cases) were associated with falls
from the height. In addition, out of all nonfatal
injuries requiring 4 or more days of treatment in
2008, 17% (13,604 cases) were associated with
falls from the height (Ministry of Labor). Seventy
percent of fatal injuries (327 cases) and 50% of
non-fatal injuries (6,649 cases) occurred in the
construction industry. Thus, the construction
industry is the primary target for fall prevention.
KOSHA, which is a semi-government agency to
conduct prevention activities for occupational
injuries and illnesses, has conducted various
practical activities together with the Bureau
of Occupational Safety and Health of the
Ministry of Labor (BOSH). BOSH enforces the
regulation of Occupational Safety Standard
through inspection. OSHRI is a research institute
affiliated to KOSHA.

Research and Practice for Fall Injury Control in the Workplace

Activities for Fall Prevention Activities
Prevention activities for injuries caused by falls
are usually performed by KOSHA through its
local branches. OSHRI analyses injuries caused
by falls and conducts research to find solutions
to reduce them.

KOSHA

KOSHA provides technical supports to construction
sites to reduce occupational injuries, including
injuries by fall from the height, through its 24 local
branches. KOSHA's activities for fall prevention
are follows:

1) Support the strategic plan for preventing
accidents by reviewing the hazard prevention
plan submitted in advance from construction
sites of buildings with 31 meters and more in
height, and by following the sites whether they
are undergoing construction works as the hazard
prevention plan states.

2) Improve construction safety in small-scaled
construction sites by providing subsidies through
construction safety service agencies.

3) Provide support to set up the systemic
approach for occupational safety and health by
expanding authorization of KOSHA 18001.

4) Encourage and support employers’ associa-
tions, professional associations, and public order-
ing organizations to actively join fall prevention
activities. Injury rates of public ordering organi-
zations are announced to improve their consider-
ation to fall prevention.

5) Educate workers to improve their awareness
in construction safety. Injuries have decreased
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significantly among workers who have taken the
education for safety work before starting work.

OSHRI

OSHRI has conducted relatively few researches
on fall prevention even though fall from the
height is one of the major causes of injuries. In
2008, injuries by falls in the construction industry
arose from ladder (21.6%),steel frame structure
(16.1%), foothold (14.5%), scaffold (14.4%),
passage and floor (7.1%), machine and equipment
(4.3%), and shores (4.3%).Based on the analysis
of occupational fall injuries, OSHRI selected five
research priorities for fall prevention. They are
open orifice, foothold, scaffold, movable ladder,
and sloping roof. Researches on scaffold and

movable ladder have been completed by 2009.

Steel pipe scaffolds are still widely used, which
can cause more accidents compared to system
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scaffolds. In 2008, out of all injuries caused
by falls from scaffolds, 18% was caused by
pipe scaffold, 41% was caused by pipe frame
scaffold, and 0.2% was caused by system
scaffold. The most common reason for falls
from the height is negligence of employers in
keeping the guideline of construction safety.
In 2000, research on foothold was conducted.
Researches on open orifice and sloping roof will
be followed.

Summary

Research on fall prevention has been limited to
engineering aspects. However, most injuries were
caused by improper use of safety equipment
or negligence of employers and employees.
Actual statistics on the general status of injuries
by fall is insufficient so far. OSHRI will focus on
the practical aspect about the cause of fall in
construction industry.

18  Research and Practice for Fall Injury Control in the Workplace



LRt MRSRRNRSR e pORLTC

Fall Prevention Research at the Liberty Mutual Research Institute for Safety

lan Noy, Ph.D., CPE
Liberty Mutual Research Institute for Safety,
71 Frankland Road, Hopkinton, MA 01748, USA

At the Liberty Mutual Research Institute for Safety
(LMRIS), slips, trips and falls represents one of
four core research domains. Our approach to fall
prevention research is multifaceted, recognizing
that an injury event often results from a confluence
of several contributing factors. Thus, it is important
to integrate the perspectives of diverse disciplines.
Our multidisciplinary Approach includes tribological
studies (interactions between shoes, contaminants,
and floor surfaces),biomechanical studies (human
gait, stability, and motion patterns), epidemiology
(burden and transient risk factor identification),
and cognitive studies (human perceptions and
decision-making processes). Our interdisciplinary
approach integrates methods and insights from
psychology,biomechanics, epidemiology and
tribology to gain a better understanding of the
underlying causes and mechanisms. This paper
summarizes the LMRIS research thrusts aimed at
preventing workplace falls.

Introduction

For over 55 years, the Liberty Mutual Research
Institute for Safety (LMRIS) has conducted scientific
research aimed at preventing occupational injuries

Figure 1: 2007 Liberty Mutual Workplace Safety Index
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and disability. Consistent with Liberty Mutual’s core
mission to help people live safer and more secure
lives, the research performed at the Institute is non-
proprietary and research findings are published in
the peer-reviewed scientific literature. With staff
comprising scientists covering a broad range of
disciplines as well as technical, communication
and administrative support, the Institute’s
scientific contributions have received numerous
awards. The four research centers specialize
in injury epidemiology, physical ergonomics,
behavioral sciences and return-to work. In
addition to our intramural research program
we have extensive extramural collaborations,
including joint research with university partners
and other research organizations, visiting
scholars, and post-doctorate fellows.

The burden of slip- and trip-related falls is
alarming, representing one of the leading
causes of compensated loss across all
industries. According to the Institute’s most-
recent Workplace Safety Index (WSI), that
provides a national snapshot of the direct costs
associated with severe occupational injuries,
the cost of slips and falls on same level and
to lower level in 2007
amounted to $13.9B,
representing more than
25% of the total burden
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Even more alarming is the growth of the
burden associated with work-related falls from
1998-2007, the ten years that we published
the Index. Although data from BLS (for 1998
and 2007) indicated that the frequency of falls
on same level and falls to lower level actually
dropped by 1.3% and 12.5%, respectively,
during this same period the corresponding
cost burden associated with these injuries
increased by 36.7% and 33.5%,respectively.
In fact, the cost burden associated with falls
grew substantially more than any other injury
category. The underlying reasons for these
trends are not known at this time, though one
might speculate that changes in workforce
demographics and changes in the nature of
work have played a role.

A Rich Legacy of Falls Prevention Research

At the LMRIS, research on slips, trips and falls
has been a priority area since the very founding
of the Institute. As an example, in 1967,
Liberty Mutual researchers developed the first
Horizontal Pull Slipmeter™, a portable device
that measured the slipperiness of floors and
other walkway surfaces. This tool gave safety
practitioners and researchers a way to evaluate
floor slipperiness and devise prevention
strategies. Earlyslips andfallsresearchincluded
investigations of floor surface testing methods
and cleaning protocols. Today, the research
program includes tribological studies of the
interaction between shoes, contaminants, and
floor surfaces;biomechanical investigations
of human gait, stability, and motion patterns;
epidemiologic studies of potentially modifiable
transient risk factors, and cognitive studies
of human perceptions and decision-making
processes. In 2000, the Institute hosted a
two-day international symposium to develop
global perspectives on methodological
issues on slipperiness measurement and to
identify research gaps. This work has greatly
influenced the direction of research not only at
LMRIS but elsewhere. As a result of this work,
we began to examine the relation between
actual friction measurements and subjective
ratings of slipperiness across working areas
in restaurant kitchens, as well as the role of
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friction variation. The results suggests that
while workers’ perceptions of floor slipperiness
are useful indicators of actual friction individual
perceptions of slipperiness may be impacted
by factors other than friction (e.g., visual
cues, sensory feedback, motor control,and
environmental factors, such as lighting, shoe
sole condition, and contaminants). This line of
research continues, as noted below.

It is worth noting that in 2006, Institute
scientists worked to found a new International
Ergonomics Association technical committee
on Slips, Trips and Falls, which held its first
conference in 2007. Key members of this
committeealsohavehelpedsupportthesuccess
of the current conference. The establishment
of international scientific networks will further
advance this field.

Current Research Priorities

Perception of floor slipperiness and its
influence on gait and UCOF

Following a series of studies investigating
factors influencing perception of slipperiness,
a major interdisciplinary study is underway that
examines visual perceptions of slipperiness
and resultant gait changes prior to walking
on the surface, as well gait adjustments after
stepping onto the walking surface in response
to proprioceptive cues. The study utilized
surfaces in which there were discrepancies
between perceived and actual slipperiness,
the selection of surfaces having been based
on previous findings that slipperiness is mostly
influenced by the reflectance characteristics of
the surface.

Epidemiology investigations of risk factors
for fall injuries

The purpose of a series of epidemiological
studies is to identify modifiable risk factors
associated with injuries that result from falls.
For example, a large-scale case-crossover
study being conducted with collaborators at
the Harvard School of Public Health, the U.S.
Consumer Product Safety Commission, the

Research and Practice for Fall Injury Control in the Workplace
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National Institute for Occupational Safety and
Health, and the CPWR Center for Construction
Research and Training focuses on transient risk
factors associated with falls from portable
ladders, which account for the majority of
disabling ladder injuries. Study participants
were patients who had been treated at hospital
emergency departments across the United
States for ladder fall-related injuries. Another
example is a prospective cohort study that
examines factors that contribute to the risk
of slipping in limited-service restaurants. This
landmark field study will quantify the relative
role of modifiable risk factors such as surface
characteristics, cleaning protocols, and slip-
resistant footwear.

A third example is a 10-year collaborative study
involving NIOSH, BJC Healthcare, the Finnish
Institute of Occupational Health, Johns Hopkins
School of Public Health, and the Washington
University School of Medicine to evaluate a
comprehensive slip, trip and fall prevention
programme for hospital employees. This study
received the 2006 NORA Partnering Award from
CDC and the 2009 award for the best paper in
Ergonomics from the Ergonomics Society.

Stability-related research

This line of research investigates the role of
stability (in particular, identifying factors that
disturb worker stability), as a proximate factor
in falls. A number of studies currently underway
include investigations of stability while working on
stepladders (e.g., as it may be affected by lateral
reach) and stability following postural transitions
(e.g., standing after bending or kneeling).

Research and Practice for Fall Injury Control in the Workplace
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Falls from trucks during ingress/egress

The current research focuses on behavioral issues
associated with commercial vehicle ingress/egress
to better understand the reasons for drivers’
apparent non-compliance with safe methods. In
particular, the study explores drivers’ perceptions,
beliefs and preferences regarding methods of
ingress and egress.

Tribology

Current studies in the area of tribology focus
on methodological improvements to the
measurement of slipperiness and estimate of
slip or fall probability. Examples of current
studies include using a statistical model to
estimate the probability of slip or fall incidents,
modeling the stochastic characteristics of COF,
and determining “the role of the transverse
shear force in deriving a more valid measure of
Required Coefficient of Friction.

Summary

The LMRIS program comprises a rich mixture of
field studies to identify risk factors for falls as
well as experimental investigationin laboratory
settings to gain a better understanding of the
underlying mechanisms. We also leverage our
resources by collaborating with partners such
as NIOSH and the Harvard School of Public
Health in joint research involving large-scale
studies. Findings from these studies provide
a scientific basis for the development of cost-
effective interventions and strategies that can
reduce the likelihood of work and non-work
related slip-, trip- and fall-related injuries.
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Slips and Falls, the Health and Safety Executive Approach

Stephen C Thorpe
Health and Safety Laboratory,
An Agency of the Health & Safety Executive
United Kingdom

Slips and falls are the biggest class of accidents
reported to the United Kingdom’s Health and Safety
Executive (HSE). In addition, many other accidents
reported, as falls from height or workplace transport
accidents, are often initiated by simple underfoot
events. This paper will discuss the HSE Watch Your
Step campaign in 2004 and the Shattered Lives
campaign in 2008 and 2009 to raise awareness of
these accidents. The Slips Assessment Tool (SAT),
the Slips and Trips e-learning package (STEP) and a
training package will all be described.(s)We will also
describe ongoing Health and Safety Laboratory
(HSL)work on behalf of HSE, which helps understand
the reasons behind many of these accidents, and
identifies possible solutions. A number of cross
cutting issues will be discussed. Laboratory and site
based work has highlighted the need for robust
methods of test for both flooring and footwear.
These will be discussed in detail. Test data needs
to be complemented with other information to
help the end user understand the issues and make
better informed decisions. Examples of successful
intervention will be outlined and illustrated with
case study material.(s)

Introduction

Statistics show slipping and tripping to be the
most common causes of injuries in UK workplaces.
Provisional statistics for 2008-09 show that slips
and trips resulted in 10,626 major injuries (37% of
major injuries), and 24,000 over 3 day injuries (23%
of over 3 day injuries) reported to HSE(www.hse.
gov.uk/slips/statistics.htm). In addition, slips and
trips are often initiators of accidents attributed
to different causes, including falls from height
and workplace transport accidents. Last year 35
workers died following a fall from height and
4,000 were seriously injured (www.hse.gov.uk/
falls/). In the same period there were 2 fatal, 861
major and 1,205 over 3 day workplace transport
injuries attributed to people falling from vehicles
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(www.hse.gov.uk/workplacetransport/statistics.
htm).

Campaigns, tools and supporting materials

HSE launched the Watch Your Step campaign in
2004, the first big HSE publicity campaign on slips
and trip accidents. This was followed by Shattered
Lives in 2008-9 (www.hse.gov.uk/shatteredlives).
This campaign included falls from heights as well
as slips and trip. The first phase of Shattered
Lives received a number of accolades including
the ‘Best National Newspaper campaign’; the
campaign website attracted more than 800,000
visitors. There were almost 200 press articles
published, none of which were negative.

A second phase of the campaign in 2009 was
focussed around the launch of the Slip and Trips
e-learning Package (STEP) (www.hse.gov.uk/slips/
step/index.htm) and this attracted almost 60,000
visitors to the website in the first few weeks.
Visitors spent on average 23 minutes looking at
the STEP tool. The STEP tool includes a general
course suitable for a wide range of industries and
four other courses specifically designed for food
manufacturing, hospitality and catering, education
and health and social care. There are introductory,
intermediate and advanced levels depending on
the amount of detail required. The tool includes
easy to follow guidance, case studies, videos,
animation and quizzes, designed to give the user
the information needed to set up and maintain a
safer way of working. The third phase of Shattered
Lives in 2010/11 includes the new Work at Height
Access equipment information Toolkit(www.hse.
gov.uk/falls/wait/index.htm). This is a simple tool
for people who occasionally work at height. It
gives practical advice and guidance on the factors
to consider when selecting access equipment
for planned work at height and on some of the
different types of access equipment available.

Research and Practice for Fall Injury Control in the Workplace

_


http://www.hse
http://www.hse.gov.uk
http://www.hse.gov.uk/workplacetransport/statistics
http://www.hse.gov.uk/shatteredlives
http://www.hse.gov.uk/slips
http://www.hse

s =
t e

K (Jocdktlm s

Phase three also includes recent case study material
outlining some success stories from real workplaces.
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Supporting material includes downloads, industry
specific posters, a hazard spotting checklist and the
Slips Assessment Tool (www.hse.gov.uk/slips/sat/
index.htm) a downloadable software package which
allows animmediate assessment of the slip potential
of pedestrian walkways. It does this by gathering
information on the floor surface, contamination,
cleaning regimes, footwear and environmental
factors. People who leave their e-mail details are
sent regular slips, trips and falls from height e-mail
alerts with up to date news and advice on keeping
the workplace and staff safe. Over 37,000 people
have subscribed to date.

The material outlined above has been central to
the development of training and awareness raising
packages delivered to a wide range of different
stakeholders in recent years. At the core of this
training is the slip potential model (www.hse.gov.
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and risk is reproduced in Table 1. The data relates to
level surfaces only.

Sloping surfaces will require a greater level of friction
for a given level of risk. The friction requirements
listed under straight walking assume that the
pedestrian is moving at a moderate pace while
not turning,carrying, or pushing or pulling a load.
These factors would again result in a higher friction
requirement for a given level of risk.

Measuring Friction

When measuring the available friction on surfaces
it is vitally important that a valid method is used.
HSL's work over several years has concluded that
only two test methods provide reliable friction data.
The first of these is the pendulum Coefficient of
Friction (CoF) test used according to the protocols
detailed in the UKSlip Resistance Group Guidelines
[UKSRG 2005]. This test methodology can be

Table 1: Coefficient of friction vs. risk

Risk 1 in: Straight Walking  Turning left foot Turning right foot
1 000 000 0.36 0.40 0.36

100 000 0.34 0.38 0.34

10 000 0.29 0.34 0.33

200 0.27 0.31 0.32

uk/pubns/web/slip01.pdf) for assessing the slip
resistance of flooring. A technical information
sheet). We use this model to promote a holistic,
risk assessment based approach to tackling slip
accidents. The main features of the model are
described in more detail below.

Required Friction

To help reduce the number of slip accidents, we
need to understand the friction requirements of
people using pedestrian surfaces. Data published
by the UK Building Research Establishment [Pye
and Harrison 2003] summarizes an experiment they
carried out to measure the required coefficient of
friction. The data gathered showed that people
have different requirements, which can be analyzed
and related to risk. The relationship between friction

Res

applied to samples inthe laboratory and can also be
used on site. Data generated by HSL [Hallas et al.
2008] using this method in accident investigations
supports the friction requirement data published
by BRE. The second method is a laboratory based
ramp method. HSLs basic methodology uses
trained operators walking at a controlled constant
pace with standardised footwear soling materials
and potable water as the contaminant. The test
can also be used to assess bespoke combinations
of footwear, flooring and contaminant relating
to specific work place environments. The data
generated is reported as coefficient of friction to
allow easy interpretation and direct comparison
with pendulum data. Our work has also identified
a complementary measurement of surface micro
roughness found to be useful in many situations,
especially when used with the SAT. Surface micro
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roughness measurement canalso be used as asimple
monitoring tool to identify changing characteristics
of surfaces in service.

The data generated by these methods requires
careful interpretation and a lot of good advice
is contained in the references provided. The
Construction Industry Research and Information
Association (CIRIA) have recently published
further useful information [Carpenter et al. 2006].
The document will be updated in 2010. Technical
specifications for various ramp methods and the
pendulum method are currently being developed
in a European Standards Committee group
(CENTC/339/WGH1).

Cleaning

Cleaning is the obvious link between flooring
and contamination. Cleaning can help reduce the
likelihood of slip accidents by keeping floors free
of contamination but it is important to remember
that the cleaning process itself often introduces
contamination to the surface (water or detergent
solution). The process needs to be properly
thought through and carefully managed. Research
has shown that where cleaning is carried out
effectively, it can make the difference between
a floor being an unacceptably high slip risk or an
acceptably low slip risk (www.hse.gov.uk/pubns/
web/slips02.pdf). There are several case studies
highlighting the various aspects of cleaning on
the HSE website.

Footwear

Using flooring surfaces we have characterized
using the pendulum method, HSL have recently
utilized a ramp based method to evaluate
footwear. This has identified several pieces
of footwear that perform well in terms of slip
resistance [Loo-Morrey and Houlihan 2007].
HSL currently believe that this ramp based
method of test generates more relevant data
than the CEN method of test [BSI 2007]. As
mentioned previously, bespoke combinations
may be evaluated and careful selection of
footwear can help significantly in reducing the
likelihood of slip and fall accidents. However
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simply relying on footwear, which has achieved
a particular threshold in a standard test, is not
enough to ensure a reduction in slip accidents.
This is exacerbated by the low threshold values
in the current CEN test. Test data should be
complemented with other information including
details of tread pattern, the number and length
of square leading edges and the micro roughness
and hardness of soling compounds. However
even with all this information the best that is likely
to be achieved is improving the odds of selecting
an appropriate product.

It is also important to remember that the
overwhelming majority of footwear that is tested is
new and that it may change significantly in terms of
slip resistance even with little wear. This is especially
true if the footwear has fine detail on the tread
surface, which is quickly lost in use. Ultimately the
best test for footwear is for it to be trialled in real
workplace environments. An Informative Annexe
to the recently published CEN method has been
prepared and will be published in 2010.

It is very important to remember that slip
resistance is only one aspect of the performance
of safety footwear. Other features such as toe
caps and protective insoles are more likely
to be prominent in the minds of prospective
purchasers. The statistics detailed earlier are a
powerful case for slip resistance to be given much
higher priority. At present slip resistant footwear
and safety footwear are not the same thing!

Barefoot

The ramp-based method described above can
also be used to generate barefoot data. In our
experience the method is less precise than
the shod version of the test but nevertheless
provides useful data. Surfaces that perform well
under test perform well in service.

Profiled Surfaces

Ramp methods can also be used to determine
the slip resistance properties of profiled surfaces.
Different orientations of the profile need to be
tested to establish any directional effect. The
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complementary measurement of surface micro
roughness is also useful in building up a fuller
picture of how these surfaces are likely to
behave.

Recent work has raised questions about the slip
resistance properties of such surfaces [Thorpe
et al. 2007]. Laboratory and anecdotal data
suggests they do not necessarily provide the
user with greater friction than their unprofiled
equivalents. The choice of footwear appears
to be far more important. Profiled surfaces
can also change very quickly [Houlihan 2008]
with some significant changes observed on
some surfaces just from the wear incurred by
the process of testing. All observed changes
resulted in a reduction in the slip resistance
as measured, with obvious implications for
their performance in use. These surfaces are
often encountered in external environments
exposed to a wide range of contamination.

They are routinely used on ladder treads,
mobile work platforms and on various forms
of workplace transport including tail lifts and
steps into vehicle cabs. Anecdotal evidence
also suggests that profiled surfaces can be
a problem for barefoot users. This is an area
which is less well researched and further work
is ongoing.

Conclusions

Slips and falls are the most frequent accident
type reported to HSE. In addition they are the
initiators of many other types of accidents. They
create a serious burden on the UK economy and
beyond in terms of the injuries and deaths they
cause and the consequent costs. Better tests and
clear data with supporting information will help all
stakeholders, giving them a better understanding
of the challenges they face. This in turn will lead
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to better decision making, which will ultimately
lead to fewer accidents, injuries and fatalities
in the workplace. Recent work described in the
paper has developed various tools, in particular
the STEP tool, and a great deal of information to
help address the problem of slips, trips and falls
in the workplace. Effort must be maintained to
ensure it becomes properly embedded.
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Introduction

Arbouw was set up in 1987 by employers’ and
employees’ organizations to improve working
conditions in the construction industry and to
decrease absence resulting from sickness. The
board of Arbouw consists of representatives of
employers and employees organizations.

Arbouw is a small Non Governmental Organization;
we cannot enforce changes by law. We can
persuade employers and employees to make an
agreement on working conditions. Beside this
we inform construction workers and firms via the
internet and a magazine about their influence on
working conditions.

Working in the construction industry means
being involved with safety issues. Arbouw has
estimated that there were 9.370 work-related
accidents in 2007 among 217.000 construction
workers. Furthermore, both employers and
employees have noticed over a period of many
years that there are too many accidents in the
construction industry.

Following the life cycle of a construction there are
moments of intervention. According tothis moments
of intervention this paper describes the problems
and if possible the opportunities to change.

Design Stage

There is a saying ‘rubbish in; rubbish out’. This
can be translated to construction industry. A
wonderful design that is hard to construct leads
to unsafe working conditions.

The architect and the structural engineer are
largely responsible for health and safety in the
execution phase. The choices these disciplines

make about design and the use of materials are
major factors in determining the possibility of
safe building practices.

Since 1994, building designers have had to
take the working conditions during execution,
maintenance and demolition work into account
in their designs. This obligation is contained in
“Directive 92/57/EEC," a Directive that has been
incorporated into national legislation in all EU
countries. In the Netherlands, the obligation
is implemented via the Arbo-besluit (Working
Conditions Decree), which forms part of the
Arbo-wet (Working Conditions Act).

Most of the publications on this subject
have offered solutions that can be directly
implemented or checklists to monitor the design
afterwards. This type of precise advice inhibits
the designer’s creative process and hampers the
usual design process. Designers are used to a
methodical approach, which is one of the reasons
for suggesting that a method would be the best
way to turn safe construction practices into a
standard part of the regular design process.
Designers must reduce foreseeable hazards to a
minimum and this must be done in a systematic
way [Bluff, 2003].

In an attempt to solve this, Arbouw developed
a method for safety assessment in design phase
[Frijters and Swuste 2008]. This method can be
incorporated into the design process for building
elements and construction methods.

The method works on the basis of building
elements and comparisons with alternative
construction forms, and comparing hazards and
exposure to hazards. A building element is a part
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of a building with an independent function, for
example a roof, a wall or a floor.

For these building elements the potential hazards and
risks are assessed. The combination with the duration
of exposure to these hazards provides insight in
construction tasks with high, medium and low risks.
The low risk activities are the preferred construction
form for that particular building element.

Building Permit ‘XL’ (check safe design)

Within one year safety maintenance of the outside
of the building is a condition to get a ‘building
permit’. This will be embedded in regulations and
the local authorities are pointed out to control
the design as a part of their normal procedure.

We, Arbouw, in corporation with other organizations,
are asked to provide principals, designers,
architects, local authorities and technical universities
with knowledge, information and instruments for
implementing the new regulation. Those materials
need to be developed and produced.

Generally the designer must anticipate on
maintenance. He must include the highest level
of safety measures for maintenance activities.
For instance on a flat roof there must be a railing,
cleaning the windows must be done from a
position without the risk of falling.

The expectations of this project are high although,
we estimate only results on long term.

Selection Guide ‘Safe Workplace at Height'

Working on height is dangerous and causes
accidents. In 2001 we produced a guideline ‘fall
protection’. There is a large amount of systems to
protect workers falling from height. Not all systems
are useful in all occasions. Not all experts are aware
of the systems or its restrictions in use. Sometimes
the knowledge is limited to the system last seen of
what is on stock in the company.

In order to spread the knowledge and to guide
companies, the first guideline was set up.
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After the implementation of the EU directive
2001/45/EC there was a need to include equipment

to facilitate a workplace on height (e.g. mobile
scaffolding, MEWP).

In the selection guide ‘Safe Workplaces at Height'
(www.veiligwerkenophoogte.nl) companies and
workers find the best solution to create a safe
workplace and find advises to make a choice for
equipment. The Dutch delivers with a few questions
the best known system or equipment.

Working Conditions Agreement

In the Netherlands governmental regulations
are goal setting. This is often too abstract for
most companies. This kind of regulations offers
opportunities for unintentional measures.

Arbouw has produced the so-called ‘A-fact sheets’
(A-Bladen), reflecting agreement between
employer and employee organizations on preferred
solutions. These ‘A-fact sheets’ fill the gap between
abstract regulations and operational needs. Labor
authorities respect those agreements and use them
to control the H&S situation on construction sites.

On the subject ‘falling from height’ three ‘A-Fact
sheets’ are relevant to mention; the fact sheet
‘working on flat roofs’, ‘working on steep roofs’
and ‘scaffolding’.

Inthose fact sheets working with personal protective
fall equipment (restraint of arrest) is limited. For
instance scaffold building is no longer permitted
without the use of a railing. Work on a roof is not
permitted without use of a railing. The use of an PPE
is only accepted in case the activities fit a time frame
of maximum three work hours. Those agreements
were made last year, results are to come.

Safety Level: Dutch Safety Indicator

Managers and workers in construction are
not always aware of hazards and risks during
construction activities. When pointing out
hazards involved they are aware of the required
safety measures.
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