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Dear Readers
As evidenced by 10,000-year-old cave drawings of  men 
using ladders to gather honey, ladders have been around 
for a very long time. Today, people routinely use ladders 
at home and at work, but we don’t always take care to 
do so safely. Improper ladder use is a leading cause of  
severe fall-related injuries. This issue of  Scientific Up-
date focuses on the research conducted at the Institute 
to more fully understand the risk factors and mecha-
nisms underlying ladder-related injuries. 

We urge you to read the articles, watch the video seg-
ment, and let us know what you think.

Ian Noy, Ph.D.  
Vice President and Director 
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The Liberty Mutual Research Institute for Safety applies a mul-
tifaceted scientific approach to examine the physical, behav-
ioral, and environmental factors surrounding ladder falls. “Early 
on, our scientists focused exclusively on the human factors 
aspects of ladder falls,” says Ian Noy, Ph.D., Research Institute 
director. “Today, we apply biomechanics, tribology, epidemiol-
ogy, and even cognitive psychology to study this area of risk.” 
The goal of this research is to develop evidence-based strate-
gies for helping people select and use ladders more safely.  

In the Institute’s Center for Injury Epidemiology (CIE), 
researchers are studying national data from more than 300 
work-related ladder fall cases treated in US emergency depart-
ments. The study’s first published paper provides the most 
comprehensive view to date of the various factors surrounding 
occupational falls from portable ladders (see pp. 4-6). “By col-
lecting detailed, real-world data on ladder-related injuries, we 
learn about the types of injuries that occur, to whom and where 
they are occurring, and what circumstances and conditions 
were present at the time of injury,” notes CIE Director Theodore 
Courtney, M.S., C.S.P. “This knowledge has informed our cur-
rent study of risk factors just prior to injury as well as other 
Institute studies of reaching tasks and ladder set-up.” 

For example, the Center for Physical Ergonomics (CPE) 
investigates the human factors and ergonomics aspects of 
ladder falls as part of the larger work system. “There are many 

physical factors at play when an individual uses a ladder,” says 
CPE Director Nils Fallentin, Ph.D. “These include the type and 
condition of the ladder, the task being performed, the ladder 
angle, friction at the base of the ladder, climbing speed, and 
individual characteristics such as weight, gender, and height. 
We can best understand these factors as part of a complex 
system in which organizational and behavioral aspects are 
integrated with tribology and biomechanics.”  

The CPE is currently working with the Center for Behavioral 
Sciences (CBS) on two ladder studies (see p. 7). The first is a 
laboratory study that examines the impact of motivation and 
experience on risk during ladder reaching tasks. The second is 
a field study to examine how real-world workers set up ladders, 
and how organizational factors such as safety climate and 
corporate safety culture impact ladder safety.  

“Probably the biggest contributing factor to ladder falls is a lack 
of understanding on how to properly select and use them,” 
notes Marvin Dainoff, Ph.D., director of CBS. “By looking at the 
issue from both the biomechanical and behavioral sides, we 
can pinpoint the contributing actions and identify the best ways 
to mitigate the risk.”  

1National Safety Council’s 2011 Injury Facts.  
2American Journal of Preventive Medicine (Vol. 32, No. 5, 2007) 

Among the superstitious, walking under a ladder is considered bad luck—but the real danger of ladders lies in 
their everyday use at home or on the job. In fact, each year, more than 135,000 people are treated in US emergency 
departments for ladder-related injuries1. In 2007 alone, more than 400 people died as a result of falls on or from 
ladders or scaffolding.2
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To better understand the factors involved in workplace lad-
der falls and to identify ways to reduce the risk of fall injury, 
Liberty Mutual Research Institute scientists teamed up with 
researchers at the Harvard School of Public Health, the US 
Consumer Product Safety Commission (CPSC), the Center for 
Construction Research and Training, and the National Institute 
for Occupational Safety and Health. Initial collaborative work 
included literature reviews and the development and validation 
of a questionnaire designed to identify critical variables and 
risk factors related to falls from portable ladders (such as, step, 
trestle, extension, straight, or rolling ladders), which account 
for the majority of disabling work-related ladder injuries.  

In 2006, the Institute’s Center for Injury Epidemiology (CIE) 
launched an in-depth study of risk factors related to work-
place ladder falls. The study utilized cases from the National 
Electronic Injury Surveillance System (NEISS)—a stratified 
sample of all injuries reported in US emergency rooms—which 
is conducted by the CPSC. “We wanted to find out what 
potentially modifiable factors related to work equipment, work 
practices, and worker characteristics contributed to the risk of 
ladder falls,” explains CIE Principal Research Scientist David 
Lombardi, Ph.D. From the NEISS, researchers identified 306 
injured workers who had sustained an injury as a result of a fall 
from a ladder and had subsequently been treated at one of 65 
hospital emergency departments. For each identified case, a 
structured follow-back phone interview was conducted with the 

injured worker using a questionnaire developed by researchers 
with input from industry experts and workers who use ladders 
at their jobs.  

The Big Picture 

The study findings, reported in the Scandinavian Journal of 
Work, Environment, and Health (Vol. 37, No. 6, 2011), offer 
new insights into the big picture of on-the-job ladder falls 
(namely, the occupations that report ladder falls most often) 
as well as more specific factors related to the particular cir-
cumstances of ladder falls (pre-fall activities, tasks, and condi-
tions). “What made our study exceptional is that we were able 
to examine a large, nationally representative sample of lad-
der falls across a broad spectrum of industries,” explains Dr. 
Lombardi, noting that most studies of work-related ladder falls 
focus on one specific industry or occupation. “By looking at a 
cross-section of industries, we were able to gain new insights 
that can help us better understand and address these injuries.”  

 Among the most compelling findings, the results indicated that 
service industries are at greater risk of ladder-related injuries 
than might be expected. The three occupational categories 
with the highest percentages of ladder falls were construction 
(37.9%), installation, maintenance and repair (20.7), and sales 
and related fields (10%). “Certainly, the first two categories 
were not all that surprising,” Dr. Lombardi admits. “But we did 

The 2012 Liberty Mutual Workplace Safety Index cites falls from heights as the fourth leading cause of 
work-related injuries in the United States (see p. 9). According to the US Bureau of Labor Statistics, ladder 
falls accounted for 30 percent of disabling workplace falls from height in 2011.  The situation is similar in 
other developed countries such as the United Kingdom, where nearly a third of all reported workplace falls 
from height involve ladders and stepladders.  
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not anticipate finding out that 10 percent of falls occurred in 
sales and related fields. We are not inclined to think that falls 
from ladders occur in service industries, much less focus pre-
vention efforts there.”  

The study findings also revealed the extent to which women 
are impacted by ladder-related injuries. According to the data, 
14 percent of the 306 injured workers interviewed were female. 
“Most studies of work-related ladder falls are conducted in 
predominantly male industries like construction. As a result, we 
have little information on women and ladder falls. This study 
adds considerably to the information we have on ladder falls 
and women,” notes Dr. Lombardi.  

Equipment, Task, and Injury Types 

The study also found that more than half of the reported ladder 
falls occurred when workers were using step or trestle ladders; 
40 percent took place when workers were using extension or 
straight ladders; and nearly 9 percent of ladder falls occurred 
when workers used other ladder types (such as rolling lad-
ders). The majority of portable ladder falls occurred at an aver-
age height of 7.5 feet (35% of falls originated from less than 
5 feet and 5% from more than 20 feet). The most frequently 
injured body sites were: the arm, elbow, or shoulder; the head, 
neck, or face; and the lower trunk.  The main diagnoses were 
fractures, strains or sprains, and contusions or abrasions. 

Pre-Fall Activities 

With respect to the activity underway just prior to the fall, the 
data revealed that more than half of all of the reported ladder 
fall injuries took place while the worker was working from the 
ladder (see Figure 1). “This finding was not expected, since 
climbing up and down a ladder is often assumed to involve the 
most exposure to falling. But our data indicated that 51 percent 
of workers were standing or sitting and working on the ladder at 
the time of the fall, while 39 percent were climbing up or down,” 
observes Dr. Lombardi. The data analyses also indicated that 
the most frequently reported activities preceding a fall were: 
installing or hanging an item, and performing repairs or other 
maintenance tasks. “This information has implications for both 
workplace and home safety, and has inspired further research 
to understand the reason for such ladder falls,” Dr. Lombardi 
reports.  

Underlying Mechanisms  

Further study findings indicated that most of the 306 reported 
cases were associated with ladder movement, and that move-
ment varied according to ladder type (see p. 7 Figures). Among 
those study participants using an extension or straight ladder, 
nearly 54 percent reported that the ladder moved at the time 
of the fall. Of these, nearly 41 percent indicated that the lad-
der moved at the base. Among those working from a step or 

(Continued on next page)

Step/Trestle 
(N=156)

Extension/Straight 
(N=123)

Rolling/Wheeled 
(N=27)

Total 
(N=306)

Activity and task at the time of ladder fall N % N % N % N %

Standing/sitting and working from ladder 90 57.69 64 52.03 3 11.11 157 51.31
Climbing down ladder 42 26.92 29 23.58 14 51.85 85 27.78
Climbing up ladder 12 7.69 19 15.45 4 14.81 35 11.44
Getting on/off ladder 9 5.77 7 5.69 5 18.52 21 6.86
Other 3 1.92 4 3.25 0 0.00 7 2.29
Don’t know 0 0.00 0 0.00 1 3.70 1 0.33

Figure 1

Most studies of work-related ladder falls are conducted in predominantly male 
industries like construction. As a result, we have little information on women and 
ladder falls. This study adds considerably to the information we have on ladder 
falls and women.
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trestle ladder, only 33 percent reported that the ladder moved 
at the time of the fall, and approximately 15 percent of these 
instances occurred at the bottom of the ladder.  

Fractures  

In addition to analyzing the factors surrounding ladder falls, 
researchers examined the NEISS data to evaluate the risk of 
fractures—the most frequent and severe outcome from lad-
der falls. “Our analyses indicated that fractures comprised 28 
percent of severe ladder-related work injuries treated in emer-
gency departments,” notes Dr. Lombardi. Researchers ana-
lyzed these fractures as a function of several variables related 
to work environment, equipment, and the workers themselves. 
“We found that standing and working on the ladder brought a 
1.6 times greater risk of fracture than climbing up and down, 
and that both age and ladder height had a significant impact 

on risk of fracture from ladder falls,” says Dr. Lombardi. “This is 
important in light of an aging population, and more specifically, 
an aging workforce.”  Gender, body mass index, ladder place-
ment, slipperiness, stability, and ladder type, although poten-
tially important, were not significantly related to fracture risk. 

 “These and future analyses of NEISS data will ultimately help 
inform ladder-fall prevention strategies both at work and at 
home by providing important data on the factors surrounding 
such falls,” notes Dr. Lombardi. “The more we know about who 
is falling from ladders, under what circumstances, and why, the 
better we can determine ways to modify tasks and conditions, 
and develop tools and training to help prevent injuries.” 

Over the years, the Liberty Mutual Research Institute for Safety 
has investigated certain aspects of ladder set-up (such as the 
ladder inclined angle and friction requirements) in an effort to 
identify and reduce associated risk factors. More recently, the 
research focus has been expanded to examine other factors 
related to ladder safety, including specific tasks and conditions, 
as well as behavioral and organizational factors surrounding 
ladder use. 

In 2000, Liberty Mutual researchers reported on an experi-
ment in which study participants set up ladders in controlled 
laboratory conditions. The results of numerous trials indi-
cated that—without the use of specific techniques or assis-
tive devices—individuals set up ladders at a mean angle of 
67 degrees, which is eight degrees less than the American 
National Standards Institute’s (ANSI) recommended 75 
degrees. “Although perceived angles might differ by only a 
few degrees, we know that even small variations can poten-
tially create a considerable change in the coefficient of fric-
tion required to keep the ladder stable,” explains Center for 
Physical Ergonomics (CPE) Senior Research Scientist Chien-
Chi (Max) Chang, Ph.D.  

In 2003, Institute researchers conducted a controlled labo-
ratory study that examined the interplay of various factors, 
such as climbing speed, direction, height, ladder angle, body 
weight, and type of top support (roller vs. non-roller), and their 
effects on measured friction between the ladder bottom and 
the floor surface. For this study, researchers used a force 
plate to measure the vertical and horizontal forces at the bot-
tom of an inclined ladder (at 65-degree and 75-degree angles) 
as subjects climbed at both slow and fast rates. A total of 17 
participants, categorized into three groups by body weight 
(light, intermediate, and heavy), performed 16 variations of the 
ladder-climbing task.  

The findings, published in Safety Science (Vol. 43, No. 7, 
2005), indicated that when the ladder’s inclined angle was 
adjusted from 75 to 65 degrees, the friction required to keep 
the ladder in place increased by 73 percent, thus significantly 
increasing the risk of slippage. “The study confirmed that the 
angle of incline is the most critical factor affecting the required 
friction at the bottom of the ladder, but the findings also showed 
climbing height and speed to be significant factors,” says Dr. 
Chang. The required friction increased approximately nine 

Liberty Mutual:  A Legacy of  Ladder Research 
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Extension/Straight Ladders N=123

  Ladder moved 
53.7%

Foot miss/Slip 
21.5%

Other 
3.3%

Struck by object 5.8%
  Surface moved 2.5%

Ladder  
broke 5.0%  Backwards 3.3%

Top 4.1%
Sideways 6.6%

Bottom 40.5%

Lost balance  
7.4%

Other 3.2%
Lost handgrip 1.3%

Struck by object 3.2%
Ladder broke 3.2%

  Don’t know/Refused 4.5%
  Surface moved 0.6%

  Ladder moved 
33.3%

Lost Balance 
27.6%

Foot miss/Slip 
23.1%

 Backwards 0.6%
  Top 2.6%
Twisted/Shook 2.6%

Sideways 12.2%

Bottom 15.4%

Step/Trestle Ladders N=156

Figure 2 Figure 3

Liberty Mutual:  A Legacy of  Ladder Research
percent for each rung higher upon which participants posi-
tioned themselves; and when participants increased their 
climbing speed from 55 to 75 steps per minute, the required 
friction increased nearly 6.5 percent.  

While the results of these Institute laboratory studies support 
the ANSI-recommended 75 degree inclined angle, they also 
point to a need for more information on how ladder injuries 
occur and for evidence-based approaches to help workers use 
ladders more safely. 

Moving Forward 

Researchers in CPE and the Center for Behavioral Sciences 
(CBS) are currently collaborating on two studies that investi-
gate both ergonomic and behavioral aspects of ladder use. The 
first, a laboratory study, examines the effects of motivation and 
acclimation on lateral reach distances from stepladders. The 
second study observes utility workers in the field as they set up 
and use portable ladders, and then looks for associations with 
injury occurrence and safety climate. 

The first study was motivated by the Center for Injury Epidemi-
ology’s findings that most portable ladder falls occur when 
an individual is working from the ladder, as opposed to climb-
ing up or down (see pp. 4-6). “This finding inspired us to look 
more closely at ladder tasks that involve lateral reaching,” 
states CPE Researcher and principal investigator Angela 
DiDomenico, Ph.D. “We are conducting a study that looks at 
effects of motivation and experience on lateral reach distances, 
stability, and risk perception,” she continues.  

CPE researchers hypothesized that novice users would reach 
farther when motivated to do so and/or after becoming used 
to working on stepladders. To test this theory, they collected 
motion and force data from 24 male novice and 24 male 

experienced ladder users as they performed lateral reaches 
from 6- and 12-foot stepladders under motivated and non-moti-
vated conditions. “We are currently analyzing the data to see 
if our hypothesis is correct,” says DiDomenico. “Ultimately, we 
hope that our findings will inform ladder safety guidelines and 
recommendations related to work from portable ladders.” 

In the second study, CPE researchers observed utility work-
ers as they set up and used portable ladders on the job. The 
researchers collected detailed data on climbing behavior, the 
use of personal protective equipment, ladder carry tasks, and 
ground conditions as workers performed their jobs. Participants 
completed a pre-task questionnaire on company safety climate 
prior to the field observations, and then completed a second, 
post-task questionnaire assessing their knowledge of ladder 
set-up. “Ultimately, we were looking to see if there is an asso-
ciation between ladder usage, safety climate, and injury out-
comes,” reports CPE Principal Research Scientist and principal 
investigator Wen-Ruey Chang, Ph.D.  

CBS researchers are currently examining the pre-task  
questionnaire data to determine whether a company’s safety 
climate—defined as the employees’ shared perceptions of 
a company’s true safety priority—is linked to ladder-related 
safety practices and injury outcomes. “Safety climate has 
been shown to predict injury outcomes in general, but has not 
been linked to particular injury types,” CBS Senior Research 
Scientist Emily Huang, Ph.D. explains. “An association among 
ladder usage, safety climate, and injury outcomes would sug-
gest that influencing safety climate through better training, 
communication, and oversight of ladder safety practices could 
help reduce on -the-job injuries,” concludes Dr. Huang. 
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Combatting Ladder Falls: One Rung at a Time

Each year, thousands of Americans are treated in hospitals 
for ladder-related injuries. This fact suggests that ladders 
users, whether at home or at work, are not taking appropriate 
safety precautions. “Often, people don’t associate ladder use 
with injuries, simply because ladders are such a commonly 
used tool,” says George (Don) Tolbert, Loss Control Advisory 
Services technical director at Liberty Mutual Insurance. 
“People assume that setting up a ladder safely is intuitive, but 
there’s really a lot more to it.” Tolbert credits the Liberty Mutual 
Research Institute for Safety for conducting studies to identify 
and help address risk factors surrounding ladder-related falls.

For example, a recent Research Institute study confirmed the 
ANSI-recommended 75-degree ladder set-up angle when it 
found that reducing the angle by as little as 10 degrees (from 
75 to 65 degrees) nearly doubled the friction required to keep 
the ladder stable (see p. 6). “This finding is extremely impor-
tant because it highlights the need to get the angle right,” says 
Tolbert. An earlier Institute study showed that when people 
are asked to set up a ladder at a 75-degree angle without the 
assistance of a measuring device, the resulting mean angle 
was approximately 67 degrees (see p. 6).

Since most people are not equipped to precisely measure a 
75-degree angle when they are setting up a ladder, Tolbert 
recommends the following easy-to-implement strategies for 
helping to improve ladder set-up angle accuracy.

• Set the base of the ladder one-quarter of the working ladder
length from the wall. (See Figure A)

• Alternatively, stand with your toes at the base of the ladder
and hold your arms straight out. Position the ladder so that
the heel of your palm comfortably reaches the side rails (see
Figure B).

“While these strategies are not perfect, it is worth the minimal 
time investment needed to learn and help train others in these 
simple techniques,” says Tolbert. “Such techniques, when 
combined with use of proper equipment and a common-sense 
approach to safety, can go a long way to help reduce the risk of 
a ladder fall.” 

Ladder Safety Tips1 

In addition to the above techniques, the following tips can 
promote safer ladder selection and use. 

1. Check for damaged rungs or side rails and loose, broken,
or bent hardware. Check the condition of the extension
ladder ropes and pulleys. If you think a ladder is defec-
tive, do not use it.

2. Clean wet or slippery rungs before using the ladder.

3. Ask for help when moving or setting up heavy or awk-
ward ladders.

4. Always erect the ladder on a solid, level surface. Install a
manufacturer-approved “leveler” if the ladder will be used
on uneven surfaces.

5. Secure the base when raising an extension ladder, and
never set ladders up when they are extended.

6. Rest both side rails equally at the top. Install a single sup-
port attachment at the top when the ladder cannot rest
against a flat surface.

7. Protect the base of the ladder from traffic.

8. Secure the ladder against displacement. When securing
a ladder at the top, have someone “foot” the bottom until
the top is tied off.

9. Open stepladders fully and lock the spreader. All ladder
feet should contact a level supporting surface.

10. Ensure that the areas around the top and bottom of the
ladder are clear of debris and materials that could cause
the user to slip when mounting or dismounting.

1Source: Loss Control Reference Note, LC858, 2012, Liberty 
Mutual Insurance.

Figure A Figure B
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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 scientific, business-relevant 
knowledge in workplace and highway safety and work 
disability. The Institute’s findings are published in the 
open, peer-reviewed literature, and they often serve as 
the basis for recommendations, guidelines, and interven-
tions used by industry to help reduce workplace injury 
and related disability.

Readers may reprint any item from this newsletter with 
specific acknowledgement of the source. For more  
information about our publications, programs, or  
activities, or to be added to our mailing list, please visit  
www.libertymutualgroup.com/researchinstitute.

Telephone: 1-508-497-0211 
E-mail: researchinstitute@libertymutual.com
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