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ABSTRACT. Livestock handling in dairy production is associated with a number of health and safety
issues. A large number of fatal and nonfatal injuries still occur when handling livestock. The many
animal handling tasks on a dairy farm include moving cattle between different locations, vaccination,
administration of medication, hoof care, artificial insemination, ear tagging, milking, and loading onto
trucks. There are particular problems with bulls, which continue to cause considerable numbers of
injuries and fatalities in dairy production. In order to reduce the number of injuries during animal
handling on dairy farms, it is important to understand the key factors in human-animal interactions.
These include handler attitudes and behavior, animal behavior, and fear in cows. Care when in close
proximity to the animal is the key for safe handling, including knowledge of the flight zone, and use of
the right types of tools and suitable restraint equipment. Thus, in order to create safe working conditions
during livestock handling, it is important to provide handlers with adequate training and to establish
sound safety management procedures on the farm.
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INTRODUCTION

Livestock handling is a critical component of
worker health and safety on dairy farms. A large
number of fatal and nonfatal injuries occur
on dairy operations,! and livestock handling is
a major contributor of these injury incidents.
In order to implement effective safety measures,
it is important to understand why livestock-
handling injuries occur, since in modern dairy
production many safety measures are available
to prevent these injuries from occurring.

Worker injury and fatality surveillance data
often do not provide sufficient information to
answer the question why livestock-handling
injuries occur, and research addressing
livestock-handling injuries and fatalities on
dairy farms is limited. This paper aims to give
an overview of research on dairy livestock-
handling injuries, with special focus on human
behavior and facility design as risk factors.
Safety management and livestock-handling
training programs will also be elucidated.

BACKGROUND

Livestock handling is a hazardous activity
involving many potential contributing factors
that may lead to worker injury or even death.
However, farm workers often do not view live-
stock as a source of danger.” A variety of activi-
ties and work tasks on dairy farms involve live-
stock handling. These include feeding, moving
cattle between locations, artificial insemination,
animal care such as hoof care, dehorning, vac-
cinations, applying topical or administering oral
medication, ear tagging, milking, loading cattle
onto trucks, calving, and euthanasia.”

Research suggests that livestock-handling
incidents account for a large percentage of the
injuries on dairy farms.>~® For example, Layde
et al.” reported that those living on dairy farms
in midwestern US dairy-producing states had
an increased risk of animal-related injuries,
and cattle were involved in the vast majority
of animal-related injuries. Similarly, Watts
and Meisel'” conducted a 1-year prospective
evaluation of injuries resulting from direct
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contact with cattle in a New Zealand rural
hospital and found that 90% of injuries (n =
70) took place on dairy farms. These injuries
were the result of being kicked by a cow (58%),
crushed between cattle and other objects (22%),
stood on (9%), and head butted (5%). The
anatomical location for injury was mostly the
hand and wrist, which accounted for 58% of
all injuries.!® Douphrate et al.> reported similar
findings by analyzing worker compensation
claims data involving dairies in a western
US state. The majority of livestock-handling
injuries on US dairy farms involved large oper-
ations employing 10 or more than 10 workers.
Additionally, injured workers were mostly male,
young, and inexperienced working on a dairy.
The highest percentage (27%) of injuries were
to the wrist, hand, and fingers, and nearly 50%
of livestock-handling injuries took place in the
parlor while milking cows.

About 5000 injury incidents that resulted
in bodily injury and impeded ability to work
occurred on Swedish farms during 2004.% About
30% of these occurred on dairy farms. Fifteen
percent of all Swedish farms with milk produc-
tion had one or more injury incidents during
that year. Most injury incidents occurred during
milking, handling, and movement of animals.
These livestock-handling injury events involved
the worker being kicked, stepped on, hit, or
crushed by cattle. Fall-related injury incidents
(e.g., slipping/tripping) were relatively common
during milking as well as during manure han-
dling, stall cleaning, and handling concentrate
feed.®!! In a study of 127 retired male farmers
in Sweden, about 20% cited work-related health
problems as the primary reason for retirement,
with injuries arising from livestock-handling
incidents being one of the causes.'?

Geng et al.!3 reported that differences con-
cerning the overall risk of injury incident were
small between a conventional loose housing
barn with a tandem stall milking parlor (MPT)
and a loose housing barn with a single auto-
matic milking system (AMS) unit. The risk of
injuries during milking (e.g., bringing cows to
milking, milking, cleaning milking equipment,
and washing-up) was twice as high on farms
with MPT than on farms with AMS, but the risk
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of injuries when performing other tasks (e.g.,
bedding and feeding) was higher on farms with
AMS. Thus, when these risks were weighted
with working time, the differences between the
systems balanced out.

A case-control study of dairy farm activities
identified milking and hoof trimming as having
an increased risk for worker injury.® Other stud-
ies have reported feeding activities as a source
of injury.'4~1® Research has yet to suggest other
activities such as cow /calf treatment, calving, or
dehorning as having an increased risk of injury,®
but other livestock-handling activities can result
in injury to those working in close proximity to
dairy cows.

Dairy bulls present a high risk for worker
injury, and injuries inflicted by bulls are more
severe than those inflicted by cows.!”!® In
a study of farm worker injuries associated
with bulls, head-butting was the most common
cause of injury and bulls often inflicted multi-
ple injuries. The most frequently injured body
parts involved the legs and chest, with fractures
and contusions being the most common injury
types.!” Despite reduced dependence on bulls
resulting from increased use of artificial insem-
ination (AI) on modern farms, bulls continue to
cause an unacceptable number of injuries and
fatalities. Until the late 1940s, nearly every dairy
farm maintained one or more bulls for breed-
ing, as high-quality breeding bulls were seen
as the most important element on a successful
dairy farm. Artificial insemination was intro-
duced around 1938, with dairy farmers being
the first to adopt the practice. Since then, the
dairy industry has seen a rapid reduction in the
number of bulls maintained on dairy farms,"
as modern farms rely almost exclusively on Al
breeding to improve herd genetics and fertility.
However, bulls are still used for “cleanup” pur-
poses in modern dairy herds or raised for beef
production.?”

Dairy bulls have a reputation for being the
most dangerous and aggressive type of bulls,
and contribute to most attack-related injuries.?'
As long as bulls have a presence on dairy farms,
they will continue to pose a risk for the safety
of farm workers as well as family members.
An analysis of 287 bull-related cases from
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14 countries revealed the following: (1) workers
were at higher risk for injury when exposure
hours to bulls were higher than exposure
hours to cows; (2) the risk of a bull-related
fatality, based on hours of exposure, was higher
than other hazards such as tractor operation;
(3) injured workers generally had considerable
experience with handling bulls; (4) bulls raised
from calves on-site appeared more aggressive;
and (5) most injury incidents involved the
worker being inside a bull holding area.'” Casey
et al.'” reported that working alone and not
having an escape option were important risk
factors in bull-related injuries, and the authors
emphasized the importance of proper facilities
and worker training.

RISK FACTORS FOR INJURIES IN
LIVESTOCK HANDLING

The questions of why and how livestock-
handling injuries occur on dairy farms need to
be investigated. Various studies have reported
factors associated with an increased risk of an
animal-related injury. Among these risk fac-
tors are younger age,>’? older age,”> male
sex,>? number of hours worked,’”-? hearing
difficulties,?? and arthritis /rheumatism.??

Farmers seem to be aware of the dan-
gers of handling large animals.?*2® However,
simply being aware of injury risks and rec-
ommended safety practices is not enough to
prevent livestock-handling injuries.?>?’ Stress
is one factor believed to have an impact on
decision-making and risk-taking behaviors.?’-?8
Studies have shown that stress and time
constraints/pressure are factors that farmers
themselves commonly mention as contributing
factors to injuries.?>?%2° Worker stress may be
a contributing factor in animal-related injuries,
since worker stress can be conveyed to cat-
tle, which may influence their behavior and
response to handling. The relationship between
worker stress and animal-related injuries is an
issue for future research.

The outcome of an interaction between
humans and animals is dependent on animal
behavior, handler behavior, and the environment
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in which the interaction takes place. Because
little can be done to change behavioral instincts
of cattle, there are only two factors that can
be modified to decrease the risk of a livestock
handling-related injury: human behavior and
the working environment.>® Human behavior
including handling techniques as well as the
working environment regarding facility design
will be further discussed in the following
section.

HUMAN BEHAVIOR

There has been limited research on human-
animal interactions in dairy farming. The aim
of previous research has been to study human-
animal interactions in relation to animal wel-
fare and productivity. However, the knowledge
gained from such studies can also be useful
when considering handler safety.

One animal motivation that will determine
its response to human activity is fear.>! Rough,
aggressive, and unpredictable handling may
induce fear in the animal.>? Studies have demon-
strated that a cow’s fear response to humans
affects their productivity, behavior, and wel-
fare. Fearful animals are more difficult and
hazardous to handle and manage,*” and fearful
and agitated animals have been reported to be
a major cause of livestock-handling injuries.*3
In situations where farm animals are regularly
improperly and are fearful of humans, the ani-
mals may experience acute or chronic stress
responses. These stress responses affect animal
behavior and compromises animal welfare and
productivity.?! A qualitative study of safety and
animal-handling practices among female dairy
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farmers in Finland concluded that one impor-
tant aspect of safe cattle handling is a trusting
and positive relationship between the animal
and handler.”* Similar findings were reported
in a qualitative study of Swedish dairy farmers,
where handler behavior was concluded to be
a main factor influencing the risk of injury
during cattle handling.?® The element most fre-
quently mentioned by farmers in the latter study
was the importance of consistently being calm
and gentle when handling the animals, but they
admitted that in stressful situations it is easy
to lose patience and handle them improperly.?
Bertenshaw and Rowlinson* reported that UK
farmers believed that humans have an impact
on cattle temperament, and negative experiences
with humans can result in poor milking tem-
perament. In summary, proper handling has the
potential to reduce stress in cattle and reduce the
risk of worker injury.3?

Hemsworth et al.> reported a relationship
between handler attitudes and behavior and fear
in dairy cows. A positive attitude towards cows
was found to be negatively correlated with the
use of negative tactile interactions such as slaps,
pushes, and blows.’>3¢ Several studies have
reported that restless behavior (flinch/step/kick
responses) by cows during milking are corre-
lated with negative tactile or loud, harsh vocal
interactions by milkers.3>=37

Hemsworth proposed a schematic (Figure 1)
describing the sequential relationship between
the attitudes of handlers and animal response.’®
The relationships illustrated in the schematic
indicate that it is possible to invoke fear among
dairy cows by handler attitudes and behavior.>
Hemsworth et al.* reported lower levels of fear
in cows, measured by flight distance to humans,

FIGURE 1. Model of human-animal interactions. Since fear also affects risk and safety, it could be
added to the last circle together with productivity and welfare. Source: Hemsworth (2003).%8

Behaviour

Productivity
and welfare

A
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following a cognitive-behavioral intervention
procedure designed to improve the attitude and
behavior of handlers toward cows. Therefore,
safety interventions addressing handler attitude
and behavior may result in reduced fear
responses to humans among dairy cattle.

HANDLING TECHNIQUES

Methods of animal handling may also have
an influence on livestock handling-related
injuries.” Worker understanding of the behav-
ioral characteristics of cattle may facilitate
gentle yet efficient handling, and reduced
risk for worker injury.** Grandin® reported
essential principles of proper cattle handling,
which include the cow’s flight zone and point
of balance.

The area surrounding an animal that irt
considers its “personal space” is referred to as
the animal’s “flight zone” (see Figure 3). The
flight zone is the space around the animal that,
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when entered, causes the animal to move away
from the approaching handler. As the name
indicates, the flight zone is predicated on the
notion that an animal will first try to move away
(flee) from an intrusion into its personal space,
before it will fight to defend that space. Animals
in daily contact with humans have a smaller
flight zone (dairy cattle), whereas animals
that spend most of their time roaming with a
herd have a larger flight zone (grazing beef
cattle). By exploiting this concept in a gentle,
nonaggressive way, a worker can encourage
cows to move in a desired direction or towards
a specific location, as shown in Figures 2 and
3. However, a worker not understanding this
concept or applying it incorrectly increases the
likelihood of the cow responding in a defensive
mode or fleeing in panic, potentially increasing
the risk of worker injury or even death.’
Another important concept is the “point of
balance,” which is the area within the animal
(usually in the central region) that if approached
from the front will cause the animal to respond

FIGURE 2. Graphical depiction of the “sweet spot” concept that a handler can use as a tool to
avoid the cow being surprised when approached (color figure available online).

Handlers position
tostop movement

Handlers position
" tostart movement
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FIGURE 3. Graphical depiction of the “flight
zone” concept that a handler can use as a tool
to move animals in a desired direction
(color figure available online).

| Point of Balance

Animal Flight Zone

\
N !
Handler Handlsr
Pasitien Posttion

by backing up (Figure 4). If the animal is
approached from behind the point of balance, it
will respond by moving forward. Therefore, the
handler must understand and appreciate a cow’s
point of balance. By utilizing and applying the
flight zone and point of balance correctly and
in concert, a handler can move a large number
of animals safely and almost effortlessly in a
desired direction.??

The concept of “low-stress livestock han-
dling” has drawn much attention lately and is
described in various textbooks.*! Workshops
teaching these principles have been available for
several years in the United States and Australia
and reported experiences by livestock handlers
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confirm its effectiveness and benefits. However,
no scientific evaluation of low-stress livestock
handling has been reported. Low-stress live-
stock handling deserves more attention because
it explicitly utilizes the animal’s behavior as the
tool rather than human behavior or other meth-
ods that might be foreign to animal and poten-
tially more prone to unforeseen and unexpected
animal responses leading to injuries.

DESIGN OF FACILITIES

Proper facility design can play a major role
in preventing injury incidents. Grandin has
reported on livestock-handling facility design
to improve cattle-handling efficiency.*> A prop-
erly designed livestock-handling facility will
facilitate the efficient moving of cattle where
the animals move on their own accord with
limited interaction with the handler. According
to Grandin,** facility design based on sound
ethological principles will reduce the inci-
dence of alarmed, excited cattle as well as
the risk for worker injury. Most research by
Grandin involved beef cattle-handling facilities,
i.e., abattoirs, markets, and yards on ranches.
Therefore, recommendations may not be appli-
cable in the traditional dairy barn. However, the
basic principles on cattle behavior are universal,
which form the basis for proper facility design.
Some features of a good facility design are

e Facilities should have nonslip flooring.
e Alleys should be free from visual and audi-
tory distractions causing cattle to balk (i.e.,

FIGURE 4. Graphical depiction of the “point of balance” concept that a handler can use as a tool
to move animals in a desired direction (color figure available online).

Point of A’//

balance
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shadows, reflections, changes in flooring
type, and excessive noise).

e Alleys should be designed with a minimum
of corners and sharp turns.

e Facilities should have escape routes so that
it is possible for the handler to rapidly exit
from the cattle area if the animal turns or
attacks.

e Facilities should be sturdy and in good
repair.>

Poor facility design can cause difficul-
ties when moving cattle, which may lead to
improper handling of the animals. Maller et al.*3
reported that poor facility design features in
the milking parlor may affect cow behavior and
ease of handling, which may also affect worker
job satisfaction. Milking parlor characteristics
and their effects on cow behavior and working
conditions is an opportunity for future research.

Risk factors for livestock-handling worker
injury include activities that increase exposure
and proximity to the animal.** In order for
an interaction between a human and animal to
result in an undesired outcome (i.e., worker or
animal injury), there must be a certain proxim-
ity between the animal and handler. The handler
has to be within a reaching or striking dis-
tance (e.g., strike zone) of an animal to be
affected by its actions. If humans could per-
form all animal-related handling tasks outside
this strike zone, the risk of being injured by an
animal approaches zero. In essence, the closer
proximity between a worker and animal, the
greater the risk of being injured in the event
of an unexpected response or reaction from the
animal. However, many tasks cannot be per-
formed from a distance, and close interaction
with the animal is often unavoidable in a hus-
bandry scenario. From a safety perspective, it is
of critical importance to assign tasks involving
close interactions with cows to individuals who
are highly trained to perform these tasks.

Many devices are now available to protect
handlers from being exposed directly to the full
force of the animal. For example, hoof trimming
no longer needs to be performed from the side of
the cow using a rope and clamp, as sophisticated
mobile trimming rigs are available to protect
both animal and handler. Treatment chutes allow
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handlers to restrain an animal for a multitude
of procedures, which insures the safety of both
the cow and worker. Cow milking is usually
performed in specialized parlors that reduce the
exposure of the worker to the hind quarters of
the cow. Furthermore, automatic milking sys-
tems (i.e., robotic milking) remove the worker
from the animal-human interface completely,
thereby reducing the risk for injury. Personal
protective equipment (PPE) can also be worn
during tasks involving cow restraint and can
diminish the impact of a kick or head butt.
Continued development of safety engineering
and PPE strategies will facilitate the reduction
of worker injuries.**

SAFETY MANAGEMENT

Effective safety management may reduce
injuries when working with animals.*>46
Training on appropriate procedures and proto-
cols should be a high priority, as well as proper
supervision to ensure safety procedures and
protocols are being followed by all employees
at all times. This includes night shifts, relief
shifts, and holidays. Promoting safe work
practices with information sharing interventions
that emphasize the greater profitability of
safer work practices may be a viable interim
supplement to comprehensive occupational
safety regulations and enforcement in the dairy
industry.*” Consistency in handling animals is
important from both an animal and a human
welfare perspective.

ANIMAL-HANDLING TRAINING
PROGRAMS

Education is believed to be a key com-
ponent to prevent injuries in the livestock
industry.*®  Several studies focusing on
animal-related injuries in agriculture suggest
livestock-handling training as one prevention
strategy.!®334% Langley and Morrow*® reported
that employees in livestock farms need to be
trained on such issues as proper livestock han-
dling, including animal welfare, animal loading
and transportation, and proper use of personal
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protective equipment. Another important issue
not mentioned is proper restraint during such
tasks as medical treatment and hoof trimming.
According to Langley and Morrow,*® further
research is needed to develop training programs
that reduce the risk for worker injury. These
trainings should be accepted by workers as
being and easy to utilize while maintaining
animal welfare. Langly and Morrow suggested
that future studies should determine if there
is a decrease in handler injuries as a result of
livestock-handling training.

Interventions aimed at the injury prevention
rely on educational strategies.*” However, stud-
ies on safety education have failed to show
an association with reduced worker injuries.””
An evaluation of an education-based interven-
tion (Agricultural Health and Safety Network
[AHSN] programs) did not show any observable
differences in farm safety practices, physical
hazards, or farm-related injury outcomes.* A
recent review aimed to determine the effective-
ness of interventions to prevent occupational
injuries in agriculture concluded that educa-
tional interventions provided no evidence of
having an injury reducing effect’° Another
review of 25 farm safety interventions found lit-
tle evidence that farm safety training programs
had been effective.”! However, neither of these
two focused on livestock-handling education.
Focused educational efforts may be more effec-
tive than general safety education and may also
be easier to evaluate for their effectiveness in
reducing injury.

Because of a lack of evidence of education
effectiveness in injury prevention, the exten-
sive use of educational interventions alone has
been questioned.”® Several studies recommend
a coordination of different approaches to the
problem, combining engineering controls, reg-
ulatory approaches, and education to reduce
injuries.***92 Changing behaviors can be diffi-
cult, thus in environmental and equipment mod-
ifications focus is on providing automatic or
passive protections or removing hazards com-
pletely, which makes behavior change unneces-
sary. An example of a very effective regulatory
approach is the significantly reduced rate of trac-
tor overturn fatalities in Sweden due to a com-
bination of economic incentives and rollover
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protection system (ROPS) legislation.” Since
research indicates that well-designed facilities
combined with gentle handling can reduce stress
on cattle, improving these factors may improve
safety and reduce injuries.

There are a number of difficult issues to
overcome related to worker training. One chal-
lenge involves the training of migrant work-
ers. European farms employ a mix of migrant
workers with different cultural, ethnic, and reli-
gious backgrounds, often with different lev-
els of language understanding. Another chal-
lenge involves farmers’ difficulties in prioritiz-
ing enough time for participation in organized
injury prevention. According to Jansson and
Eriksson,>? recruitment to safety courses is best
stimulated by adapting the course to farmers’
work conditions and takes place near the farm
and through the agricultural organizations in
collaboration with representatives of different
safety organizations.

CONCLUSIONS

Handling cows on dairy farms continues to be
an activity associated with risk of handler injury
or even fatalities. There are many variables that
may minimize the risk for livestock handling-
related injuries. These include an understanding
of animal behavior, as well as protocols and
procedures to minimize the risk associated with
working in close proximity to cows. Such mea-
sures are of paramount importance on modern
dairy farms, where large numbers of employ-
ees may have little or no agricultural experience
and minimal to no livestock-handling skills.
Managers and owners should communicate and
demonstrate that carelessness and complacency
are unacceptable when working with animals.

Despite a lack of evidence demonstrating that
education and training leads to a reduction of
injuries, further research addressing the effec-
tiveness in livestock handling-specific train-
ing in reducing worker injuries is needed.
Development of effective training in livestock
handling should be developed in collaboration
with those active in these type of training.
Earlier studies on “farm safety intervention pro-
grams’ have been criticized for weak design and
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methods—which needs to be taken care of when
new evaluation studies are designed. Safe ani-
mal handling in the dairy production is a global
issue, which needs to be developed in worldwide
collaboration.
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