Review Article

Agricultural Injuries to the Hand and
Upper Extremity

Abstract

Agricultural injuries involving the hand and upper extremity are
common, debilitating injuries that reflect the significant occupational
hazards associated with the agricultural industry. Farm injuries occur
in all age groups and are associated with significant resource
utilization and treatment costs. Most of these injuries are associated
with machinery, including tractors, power take-off devices, grain
augers, hay balers, and combine harvesters. Each piece of machinery
produces specific injury patterns and a spectrum of bone and soft-
tissue injuries that are frequently characterized by the loss of a digit or
limb, permanent disability, loss of function, and serious complications
such as infection. Management of agricultural injuries includes
expedient administration of antibiotic and tetanus prophylaxis,
aggressive irrigation, serial débridement, consideration of delayed
wound closure, and reconstruction or replantation of amputated digits
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and limbs, if feasible.

gricultural injuries to the hand
and upper extremity are extremely
common, representing from 40% to
70% of total admissions for injuries
that occur on a farm.!* The severity
and violence with which these injuries
occur reflects the occupational dangers
of the agricultural industry as a whole,
which had a fatality rate of 21.2 per
100,000 workers in 2012, higher than
any other industry, including mining or
construction.’ The risk of fatality
associated with farming is more than
five times higher than the aggregate
rate for all other occupations.®
Traumatic amputation of the fin-
gers and high-energy open fractures
of the radius and ulna are among the
most common upper extremity in-
juries caused by entanglement in farm
machinery.””? Other serious injuries
caused by farm equipment include
lacerations, hand and limb amputa-
tions, multilevel fractures, and crush
injuries to the hand and upper
extremity; most of these injuries

result in some degree of permanent

disability.1-3-2

Epidemiology

Although the median age of patients
who sustain serious farm injuries
ranges from 39 to 44 years,!»3 agri-
cultural injuries commonly affect
children younger than 17 years and
those older than 65 years, which
reflects the participation of the entire
family in agricultural activities.!®
Seasonal variation in the incidence of
injuries is noteworthy, with two
thirds of all injuries occurring from
June to November, corresponding to
the most active months of crop
harvest in the north central United
States.* Farm injuries are highly
gender-specific, with 90% to 97% of
these injuries occurring in males.!>19

The root factors associated with
most agricultural injuries have been
studied in detail and most often include
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Figure 1

Photograph of a tractor with a power
take-off device (arrow).

components of inattention, compla-
cency, rushing, or carelessness, which
contribute to the decreased vigilance of
the operator. Removal of safety shields
and the use of machinery that does not
conform to the manufacturer’s or
safety-sign standards is also a com-
mon contributing factor.!1-13

The resource utilization and costs
associated with management of agri-
cultural injuries to the hand and upper
extremity are significant. At one ter-
tiary care center, >90% of admissions
for farm injuries required surgical
intervention, and the average hospital
stay was 5 days.! Hand and upper
extremity injuries have a significant
impact on the ability to return to
work. An average sick leave of 25 days
and a mean period of disability of up
to 135 days has been reported, and
some degree of permanent impairment
of hand function was com-
mon.!»3%12.13 " Children are particu-
larly prone to severe hand and upper
extremity injuries and machinery-
related limb amputations, which
require an average of seven surgical

procedures and an average hospital
stay of 25 days for limb-threatening
injuries.'* In 1992, the direct and
indirect costs associated with man-
agement of agricultural injuries in the
United States ($4.57 billion) was
greater than or equal to those for

management of hepatitis C and
chronic  obstructive  pulmonary
disease.!’

Machinery Associated With
Agricultural Injuries

The mechanism by which most agri-
cultural equipment causes injury is
a combination of compressive, shear,
and thermal components along with
contamination that results in extensive
bony and soft-tissue damage.'® The
extent of the injury depends on
the speed and force of the machinery,
the amount of time the limb is in
contact with the machine, the degree
of struggle, and the method of
release.'®!'”  Multiple classification
systems have been developed to help
organize agricultural upper extremity
injuries; these systems are generally
based on the degree of soft-tissue loss,
presence of injuries to tendons and
neurovascular structures, and pres-
ence and severity of fractures and
amputations.!8-22

The machines that contribute most
significantly to overall agriculture-
related upper extremity trauma
include tractors (10.2% to 54.3%),
power take-off devices (5.4%), grain
augers (6.4% to 22%), balers and
thrashers (3.9%), and harvest com-
bines (8.6% to 16%)."%: Injuries
associated with these types of
machinery are severe, with devas-
tating consequences in terms of the
patient’s level of function and ability
to return to work.

Tractors and Power Take-off
Devices

Tractors are the single leading cause
of occupational fatalities in agricul-

ture, with deaths caused by rollovers
being the most common.?? In addi-
tion to acting as a primary means of
transportation, tractors provide an
essential power source for farm
equipment (eg, hay balers, grain
augers, corn pickers, blowers,
manure spreaders, mowers) through
the use of a cylindrical metal shaft
called a power take-off (PTO)
device'®-2# (Figure 1). A typical PTO
spins at 500 to 1,000 rpm. Shields
are provided by the manufacturer
but are often inadequate, damaged,
or discarded, leaving an exposed,
rotating shaft.1%24 Once a piece of
clothing or glove is caught in the
PTO, the person is unable to over-
come the device’s enormous power;
it quickly pulls in the person.®

Common injuries sustained from
tractors and PTOs include traumatic
finger and upper extremity amputa-
tions, crushing and degloving injuries
with complex soft-tissue defects, and
serious traction injuries to the
peripheral nerves and brachial
plexus.1624 PTOs cause substantial
soft-tissue damage through friction
and heat, and attempts at replanta-
tion are rarely successful.?’ In
a study that included 47 patients
who sustained injuries caused by
a PTO, 20 patients (45%) had in-
juries that were associated with sig-
nificant permanent orthopaedic
disability.*

Augers

Modern augers and screw conveyors
are widely used to move agricultural
items from one location to another
and are available as independent
mobile items or as part of grain han-
dling systems such as combine har-
vesters, field bins, dryers, storage or
silo systems, and feed mixing and
distribution systems.!3 Per hour of
use, augers are considered the most
dangerous piece of farm equip-
ment.'3-2¢ An auger is portable and
composed of a long screw encased in

606

Journal of the American Academy of Orthopaedic Surgeons

right © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of thisarticleis prohibited.



Mark Aaron Yaffe, MD, and F. Thomas Kaplan, MD

Figure 2

Photographs of an auger (arrow) (A) and the characteristic upper extremity injury pattern caused by the machine: a severe
mangling injury with soft-tissue loss and multiple tendon avulsions (B).

a cylinder; it is typically 20 to 100 ft
long and is powered by a PTO device
(Figure 2, A). Grain is dumped into
a pile at the mouth of the auger and
propelled up to the top of a storage
bin.!® The intake area should have
a safety cage or shield, but the pro-
tective device may provide inade-
quate shielding or may be removed
by the operator to prevent clogging
or to increase the intake rate.!3-1¢
Entanglement of the upper extrem-
ity is the primary mechanism of injury
associated with augers and commonly
results in fractures and amputations of
the hand and upper extremity!!-13
(Figure 2, B). Because of the sheer
speed with which an auger moves
material horizontally or vertically
(7 ft/s), a limb can be amputated and
ascend 5 ft before a person has time to
react.'® Furthermore, a limb that is
caught in the auger is unlikely to stall
the machinery, resulting in limb
amputation and multilevel, mutilating
injuries as the extremity is pulled into
the turning screw and entangled.'®

Hay Balers

Hay balers tightly compress and dis-
charge bales of hay that can weigh up
to 2,500 lbs?! (Figure 3, A). Rotary
feeder forks gather the hay, and
opposing compressive rollers, which

operate at speeds of 50 to 150 rpm,
compress the hay and facilitate its
movement to the bailing chamber.
The hay is further compressed, sha-
ped, and twined with rope before
discharge from the baler. Hay balers
have many moving parts and material
may clog the intake feeder. Severe or
fatal injuries most often occur with an
attempt to unclog the machine with-
out turning the power off.1¢

The injuries are typically high
energy and open and have significant
crush and thermal components along
with gross contamination?” (Figure 3,
B and C). The degree of tissue damage
depends on the space between the
moving rollers, the peripheral speed
of the cylinders, the hardness of the
roller surface, the temperature of the
parts, and how violently the patient
struggles to free the extremity.?0-28
Initially, the severity of the soft-tissue
injury caused by a baler may be dif-
ficult to ascertain. Therefore, deter-
mination of a final treatment plan
should be deferred until after a thor-
ough débridement is performed in the
operating room.?!

Combine Harvesters and
Corn Pickers

A combine harvester is used to harvest
agricultural products by combining the

reaping and threshing processes in
a single piece of machinery that signif-
icantly improves the efficiency of crop
harvesting. Crops are cut and harvested
during the reaping process, whereas
grain or seeds are mechanically sepa-
rated from the hay by-product through
the threshing process. Combine har-
vesters are commonly fitted with crop-
specific head attachments.

A corn picker is a crop-specific head
attachment that is used on a combine
harvester to improve the efficiency
and speed of corn collection. Pointed
shoes or snouts guide the corn stalks
into gathering chains and pull the
base of the stalks into the snapping
rollers (Figure 4, A). Side-by-side
hardened steel rollers rotate toward
each other, snapping the ears off the
stalk at a rate of 12 ft/s. Ears of corn
are then fed into an auger, where the
“fingers” and rollers rotate to de-
husk the ears. The auger feeds the
ears into the throat of a combine,
which shells them.??

On a farm, amputations and severe
lacerations of the hand and fingers
caused by combines and corn pickers
are among the most common in-
juries.> The snapping rollers are the
most dangerous part of a corn picker,
and most injuries occur when the
operator attempts to remove plugged
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Figure 3

Photographs of a hay baler (A) and an example of the type of upper extremity
injury (B) this farm machinery produces: a high-energy injury to the bone and soft
tissue with associated soft-tissue loss. C, Lateral radiograph of the forearm
demonstrating an open, high-energy comminuted both-bone forearm fracture.
(Panel A courtesy of Eden Hills Farms, Rhodes, 1A.)

stalks from the snapping rollers while
the machine is running.'® Given the
speed with which corn stalks travel
into the rollers, an operator’s hand
will be dragged and entangled in
a corn picker within 0.15 seconds,
which is twice as fast as the typical
reaction time of a healthy person.?’

Combines and corn pickers cause
hand and upper extremity injuries
through crushing, tearing, and thermal
mechanisms. Characteristic injuries
include severe friction burns, complex
and grossly contaminated lacerations,
crush injuries with fractures of the
digits, soft-tissue tears, and primary
digit amputation'?20-2° (Figure 4, B
and C). Although corn pickers are
capable of causing devastating injury
to the entire upper extremity, one
study suggests that mutilating injuries
are most commonly isolated to the
fingers and hands because the breadth

of the hand and the prominence of the
metacarpal heads prevent further
progress of the extremity into the
rollers?® (Figure 5). Management of
these hand injuries often requires
multiple procedures, including pri-
mary irrigation, débridement, and
packing followed by application of
a temporary synthetic matrix to the
wound and immediate or delayed tis-
sue and skin coverage with myocuta-
neous flaps and grafts. In the setting
of severe injuries caused by a corn
picker, replantation has limited fea-
sibility, and relatively low rates of
success have been reported.*10-14.20

Exposed Chains, Belts,
Rollers, and Blades
Almost every piece of machinery used

on a farm has moving metal parts such
as chains, belts, rollers, or exposed

blades, which can easily cause injury
(Figure 6, A through C). Fingers can
quickly become caught in the drive
mechanism or between moving gears
or can be cut by a moving blade, re-
sulting in amputations or complex
open combined hand and finger in-
juries that involve the skin, tendon,
bone, and vascular structures; these
injuries often require revision ampu-
tation!? (Figure 6, D).

Management

Between 50% to 90% of admissions
for severe agricultural injuries origi-
nate as transfers from outside facilities,
which reflects the rural setting where
these injuries tend to occur and the
expertise and resources required for
definitive management of complex
extremity trauma.! Thus, healthcare
providers at referring facilities must
have a baseline understanding of
proper initial management of these
injuries to help maximize the efficacy
of definitive surgical interventions and
reduce the incidence of complications.

Immediate care of an amputated
finger and/or limb consists of gentle
washing with a warm saline solution if
available or clean water at a minimum.
The amputated part should be wrap-
ped in moist gauze and placed in
a plastic bag, which is then submerged
in ice water slush. Care should be
taken to avoid placing the amputated
partin direct contact with ice or dry ice
because this can negatively affect via-
bility secondary to frostbite and ther-
mal necrosis. Exposed amputation
sites should be dressed with moist
gauze and a gentle compressive ban-
dage, and ice packs should be applied.
In cases of incomplete amputation, the
affected site should be gently covered
with moist gauze, the injured struc-
tures should be gently aligned and
splinted in place, and no tissue should
be discarded.?® Bleeding should be
controlled with compression and ele-
vation; clamping or tying off blood
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A, Photograph of a combine harvester with a corn picker attachment. B, Photograph of the forearm demonstrating a severe
mangling injury of the upper extremity with near complete amputation through the distal forearm caused by a corn picker.
C, AP radiograph of the forearm demonstrating comminuted fractures of the distal radius and ulna, with bone loss of the
distal radioulnar joint, multiple carpal bones, metacarpals, and phalanges.

vessels in the emergency department
should be avoided unless a clinical
concern exists for possible exsangui-
nation during transfer.

Farm machinery is heavily contami-
nated with organic debris, making
adjunctive medical therapy critical. In
the setting of open agricultural injuries,
immediate administration of antibiotics
and tetanus toxoid is the standard of
care, with tetanus immunoglobulin
administered if the patient has not
received a booster in the past §
years.3%31  Administration of broad-
spectrum, empiric antibiotics has been
advocated for hand injuries with deep
lacerations that involve tendons,
nerves, or blood vessels; open fractures;
extensive skin and soft-tissue loss; and
complete traumatic amputations.??32

On presentation in the emergency
department, the circulation, sensibil-
ity, and tendon function of the injured
limb is assessed, the wound is charac-
terized, and a full radiographic evalu-
ation is performed. This assessment
prepares operating room personnel
and allows for preoperative planning
for possible surgical reconstruction.33

In the setting of complete amputation,
the amputated part can be brought to
the operating room so that it can be
prepared before the patient arrives.
The part is explored and, if suitable
for replantation, the blood vessels and
nerves are tagged, sutures can be
placed in the tendons, and fixation of
the bones can begin. If there is a delay
preventing immediate replantation,
the prepared part should be kept
moist and placed within a sealed bag,
which is then placed in a sterile ice
bath in preparation for replantation.

Once the patient is in the operating
room and anesthetized, bandages
are removed and the extremity is
inspected. The status of the skin and
soft tissues, the posture of the fin-
gers, the presence of deformities, and
the presence or absence of active
bleeding are key characteristics that
help to establish the extent of de-
vascularization.33 The basic surgical
principles of preventing infection,
achieving early healing, and pro-
viding optimal function as quickly
as possible should help guide the
surgical plan.'®

Aggressive surgical wound débride-
ment is widely advocated as the most
important initial step in surgical
management of contaminated agri-
cultural injuries. Wounds should be
extended so that all nonviable tissues
and foreign debris can be excised,
leaving healthy, viable tissue and
protecting vital structures such as
blood vessels and nerves.>3 Conser-
vative wound débridement performed
with the belief that nonviable tissue
will declare itself in a few days is
discouraged and may be the cause of
many infections.33 The importance of
radical surgical débridement cannot
be overstated; infection is prevented
by excising nonviable tissue back to
bleeding margins, with the only
exception being longitudinal struc-
tures with promising function (eg,
intact tendons, nerves, and major
blood vessels).3>*

A tourniquet may be applied to aid
visualization for identification of
nonviable tissues and foreign debris.
In the setting of open fracture, bone
ends are curetted to decrease bacte-
rial loads, remove foreign bodies, and
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Figure 5

Cc

A and B, Photographs of the lateral and dorsal aspects of the hand
demonstrating soft-tissue loss with exposed bone and tendon. This injury was
caused by a corn picker. Aggressive irrigation and débridement were performed
followed by placement of a synthetic matrix wound dressing. C and D,
Photographs of the lateral and dorsal aspects of the hand obtained 14 days after
the application of a synthetic matrix wound dressing.

reduce the incidence of infection.3°
Intact nerves are cleansed of surface
debris, and frankly divided nerves
are excised to healthy-appearing
fascicles. The ends of major blood
vessels are excised to healthy intimae
and tagged for later repair.33

The tourniquet is released and the
wound is inspected, with further
excision performed as needed until
healthy bleeding tissue is uniformly
apparent. Copious irrigation with
normal saline is essential for reducing
the incidence of infection. Irrigation
performed via gravity force using
sterile cysto tubing connected to 3-
liter bags of saline is preferable to
pulse irrigation, which can force fluid
and contaminants into the soft tis-
sues.'® In a recent comprehensive
review of irrigation techniques used
for open fractures, the authors found
evidence supporting the routine use
of normal saline for irrigation of

these fractures without the use of
additives such as antibiotics or
antiseptics.>®

After irrigation, the soft tissues are
reevaluated for any remaining foreign
debris and nonviable tissues. This
process may be repeated several times
to ensure that débridement is ade-
quate.33 A culture may be obtained
following irrigation and débridement
of the wound to tailor antibiotic
selection, but the efficacy of this
practice has not been definitively es-
tablished or universally accepted.??-33

Following irrigation and débride-
ment, the surgeon must decide
whether reconstruction of the hand
or digits is viable or if function
would be best improved with early
amputation and possible recon-
struction in the future.33 The deci-
sion to replant and reconstruct an
extremity or to perform a revision
amputation is based on the technical

possibility of successful replantation
and reconstruction; the ultimate
functional outcome; potential com-
plications; impact on patient sur-
vival; and the overall functional,
social, psychological, and economic
morbidity of replantation.?! Primary
amputation is indicated when the
surgeon believes that adequate
wound excision will result in reten-
tion of little functional tissue or late
amputation.?3 An early amputation
prevents multiple subsequent recon-
structive endeavors that may offer
little hope of functional gain. For
devastating injuries with poor long-
term functional potential, early
amputation should be viewed as an
appropriate first step toward reha-
bilitation, rather than a surgical
failure.33

Studies have reported limited suc-
cess with revascularization and
replantation performed following
agricultural machinery injuries, with
replantation either not feasible
because of the severity of injury*19:19
or uniform failure of replantation
attempts.? Results of revasculari-
zation and replantation in the pedi-
atric population are discouraging, as
well. In one study of 12 farm-related
pediatric limb amputations treated at
a major tertiary care center, replanta-
tion was considered for all amputa-
tions, deemed feasible and attempted in
only 6 (50%) traumatic limb ampu-
tations, and was successful in only
2 cases (33% of attempted re-
plantations), with failure attributed to
vascular insufficiency and infection.'*
We note that these poor results should
not discourage surgeons from at-
tempting replantation but should be
used preoperatively to educate and
manage the expectations of patients
and their families.

The decision to perform primary
wound closure with a drain or de-
layed wound closure with or without
graft coverage is based on the location
of the wound, level of contamination,
and extent of soft-tissue damage.!®
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Although emergency flap coverage
is more commonly performed as
a staged procedure for severe upper
extremity injuries with significant
soft-tissue loss, it has been per-
formed in the acute setting with
a latissimus dorsi musculocuta-
neous island pedicle flap3® or free
flap coverage from the medial or
lateral arm, groin, latissimus, or the
first web space of the foot.3*

Recent experience with the use of
negative-pressure wound therapy for
extremity war injuries3” and severe
open fractures3® suggests that this
treatment modality may have a role
in the initial management of high-
energy, highly contaminated injuries
caused by agricultural machinery.
Benefits associated with negative-
pressure wound therapy include re-
ductions in the time required to
attain primary closure of contami-
nated wounds and in the incidence of
soft-tissue infection, shorter inpa-
tient hospital stays, and fewer labor
demands and improved patient
comfort associated with fewer daily
dressing changes.3”-38

In highly contaminated traumatic
injuries, reconstructive procedures
may be delayed.'® Wounds should
be reexamined in 2 to 3 days to
determine the extent of soft-tissue
damage and signs and symptoms of
infection, with particular attention
paid to early identification of
compartment syndrome, necrotiz-
ing fasciitis, and gangrene.'® A
soft, gently compressive dressing
should be applied after surgery.
Broad-spectrum antibiotics should
be continued for at least 24 to 48
hours and should be modified
based on the results of cultures
obtained intraoperatively.'®

Complications

Following  agricultural injuries,
infection is relatively common, with
deep wound infections or osteomy-

Figure 6

\

Photographs of a harvester demonstrating exposed chains (A) and gears (B). C,
Photograph of a woodchopper demonstrating an exposed blade. D, Photograph
of injuries to the hand caused by a woodcutter, including near complete
amputations of the ring and little fingers and an avascular little fingertip.

elitis occurring in 18% to 19% of
these injuries.”-?? Other studies have
reported an infection rate approach-
ing 100% following major limb
replantation after traumatic farm in-
juries.' In a study of 214 patients
with open agricultural injuries, 40
(19%) had postoperative infections
and 26 of those (65%) required a re-
turn to the operating room for further
débridement.??

In two studies of agricultural injuries,
the most commonly isolated microbes
following open upper extremity in-
juries were coagulase-negative Staph-
ylococci (46%); Enterobacter species
(42%); Candida species (31%); Steno-
trophomonas maltophilia (27%);
Staphylococcus aureus (23%); Pseu-
domonas aeruginosa (23%); and
mixed flora, including Acinetobacter,
Klebsiella, Providencia, Xanthomonas
maltophilia, Serratia, and Esche-
richia.*** Notably, Ali et al*?> found
that 26 of 40 patients (65%) who
developed wound infections after

injury had at least one isolated
microorganism that was resistant to
the antimicrobial prophylaxis regimen
started at the initial presentation.
Administration of broad-spectrum,
empiric antibiotic therapy is recom-
mended for high-grade, open injuries.
Administration of a first-generation
cephalosporin (eg, cefazolin 1 g admin-
istered intravenously every 8 hours until
24 hours after wound closure) will
provide coverage against gram-positive
organisms.3%-31:3%:40° An aminoglyco-
side (eg, gentamicin administered
intravenously with the dose based on
weight) or levofloxacin 500 mg
administered every 24 hours is added
to the regimen to provide coverage
against gram-negative organisms.
The addition of ampicillin, penicillin, or
doxycycline is recommended to address
the risk of clostridial myonecrosis in the
setting of agricultural injuries.3%-31-3
For the patient allergic to penicillin,
a combination of vancomycin and
a fluoroquinolone provides excellent
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coverage against gram-positive, gram-
negative, and clostridial species.3%*!
Patient-specific risk factors that may
further increase the risk of clostridial
myonecrosis include age >50 vyears,
diabetes mellitus, malnutrition, chronic
alcoholism, peripheral vascular dis-
ease, neutropenia, high-dose cortico-
steroid therapy, and other risk factors
commonly associated with an immu-
nocompromised state.*> The clinician
should maintain a high degree of sus-
picion for clostridial myonecrosis in
any patient with a contaminated agri-
cultural injury and fever, sudden onset
of excruciating pain that is not relieved
by pain medications or is out of pro-
portion to the injury, massive local
edema, and evidence of soft-tissue gas
on clinical examination and plain
radiography.

Optimal duration of antibiotic
administration has not been clearly
determined, but some authors have
advocated that antibiotics be contin-
ued for at least 3 days in patients with
open injuries, with a longer course of
antibiotics if subsequent surgical pro-
cedures (eg, wound coverage, bone
grafting) are required.*° Ensuring
that tetanus coverage is up to date
and administering tetanus toxoid plus
tetanus immunoglobulin if the patient
has not received a booster in the past
5 years is also considered the stan-
dard of care in the setting of agri-
cultural injuries.

Summary

Agricultural injuries to the hand and
upper extremity present a complex
spectrum of trauma that reflects the
major occupational hazards associated
with working with heavy machinery
on a farm. Injuries are typically high
energy and are often associated with
significant soft-tissue loss, injury to
tendons and neurovascular structures,
multilevel fractures, and amputations.
In addition, they are typically highly
contaminated with organic debris.

The surgeon tasked with treating
these complex extremity injuries
must often make the difficult deter-
mination  whether  replantation,
reconstruction, or amputation is
appropriate. An understanding of the
specific pattern and mechanism of
injury associated with each piece of
agricultural machinery may help
guide surgical management by pro-
viding insight into the expected level
of energy, source and degree of con-
tamination, and likelihood of success
following surgical reconstruction or
replantation.
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