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Objective: To summarize the literature on farm child nonfatal injury incidence and the subsequent
disability to children.

Search
Strategy:

We used a systematic process to search the following databases: MEDLINE, EMBASE, ERIC,
NTIS and NIOSHTIC. The reference lists from each potentially eligible study were checked
and experts in the field contacted for additional reports.

Selection
Criteria:

Studies for selection had to meet the following criteria: published in the last 20 years
(1979–1998); located in North America; and include nonfatal farm injury cases for
children under age 20.

Data
Collection
and Analysis:

Thirty-two studies met the inclusion criteria and were examined for study design, location,
sample size, injury rate, injury sources, and functional outcomes.

Results: Among the 32 studies, there were 9 case series, 11 secondary analyses of administrative
databases, 2 case-control studies, 6 cross-sectional surveys, one mixed-method study, 2
prospective case series reports, and 1 cohort study. Twenty-two of the studies confined the
sample to agriculture, but nine of these combined children within a larger sample, creating
considerable difficulty in examining only agricultural injuries to children. Only one study
focused on outcome measurement. Although nearly all the reports provided some
discussion about injury severity, these comments were generally limited to injury severity
scores or injury type.

Conclusions: Despite increasing attention on farm-related child injury, the literature continues to report
primarily descriptive studies that rely on small samples focusing on the nature of the injury
event and immediate consequences. Analysis of larger databases, such as worker compen-
sation claims, trauma registries, and agricultural injury surveillance, still lacks valid
denominators; thus, incidence rates cannot be calculated. Very little was found regarding
disability among children who experienced agricultural injury, even though the literature
clearly proclaims the severity and seriousness of child injury on farms. To complete the
portrait of the burden of this continuing problem, research must include functional
outcome measures.

Medical Subject Headings (MeSH): child, agriculture, wounds and injuries, disability,
disabled children, review literature (Am J Prev Med 2000;18(4S):70–79) © 2000 American
Journal of Preventive Medicine

Introduction

The risk to life and limb has long been apparent
in agriculture and has even been accepted by its
workers.1–3 In 1989, Merchant et al.4 reported

that between 80,000 and 170,000 farmers suffer a

disabling injury each year, at a cost of $2.5 billion for
hospitalization and rehabilitation. Annually, one out of
every four farm families experiences a farm-related
injury.5 Estimates of permanently disabling injury in
the farm population range from 2%6 to 4%7. The
prevalence of permanent injury is generally considered
to be grossly underestimated, since 95% of U.S. farms
are exempt from the regulations of the Occupational
Safety and Health Administration (OSHA) and rates
are based on voluntary reporting from 35 states.2,8

About 1.298 million farm children live, play, and
work surrounded by the animals, machinery, and struc-
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tures that provide their families’ incomes.9 Farm work
may begin in early childhood and be maintained for a
lifetime. Children live and work in the same place in
which their parents work, so children are consequently
exposed to hazards that are otherwise found only in
heavy industry. The symbiotic relationship between
workplace and home that exists in agriculture exposes
the family unit to risks for injury that may not be
present in other settings.10

According to best estimates, in 1985, the fatality rate
for farm child injuries was 13.2 per 100,000 farm child
residents, with 129 injuries reported for every fatality.11

A decade later, Rivara reported that the mortality rate
for farm child injuries had declined by 39%; however,
the morbidity rate had increased 10.7%.9 While fewer
farm children lost their lives due to farm injuries, more
retained the physical and emotional scars of the trauma
they endured.

In 1990, a Congressional mandate to the National
Institute of Occupational Safety and Health (NIOSH)
turned national attention to understanding and pre-
venting agricultural injuries and illnesses. Federal fund-
ing sponsored the first full-scale examination of farm
health and safety. The initial results of these studies
illustrated the high rate of injuries to farm children. As
a result, in 1997, additional funds were earmarked for
research to find ways to reduce injury rates among farm
children.12

The effect of these efforts on the actual incidence of
injuries to children is unclear. Among the growing
number of epidemiologic studies of injuries to farm
children, nearly all are confined to descriptive record
reviews and case studies, with only a few population-
based surveillance reports.13 Even these studies suffer
from limited data sources. Layde et al.14 reported
significant differences when comparing population-
based vs. non-population-based surveillance data.

In addition, little has been accomplished regarding
systematic examination of the functional outcomes
following farm injuries.15 The final essential data ele-
ment for injury surveillance is the outcome of the
event, including resultant disability.16,17

The purpose of this review was to summarize the
literature on the incidence of injury and the subse-
quent disability to children on the farm. Our goal was
to identify what is known, what areas need further
research and what areas are ripe for intervention.

Methods
Search Strategy

Relevant studies from peer-reviewed journals, technical and
government reports, and unpublished reports were searched
using a systematic approach. Due to the multidisciplinary
nature of the research question, the search was conducted
across disciplines, and included several different databases
and collections of literature. A total of five databases were

included in the search: two biomedical (Medline, Embase),
one social science (ERIC), one government (NTIS), and one
occupational health (NIOSHTIC).

In addition to database searching, other relevant informa-
tion sources were identified by checking references and
consulting with experts in the field. A full description of the
databases and search strategy is included in the overview
article on information retrieval.18

Inclusion Criteria

Studies were included if they were published in the last 20
years (1979–1998) and if they analyzed nonfatal agricultural
injury to children or youth (persons aged under 20 years).
The review was limited to reports and studies conducted in
the United States and Canada. Therefore, some studies were
excluded due to geographic setting.19–25 Articles that did not
meet age limitations20,26–35 or did not report separate analy-
ses for children,30,36–45 those that reported only fatali-
ties,34,41,46–49 and studies that were not data-based45,46,50–58

were also excluded. We found no studies meeting the criteria
published from 1979 to 1983.

Outcome Measures

Information in the literature included simple frequency
enumeration of injuries and injury rates. Because of varying
denominators, no attempt was made to standardize rates
across reports.

An injury was defined as any event that required medical
attention or resulted in lost time from usual activities. A
farm-related injury was defined as any injury that occurred on
a farm or ranch and resulted from an event related to
agricultural production. The child did not need to reside on
or be working on the farm to be included.

Disability resulting from injury was defined as any health
condition that prevented usual activities for a prolonged
period of time or that resulted in permanent alteration of
usual activities. Definitions of temporary and permanent
disabilities were adapted from standard worker compensation
definitions.59,60 Temporary disability referred to injury from
which the child fully recovered but at a cost of at least 8 days
of lost time from usual activities. Permanent disability re-
ferred to loss of vision or hearing, loss or loss of use of any
part of a limb, or any injury that partially or fully incapaci-
tated the child. Because very few of the reviewed articles
included definition of disability, we used length of hospital-
ization, type and severity of injury, and clinical reports as
proxy measures for possible disability and degree of disability.

Results

The incidence and cause of injuries to farm children
varied with age of the child. The age range of children
in these reports differed among studies, a factor that
deserves consideration when findings are compared.
Some studies included adults in addition to children61–68;
few results were given for children alone, which limited
our ability to comment on their injuries and outcomes.

Table 1 summarizes the literature on child farm
injury published between 1979 and 1998. The study
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designs represented include case series (n59), second-
ary review of administrative databases (n511), case–
control studies (n52), cross-sectional surveys (n56),
mixed method (n51), prospective case series (n52),
and prospective cohort (n51).

The case series study samples ranged from four farm
children69 to 253 farm children.64 Not all articles
limited inclusion to farm children; thus the number of
farm children in the study was sometimes less than the
full sample.62–64 Varying ages included in the study may
have influenced the cause and type of injury. All case
series reports were based on retrospective review of
medical records. Therefore, by definition, only injuries
requiring medical care were included in the studies.
Four of the studies included fatalities in the sam-
ple.63,64,70,71 Case series reports generally focused on a
single injury source, such as chemical agents72,73 and
farm machinery.62,64,71,74 Machinery and animals were
the leading sources of injuries in the remaining three
articles.63,69,70 These findings are historically consistent
with the general body of farm injury literature.5,8

Six of the articles described the etiology of in-
jury.62–64,70,71,73 Outcome measures of disability were
included in only three of those reports.63,70,71 The
proportion of children left with some type of disability
after injury ranged from 10%70 to 41%.71 Orthopedic
complications (including amputation and discrepan-
cies in limb length), neurological disorders, and pul-
monary disabilities were most frequently cited, indicat-
ing that the resultant disabilities were of a serious
nature. The other three case series studies reported no
measures of disability but made some reference to
outcome. By nature of the sampling technique, all
injuries would have been classified as at least tempo-
rarily disabling. Three of the articles focused on clinical
description and management of the injuries and had
very small samples.69,72,74 Within the clinical reports,
no description of functional outcome was reported
except by inference of quality of healing69,72,74 and
number of amputations.69

Articles were classified as secondary reviews of admin-
istrative databases if they used large existing data sets
other than medical records for their analysis. Eleven
studies met this criterion.9,11,60,61,65,75–80 Although the
sample sizes were quite large, closer examination re-
vealed that in the studies that were not specific to
agriculture, the number of agricultural cases was very
small. In some articles, it was not possible to report on
the subset of child agricultural cases. We were unable to
calculate injury rates from most studies due to lack of
denominator data. Only one report that was not agri-
culture-specific calculated a separate injury rate for
agricultural claims.77 In non-agriculture-specific stud-
ies, sources of injury for agricultural cases were not
reported. The seriousness of farm-related injury was
underscored in several articles.60,75,78,79 Heyer et al.76

noted that 26% of farm worker claims for children were

classified as serious, compared with 16% of all claims
filed for children.

Three publications focused exclusively on child agri-
cultural injury.9,11,80 Farm machinery was the primary
cause of injury in each study. Each of these reports
included fatal cases. Rivara’s articles9,11 provided the
only comparison studies within this systematic review,
but the author indicated that even these publications
are not strictly comparable.9 No direct measure of
functional outcome was provided in any of these anal-
yses. However, medical treatment for the injury was part
of the inclusion criteria.

Only two case–control studies were reported.81,82

One was a population-based study in Wisconsin de-
signed to identify preventable risk factors for injury.82

The reported incidence of injury was similar to that
found in other agricultural literature. The other was a
report of a pilot study focused on supervision issues.81

One third of the cases were hospitalized; however, the
response rate was only 17%, thus limiting conclusions.

The six cross-sectional studies provided the most
variance in data collection methods.83–88 Two studies
surveyed students by self-administered question-
naires.84,85 In North Carolina, the lifetime prevalence
of injury among students who did farm work was an
astounding 71%. Nine percent missed at least 1 day of
usual activities. The mechanism of injury and outcome
was not assessed.85 Hawk et al.83 presented survey
results from a youth disability prevention project.
Machinery was the leading mechanism of injury, and
nearly all injuries resulted in restricted activity. Length
of restricted activity (average 14.4 days) indicated that
full recovery may have required months.

Two population-based reports surveyed farm units
but provided very limited findings for children. Pickett
et al.87 reported a low rate of child injury, but injuries
to the children resulted more often in hospitalization
than for other age groups, again indicating the severity
of outcome. A national agricultural injury survey con-
ducted by NIOSH86 noted that 7.7% of all injuries
occurred to children aged 10 years to 19 years, and that
67% of children under age 10 years required medical
attention for their injuries. Injuries tended to be severe
but not permanently disabling, with fractures reported
most often.

Two of the cross-sectional studies reported chronic
rather than acute injury.84,88 Broste et al.88 collected
physical measurement of injury (hearing loss) rather
than relying on self-reported data. Hearing loss is
different from other injuries in that it is generally
caused by cumulative trauma. Even though hearing loss
can result in permanent disability, it is missed in the
usual injury reports. Broste et al.88 reported that risk for
hearing loss was doubled among high school students
who did farm work, with almost three fourths of the
students who did farm work exhibiting some level of
hearing loss. Millard et al.84 reported a survey of hand

72 American Journal of Preventive Medicine, Volume 18, Number 4S



T
ab

le
1.

C
h

ild
in

ju
ry

lit
er

at
ur

e
19

84
–1

99
8,

cl
as

si
fi

ed
by

st
ud

y
de

si
gn

A
ut

ho
r/

da
te

L
oc

at
io

n
an

d
st

ud
y

pe
ri

od
N

A
ge

s
D

at
a

so
ur

ce
In

ju
ry

ra
te

In
ju

ry
so

ur
ce

Fu
nc

ti
on

al
ou

tc
om

e
m

ea
su

re
m

en
t

C
as

e
se

ri
es

de
si

gn
(9

)
H

ar
tl

in
g,

Pi
ck

et
t,

B
ri

so
n

(1
99

7)
6
4

O
n

ta
ri

o,
C

an
ad

a
19

84
–1

99
3

Fa
ta

lit
ie

s:
52

a

H
os

pi
ta

liz
ed

:
10

68
C

h
ild

re
n

,
19

:
25

3

A
ll

H
os

pi
ta

l
di

sc
h

ar
ge

da
ta

an
d

m
ed

ic
al

re
co

rd
s,

fa
ta

lit
y

re
gi

st
ri

es

H
os

pi
ta

liz
at

io
n

in
ju

ry
ra

te
s:

ov
er

al
l

5
49

.3
,

m
al

es
,

20
5

56
.6

(p
er

10
0,

00
0

pe
rs

on
s)

N
on

-tr
ac

to
r

ag
ri

cu
lt

ur
al

m
ac

h
in

er
y

In
fe

rr
ed

by
in

ju
ry

ty
pe

N
ei

di
ch

(1
99

3)
7
2

So
ut

h
D

ak
ot

a
19

84
–1

98
9

C
h

ild
re

n
:

14
0–

16
H

os
pi

ta
l

re
co

rd
s

N
ot

ap
pl

ic
ab

le
A

lk
al

i
in

ge
st

io
n

D
eg

re
e

of
es

op
h

og
ea

l
in

vo
lv

em
en

t
C

og
bi

ll,
St

ee
n

la
ge

,
L

an
de

rc
as

pe
r,

St
ru

tt
(1

99
1)

6
3

W
is

co
n

si
n

19
77

–1
98

9
A

ll
ag

es
:

73
9a

A
ge

,
20

:
19

0a
A

ll
T

ra
um

a
lo

g,
h

os
pi

ta
l

ch
ar

ts
,

ou
tp

at
ie

n
t

re
co

rd
s

N
ot

ap
pl

ic
ab

le
A

n
im

al
s:

22
5

M
ac

h
in

er
y:

37
7

O
th

er
:

13
7

(o
ut

of
73

9)

In
ju

ry
se

ve
ri

ty
sc

or
e:

si
gn

ifi
ca

n
t

di
sa

bi
lit

y
22

%
(o

rt
h

op
ed

ic
/

n
eu

ro
lo

gi
ca

l/
pu

lm
on

ar
y)

B
re

n
n

an
,

R
h

od
es

,
Pe

te
rs

on
(1

99
0)

7
4

M
in

n
es

ot
a

19
91

–1
99

8
68

1–
19

H
os

pi
ta

l
re

co
rd

s
N

ot
ap

pl
ic

ab
le

Fa
rm

m
ac

h
in

er
y

In
ju

ry
se

ve
ri

ty
n

ot
sc

or
ed

Sw
an

so
n

,
Sa

ch
s,

D
ah

lg
re

n
,

T
in

gu
el

y
(1

98
7)

7
1

M
in

n
es

ot
a

19
74

–1
98

5
C

h
ild

re
n

:
87

a
1–

16
H

os
pi

ta
l

an
d

cl
in

ic
re

co
rd

s
N

ot
ap

pl
ic

ab
le

Fa
rm

m
ac

h
in

er
y

40
.9

%
lo

n
g-

te
rm

di
sa

bi
lit

y
(n

ot
de

fi
n

ed
)

E
dm

on
so

n
(1

98
7)

7
3

W
is

co
n

si
n

19
73

–1
98

3
43

,
12

In
pa

ti
en

t
re

co
rd

s
N

ot
ap

pl
ic

ab
le

A
lk

al
in

e
pr

od
uc

ts
C

lin
ic

al
ju

dg
m

en
t

L
et

ts
(1

98
6)

6
9
,b

C
an

ad
a

19
78

–1
98

3
T

ot
al

:
16

Fa
rm

:
4

3–
14

H
os

pi
ta

l
ca

se
s

N
ot

ap
pl

ic
ab

le
Fa

rm
m

ac
h

in
er

y:
4

of
17

N
um

be
r

of
am

pu
ta

ti
on

s;
qu

al
it

y
of

gr
af

t
h

ea
lin

g
C

og
bi

ll,
B

us
ch

,
St

ie
rs

(1
98

5)
7
0

W
is

co
n

si
n

19
77

–1
98

4
10

5a
0–

18
H

os
pi

ta
l

ch
ar

ts
N

ot
ap

pl
ic

ab
le

A
n

im
al

s:
40

%
M

ac
h

in
er

y:
46

%
O

th
er

:
14

%

M
aj

or
lo

n
g-

te
rm

di
sa

bi
lit

y:
1%

M
in

or
lo

n
g-

te
rm

di
sa

bi
lit

y:
9%

(I
n

ju
ry

Se
ve

ri
ty

Sc
or

e)
Si

m
ps

on
(1

98
4)

6
2

C
an

ad
a

19
80

A
ll

ag
es

:
42

A
ge

,
18

:
12

A
ll

H
os

pi
ta

l
di

sc
h

ar
ge

re
co

rd
s

N
ot

ap
pl

ic
ab

le
Fa

rm
m

ac
h

in
er

y
In

fe
rr

ed
by

ty
pe

of
in

ju
ry

A
dm

in
is

tr
at

iv
e

da
ta

ba
se

s
(1

1)
C

D
C

(1
99

8)
8
0

U
n

it
ed

St
at

es
19

95
–1

99
7

Yo
ut

h
:

10
4

,
20

N
E

IS
Su

rv
ei

lla
n

ce
Sy

st
em

,
15

5
N

A
15

–1
7

5
1.

8
18

–1
9

5
2.

7
(p

er
10

0
FT

E
)

M
ac

h
in

er
y,

an
im

al
s,

pe
rs

on
s,

ot
h

er
In

fe
rr

ed
by

in
ju

ry
ty

pe

H
ar

tl
in

g,
Pi

ck
et

t,
G

ue
rn

se
y,

A
lb

er
g,

R
ed

ek
op

,
B

ri
so

n
(1

99
8)

6
1

C
an

ad
a

19
85

–1
99

6
A

ll
ag

es
:

13
24

a

A
ge

,
16

:
15

7
A

ll
C

an
ad

ia
n

A
gr

ic
In

ju
ry

Su
rv

ei
lla

n
ce

R
eg

is
tr

y,
M

an
it

ob
a

D
ep

t.
of

L
ab

or

N
ot

ap
pl

ic
ab

le
Fa

rm
m

ac
h

in
er

y
In

fe
rr

ed
by

in
ju

ry
ty

pe
an

d
in

ju
ry

co
de

M
ill

er
&

K
au

fm
an

(1
99

8)
7
7
,b

W
as

h
in

gt
on

St
at

e
19

88
–1

99
1

C
la

im
s:

17
,8

00
11

–1
7

A
cc

ep
te

d
w

or
ke

r
co

m
p.

fi
le

s
O

ve
ra

ll:
9.

0
A

gr
ic

ul
tu

re
:

11
.4

(p
er

10
0

w
or

ke
rs

)

N
o

ag
ri

cu
lt

ur
e-

sp
ec

ifi
c

in
fo

rm
at

io
n

N
ot

gi
ve

n

R
iv

ar
a9

(1
99

7)
U

n
it

ed
St

at
es

N
E

IS
S

19
91

–1
99

3
N

C
H

S
19

90
–1

99
3

In
ju

ri
es

:
89

,1
53

D
ea

th
/y

r.
:

10
4a

,
20

N
on

fa
ta

l
5

N
E

IS
S

Fa
ta

l
5

N
C

H
S

M
M

C
de

at
h

ta
pe

s

17
17

pe
r

10
0,

00
0

re
si

de
n

t
fa

rm
ch

ild
re

n
(n

on
fa

ta
l

in
ju

ri
es

on
ly

)

M
ac

h
in

er
y:

47
%

H
or

se
ba

ck
ri

di
n

g:
8.

4%
A

T
V

/m
ot

or
bi

ke
s:

8.
0%

O
th

er
:

36
.6

%

In
fe

rr
ed

by
in

ju
ry

ty
pe

(c
on

tin
ue

d
on

ne
xt

pa
ge

)



T
ab

le
1.

C
h

ild
in

ju
ry

lit
er

at
ur

e
19

84
–1

99
8,

cl
as

si
fi

ed
by

st
ud

y
de

si
gn

A
ut

ho
r/

da
te

L
oc

at
io

n
an

d
st

ud
y

pe
ri

od
N

A
ge

s
D

at
a

so
ur

ce
In

ju
ry

ra
te

In
ju

ry
so

ur
ce

Fu
nc

ti
on

al
ou

tc
om

e
m

ea
su

re
m

en
t

L
ay

n
e,

C
as

ti
llo

,
St

ou
t,

C
ut

lip
(1

99
4)

7
5
,b

U
n

it
ed

St
at

es
Ju

ly
–D

ec
em

be
r

19
92

In
ju

ri
es

:
37

,4
05

A
ge

-r
el

at
ed

:
25

02
14

–1
7

N
E

IS
S

da
ta

(9
1

U
.S

.
h

os
pi

ta
l

em
er

ge
n

cy
de

pt
s.

)

4.
3/

10
0

FT
E

Fa
rm

m
ac

h
in

er
y:

20
%

N
ot

re
po

rt
ed

B
el

vi
lle

,
Po

lla
ck

,
G

od
bo

ld
,

L
an

dr
ig

an
(1

99
3)

6
0
,b

N
ew

Yo
rk

St
at

e
19

80
–1

98
7

96
56

Fa
rm

:
7%

14
–1

7
W

or
ke

r
co

m
p.

cl
ai

m
s

O
ve

ra
ll

5
46

.2
pe

r
10

,0
00

w
or

ki
n

g
ad

ol
es

ce
n

ts
(n

o
ag

e-
sp

ec
ifi

c
ra

te
)

V
ar

io
us

vo
ca

ti
on

s
43

.5
%

of
ad

ol
es

ce
n

ts
w

it
h

W
C

cl
ai

m
s

h
ad

pe
rm

an
en

t
di

sa
bi

lit
y

H
ey

er
,

Fr
an

kl
in

,
R

iv
ar

a,
Pa

rk
er

,
H

au
g

(1
99

2)
7
6
,b

W
as

h
in

gt
on

St
at

e
19

86
–1

98
9

T
ot

al
cl

ai
m

s:
16

,4
81

Fa
rm

:
7%

,
18

W
or

ke
r

co
m

p.
cl

ai
m

s
N

ot
ap

pl
ic

ab
le

N
ot

re
po

rt
ed

D
is

ab
ili

ty
by

ti
m

e
lo

ss
an

d
Z

-c
od

e;
26

%
cl

as
si

fi
ed

as
“s

er
io

us
”

D
em

er
s,

R
os

en
st

oc
k

(1
99

1)
6
5

W
as

h
in

gt
on

St
at

e
19

82
–1

98
6

A
ll

ag
es

:
29

,4
51

A
ge

,
18

:
5%

a
A

ll
W

or
ke

r
co

m
p.

cl
ai

m
s

N
ot

ap
pl

ic
ab

le
N

ot
re

po
rt

ed
In

fe
rr

ed
by

in
ju

ry
ty

pe

Pa
rk

er
,

C
la

y,
M

an
de

l,
G

un
de

rs
on

,
Sa

lk
ow

ic
z

(1
99

1)
7
8
,b

M
in

n
es

ot
a

19
86

–1
98

7
T

ot
al

:
16

07
Fa

rm
in

ju
ri

es
:

45

T
ot

al
:

23
,8

23

12
–1

7
M

N
D

ep
t.

of
L

ab
or

an
d

w
or

ke
r

co
m

p.
cl

ai
m

s

14
.0

/1
00

0
FT

E
(a

ll
oc

cu
pa

ti
on

s)
N

ot
re

po
rt

ed
“U

n
ab

le
to

de
te

rm
in

e
di

sa
bi

lit
y”

Sc
h

ob
er

,
H

an
dk

e,
H

al
pe

ri
n

,
M

ol
l,

T
h

un
(1

98
8)

7
9
,b

24
U

.S
.

St
at

es
19

80
–1

98
3

Fa
rm

w
or

ke
r

cl
ai

m
s:

12
43

,
18

W
or

ke
r

co
m

p.
(S

D
S)

fi
le

s
M

al
es

:
12

.6
/1

00
FT

E
Fe

m
al

es
:

6.
6/

10
0

FT
E

(A
ge

s
16

–1
7,

al
l

vo
ca

ti
on

s)

V
ar

io
us

N
ot

re
po

rt
ed

R
iv

ar
a

(1
98

5)
1
1

U
n

it
ed

St
at

es
19

78
–1

98
3

D
ea

th
s:

28
6a

In
ju

ri
es

:
11

7,
52

5
0–

19
N

C
H

S
de

at
h

ta
pe

s,
N

E
IS

S,
C

PS
C

da
ta

ba
se

,
19

80
C

en
su

s

M
al

es
:

17
40

Fe
m

al
es

:
34

3
O

ve
ra

ll:
15

51
(p

er
10

0,
00

0
po

pu
la

ti
on

in
ea

ch
ag

e/
ge

n
de

r
gr

ou
p)

Fa
rm

eq
ui

pm
en

t
Se

ve
ri

ty
in

di
ca

te
d

by
bo

dy
pa

rt
;

1:
10

ad
m

it
te

d
to

h
os

pi
ta

l

C
as

e
co

nt
ro

l
st

ud
ie

s
(2

)
Se

bi
lle

,
D

on
h

am
,

R
ob

er
ts

(1
99

7)
8
1

Io
w

a
19

93
C

as
es

:
22

C
on

tr
ol

s:
n

o
#

0–
9

yr
s.

M
ai

le
d

su
rv

ey
N

ot
ap

pl
ic

ab
le

M
ac

h
in

e,
fa

lls
,

an
im

al
s

T
yp

e
of

m
ed

ic
al

ca
re

so
ug

h
t;

1/
3

h
os

pi
ta

liz
ed

St
ue

la
n

d,
L

ee
,

N
or

ds
tr

om
,

L
ay

de
,

W
it

tm
an

(1
99

6)
8
2

W
is

co
n

si
n

19
90

–1
99

2
C

as
es

:
60

C
on

tr
ol

s:
10

2
,

18
C

as
es

:
M

E
SA

m
ed

ic
al

re
co

rd
s;

C
on

tr
ol

s:
L

is
ts

fr
om

U
SD

A
/

da
ir

y
m

ilk
pr

od
uc

er
s,

fa
rm

ve
h

ic
le

re
gi

st
ra

ti
on

,
su

bs
cr

ib
er

s
to

A
gr

iV
ie

w

M
al

es
:

23
.4

7
Fe

m
al

es
:

12
.6

6
O

ve
ra

ll:
18

.2
7

(p
er

10
00

fa
rm

re
si

de
n

t
pe

rs
on

s)

D
is

ab
le

d
sa

fe
ty

de
vi

ce
s,

liv
es

to
ck

C
on

tu
si

on
s,

la
ce

ra
ti

on
s,

fr
ac

tu
re

s

C
ro

ss
-s

ec
ti

on
al

su
rv

ey
s

(6
)

M
ye

rs
(1

99
8)

8
6

U
n

it
ed

St
at

es
Fa

rm
s:

11
,6

30
N

ot gi
ve

n
Se

lf
-a

dm
in

is
te

re
d

qu
es

ti
on

n
ai

re
9%

ag
ed

0–
19

in
ju

re
d

N
ot

sp
ec

ifi
ed

10
%

lo
ss

ti
m

e
an

d
ty

pe
s

of
in

ju
ri

es
M

ill
ar

d,
Sh

an
n

on
,

C
ar

ve
tt

e,
T

an
ak

a,
H

al
pe

ri
n

(1
99

6)
8
4

M
ai

n
e

19
94

R
es

po
n

se
s:

64
8

R
ak

er
s:

36
4

13
–1

9
Se

lf
-a

dm
in

is
te

re
d

qu
es

ti
on

n
ai

re
N

ot
ap

pl
ic

ab
le

M
et

al
h

an
d

ra
ke

s
51

%
h

an
d

pa
in

(R
.R

.
5

3.
7)

4%
pa

in
.

1
m

on
th

(c
on

tin
ue

d
on

ne
xt

pa
ge

)



T
ab

le
1.

C
h

ild
in

ju
ry

lit
er

at
ur

e
19

84
–1

99
8,

cl
as

si
fi

ed
by

st
ud

y
de

si
gn

A
ut

ho
r/

da
te

L
oc

at
io

n
an

d
st

ud
y

pe
ri

od
N

A
ge

s
D

at
a

so
ur

ce
In

ju
ry

ra
te

In
ju

ry
so

ur
ce

Fu
nc

ti
on

al
ou

tc
om

e
m

ea
su

re
m

en
t

C
oh

en
,

R
un

ya
n

,
D

un
n

,
Sc

h
ul

m
an

(1
99

6)
8
5
,b

N
or

th
C

ar
ol

in
a

R
es

po
n

de
n

ts
:

32
3

Fa
rm

w
or

ke
rs

:
11

2
14

–1
7

Se
lf

-a
dm

in
is

te
re

d
gu

es
ti

on
n

ai
re

71
%

in
ju

re
d

do
in

g
fa

rm
w

or
k

(l
if

et
im

e
pr

ev
al

en
ce

)

N
ot

sp
ec

ifi
ed

In
fe

rr
ed

by
n

um
be

r
w

h
o

so
ug

h
t

m
ed

ic
al

tr
ea

tm
en

t
Pi

ck
et

t,
B

ri
so

n
,

N
ei

zg
od

a,
C

h
ip

m
an

(1
99

5)
8
7

C
an

ad
a

19
91

O
n

ta
ri

o
fa

rm
s:

20
00

A
ll

Po
pu

la
ti

on
-b

as
ed

m
ai

l
su

rv
ey

C
h

ild
re

n
,

19
:

2.
0

(p
er

10
0

pe
rs

on
s

pe
r

ye
ar

)

M
ac

h
in

er
y,

lif
ti

n
g,

an
im

al
s,

fa
lls

,
ot

h
er

N
ot

re
po

rt
ed

fo
r

ch
ild

re
n

H
aw

k,
G

ay
,

D
on

h
am

(1
99

1)
8
3

Io
w

a
(y

ea
r

n
ot

re
po

rt
ed

)
Fa

m
ili

es
:

16
9

C
h

ild
re

n
:

34
4

Fa
m

ili
es

w
it

h
ch

ild
re

n
,

19

Su
rv

ey
of

16
9

fa
m

ili
es

N
ot

ap
pl

ic
ab

le
M

ac
h

in
er

y:
36

%
93

%
5

re
st

ri
ct

ed
ac

ti
vi

ty
(r

an
ge

1–
60

da
ys

;
av

g.
14

.4
)

B
ro

st
e,

H
an

se
n

,
St

ra
n

d,
St

ue
la

n
d

(1
98

9)
8
8

W
is

co
n

si
n

19
85

–1
98

8
V

oc
-a

gr
ic

ul
tu

re
st

ud
en

ts
:

87
2

12
–1

9
A

ud
io

m
et

ri
c

te
st

in
g

an
d

su
rv

ey
N

ot
ap

pl
ic

ab
le

N
ot

ap
pl

ic
ab

le
H

ea
ri

n
g

lo
ss

:
71

%
–7

4%
(w

or
k

fa
rm

)
36

%
–4

6%
(n

o
fa

rm
w

or
k)

M
ix

ed
m

et
ho

d:
re

co
rd

re
vi

ew
s

an
d

in
te

rv
ie

w
(1

)
M

cD
er

m
ot

t,
L

ee
(1

99
0)

6
7

So
ut

h
C

ar
ol

in
a

19
86

,
19

87
M

ed
.

re
co

rd
s:

77
6

In
te

rv
ie

w
s:

11
6

A
ll

M
ed

ic
al

re
co

rd
s,

in
te

rv
ie

w
In

te
rv

ie
w

s:
7.

8%
of

in
ju

re
d

w
er

e
ch

ild
re

n

N
ot

gi
ve

n
fo

r
ch

ild
re

n
N

ot
re

po
rt

ed

P
ro

sp
ec

ti
ve

ca
se

se
ri

es
(2

)
W

al
le

r
(1

99
2)

6
6

V
er

m
on

t
19

88
–1

98
9

Fa
rm

in
ju

ri
es

:
14

7a
A

ll
H

os
pi

ta
l

re
co

rd
s,

fo
llo

w
-u

p
ph

on
e

su
rv

ey
s

N
ot

ap
pl

ic
ab

le
A

ll
fa

rm
in

g
an

d
w

oo
dl

ot
as

pe
ct

s
(m

ac
h

in
er

y,
to

ol
s,

an
im

al
s)

#
da

ys
of

di
sa

bi
lit

y

St
ue

la
n

d,
L

ay
de

,
L

ee
(1

99
1)

8
9

W
is

co
n

si
n

19
86

–1
98

8
C

h
ild

re
n

:
24

6
,

19
M

ed
ic

al
re

co
rd

s,
su

rv
ey

N
ot

ap
pl

ic
ab

le
M

ac
h

in
er

y:
45

A
n

im
al

s:
47

O
th

er
:

15
4

N
ot

re
po

rt
ed

P
ro

sp
ec

ti
ve

co
ho

rt
(1

)
L

ee
,

G
er

be
ri

ch
,

G
ils

on
,

C
ar

r,
Sh

ut
sk

e,
R

en
ie

r
(1

99
6)

6
8

5
st

at
es

19
90

Fa
rm

h
ou

se
h

ol
ds

:
39

39
C

h
ild

re
n

in
ju

re
d:

4

A
ll

Ph
on

e
su

rv
ey

s
A

ge
,

10
:

11
0.

3
A

ge
10

–1
9:

79
.5

(p
er

10
0,

00
0

pe
rs

on
s

on
fa

rm
s

w
it

h
tr

ac
to

rs
)

T
ra

ct
or

s
N

ot
re

po
rt

ed
fo

r
ch

ild
re

n

a St
ud

y
in

cl
ud

ed
fa

ta
l

ca
se

s.
b
N

ot
ag

ri
cu

lt
ur

e-
sp

ec
ifi

c.



pain among students who raked blueberries. Persistent
hand pain lasting longer than 1 month may be indica-
tive of cumulative trauma disorder.

In the only report focusing on minorities that in-
cluded children, McDermott et al.67 used a mixed
design of record reviews and interviews to describe
injuries. Interview data revealed nine injuries to chil-
dren. No descriptions of these injuries were included.
However, it is important to note that 7.8% of the total
injuries in the survey were attributed to these young
workers.

Only three prospective studies were found.66,68,89

Two hospital-based case series reports focused on the
sources and types of injuries. Only one66 reported
disability outcomes. However, disability outcomes were
not reported for children included in the study. Stu-
eland et al.89 focused on the etiology of injury. No
long-term outcome data were collected in the survey
portion of the study. In the sole population-based
cohort study,68 only four injuries to children were
reported. The only child-specific rates calculated were
relative risks for injury. The narrow focus of the study
(tractors) may have led to this unusually low injury rate.

Methodologic Issues

The methodologic quality of studies varied depending
on several factors, including study design and the
databases used. Study designs ranged from simple case
series reports including only 14 children72 to secondary
analysis of multiple national administrative databas-
es.9,11,61,75 All case series reports62–64,69–74 were based
on retrospective review of medical records, which lim-
ited the type and quality of data. These reports, by
nature of their databases, reflected only the most
serious injuries. Six reports relied on worker compen-
sation claims.60,65,76–79 The authors of these reports
noted that injuries to farm children were severely
underrepresented in these databases. The National
Electronic Injury Surveillance System (NEISS) was used
as a database in four studies,9,11,75,80 although that
system is known to underrepresent rural hospitals,
where farm children would be most likely to be treated
for all but the most severe injuries.9 The heavy reliance
on self-reported data66,81,83–86,89 compromises the va-
lidity of study results. Many studies used a compilation
of data sources, which may or may not have employed
comparable sampling and analysis strategies.9,11,61,64,78

One of the major obstacles for reviewing and com-
paring literature, especially in the arena of agricultural
injury, is the problem of comparable definitions.13 The
definition of injury was not consistent across studies.
Only two studies9,11 used the same definition of injury.
Only three articles60,63,86 defined disability, and these
definitions varied across studies. The distinction be-
tween temporary and permanent disability was defined

in only one report,60 although several articles reported
outcomes in these terms.

Discussion

Obstacles continue to thwart our efforts to categorize
the literature on injuries to farm children. The descrip-
tive state of much of the literature precludes a defini-
tive portrayal of the magnitude and severity of injuries
among farm children. Generally, only descriptive statis-
tics are reported for injury; in many reports agricultural
injuries are subsumed within the general results, effec-
tively barring a realistic portrayal of injuries to farm
children.

The current literature lacks data on the number of
children engaged in farm work. Accurate estimates of
the incidence of injuries cannot be calculated until
these data are available. Only 12 of the 32 studies
reported injury rates and, when these were reported,
rates were calculated in varied ways. Consequently,
comparisons cannot be made. Rivara9,11 noted this
problem in both his 1985 and 1997 reports on injuries
to farm children. There is a continued need for expo-
sure data so that rates can be estimated based on actual
time children are exposed to farm hazards. While other
industries that employ children and youth are required
to keep records of hours worked, the nature of agricul-
tural work prevents good estimates of exposure.

The report of injury sources was consistent across
studies and was also consistent with the historical
evidence of farm injury. Machinery and animals were
most commonly cited as primary sources of injury in
the injuries to farm children reports. With the excep-
tion of one small case series report,69 publications that
were not specific to agriculture did not report sources
of agricultural injury.

The problem of incomplete data in hospital and
other medical records hampers the ability to present
evidence of disability. Judging from the severity of
injuries presented in the literature (fractures, lacera-
tions) and the high percentage requiring hospitaliza-
tion, nearly all would be considered at least temporarily
disabling. Many would lead to permanent disability.
Worker compensation legislation and current Bureau
of Labor Statistics policies exclude most children work-
ing in agriculture. Unless these policies are revised to
more accurately reflect the rate, outcomes, and costs of
injuries to farm children, the literature will continue to
present an incomplete portrait of the epidemiology of
injuries to farm children.

The inadequacy of national databases in examining
these injuries remained essentially unchanged over the
last decade. The incidence and severity of injury are
calculated in only two comparison studies.9,11 The
NEISS database showed that younger children were
likely to have more severe injuries, and older children
were likely to have higher rates of injury. While lacer-
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ations and puncture wounds were the most commonly
reported injuries, severity and outcomes were not doc-
umented. Overall, 10% required hospitalization, a rea-
sonable proxy for serious injuries. However, the data-
base has no mechanism for recording post-discharge
outcome. Even the continued national surveillance
study of agricultural injury86 provides scant data on
outcome, limiting its report to lost time and temporary
and permanent disability.

Recommendations for Future Research

Despite increasing knowledge about the epidemiology
of childhood farm-related injury, the outcomes of in-
jury remain unknown. Research and prevention efforts
of the past decade demonstrate the decline of fatal
injuries, yet the concomitant rise in the number of
children who survive farm injuries poses the question of
their quality of life. While years of potential life lost can
be calculated for fatal injuries, there is no documenta-
tion of the years of potential productive life lost for
survivors. Current and future research needs to incor-
porate outcomes of these nonfatal events.

Persons with disabilities are at high risk for the
development of secondary conditions. Lack of ade-
quate rehabilitation is cited as a contributing factor to
the development of these conditions.90 For rural resi-
dents, barriers to the care required after hospitalization
are distance to services, transportation, and time re-
quired to access care.91,92 Hispanics and other minori-
ties suffer a disproportionate share of disability among
the rural population and have the most limited re-
sources for accessing care.93 No studies provided in-
sight into these rehabilitation issues that may affect
injured farm children. Realization of the need for
rehabilitation services for injured farm children was
raised over a decade ago.94 A concerted effort must be
made to access the use of rehabilitation services by the
farm population. Intervention strategies to deliver care
to injured farm children should be designed.

The private and public financial burdens of rehabil-
itation after serious injury need to be examined for
farm children. Serious injuries such as neurologic
trauma and amputation require lifelong medical inter-
vention. Many farm families are without insurance,
adding to the financial and emotional burden of caring
for an injured child.95 The economic impact of tempo-
rary and permanent disability should be included in
data collection when possible. Intervention studies that
focus on cost reduction and rural accessibility to care
should be undertaken.

Stallones13 reviewed the U.S. literature regarding the
epidemiology of childhood agricultural injury and
found only descriptive studies that stopped short of
examining the postevent phase of injury. The current
state of the literature on injuries to farm children
continues to exclude functional outcome. Longitudinal

studies should be undertaken to follow injured farm
children post discharge. This research should include
standardized functional outcome measures, days lost
from usual activity, pyschosocial evaluation and cost
analysis. Data on the ability to work should be included
for older children.

Conclusions

The efforts of the U.S. government to establish pro-
grams of research and intervention to reduce the
prevalence of farm injury should be applauded and
supported. Efforts must now be made to standardize
measurements in the literature. When planning re-
search programs, investigators should collect data re-
garding not only the epidemiology and prevalence of
injury but the short-term and long-term consequences
of the event. Children who would have died from their
injuries a decade ago are now living. Examination of
the quality of life of these survivors needs to be under-
taken. Intervention research aimed at maximizing re-
covery and improving the quality of life for farm
children who are injured must be considered. Three
research projects funded by the 1997 National Child-
hood Agricultural Injury Prevention Initiative are ex-
amining farm children’s health outcomes and the
economic and psychological impacts of farm injury.12

We anticipate publications in the near future from
these and other studies that will extend our knowledge
about the incidence of injuries to farm children and
the outcomes of these events. Such information can
assist in building appropriate intervention services for
disabled farm children.

The authors thank the staff of the Harborview Injury Preven-
tion and Research Center for their support and guidance.
Appreciation is also extended to Carol Donnelly for reviewing
and editing the final manuscript. Support for this project was
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