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Prevalence of Musculoskeletal Disorders Among
Farmers: A Systematic Review

Aoife Osborne,1� Catherine Blake,2 Brona M. Fullen,2 David Meredith,3

James Phelan,4 John McNamara,5 and Caitriona Cunningham2

Objective To determine the prevalence of musculoskeletal disorders (MSDs) among
farmers and to establish the most common regional MSDs reported.
Methods Comprehensive electronic searches of Pubmed, Web of Science, CINAHL,
SCOPUS, EMBASE, Agris Database, and Cochrane Library were carried out using
keywords for MSDs and farmers. Pooled estimates of prevalence with 95% confidence
intervals were calculated for overall MSD prevalence and the most common regional
MSDs reported.
Results Twenty-four studies fulfilled the inclusion criteria and were incorporated into
this review. From these studies, life-time prevalence of any form of MSD among farm-
ers was 90.6% while 1-year MSD prevalence was 76.9% (95% CI 69.8–82.7). The
majority of studies focused on spinal MSDs with low back pain (LBP) the most fre-
quently investigated. Life-time LBP prevalence was 75% (95% CI 67–81.5) while
1-year LBP prevalence was 47.8% (95% CI 40.2–55.5). The next most common region-
al MSDs reported were upper (range 3.6–71.4%) and lower extremities (range 10.4–
41%).
Conclusions The systematic review identified the prevalence of MSDs by body region
in farmers and established that LBP was the most common MSD, followed by upper
and then lower extremity MSDs. Reported trends suggest that the prevalence of MSDs
in farmers is greater than in non-farmer populations. Case-definition uniformity
among MSD researchers is warranted. More studies are needed regarding upper
and lower extremity MSDs, gender, workplace, and task context of MSDs. Am. J. Ind.
Med. 55:143–158, 2012. � 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Musculoskeletal disorders (MSDs) are defined as a

group of disorders that affect the musculoskeletal system

including the nerves, tendons, muscles, and supporting

structures such as intervertebral discs [NIOSH, 1997].

MSDs affect millions of people around the world and are

the most common cause of severe long-term pain and

physical disability [Woolf and Pfleger, 2003]. Although

MSDs can occur as a consequence of intrinsic pathologi-

cal processes or as a result of acute injuries from a one-

time trauma, they are most commonly a result of cumula-

tive trauma, that is, repetitive minor traumas and bio-

mechanical stresses [Kolstrup, 2008]. Work-related

musculoskeletal disorders (WMSDs) describe disorders

and diseases of the musculoskeletal system that are associ-

ated with cumulative traumas such as repetitive motion,

excessive force, awkward and/or sustained postures, pro-

longed sitting and standing in the course of work [Da Cos-

ta and Vieira, 2010].

Due to the nature of farm work, which involves

strenuous physical activities and high levels of manual

labor, farmers and farm workers are at particular risk of

developing WMSDs [Walker-Bone and Palmer, 2002;

Rosecrance et al., 2006; Health and Safety Executive,

2007]. Examples of some of the work exposures that

farmers face include lifting and carrying heavy loads,

working with the trunk frequently flexed, risk of accidents

caused by the unpredictable actions of livestock and

exposure to vibration from farm vehicles and powered

hand tools [Walker-Bone and Palmer, 2002]. A number

of studies have reported that MSDs are the most common

of all occupational non-fatal injuries and illnesses for

farm workers [Hartman et al., 2006, Whelan et al.,

2009]. The UK Health and Safety Executive [2007]

established that workers in skilled agricultural trades

had a higher prevalence of MSDs compared to all

other industries, with back problems being the most

common MSD. Other studies have reported an associa-

tion between farming and the development of MSDs,

while several highlight the association between the

occupation and the prevalence of MSDs [Walker-Bone

and Palmer, 2002; Hartman et al., 2006; Rosecrance et al.,

2006].

Farmers are vulnerable to a range of MSDs including:

osteoarthritis of the hip and knee, low back pain (LBP),

upper limb disorders, and hand/arm vibration syndrome,

as well as to the consequences of trauma such as sprains,

fractures, and dislocations [Walker-Bone and Palmer,

2002]. Almost 60% of Southeast Kansas farmers reported

that they experienced a farm work-related MSD symptom

during the previous 12 months [Rosecrance et al., 2006].

A survey of self-reported work-related illness in Britain

during 1995 found that 43,000 agricultural workers

ascribed musculoskeletal symptoms to their occupation

[Walker-Bone and Palmer, 2002].

MSDs can result in severe long-term pain and suffer-

ing for individuals. In addition to their physical effects,

they can also lead to further negative consequences such

as reduced work ability, lower farm income, poor quality

of life, and the onset of other health problems such as

stress or depression. In the Netherlands MSDs were found

to be the main reason for sick leave among self-employed

farmers [Hartman et al., 2006]. A study investigating dis-

ability among farmers in the Republic of Ireland found

arthritis (31.4%) and back problems (17%) to be the most

frequent illness/disease reported and farm income was

lower on farms where the operator had a MSD-related dis-

ability [Whelan et al., 2009].

Although a number of epidemiological studies report-

ing on the prevalence of MSDs among farmers have been

published, there has been no systematic review of the

prevalence literature. A systematic review is required as

study methods vary greatly across nation and in terms of

type of farming, methodological quality, case definitions,

or data extraction and analysis. Heterogeneity of this na-

ture gives rise to a wide range of prevalence results and

makes it difficult to identify a single prevalence for a spe-

cific body region. This review will be an important re-

source document for future researchers who study MSDs

among farmers. The primary aim of this review was to

systematically appraise peer-reviewed publications con-

ducted with farmers to establish MSD prevalence trends

among farmers for different body regions.

METHODOLOGY

Overview

The review comprised three phases. Phase 1 involved

a systematic search of the literature using devised criteria

and a search strategy based on key words. Phase 2 in-

volved the initial screening of appropriate abstracts and

subsequently, of full articles by two reviewers. Phase 3

involved classifying the internal validity of the included

articles, and grading the strength of the evidence using

established and validated tools.

Phase 1: Search Strategy

Comprehensive electronic searches of Pubmed, Web

of Science, CINAHL, SCOPUS, EMBASE, Agris Data-

base, and Cochrane Library were carried out covering the

period January 1990 to February 2009. Relevant keywords

were chosen with advice from two librarians, one in

Health Sciences and the second in Veterinary Medicine

and Agriculture. Two concepts of search terms (MeSH
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headings and text words) were combined describing

MSDs and farmers. This review took a broad definition of

both MSDs and farmers in order to capture all relevant

information within the electronic databases. The MSD

keywords included: shoulder pain, elbow pain, hand pain,

wrist pain, back pain, neck pain, cervical spine pain, hip

pain, knee pain, ankle pain, foot pain, arthritis, bone/joint/

muscle problem problems/pain pains/dysfunction dysfunc-

tions, musculoskeletal problem problems/pain pains/dys-

function dysfunctions, orthopedic problem problems/pain

pains/dysfunction dysfunctions, muscle strain, MSDs.

Farmer keywords included: farmers, farmer, agriculture

worker, farm worker, farming, breeder, cultivator, grower,

harvester, plowman, sower, tiller, agronomist, stockman,

granger, herdsman, agriculturalists, and shepherd. The

farmer keywords focused on those who carry out similar

work practices, that is, livestock and tillage farmers.

Therefore, farmers such as aquaculture and forestry work-

ers were excluded. All titles identified were merged into

the reference management software package, Endnote

(Version X1, Thomson Reuters, New York, NY).

Phase 2: Screening Process

Following elimination of duplicates, the potentially

relevant studies were assessed against initial inclusion cri-

teria (Table I). The abstracts of all studies meeting the

initial inclusion criteria were then further scrutinized, by

two researchers using more detailed inclusion criteria

(Table I). If no abstract was available, or if it was unclear

from the abstract whether a study should be included, the

whole article was retrieved and read. The full text of all

the remaining potentially relevant articles was evaluated

by two researchers to ensure the eligibility of the article

for inclusion in the review. Disagreements regarding study

eligibility were resolved through focused discussions, and

involvement of a third researcher until consensus was

reached. A detailed pro-forma was developed and imple-

mented by two researchers to extract and subsequently

categorize the study design and results of each included

article (n ¼ 24). The search and selection results are pre-

sented in Figure 1.

Phase 3: Assessment of Methodological
Quality

Methodological quality of the included prevalence

studies was assessed according to the ‘‘Guidelines for crit-

ical appraisal of the health research literature: prevalence

or incidence of a health problem’’ as proposed by Loney

et al. [1998]. Each article was evaluated and scored

according to eight criteria: (i) Study design and sampling

method—this item was considered adequate if the study

design was observational and if the sampling method

TABLE I. Inclusion Criteria

Initial inclusioncriteria Detailed inclusioncriteria

Titles relatingtoMSDsor
farmers

Subjects aged16yearsplus (to capture those
whoundertake farmworkon a regularbasis)

Paperspublished1990^2009 Studies establishingprevalence forMSDs
Studieswritten inEnglish Studieshad to investigate farmers

Studieshad toprovideownfindings

FIGURE 1. Stages of systematic review of studies investigating prevalence of musculoskeletal disorders among farmers.
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included either the whole population or a random sample;

(ii) sampling frame—considered adequate if the sampling

frame was considered to have minimal bias (e.g., derived

from census data); (iii) sample size—adequate if sample

size was >300 subjects; (iv) appropriate measurement—

adequate if objective was suitable and if standard criteria

were used for measurement of the health outcome; (v) out-

comes measured by independent assessors—considered

adequate when the health outcome was measured objec-

tively in an unbiased fashion, that the trained assessors

were independent and not aware of the subjects’ clinical

status and that the farmers under assessment included

those with and without the health problem; (vi) response

rate—accepted if the response rate was 70% or greater

and if an attempt was made to obtain information about

reasons for non-participation and characteristics of the

group of non-responders; (vii) results—accepted if the

estimates of prevalence were given with confidence inter-

vals and in detail by subgroup, if appropriate; and (viii)

study subjects—accepted if the study subjects and the set-

ting described in detail are similar to those of interest to

this review.

Having applied these criteria, the findings were classi-

fied according to main body regions reported. Meta-analy-

sis was carried out to statistically pool MSD and LBP

prevalence results using standardized prevalence estimates

from the studies. The analysis was performed using Meta-

Analyst software [Wallace et al., 2009]. A random effects

model was used as it makes the assumption that there is

heterogeneity present among the studies that cannot be

readily explained [Higgins and Green, 2011]. The number

of cases of LBP/MSD, and total sample size were entered

for individual studies and a pooled prevalence was calcu-

lated. Where the number of LBP/MSD cases was pre-

sented in relation to specific subgroups (e.g., gender) data

were combined to provide total number of cases in the

overall sample. This was necessary in the case of three

studies [Manninen et al., 1996; Xiang et al., 1999; Park

et al., 2001]. Forest plots were constructed for 1-year

MSD prevalence and both lifetime and 1-year LBP preva-

lence for all studies.

RESULTS

Given the combined health science and agriculture

theme, the electronic search resulted in the identification

of a large number of titles (n ¼ 18,864). The search func-

tions of several of the databases, in particular Web of Sci-

ence (n ¼ 7,465) and EMBASE (n ¼ 9,627) did not allow

advanced search strings, thus these searches returned a

high volume of titles. Following elimination of duplicates

(n ¼ 1,209), the potentially relevant articles (n ¼ 17,655)

were assessed against initial inclusion and exclusion crite-

ria. Over-representation of irrelevant agricultural and

health terms in titles resulted in many of the articles being

excluded (n ¼ 17,351). The abstracts of all studies meet-

ing the initial inclusion criteria (n ¼ 304) were then fur-

ther scrutinized and the full text of all potentially relevant

articles (n ¼ 125) was evaluated, resulting in the final

articles for inclusion (n ¼ 24). The search and selection

results are presented in Figure 1.

In total, 24 articles using four distinctive methodolo-

gies were included in the review (Table II): cross-sectional

(n ¼ 17), case-controlled (n ¼ 3), prospective cohort

(n ¼ 2), and retrospective cohort (n ¼ 2) studies. All

studies dealt with the prevalence of MSDs among farmers.

The studies yielded a range of prevalence estimates: point

(n ¼ 3), period (n ¼ 7), 1-year (n ¼ 21), and lifetime

(n ¼ 4). MSDs were classified using a range of validated

measures: modified version of the Standardized Nordic

Questionnaire (n ¼ 10) [Bovenzi and Betta, 1994; Gus-

tafsson et al., 1994; Hildebrandt, 1995; Stal et al., 1996;

Toren et al., 2002; Gomez et al., 2003; Stål and Englund,

2005; Kolstrup et al., 2006; Rosecrance et al., 2006; Non-

nenmann et al., 2008], the International Classification of

Diseases code (n ¼ 4) [Holmberg et al., 2002; Greenlee

et al., 2005; Thelin and Holmberg, 2007; Thelin et al.,

2009], 1988 National Health Interview Survey (n ¼ 3)

[Xiang et al., 1999; Park et al., 2001; Shipp et al., 2009],

non-validated definitions (n ¼ 4) [Croft et al., 1992; Man-

ninen et al., 1996; Firth et al., 2002; Cameron et al.,

2006]. A small number did not provide any definition

(n ¼ 3) [Scutter et al., 1997; McNeill and O’Neill, 1998;

O’Sullivan et al., 2009]. The study sample sizes ranged

from 79 to 11,368 farmers. The response rate varied from

41.9% to 96%.

Methodological Quality

The 24 eligible studies were assessed using guidelines

for critical appraisal described by Loney et al. [1998]. The

quality scores ranged from 2 to 8 points. Studies were

classified as high quality (>6 points), moderated quality

(>4 points), or low quality (<4 points). The critical

appraisal results and overall methodological quality scores

are summarized in Table II. In total 10 studies were rated

as high quality [Croft et al., 1992; Bovenzi and Betta,

1994; Xiang et al., 1999; Holmberg et al., 2002; Gomez

et al., 2003; Greenlee et al., 2005; Stål and Englund,

2005; Cameron et al., 2006; Thelin and Holmberg, 2007;

Thelin et al., 2009], 11 studies as moderate quality [Gus-

tafsson et al., 1994; Hildebrandt, 1995; Manninen et al.,

1996; Stal et al., 1996; Park et al., 2001; Firth et al., 2002;

Toren et al., 2002; Kolstrup et al., 2006; Rosecrance et al.,

2006; Nonnenmann et al., 2008; Shipp et al., 2009], and

three recorded low methodological quality [Scutter et al.,

1997; McNeill and O’Neill, 1998; O’Sullivan et al.,

2009]. Articles generally scored well in areas of clearly
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:

M
:n

¼
37
5
(18

%)
;F
:n

¼
32
2

(3
5%
)

Fo
ot
�
1
ye
ar
pr
ev
al
en
ce
:M
:n

¼
27
1

(13
%)
;F
:n

¼
14
7
(16

%)

Hi
ld
eb
ra
nd
t[
19
95
]

Ne
th
er
la
nd
s

Fa
rm
er
s:

n
¼

2,
58
0

(M
);

Em
pl
oy
er
s:

n
¼

94
6;

Em
pl
oy
ee
s:

n
¼

1,6
34

C/
S

M
Q

M
SD
�

1
ye
ar
pr
ev
al
en
ce
:

Em
pl
oy
er
s:
n
¼

67
1
(7
1%
);

Em
pl
oy
ee
s:
n
¼

1,2
25

(7
5%
)

Ne
ck
an
d
sh
ou
ld
er
�
1
ye
ar

pr
ev
al
en
ce
:

Em
pl
oy
er
s:
n
¼

28
3
(3
0%
);E

m
pl
oy
ee
s:

n
¼

57
1
(3
5%
)

LB
P�

1
ye
ar

pr
ev
al
en
ce
:E
m
pl
oy
er
s:

n
¼

44
4
(4
7%
);E
m
pl
oy
ee
s:
n
¼

83
3

(5
1%
)

Kn
ee
�

1
ye
ar

pr
ev
al
en
ce
:E
m
pl
oy
er
s:

n
¼

16
0
(17

%)
;E
m
pl
oy
ee
s:
n
¼

35
9

(2
2%
)

4.
5

Ho
lm
be
rg
et
al.
[2
00
2]

Sw
ed
en

Fa
rm
er
s:

n
¼

1,0
13
(M
);

No
n-
fa
rm
er
s:

n
¼

76
9
(M
)

C Q&
I

M
SD
�

Li
fe
tim

e
pr
ev
al
en
ce
:

Fa
rm
er
s:
n
¼

91
8
(9
0.
6%
);

No
n-
fa
rm
er
s:
n
¼

66
5

(8
6.
5%
)

OR
1.5
1,
95
%
CI
1.1
3^
2.
03

Ne
ck
an
d
sh
ou
ld
er
�
Li
fe
tim

e
pr
ev
al
en
ce
:

Fa
rm
er
s:
n
¼

57
4
(5
6.
8%
);N

on
-fa
rm
er
s:

n
¼

40
8
(5
3.
2%
);O

R1
.16
,9
5%

CI
0.9

6^
1.4
0

1
ye
ar
pr
ev
al
en
ce
:F
ar
m
er
s:
n
¼

46
7(
46
.5
%)
;

No
n-
fa
rm
er
s:
n
¼

33
2
(4
3.
7%
);O

R1
.12
,9
5%

CI
0.
93
^1
.3
5

LB
P�

Li
fe
tim

e
pr
ev
al
en
ce
:F
ar
m
er
s:

n
¼

68
6
(6
8.
3%
);N

on
-fa
rm
er
s:
n
¼

44
5

(5
8.
3%
);O

R1
.5
4,
95
%
CI
1.2
6^
1.8
7

1
ye
ar
pr
ev
al
en
ce
:F
ar
m
er
s:
n
¼

47
3(
47
.2
%)
;

No
n-
fa
rm
er
s:
n
¼

29
3(
38
.6
%)
;O
R1
.4
2,
95
%

CI
1.1
7^
1.7
2

Ha
nd
sa
nd
fo
re
ar
m
s(
nu
m
bn
es
so
r

pa
re
st
he
sia
)�

Li
fe
tim

e
pr
ev
al
en
ce
:

Fa
rm
er
s:
n
¼

36
1
(3
5.
7%
);

No
n-
fa
rm
er
s:
n
¼

22
3
(2
9.
2%
);O

R

1.3
5,
95
%
CI
1.1
0^
1.6
5

Ha
nd
sa
nd
fo
re
ar
m
s(
no
ct
ur
na
la
ch
es
)�

Li
fe
tim

e
pr
ev
al
en
ce
:F
ar
m
er
s:

n
¼

16
2
(16

%)
;N
on
-fa
rm
er
s:
n
¼

93

(12
.2
%)
;O
R1
.3
8,
95
%
CI
1.0
5^
1.8
1

Hi
p�

Li
fe
tim

e
pr
ev
al
en
ce
:F
ar
m
er
s:

n
¼

31
8
(3
1.7
%)
;N
on
-fa
rm
er
s:

n
¼

16
0
(2
1%
);O

R1
.74

,9
5%

CI
1.4
0^
2.
17

Hi
ps
,g
ro
in
,a
nd
th
ig
hs
�

1
ye
ar

pr
ev
al
en
ce
:F
ar
m
er
s:
n
¼

20
3

(2
0.
2%
);

No
n-
fa
rm
er
s:
n
¼

11
6
(15
.2
%)
;O
R1
.41
,

95
%
CI
1.1
0^
1.8
1

Gr
oi
n/
th
ig
h�

Li
fe
tim

e
pr
ev
al
en
ce
:F
ar
m
-

er
s:
n
¼

13
9(
13
.9
%)
;N
on
-fa
rm
er
s:
n
¼

96
(12
.6
%)
;O
R1
.12
,9
5%

CI
0.
85
^1
.4
8

Kn
ee
�

Li
fe
tim

e
pr
ev
al
en
ce
:F
ar
m
er
s:

n
¼

47
1
(4
6.
7%
);N

on
-fa
rm
er
s:
n
¼

33
8
(4
4.
2%
);O

R1
.11
,9
5%

CI
0.9

8^
1.4
8

8

1
ye
ar

pr
ev
al
en
ce
:F
ar
m
er
s:
n
¼

30
5

(3
0.
3%
);N

on
-fa
rm
er
s:
n
¼

20
2

(2
6.
5%
);O

R1
.2
0,
95
%
CI
0.9

8^
1.4
8

(C
on
tin
ue
d
)
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d
)

St
ud
y

Pa
rt
ic
ip
an
t

Ty
pe

Re
su
lts
�

pr
ev
al
en
ce

of
M
SD
s

Qu
al
ity

sc
or
e

ra
ng
e1
^8

An
yM

SD
Sp
in
al

Up
pe
re
xt
re
m
ity

Lo
w
er
ex
tr
em

ity
Ot
he
r

Ko
lst
ru
pe
ta
l.[
20
06
]

Sw
ed
en

Da
iry
fa
rm
er
s:

n
¼

10
fa
rm
s,

42
w
or
ke
rs
;(M

:

n
¼

28
);(
F:

n
¼

14
)

Pi
gf
ar
m
er
s:

n
¼

10
fa
rm
s,

37
w
or
ke
rs
;(M

:

n
¼

19
);(
F:

n
¼

18
)

C/
S

PQ
&I

M
SD
�

1
ye
ar
pr
ev
al
en
ce
:D
air
y

fa
rm
er
s:
n
¼

36
(8
5.
7%
)(
M
)

(F
);n

¼
23

(8
2.1

%)
(M
);

n
¼

13
(9
2.
9%
)(
F)

Pi
gf
ar
m
er
s:
n
¼

29
(7
8.
4%
)(
M
)

(F
);n

¼
14
(7
3.
7%
)(
M
);

n
¼

15
(8
3.
3%
)(
F)

Ne
ck
�
1
ye
ar

pr
ev
al
en
ce
:D
air
yf
ar
m
er
s:

n
¼

14
(3
3.
3%
)(
M
)(
F)
;n

¼
7
(2
5%
)(
M
);

n
¼

7
(5
0%
)(
F)

Pi
gf
ar
m
er
s:
n
¼

12
(3
2.
4%
)(
M
)(
F)
;n

¼
3

(15
.8
%)
(M
);n

¼
9
(5
0%
)(
F)

Ba
ck
�
1
ye
ar

pr
ev
al
en
ce
:D
air
yf
ar
m
er
s:

n
¼

25
(5
9.
5%
)(
M
)(
F)
;n

¼
15
(5
3.
6%
)(
M
);

n
¼

10
(7
1.4
%)
(F
)

Pi
gf
ar
m
er
s:
n
¼

21
(5
6.
8%
)(
M
)(
F)
;n

¼
9

(4
7.4
%)
(M
);n

¼
12
(6
6.
7%
)(
F)

Sh
ou
ld
er
s�

1
ye
ar

pr
ev
al
en
ce
:D
air
y

fa
rm
er
s:
n
¼

20
(4
7.6

%)
(M
)(
F)
;

n
¼

10
(3
5.
7%
)(
M
);n

¼
10
(7
1.4
%)

(F
)

Pi
gf
ar
m
er
s:
n
¼

16
(4
3.
2%
)(
M
)(
F)
;

n
¼

6
(3
1.6
%)
(M
);n

¼
10
(5
5.
6%
)

(F
)

El
bo
w
s�

1
ye
ar

pr
ev
al
en
ce
:D
air
y

fa
rm
er
s:
n
¼

4
(9
.5
%)
(M
)(
F)
;

n
¼

1
(3
.6
%)
(M
);n

¼
3
(2
1.4
%)
(F
)

Hi
ps
�

1
ye
ar
pr
ev
al
en
ce
:D
air
yf
ar
m
er
s:

n
¼

6
(14
.3
%)
(M
)(
F)
;n

¼
3
(10
.7
%)

(M
);n

¼
3
(2
1.4
%)
(F
)

Pi
gf
ar
m
er
s:
n
¼

4
(10
.8
%)
(M
)(
F)
;n

¼
2

(10
.5
%)
(M
);n

¼
2
(11
.1
%)
(F
)

Kn
ee
s�

1
ye
ar
pr
ev
al
en
ce
:D
air
y

fa
rm
er
s:
n
¼

10
(2
3.
8%
)(
M
)(
F)
;n

¼
6

(2
1.4
%)
(M
);n

¼
4
(2
8.
6%
)(
F)

4.
5

Up
pe
rb
ac
k�

1
ye
ar

pr
ev
al
en
ce
:D
air
y

fa
rm
er
s:
n
¼

11
(2
6.
2%
)(
M
)(
F)
;n

¼
5

(17
.9
%)
(M
);n

¼
6
(4
2.
9%
)(
F)

Pi
gf
ar
m
er
s:
n
¼

8
(2
1.6
%)
(M
)(
F)
;n

¼
3

(15
.8
%)
(M
);n

¼
5
(2
7.8

%)
(F
)

LB
P�

1
ye
ar

pr
ev
al
en
ce
:D
air
yf
ar
m
er
s:

n
¼

17
(4
0.
5%
)(
M
)(
F)
;n

¼
10
(3
5.
7%
)(
M
);

n
¼

7
(5
0%
)(
F)

Pi
gf
ar
m
er
s:
n
¼

18
(4
8.
6%
)(
M
)(
F)
;n

¼
8

(4
2.1

%)
(M
);n

¼
10
(5
5.
6%
)(
F)

Pi
gf
ar
m
er
s:
n
¼

6
(16
.2
%)
(M
)(
F)
;

n
¼

0
(0
%)
(M
);n

¼
6
(3
3.
3%
)(
F)

Ha
nd
sa
nd
w
ris
ts
�

1
ye
ar

pr
ev
al
en
ce
:

Da
iry
fa
rm
er
s:
n
¼

11
(2
6.
2%
)(
M
)

(F
);n

¼
3
(10
.7
%)
(M
);n

¼
8
(5
7.1
%)

(F
)

Pi
gf
ar
m
er
s:
n
¼

14
(3
7.
8%
)(
M
)(
F)
;

n
¼

8
(4
2.
1%
)(
M
);n

¼
6
(3
3.
3%
)

(F
)

Pi
gf
ar
m
er
s:
n
¼

11
(2
9.
7%
)(
M
)(
F)
;n

¼
5

(2
6.
3%
)(
M
);n

¼
6
(3
3.
3%
)(
F)

Fe
et
�
1
ye
ar
pr
ev
al
en
ce
:D
air
yf
ar
m
er
s:

n
¼

6
(14
.3
%)
(M
)(
F)
;n

¼
4
(14
.3
%)

(M
);n

¼
2
(14
.3
%)
(F
)

Pi
gf
ar
m
er
s:
n
¼

5
(13
.5
%)
(M
)(
F)
;n

¼
2

(10
.5
%)
(M
);n

¼
3
(16
.7
%)
(F
)

M
an
ni
ne
ne
ta
l.

[1
99
6]
Fi
nl
an
d

Fa
rm
er
s(
19
79
):

n
¼

11
,3
68
(M
)

C/
S

19
79
:P
Q

Ne
ck
an
d
sh
ou
ld
er

1
ye
ar
pr
ev
al
en
ce

(19
79
):

5.
5

(F
)

19
92
:T
I

Al
l(M

):6
2.
3%

Al
l(F
):6

8.
4%

Fa
rm
er
s(
19
92
):(
M
)

18
^3
4
yr
s:
42
.9
%

18
^3
4
yr
s:
44
.9
%

n
¼

3,
23
7

35
^4
4
yr
s:
58
.9
%

35
^4
4
yr
s:
64
.9
%

(F
)

45
^5
4
yr
s:
67
.9
%

45
^5
4
yr
s:
75
.9
%

55
^6
4
yr
s:
69
.9
%

55
^6
4
yr
s:
75
%

To
ta
l(M

)(
F)
:6
5.1

%,
95
%
CI
67
.9
^7
1.2

1
ye
ar
pr
ev
al
en
ce

(19
92
):

Al
l(M

):5
4.
7%

Al
l(F
):6
6.
6%

18
^3
4
yr
s:
49
.6
%

18
^3
4
yr
s:
58
.6
%

35
^4
4
yr
s:
55
.7
%

35
^4
4
yr
s:
68
.6
%

45
^5
4
yr
s:
54
.4
%

45
^5
4
yr
s:
69
.5
%

55
^6
4
yr
s:
57
.5
%

55
^6
4
yr
s:
69
%

To
ta
l(M

)(
F)
:5
9.
7%
,9
5%

CI
54
.3
^6
4.
2

LB
P

1
ye
ar
pr
ev
al
en
ce

(19
79
):

Al
l(M

):7
1.3
%

Al
l(F
):6
9.
8%

18
^3
4
yr
s:
56
.9
%

18
^3
4
yr
s:
57
.9
%

35
^4
4
yr
s:
68
.9
%

35
^4
4
yr
s:
68
.9
%

45
^5
4
yr
s:
75
.9
%

45
^5
4
yr
s:
74
.9
%

(C
on
tin
ue
d
)



150

TA
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(C
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tin
ue
d
)

St
ud
y

Pa
rt
ic
ip
an
t

Ty
pe

Re
su
lts
�

pr
ev
al
en
ce
of
M
SD
s

Qu
al
ity

sc
or
e

ra
ng
e1
^8

An
yM

SD
Sp
in
al

Up
pe
re
xt
re
m
ity

Lo
w
er
ex
tr
em

ity
Ot
he
r

55
^6
4
yr
s:
73
.9
%

55
^6
4
yr
s:
72
.9
%

To
ta
l(M

)(
F)
:7
0.4

%,
95
%
CI
69
.1̂
72
.2

1
ye
ar

pr
ev
al
en
ce
(19
92
):

Al
l(M

):6
0.4

%
Al
l(F
):5
6.
9%

18
^3
4
yr
s:
54
.8
%

18
^3
4
yr
s:
50
.8
%

35
^4
4
yr
s:
61
.9
%

35
^4
4
yr
s:
59
.9
%

45
^5
4
yr
s:
59
.8
%

45
^5
4
yr
s:
58
.8
%

55
^6
4
yr
s:
62
.6
%

55
^6
4
yr
s:
56
.8
%

To
ta
l(M

)(
F)
:5
8.
2%
,9
5%

CI
56
.2
^6
1.5

M
cN
eil
la
nd
O’
Ne
ill

[1
99
8]
Gh
an
a,
Af
ric
a

Fa
rm
er
s:
n
¼

10
0

(M
)

C/
S Q

Ba
ck
pa
in

1
ye
ar

pr
ev
al
en
ce
:n

¼
76

(7
6%
)

2

LB
P

P
oi
nt
pr
ev
al
en
ce
:n

¼
48

(4
8%
);1

ye
ar

pr
ev
al
en
ce
:n

¼
77

(7
7%
)

No
nn
en
m
an
ne
ta
l.

[2
00
8]
US
A

Da
iry
Fa
rm
er
s:

n
¼

34
1
(M
)

(F
)

C/
S

M
Q

M
SD

1
ye
ar

pr
ev
al
en
ce
:n

¼
25
5

(7
5%
)

Ne
ck

1
ye
ar

pr
ev
al
en
ce
:n

¼
14
8
(4
3%
)

Sh
ou
ld
er

1
ye
ar

pr
ev
al
en
ce
:n

¼
18
3
(5
4%
)

El
bo
w

1
ye
ar

pr
ev
al
en
ce
:n

¼
82

(2
4%
)

Ha
nd
an
d
w
ris
t

M
SD

sy
m
pt
om

si
nt
w
oo
r

m
or
es
ite
s

1
ye
ar
pr
ev
al
en
ce
:

n
¼

15
5
(4
5%
)

5

1
ye
ar

pr
ev
al
en
ce
:n

¼
13
7
(4
0%
)

O’
Su
lliv
an
et
al.
[2
00
9]

Ire
lan
d

Fa
rm
er
s:
n
¼

10
4

(M
)(
F)

C/
S Q

LB
P

Li
fe
tim

e
pr
ev
al
en
ce
:n

¼
77

(7
4%
);1

Y
ea
r

pr
ev
al
en
ce
:n

¼
56

(5
4%
);P

oi
nt

pr
ev
al
en
ce
:n

¼
28

(2
7%
);E

ve
ry
da
y
fo
r

a
w
ee
k
or

m
or
e
in
th
e
pr
ev
io
us

ye
ar
:

n
¼

42
(4
0%
)

3

Pa
rk
et
al.
[2
00
1]
Io
w
a,

US
A

Io
w
af
ar
m
er
s

(19
95
):

n
¼

28
7
(M
)

C/
S

Ba
ck
pa
in
�
1
ye
ar
pr
ev
al
en
ce
:Io
w
af
ar
m
er
:

n
¼

89
(3
1%
);U

.S
.fa
rm
er
:n

¼
81
(19
.9
%)
;

OR
1.7
8,
95
%
CI
1.2
3^
2.
58

5.
5

U.
S.
fa
rm
er
s(
19
88
):

n
¼

40
8
(M
)

M
Q

Up
pe
ra
nd
m
id
dl
eb
ac
k�

1
ye
ar
pr
ev
al
en
ce
:

Io
w
af
ar
m
er
:n

¼
14
(4
.9
%)
;U
.S
.fa
rm
er
:

n
¼

20
(4
.9
%)
;O
R
0.4

4,
95
%
CI
0.1
8^
1.1
1

LB
P�

1
ye
ar

pr
ev
al
en
ce
:Io
w
af
ar
m
er
:

n
¼

73
(2
5.4

%)
;U
.S
.fa
rm
er
:n

¼
58

(14
.2
%)

Ro
se
cr
an
ce
et
al.

[2
00
6]
Ka
ns
as
,U
SA

Fa
rm
er
s:
n
¼

26
6

(M
)(
F)

C/
S

M
Q

M
SD
�

1
ye
ar
pr
ev
al
en
ce
:

n
¼

16
0
(6
0%
)

Ne
ck
�

1
ye
ar

pr
ev
al
en
ce
:n

¼
58

(2
2.
4%
)

Ba
ck
pa
in
�
E
ve
ry
da
y
fo
r
a
w
ee
k:
n
¼

92

(3
6.4

%)
(re
sp
on
de
nt
s
¼

25
3)

Sh
ou
ld
er
�
1
ye
ar

pr
ev
al
en
ce
:

n
¼

66
(2
5.
9%
)

El
bo
w
�

1
ye
ar

pr
ev
al
en
ce
:

n
¼

15
(5
.8
%)

Hi
p/
th
ig
h�

1
ye
ar

pr
ev
al
en
ce
:

n
¼

27
(10
.4
%)

Kn
ee
�

1
ye
ar
pr
ev
al
en
ce
:

n
¼

61
(2
3.
6%
)

Fa
rm
-re
lat
ed
in
ju
ry
�

1

ye
ar
pr
ev
al
en
ce
:

n
¼

42
(15
.9
%)

4.
5

(C
on
tin
ue
d
)
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stating study objectives, appropriate study design and sam-

pling methods, with study subjects and setting described

of interest. Methodological limitations identified in a ma-

jority of articles were inappropriate sampling frame, inad-

equate sample size, bias in measurement of health

outcome, and estimates of prevalence not given with con-

fidence intervals and in detail by subgroup.

MSD Prevalence

The findings were classified into three regions: spinal,

upper extremities, lower extremities, and other. The stud-

ies yielded a range of prevalence estimates including

point, period, 1-year, and lifetime. Table II summarizes

information regarding study characteristics and prevalence

results. The majority of studies (n ¼ 11) focused only on

the prevalence of spinal MSDs [Bovenzi and Betta, 1994;

Manninen et al., 1996; Scutter et al., 1997; McNeill and

O’Neill, 1998; Xiang et al., 1999; Park et al., 2001; Firth

et al., 2002; Greenlee et al., 2005; Cameron et al., 2006;

O’Sullivan et al., 2009; Shipp et al., 2009]. Five studies

[Gustafsson et al., 1994; Holmberg et al., 2002; Gomez

et al., 2003; Kolstrup et al., 2006; Rosecrance et al., 2006]

examined MSDs of the entire body categorized into the

three body regions: spinal, upper extremities, lower ex-

tremities, and the remaining studies investigated MSDs in-

volving a range of body part combinations [Croft et al.,

1992; Hildebrandt, 1995; Stal et al., 1996; Toren et al.,

2002; Stål and Englund, 2005; Thelin and Holmberg,

2007; Nonnenmann et al., 2008; Thelin et al., 2009].

Only one of the 24 studies [Holmberg et al., 2002]

investigated farmers’ lifetime prevalence of experiencing

any MSDs (90.6%). Six studies [Gustafsson et al., 1994;

Hildebrandt, 1995; Stal et al., 1996; Kolstrup et al., 2006;

Rosecrance et al., 2006; Nonnenmann et al., 2008]

reported 1-year prevalence of experiencing any MSDs

(range 60–92.9%) with overall pooled result of 76.9%

(95% CI 69.8–82.7) Figure 2. The 1-year MSD prevalence

range reported for females, when considered separately

ranged from 83.3% to 92.9% [Gustafsson et al., 1994; Stal

et al., 1996; Kolstrup et al., 2006], approximately 10%

higher than that recorded when compared to the male co-

hort (prevalence range 71–82.1%) [Gustafsson et al.,

1994; Hildebrandt, 1995; Kolstrup, 2008].

MSD Diagnosis

LBP was the most commonly studied MSD [Bovenzi

and Betta, 1994; Gustafsson et al., 1994; Hildebrandt,

1995; Manninen et al., 1996; McNeill and O’Neill, 1998;

Xiang et al., 1999; Park et al., 2001; Firth et al., 2002;

Holmberg et al., 2002; Toren et al., 2002; Gomez et al.,

2003; Kolstrup et al., 2006; Rosecrance et al., 2006;

O’Sullivan et al., 2009]. Life-time LBP prevalence ranged

from 68.3% to 81.3% [Bovenzi and Betta, 1994; Firth

et al., 2002; Holmberg et al., 2002; O’Sullivan et al.,

2009] with an overall pooled estimate of 75% (95% CI

67.0–81.5) Figure 2. One-year LBP prevalence ranged

from 14.2% to 77% [Bovenzi and Betta, 1994; Gustafsson

et al., 1994; Hildebrandt, 1995; Manninen et al., 1996;

McNeill and O’Neill, 1998; Xiang et al., 1999; Park et al.,

2001; Firth et al., 2002; Holmberg et al., 2002; Toren

et al., 2002; Gomez et al., 2003; Kolstrup et al., 2006;

Rosecrance et al., 2006; O’Sullivan et al., 2009] with

overall pooled prevalence of 47.8% (95% CI 40.2–55.5)

Figure 2. The 1-year LBP prevalence range reported for

female farmers was 14.6–73% [Gustafsson et al., 1994;

Manninen et al., 1996; Xiang et al., 1999; Toren et al.,

2002; Kolstrup et al., 2006] while the 1-year LBP preva-

lence range for male farmers was 14.2–71.7% [Bovenzi

and Betta, 1994; Gustafsson et al., 1994; Hildebrandt,

1995; Manninen et al., 1996; McNeill and O’Neill, 1998;

Xiang et al., 1999; Park et al., 2001; Holmberg et al.,

2002; Toren et al., 2002; Kolstrup et al., 2006].

DISCUSSION

This is the first systematic review of epidemiological

literature considering the prevalence of MSDs among

farmers. In order to ensure all relevant studies were in-

cluded in this review, multiple search terms were used for

the word farmer including farm workers, migrant farm

workers, farm employees, farm employers, farm residents.

Table II includes the descriptions of participants provided

by the primary authors of the studies included in this re-

view. While the search strategy developed for this review

did not constrain itself to WMSDs, the results established

that most MSD research concerning farmers and farm

workers relates to WMSDs. Twenty-four research studies

were identified for inclusion in this review. Using accepted

critical appraisal criteria, 10 of these articles were consid-

ered of high methodological quality, 11 of moderate quali-

ty, and 3 of poor quality.

The review found substantial heterogeneity between

countries, type of farming, methodological quality, case

definitions, and data extraction and analysis. The high lev-

el of heterogeneity made it difficult to establish single

prevalence results for specific body regions. In drawing

attention to these issues, it is hoped that this review will

be helpful in focusing the efforts of researchers and there-

by avoiding these problems in the future.

Of the various approaches to estimating prevalence of

MSDs among farmers, 1-year prevalence is the most wide-

ly applied. When reporting MSDs for the same body part,

variations were noted in the range of prevalence rates. Ex-

planation for this might be due to the varied methodologi-

cal quality of the studies, particularly the difference in

MSD case definition. The prevalence rates in the 10 higher

154 Osborne et al.
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methodological quality studies [Croft et al., 1992; Bovenzi

and Betta, 1994; Xiang et al., 1999; Holmberg et al.,

2002; Gomez et al., 2003; Greenlee et al., 2005; Stål and

Englund, 2005; Cameron et al., 2006; Thelin and Holm-

berg, 2007; Thelin et al., 2009] should portray more accu-

rate findings. Greater standardization of methodologies in

particular case definition uniformity among MSD

researchers is warranted to improve research practices and

comparative analysis of findings.

Only one study [Holmberg et al., 2002] reported on

the lifetime prevalence of musculoskeletal symptoms

(90.6%). The reported high prevalence is unsurprising, as,

farming is a physically demanding job. The 1-year preva-

lence of MSDs ranged from 60% to 92% with an overall

pooled result of 76.9%. This prevalence is similar to that

recorded for other physical occupations such as veterinar-

ians (96%) [Scuffham et al., 2010] and horse riding

instructors (91%) [Lofqvist et al., 2009], where the roles

or tasks are somewhat comparable to those of farmers.

This suggests that similar occupational tasks and work-

place contexts or environments may be contributing fac-

tors to developing MSDs. These results suggest that

further research into the workplace and task contexts of

MSDs is required.

In all case–control and cohort studies farmers had

higher MSD prevalence rates than the non-farmer controls

[Croft et al., 1992; Bovenzi and Betta, 1994; Stal et al.,

1996; Holmberg et al., 2002; Greenlee et al., 2005; Thelin

and Holmberg, 2007; Thelin et al., 2009] thus, suggesting

that farmers are at particular risk of developing MSDs

compared with other occupational groups. A study of Brit-

ish male farmers suggested that several physical risk fac-

tors for MSDs were present more frequently among

farmers compared to blue-collar or white-collar workers

[Walker-Bone and Palmer, 2002]. The European Agency

for Safety and Health at Work [2010] reported skilled ag-

ricultural workers and those working in the fishing indus-

try having the highest prevalence of both backache

(59.7%) and muscular pains (57.6%) compared with nine

other occupations.

Female farmers reported approximately 10% higher

1-year prevalence of ‘‘any MSD’’ (83.3–92.9%) than their

male counterparts (73.7–82.1%). They also reported

higher prevalence of neck, neck/shoulder, upper back,

shoulder, elbow, hands/wrist, and foot MSDs. In more re-

cent literature, females also reported higher 1-year preva-

lence of LBP [Taechasubamorn et al., 2011] and back

pain [Liu et al., 2011] than men. The literature suggests

that women experience MSDs more frequently than men.

However, the accuracy of this observation may be in ques-

tion as the proportion of women included in the study

samples has been limited. A previous study, established

that women typically report physical symptoms 50% more

often than men [Kroenke and Spitzer, 1998]. Additional

research is required to establish whether the physical

natures of farming occupations are more detrimental to

the health of female workers.

Overall the spinal region was the most commonly af-

fected region reported in the studies (1-year prevalence

ranged from 8.6% to 81.3%), followed by the upper ex-

tremity (1-year prevalence ranged from 3.6% to 71.4%)

and then the lower extremity (1-year prevalence ranged

from 10.4% to 41%). Of the 24 studies, 14 reported on 1-

year LBP prevalence, suggesting that LBP among farmers

was the most frequent body part investigated. Also, LBP

had the highest prevalence figure compared with the other

body parts, which is consistent with the high LBP preva-

lence reported in recent farmer studies [Osborne et al.,

2010; Stocks et al., 2010; Taechasubamorn et al., 2011]. A

systematic review [Da Costa and Vieira, 2010] investigat-

ing risk factors of WMSDs identified heavy physical

work, awkward static and dynamic working postures, and

lifting as the main biomechanical risk factors for the de-

velopment of LBP. These findings might help explain why

LBP is so common among farmers, as their work environ-

ment may expose them to these risk factors on a regular,

if not daily basis. Other studies have shown that many

years of farming [Xiang et al., 1999], tractor work [Toren

et al., 2002; Gomez et al., 2003], and milking four or

more hours per day [Park et al., 2010] are associated with

greater prevalence of LBP. Unlike most occupations, farm-

ers usually start working on farms at a young age and

carry on farming well after the normal retirement age.

These factors may also contribute to the higher than aver-

age MSD prevalence rates. Given this occupational con-

text it may be useful for researchers to consider reporting

both 1-year and lifetime prevalence rates of LBP.

Fewer studies exist regarding the prevalence of upper

and lower extremity MSDs and, of these, most only pro-

vided 1-year prevalence results. This limited perspective

fails to capture more chronic symptoms such as osteoar-

thritis of the hip or knee. Findings from previous studies

indicate that farmers may have higher rates of hip osteoar-

thritis compared with other occupational groups [Holm-

berg et al., 2002; Walker-Bone and Palmer, 2002]

especially if they have farmed for over 10 years [Croft

et al., 1992]. A previous study reported, that as many as

one in five farmers may eventually require hip replace-

ment [Croft et al., 1992], highlighting the need to provide

interventions to avoid this. Research on upper extremity

MSDs such as the shoulder area had a 1-year prevalence

range of 25.9–71.4%. Four [Gustafsson et al., 1994; Stål

and Englund, 2005; Kolstrup et al., 2006; Nonnenmann

et al., 2008] out of the five studies investigating shoulder

problems related to pig or dairy farmers with the fifth

study [Rosecrance et al., 2006] including all farmer types.

Roscreance’s article found that farmers had a much lower

annual prevalence of shoulder disorders (25.9%),
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compared with pig (43.2%), and dairy (47.6–54%) farm-

ers. These data indicate that there may be distinctive occu-

pational MSD profiles based on the type of farm work

regularly undertaken which warrants consideration in fu-

ture research.

Methodological Short Comings of
Prevalence Studies

Given the combined health science and agriculture

theme, the various terms for farmers, diversity of literature

sources and problems with certain databases, the electron-

ic search resulted in the identification of a very large num-

ber of articles that needed to be examined for this review.

However, when screened for inclusion criteria, this left a

substantially lower amount of studies available for inclu-

sion. This review found substantial heterogeneity across

the studies which made reporting single prevalence results

difficult.

While undertaking this systematic review of the MSD

prevalence literature several methodological limitations

were identified. The most common methodological short-

comings were lack of common case definition, lack of ap-

propriate sampling frame, inadequate sample size, and

bias in the measurement of health outcome. These short-

comings have consequences for the validity of the study

findings. Inappropriate sampling frames result in the possi-

bility of under representation of certain groups such as the

elderly, people who are retired or perhaps no longer work-

ing due to MSD-related disability (‘‘healthy worker ef-

fect’’). While census data provide one of the few datasets

that are thought to have minimal bias these are costly and

tend to be separated by a period measured in years thereby

limiting their utility in monitoring and evaluation studies.

Telephone interviews and self-administered questionnaires

are more feasible than personal interviews, but may not be

the most accurate [Loney et al., 1998]. Previous studies

[Rockwood and Stadnyk, 1994; Loney et al., 1998] indi-

cated that the sample size should be at least 300 subjects,

thus, a sample size of >300 was considered satisfactory

for this review. Finally, self-reported health outcomes can

include recall bias as farmers may not remember or may

be inaccurate in recall. On the basis of this review future

researchers need to carefully consider and clearly specify

their methodology.

CONCLUSION

The results from this systematic found a high preva-

lence of MSDs among farmers. The review established

that the spinal region is the most commonly investigated

region with LBP reported as the most frequent MSD, fol-

lowed by the upper and then the lower extremities. Also,

it confirmed that farmers have higher prevalence rates of

MSDs than non-farmer controls, suggesting farmers are at

a particular risk of developing MSDs compared with other

occupations. The prevalence ranges for many body parts

varied considerably between studies due to substantial het-

erogeneity across the studies. Improvements in methodo-

logical quality and homogeneity are required among

researchers to improve future research practices and allow

meaningful comparison of results. A number of potential

avenues of research were identified including, gender,

workplace, and task context of MSDs, and more research

regarding upper and lower extremity MSDs.
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