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Abstract

In 2008, The European Agency for Safety and Health at Work (EU-OSHA) reported that muscu-
loskeletal disorders (MSDs) were the most common work-related health problem in Europe. Females
are considered more susceptible to MSDs than are males, and older workers are more vulnerable
than are younger workers. Factors specific to the job, work organization, and individual have been
implicated as potential risk factors, with current interest focusing on psychosocial risk factors and the
pathology of disorders. Although there is some disagreement in the literature, there is growing support
that, after controlling for exposure, females have a predisposition to MSDs. More is known of the role
of psychosocial risks in MSD etiology, but it is unclear if there are differences in exposures across gender
and age and if this has a resultant effect on injury rates. The purpose of this study was to investigate
the prevalence of MSDs and trends with psychosocial risks, across age and gender. The study group
consisted of 200 female and 132 male employees from varied occupations within Ireland, ranging
from age 18–66 years. The most prevalent symptoms of MSDs were for the lower back, shoulder,
and neck regions. Age and gender differences in prevalence were evident for these regions. There was
a general trend for increasing prevalence with age. For the psychosocial risks, significant differences
in job content exposures were observed across age groups for males (p < 0.05) and females (p <

0.0005). There were also differences in scores across the age groups for mental health (p < 0.0005) and
insecurity at work (p < 0.0005) for the females. The conclusions are that there were not sufficiently
strong differences in exposures to relevant psychosocial risks both between genders and across age for
a resultant effect on MSDs. C© 2010 Wiley Periodicals, Inc.

Keywords:Q1

1. BACKGROUND

1.1. Aging Population

Industrially developed economies worldwide are fac-

Q2

ing unprecedented demographic changes that will have
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a major effect on the whole of society. For countries
in the European Union, it is projected that the median
age is to increase from 40 years in 2008 to 48 years in
2060, as illustrated in Figure 1. By then, the number of
people 65 years old or older in the total population will
have increased from 17.1% to 30.0%, as people in the
baby boom generation become senior citizens. Conse-
quently, the ratio of people of working age to dependent
young and old is projected to decrease from 4:1 to 2:1,
with an expected shortfall of 50 million people of work-
ing age by 2060. High numbers of older workers exit
physical work either voluntarily due to reduced capac-
ity without injury or through necessity due to injury.
Musculoskeletal disorders (MSDs), stress, depressive
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Figure 1 European Union population projections.

symptoms are declared among the primary occupa-
tional health–related symptoms (Giannakauris, 2008).
The implications of reduced participation are not an
important issue for many industries at present, but
this is projected to be a significant challenge in the
future. These demographic changes necessitate early
action to better understand the abilities of older work-
ers so that ergonomics control strategies can be imple-
mented to ensure the participation of older workers in
employment.

1.2. MSDs

The majority of epidemiological studies attribute the
etiology of MSDs to overexposure to a number of risk
factors. Subsequently, certain models have been devel-
oped that attempt to represent the relationship between
exposure to risk factors and development of MSDs.
There is a consensus that the pertinent physical risks
factors include high forces, deviated postures, high rep-
etition, and insufficient rest. Most of the models rec-
ognize that MSDs cannot be fully explained through
physical factors alone, but that psychological, social,
and environmental factors also have a role.

A detailed review aimed at understanding and ex-
plaining the etiology and physiopathological process
of the stress mechanism states that the main factors
responsible for the impact of stress are not the phys-

ical responsibilities of the stressful environment, but
rather the possibilities for behavioral control, pre-
dicting outcomes, and social support (Pardon, 2007).
These psychological and social demands are regarded
as important aspects of the psychosocial environment,
and include such variables as perceived work demands,
influence at work, social support, and workload, all
of which have been reported as risk factors for mus-
culoskeletal symptoms. For example, in a study of
the Dutch working population, Janssen and colleagues
(2003) identified high job demands as a risk factor for
neck/shoulder symptoms and elbow/wrist/hand symp-
toms. Ariëns and coworkers (2001) in a review con-
cluded that there was some evidence for a positive re-
lationship between neck pain and high quantitative
job demands, low social (coworker) support, low job
control, high and low skill discretion, and low job sat-
isfaction. There was inconclusive evidence, however,
for high job strain, low supervisor support, conflicts
at work, low job security, and limited rest break op-
portunities. The adverse effects of stress at work vary
depending on the type of occupation and on individ-
ual characteristics such as gender (Vanagas et al., 2004)
and age (Pardon, 2007).

1.3. Aging of Workers

The aging population gives rise to a particular chal-
lenge in ergonomics because the prevalence of MSDs

2 Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm
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increases with age and, by their mid-30s, most peo-
ple have experienced their first episode of work-related
MSD, usually in the form of back pain (Bernard, 1997).
With age, resilience to MSDs decreases. Aerobic power
declines progressively over ones working life, from ap-
proximately 40–50 ml/kg/min for younger workers to
25–30 ml/kg/min for workers 65 years old or and older
(Shephard, 2000). This is accompanied by a decline
of maximum oxygen consumption (VO2 max), of ap-
proximately 1–2% per year after the age of 20–25 years,
when the peak level has been reached. At an individ-
ual level, the decline may be larger than 1–2%. For
instance, if ones lifestyle does not include moderate
physical exercise, there may be a decline of between
20% and 25% over a 4-year period (Ilmarinen, 1991).

Muscular strength peaks between the ages of 25 and
30 years, and, by the age of 40 years, muscle strength has
dropped to 95% of maximum; to 85% by age 50; and to
75% by the age of 60 years (Hughes & Goldman, 1970).
This reduction in strength is seen to be potentially haz-
ardous to older workers in jobs requiring high exertions
of strength, such as lifting, lowering, and carrying of
moderate-to-heavy loads and pushing and pulling of
heavy carts on broken or inclined floors (Kowalski-
Trakofler et al., 2005). Work demands should reflect
the natural decline in work capacity. If the balance of
work demands and work capacity does not reflect the
changing abilities of older workers, there are also non-
health–related repercussions that are reflected in com-
promised productivity and quality, absenteeism, a high
employee turnover, and demands for early retirement
(Shephard, 2000).

Because of this reduced resilience it has been shown
in several studies that age is an important factor as-
sociated with MSDs (Guo et al., 1995; Pardon, 2007;
Soares et al., 2003). In a review of MSD prevalence
by the National Institute for Occupational Safety and
Health (NIOSH), a number of age-related variations
in MSD prevalence were observed, such as increased
neck/shoulder disorders at older age (Bernard, 1997).
A similar study conducted in The Netherlands by De
Zwart and colleagues (1997) found that prevalence
rates for upper extremity injuries generally increased
with age.

1.4. Gender

The role of gender differences in relation to MSDs,
particularly muscular pain and upper extremity injury,
have been widely examined in medical, epidemiolog-

ical, and psychological literature (Coury et al., 2002;
De Zwart et al., 2000; Wijnhoven et al., 2006). Many
researchers have shown that females are more suscep-
tible to MSDs than are males (Aittomaki et al., 2005;
Bernard, 1997; Cook et al., 2000; Karlqvist et al., 2002;
Kelsh & Sahl, 1996), with some giving a female-to-male
injury ratio of 3:1 (Stevens et al., 1988). Nevertheless,
the argument still remains that, because of occupation
segregation, females often dominate jobs where major
physical risk factors such as repetitive work, forceful ex-
ertions, static work, and awkward postures prevail. To
determine if females are predisposed to MSDs it is nec-
essary to control for exposure. Treaster and Burr (2004)
conducted a review to determine the strength of sup-
port for the hypothesis that women experience higher
prevalence of MSDs than do men. Even after control-
ling for confounders, such as exposure and individual
work factors, the findings suggested that women had
significantly higher prevalence than did men for many
types of MSDs.

In many cases, light assembly work and administra-
tive duties, work which is often a mix of high repetition
and static postures, is dominated by higher numbers
of females than males. The practice of a gender imbal-
ance in exposure is common and may in many cases
be attributed to the priority of having males perform
manual handling activities. Nordaner and colleagues Q3

(2007) studied a number of risks concerning MSDs
in work environments where employees performed
identical repetitive tasks. Physical exposure incorpo-
rating muscular activity, posture, and movements were
measured, and psychosocial issues were evaluated by
the demand–control–support-model. In these identi-
cal work tasks, females reported higher muscular ac-
tivity in relation to capacity and higher prevalence of
MSDs of the neck and upper extremity. In fact, few
studies have indicated that, in such similar job settings,
males and females report equal MSD prevalence. An
open question is whether this finding remains valid
across the working age population.

1.4.1. Biological

If gender is still considered a predisposing factor for
MSDs when exposure is controlled for, then the pathol-
ogy should reflect biological differences. MSDs have a
link to hormonal fluctuations resulting from, for exam-
ple, use of oral contraceptives, pregnancy, childbirth,
and menopause (De Zwart et al., 2000). Treaster and
Burr (2004) performed a literature review on this topic

Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm 3
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and concluded that women have a significantly higher
risk of carpal tunnel syndrome (CTS) than do men,
with increased levels of CTS during pregnancy because
of inflammatory responsiveness.

From a pathophysiological viewpoint, nerve swelling
that accompanies CTS is caused by increased water con-
tent in the nerves, and a positive correlation has been
reported between nerve cross-sectional area and sever-
ity of the neurophysiological disorder (Padua et al.,
2008). Severity also has a positive relationship dur-Q4

ing pregnancy because of the increased median nerve
compression in the carpal tunnel. Here a number of
structures compete for space in a canal bounded by
the carpal bones leading to increased pain in the wrist.
Compression of the median nerve during pregnancy
usually occurs because of edema in the carpal tunnel,
which leads to pain in the hand or forearm. Symptoms
are frequently worse at night and abate within weeks of
delivery, although cases that present early in pregnancy
may persist longer (Lowe & Sen, 2008).

Both tendons and ligaments have receptors for es-
trogen causing them to respond to changes in hormone
levels. Hormone fluctuations during the menstrual cy-
cle, for example, may therefore affect strain resilience
of the soft tissues. It is also postulated that pain sensi-
tivity varies across the menstrual cycle suggesting that
gender-linked hormones are involved in pain percep-
tion (Fillingim et al., 1999).

Differences in muscle strength and body size are
often cited as primary reasons for higher MSD preva-
lence (Kilbom & Messing, 1998). When we compare the
smallest female and the tallest male, the male may be
30–40% taller, 100% heavier, and 500% stronger than
the female (Grieve & Pheasant, 1982). Clearly, these
natural variations in human populations have impli-
cations for the way that almost all products, devices,
and environments are designed. Designing worksta-
tions for male body sizes will result in a design misfit
for females who will have to adopt different work tech-
niques than planned, potentially resulting in postural
strain (Treaster & Burr, 2004) and consequently in-
creased prevalence of MSDs (De Zwart et al., 2000;
Kelsh & Sahl, 1996; Pheasent, 1996).

Gender differences in body size, aerobic power, and
muscle strength are logical explanations for some dif-
ferences in MSDs between men and women (Kilbom
& Messing, 1998). Women have approximately 30–
70% less upper-body strength than do men and 5–
20% less lower-body strength (NIOSH, 1987). In gen-
eral terms, women are considered to be two-thirds as

strong as men (Mital & Kumar, 1998) and have a rather
reduced aerobic capacity in comparison (Ilmarinen,
1992). This finding implies that women in physically
demanding occupations will be working closer to their
physical capacity, putting them at higher risk for both
acute and cumulative injuries. This hypothesis is sup-
ported by Zetterberg and colleagues (1997), who stud-
ied hand-grip strength in automotive assembly workers
and found that those workers with lower strength re-
ported more subjective complaints in the wrists/hands
and upper extremities.

1.4.2. Societal

Numerous studies on work–life balance report that
women experience greater exposure to risk factors out-
side of work due to household and child-care tasks
(Hárenstam et al., 2003; Kilbom and Messing, 1998;
Lundberg et al., 1994). Dahlberg and colleagues (2004)
found that women had higher workloads than did men
in paid and unpaid work because of time spent on
household activities. When exposures occur both at
work and at home, recovery time is reduced (Treaster
& Burr, 2004). The lack of recovery time triggers a
pathological process that finally manifests itself as an
MSD (Hagberg et al., 1995). Domestic work may then
become a risk factor for musculoskeletal problems,
and consequently it may constrain women’s abilities
to protect themselves from the effects of their paid
work. Findings also suggest that parenthood exacer-
bates the gender differences, with mothers reporting
the least time to relax or exercise. Parenthood also af-
fects women’s ability to participate in the work force
by imposing time constraints, which in turn appear
to filter women into jobs where routine and repetitive
work predominates (Strazdins & Bammer, 2004).

2. METHOD

2.1. Purpose of the Study

The objectives of this study were threefold: 1) to study
participation rates of males and females in a sample of
the Irish workforce; 2) to survey prevalence of MSDs
across the working age separately for both genders;
and 3) to study exposure to psychosocial risks across
the working age for both genders and to examine asso-
ciations with MSD prevalence.

4 Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm
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TABLE 1. Occupational Group by Gender and Age

Females Males

Occupation n 18–30 31–40 41–50 51+ n 18–30 31–40 41–50 51+

Manual Material Handling 0 – – – – 19 63% 21% 10% 6%
Administration
High time constraints 14 43% 43% 7% 7% 0 – – – –
Administration
Low time constraints 26 6% 15% 17% 12% 25 10% 14% 12% 14%
Nurses 45 20% 33% 35% 10% 1 – – 2% –
Air Traffic Controllers 11 5% 21% – – 32 9% 42% 7% 16%
Manufacturing Assembly 104 50% 14% 8% 5% 31 15% 4% 3% 1%
Construction 0 – – – – 24 88% 4% 8% –

2.2. Participants

Three hundred thirty-two participants (200 females
and 132 males) were involved in the study. Participants
were recruited across a representative sample of the
Irish workforce where distinct, but often contrasting,
risk exposures were identified (Table 1). The mean age
for females was 34.7 years (standard deviation [SD] =
10.4), whereas for men the mean age was 33.7 years
(SD = 11.2). The inclusion criterion was employment
on the same or similar job in the organization for at
least 12 months.

2.3. Data Collection

The study was based on questionnaire data collected
during a 12-month period in 2007–2008, in the Re-
public of Ireland. Workers who were present at their
worksite on the day of the study were approached and
invited to participate. Each participant was informed
individually about the purpose of the study in lay terms
and was assured of the confidentiality and anonymity
of the questionnaires. To complete the questionnaires
participants were given a brief explanation of each sec-
tion and given appropriate time to complete it inde-
pendently.

A self-administered, project-specific questionnaire
was designed for the study and incorporated a num-
ber of well-known validated tools. Combined, the
questionnaire addressed participants’ current work,
concerning 1) MSDs (18 questions); 2) psychologi-
cal well-being (12 questions); and 3) psychosocial risks
(44 questions).

A modified Nordic Musculoskeletal Questionnaire
(NMQ; Kuorinka et al., 1987) was used to study the
prevalence of MSDs that participants experienced.
The questionnaire included details such as gender,
age, weight, height, and subsequent information on
disorder symptoms in specific anatomical regions,
experienced over the previous 12 months and the
previous 7 days. Nine symptom sites were examined:
neck, shoulders, upper back, elbows, lower back,
wrists/hands, hips/thighs/buttocks, knees, and an-
kles/feet. The second half of the NMQ, which deals
with functional impact of disorders at home and work,
was eliminated because of study limitations in the
workplaces. From this point forward, MSD refers to
self-reported MSD prevalence or symptoms based on
subjective responses.

The General Health Questionnaire (GHQ;
Goldberg, 1978) surveyed the participant’s psycholog-
ical well-being and provided useful data on various
sources of distress for workers, as well as predisposing
factors. The GHQ was developed as a screening tool to
detect workers likely to have or be at risk of symptoms
of depression or anxiety. It is recommended to be
used, not in isolation, but rather in combination
with other information that indicates distress or
psychological problems. The GHQ often succeeds in
providing reliable and effective measures of well-being
that usually correlate highly with other measures of
the working environment in organizations.

The final section of the questionnaire consisted
of questions that surveyed psychosocial aspects at
work using the Copenhagen Psychosocial Question-
naire (COPSOQ; Kristensen et al., 2005). The ques-
tionnaire is comprehensive and includes most of the

Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm 5
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relevant dimensions on psychosocial variables at work.
The short version, as used in this study (44 questions;
8 scales), was designed for quick, reliable use in work-
places, where reports on psychosocial variables such
as demands at work, possibilities of development, and
social support were examined.

3. RESULTS

3.1. Demographics

A total of 332 participants from varied industrial oc-
cupations in Ireland completed the questionnaire. The
number of participants across age and gender is sum-
marized in Table 2. The percentage of workers in each
age group was similar for males and females. The high-
est percentage of workers was in the young group (43–
47%) and fell almost linearly to the older group (10–
12%). Data on stature and body mass are summarized
in Table 3.

3.2. MSD Prevalence by Gender

The data on reported MSDs are presented in Table 4,
which shows that a considerable number of the partic-
ipants experienced at least one symptom of a disorder
in the previous year. The highest prevalence for both
genders (across all ages) was reported for the lower
back (F: 43%, M: 41%), followed by the neck (F: 39%,
M: 31%) and shoulder region (F: 38%, M: 34%), with
similar prevalence for the 7-day symptoms.

Females generally reported increased prevalence
across the body regions, but males reported a no-
tably higher prevalence for knee symptoms (F: 16%,
M: 25%). Wrist/Hand disorders were the least preva-
lent in both genders, with rates of 8% and 9%. In
broader terms, when categorized into upper and lower
body extremities, males reported more disorders in the
lower regions whereas females reported higher preva-
lence in the upper body regions.

TABLE 2. Frequency of Participants by Age and Gender

Female Male Female Male

Age % % n n
18–30 yrs 43% 47% 87 62
31–40 yrs 29% 27% 57 36
41–50 yrs 18% 14% 37 18
51+ yrs 10% 12% 19 16

TABLE 3. Height and Body Mass

Weight (kg) Height (cm)

Gender Age n Mean SD Mean SD

Male 18–30 yrs 62 81.8 13.4 174.6 26.2
31–40 yrs 36 80.8 18.2 178.2 5.1
41–50 yrs 18 84.2 9.4 175.7 4.6
51+ yrs 16 81.0 13.0 174.7 7.4

Female 18–30 yrs 87 56.1 17.9 160.0 31.3
31–40 yrs 57 62.1 18.9 160.8 22.7
41–50 yrs 37 67.7 21.5 165.0 6.6
51+ yrs 19 71.7 11.7 165.0 9.0

3.3. MSD Prevalence by Age

The prevalence of MSDs across age and within each
gender is shown in Figure 2. Female prevalence in-
creased with age with a noticeable reduction for the
older participants. The trend for males was similar, ex-
cept for a drop to 67% for the 41- to 50-year-old group.
Both genders reported the lowest prevalence in the
youngest age group, followed by a marked increase. It is
interesting that females in the 41- to 50-year-old group
reported considerably higher rates (84%) of symp-
toms than their male counterparts (67%). Figure 2 also
shows the regions with highest prevalence (lower back,
shoulders, and neck) by age group across gender. Lower
back symptoms increased linearly from youngest to
oldest (37–51%) with some fluctuation in the remain-
ing disorders at middle ages.

Of the three body regions reporting the highest num-
ber of symptoms (lower back, shoulder, and neck), the
lower back generally showed the highest prevalence
across both genders (Figure 3). For females, the low-
est prevalence of these symptoms was for the younger
age group (26–29%) followed by both mid-age groups
(42–51%), and highest prevalence for the older group
(47% back, 58% shoulder, 68% neck). The prevalence
rates for males in the 18- to 30-year-old group were
similar to the females in the same age group. For the
41- to 50-year-old age group, the prevalence decreased
to 28–44%. A different pattern was evident for males in
the 51+ age group with lower back symptom reports
at 56% (the highest for males), followed by 44% for the
shoulder and 19% for the neck (the lowest for males).
The only significant difference in symptom prevalence
between body regions and gender was for neck disor-
ders between older females and males (p < 0.05).

6 Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm
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TABLE 4. Prevalence of Musculoskeletal Symptoms by Body Region for Females (n = 200) and
Males (n = 132)

Prevalence of Disorders Prevalence of Disorders
in Last 12 Months in Last 7 Days

% of Sample % of Sample

Body Area Females Males Females Males

Neck 39% 31% 39% 31%
Shoulders 38% 34% 38% 35%
Elbows 8% 9% 8% 9%
Wrist/Hands 18% 22% 18% 19%
Upper Back 20% 17% 20% 17%
Lower Back 43% 41% 43% 44%
Hips/Thighs/Buttocks 14% 16% 14% 17%
Knees 16% 25% 16% 28%
Ankles/Feet 13% 13% 13% 14%
Experienced one or more symptoms 71% 69% 71% 69%

3.4. Psychosocial Risk Exposure

Table 5 shows the mean scores from the COPSOQ and
GHQ for each age group and both genders, as well
as the results of three sets of statistical analysis. The

Mann–Whitney U test was used to study differences in
exposures between genders (but not for age) whereas
the Kruskal–Wallis test was used to examine differences
in exposures between age groups within each gender
for each exposure. Subsequently, the Mann–Whitney

Figure 2 Twelve-month MSD prevalence across age.

Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm 7
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Figure 3 Twelve-month prevalence of the problematic disorders, across gender and age.

U test was conducted between pairs of age groups as a
nonparametric alternative to post hoc analysis. For this
it was necessary to make corrections for Type 1 error by
applying a Bonferroni calculation to the alpha values
(i.e., dividing the alpha level of 0.05 by the number of
tests [4]; 0.05/4 = 0.0125). Therefore, values less than
0.0125 now became significant.

The purpose of the COPSOQ section was to measure
psychosocial factors at work. All scales are from 0 to
100; desirable scores are greater than 60, intermediate
scores are between 40 and 60, and low scores less than
40. In the study data the majority of scores for each
age group (Table 5) fell within the intermediate zone
(40–60). Job satisfaction and work environment were
rated good by both genders, but mental health was
reported poor, and increasingly worse with females.
Mental health scores were not significantly affected by
age for the males, but there was a notable reduction in
the score (score 33) for the older group.

3.4.1. Gender Differences in Exposures

Females and males reported significantly different
scores on four of the psychosocial scales (Table 5, Job
Content p < 0.01, General Health p < 0.001, Men-

tal Health p < 0.005, and Vitality p < 0.05). Males
recorded better Job Content and Mental Health scores,
whereas females reported greater General Health and
Vitality scores. Generally, the significant psychosocial
exposures were reported in the intermediate range
(40–60) with only Mental Health recording scores less
than 40.

3.4.2. Age Differences in Exposures Within
Genders

There were four cases of significant age differences
in exposures with genders (Table 5): Job Content for Q5

males (p < 0.05) and females (p < 0.0005), and Men-
tal Health (p < 0.0005) and Insecurity at Work (p <

0.0005) for females. Subsequent analysis of the expo-
sures between age groups using the Mann–Whitney U

test indicated that the scor es for the youngest (18–30)
and the oldest (51+) workers were significantly differ-
ent in the four cases.

Figure 4 presents average scores for each of the
three psychosocial exposures significantly different for
age groups. Job Content ratings improved with age
for both genders. Male Mental Health was considered
acceptable for the first three age groups but low for

8 Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm
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TABLE 5. Gender and Age Associations with Work-Related and Individual-Related Psychosocial Exposures

Male Female

Scale Sig.a Age Avg. SD Sig.b Sig.c Avg. SD Sig.b Sig.c

Work-Related Job Content <0.01 18–30 51 17 <0.05 4∗∗ 41 19 <0.0005 2∗∗∗, 3,4∗

31–40 55 17 52 20 1∗∗∗

41–50 56 22 53 21 1∗∗

51+ 66 13 1∗∗ 58 22 1∗∗

Job Demands NS 18–30 62 17 NS 62 19 NS
31–40 56 19 59 19
41–50 58 22 57 19
51+ 56 19 56 19

Work Environment NS 18–30 62 19 NS 62 17 NS
31–40 58 14 60 16
41–50 56 20 55 17
51+ 64 15 63 17

Job Satisfaction NS 18–30 71 14 NS 68 17 NS
31–40 69 14 71 15
41–50 73 17 66 20
51+ 70 23 69 21

Individual-Related General Health <0.001 18–30 54 25 NS 66 18 NS
31–40 52 29 58 23
41–50 43 27 54 26
51+ 46 30 66 26

Mental Health <0.005 18–30 58 14 NS 42 9 <0.0005 2∗∗, 3,4∗∗∗

31–40 65 8 38 8 1∗∗

41–50 61 15 35 9 1∗∗∗

51+ 33 7 33 8 1∗∗∗

Vitality <0.05 18–30 49 11 NS 48 11 NS
31–40 48 10 48 12
41–50 49 17 46 12
51+ 40 14 49 12

Insecurity at work NS 18–30 66 34 NS 57 34 <0.0005 3∗∗, 4∗∗∗

31–40 77 29 64 39
41–50 76 30 74 35 1∗∗

51+ 78 30 87 27 1∗∗∗, 2∗

Stress (GHQ) NS 18–30 9 NS 8 NS
31–40 9 10
41–50 10 9
51+ 10 9

Notes. NS: Not significant; aGender difference in exposure; bAge difference in exposure; cAge comparisons; 1Significant
(Sig) with 18–30; 2Sig. with 31–40; 3Sig. with 41–50; 4Sig. with 51+.
∗ p < 0.01 (two-tailed); ∗∗ p < 0.005 (two-tailed); ∗∗∗ p < 0.001 (two-tailed).

the older group. Female Mental Health decreased al-
most linearly with age, and, as for males, the oldest
age group experienced the poorest mental health. The
males reported excellent job security at all ages (but
highest for the older participants [51+ years]). A sim-
ilar trend (but reduced scores) was observed for the
females.

3.5. MSD Prevalence and Psychosocial
Risk Trends

The Mann–Whitney U test was used to test for as-
sociations between MSD symptom reports and psy-
chosocial exposures within each age group (Table 6).
For males, job demands were associated with MSD

Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm 9
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Figure 4 Average scores for psychosocial variables that showed significant differences in exposure across age.

reports of the shoulders, elbows, wrists/hands, up-
per back, lower back, and hips/thighs. The greater
number of associations was for the younger males.
For females, there was an even greater number of

significant associations between psychosocial risks
and MSDs. Besides Job Demands, significant associ-
ations were observed for Work Environment and Job
Content.

TABLE 6. Significant Associations between Psychosocial Risks and MSDs by Age and Gender

Male Female

Disorder 18–30 31–40 41–50 51+ 18–30 31–40 41–50 51+

Neck Stress∗ – – – – JD∗ Vit, WE∗ GH∗∗∗, WE∗

Shoulder JD∗∗ Stress∗ – JD∗ JC∗ – – –
Elbows JD, Stress∗ – – – – – JS∗∗, Stress∗ –
Wrist/Hand JD∗ – GH∗ WE, Insec∗ Vit∗∗∗, Insec∗ – MH, JS∗ –
Upper Back JD∗, Insec∗∗ Vit∗ – – – JC, JS∗ Vit∗ –
Lower Back JD∗ JD∗ – Insec∗ GH∗ JD∗ – WE∗

Hip/Thighs – JD, MH, WE∗ – – Insec∗ JD∗ JD∗ WE∗

Knees – – – – – JC, JD∗ JC∗∗, JD∗ –
Ankle/Feet – – – – – – – –

Notes. JC: Job Content; JD: Job Demands; WE: Work Environment; Stress: Psychological stress score from the GHQ; GH:
General Health; JS: Job satisfaction; Vit: Vitality; MH: Mental Health; Insec: Insecurity at work.
∗ p < 0.05; ∗∗ p < 0.01; ∗∗∗ p < 0.005
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4. DISCUSSION

4.1. MSDs

4.1.1. Gender

The data reported strong gender differences in preva-
lence for the neck, shoulder, and lower back; these
data agree with that of Karlqvist and colleagues (2002),
who reported that women experienced higher MSD
prevalence than did men because of higher exposure to
physical and psychosocial conditions. Combined gen-
der and age differences in the study’s psychosocial ex-
posures may explain in part the increased rates of neck
and shoulder symptoms. The uneven distributions of
some age groups may also explain the higher preva-
lence for particular symptoms. For example, in this
study high numbers of older females are employed in
office-based occupations, which may partly explain the
high rate of neck disorders for these participants. Con-
siderably more research is needed to verify these general
findings.

4.1.2. Age

Ostlin (1989) reported a flattening or even a decrease
in injuries in the older age groups (55+ years), which
he explained through the health-related selection of
workers, otherwise known as the healthy worker ef-
fect. The hypothesis is that workers who are unable
to cope with demanding work move to a lighter job,
whereas the “survivors” work on. Also, it is hypothe-
sised that, to cope with physical work demands, aging
workers change their working methods and techniques
(De Zwart et al., 1996, Kilbom et al., 1995). Notwith-
standing this fact, the emphasis of the current research
concentrated on specific symptoms of the neck, shoul-
der, and lower back regions. The data were counter
to previous findings as the oldest workers reported
increased injury rates, in most cases higher than for
their middle-age colleagues (Figure 2). As such, these
data may point to an injured survivor effect, a phe-
nomenon whereby older workers suffering symptoms
do not withdraw from work during the early stage of
an injury. Meerding and colleagues (2005) describe
this as presenteeism, where the worker is at work but
has reduced capacity due to physical limitations. This
may be in part due to the changing industrial climate
during the survey time (2007–2008), which saw many
industries, private and public, reducing employment.
A consequence of this reduction may be fewer oppor-

tunities for injured survivors to be accommodated in
less demanding work in organizations.

The proportion of workers who exit participation
(voluntarily retire) from the workforce in their older
years because of occupational health illnesses is diffi-
cult to accurately access. Data on participation rates
in employment give a general picture of trends on the
population as a whole. EUROSTAT data (Romans &
Preclin, 2008; Figure 5) show that employment partici-
pation is greatly reduced in older age. The participation
rates in this study show a similar trend, demonstrating
reduced numbers of older-age workers. A larger is nec- Q6

essary, however, to make inferences about employment
participation rates for the general population. Persons
who leave the workplace early because of occupational
health problems are much more likely to become im-
poverished than are those who retire in good health
(Pransky et al., 2005), and this has a larger societal
concern. A variety of adverse impacts can occur due
to occupational disorders, including both short- and
long-term consequences. Several investigations have
documented more severe injuries, higher fatality rates,
longer length of disability, and more residual health
problems in older workers than in younger workers
(Agnew & Suruda, 1993). Hence these adverse out-
comes become significant concerns, as the workforce
is rapidly aging.

The high prevalence of shoulder, neck, and lower
back disorders among older participants indicates the
need for better ergonomics through more sensitive
understanding of workers and their abilities. In a re-
view of MSD prevalence by NIOSH, a number of age-
related variations in MSD prevalence were observed,
such as increased neck/shoulder disorders at older ages
(Bernard, 1997). A study conducted in The Nether-
lands by De Zwart and colleagues (1997) found that
prevalence rates for the upper-extremity injuries gener-
ally increased with age. They concluded that older em-
ployees in demanding work were at higher risk for mus-
culoskeletal complaints when compared with younger
colleagues. Data from this study support the conclu-
sion by De Zwart and colleagues (1997) of a need for
special consideration for the needs of older workers,
especially females.

4.2. Psychosocial Risk Exposures and
Associations with MSDs

When assessing associations between psychosocial fac-
tors and MSDs, many different theories exist on what

Human Factors and Ergonomics in Manufacturing & Service Industries DOI: 10.1002/hfm 11
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Figure 5 European Union employment participation (2007).

psychosocial risks are related to MSDs. Numerous
studies report a positive association between limited
autonomy at work (Corona et al., 2005; Hopkins, 1990;
Pransky, 1998) and high job demands (Bongers et al.,
2006), with upper-extremity and back disorders. Van
den Heuvel and colleagues (2005) report that job de-
mands and low social support were risk factors for
certain upper-extremity symptoms.

4.2.1. Gender and Age Associations

The important finding was an age and gender differ-
ence between males and females for Job Content; fe-
males had worse scores, but for both genders scores
improved with age. This was the only work-related psy-
chosocial risk exposure demonstrating a strong differ-
ence in exposures between age and gender. The study
on associations found only tentative links between
Job Content and MSD symptoms, however. Exposure
to risk factors with a strong association with MSDs,
namely Job Demands and Work Environment, were
similar across age and gender.

There were just two cases of age affects for individual-
related psychosocial risk exposure, and these were both
for females; Mental Health, which decreased signifi-

cantly with age, and Insecurity at Work, which im-
proved with age. Low mental health scores were also
reported by the old male group, although the values
were not significantly different from those of the other
age groups. There was only a weak association be-
tween mental health and MSDs. Others have reported
that older individuals are at increased risk of devel-
oping stress, depression, and anxiety due to higher
vulnerability of psychosocial risks (Brun & Milczarek,
2007). Notwithstanding the lack of a documented
link to MSDs, problems of age-related mental health
should be emphasized as part of worker and workplace
health promotion. In this respect, the conclusion is that
individual-related psychosocial risks were significantly
affected by age and gender, but the associations with
MSDs were weak.

Furthermore, there was not a gender and age dif-
ference in exposure to work-related psychosocial risks
that had a strong link to increasing the risk of MSDs.
Current hypotheses on reasons for female disposi-
tion to MSDs, namely physical abilities and biological/
hormonal factors, remain the strongest explanations,
and these data do not indicate that older workers and
females are exposed to more negative psychosocial risks
than are other workers. If exposures are the same,
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an open question is whether resilience to the various
types of psychosocial stressors is affected by age and
gender.

4.3. Limitations

There were 332 participants across seven occupations,
and this covered a broad selection of workers from
both private and public organizations, with different
profiles of age in each. By having such a small sample
size, the power of statistical analysis is compromised be-
cause of small numbers of workers in some age groups.
This somewhat limits the strength of the conclusions
of this study, especially regarding the data on MSDs
and psychosocial risk exposures, which are limited to
discussion on associations and trends.

It is difficult to ascertain the strength of a healthy
worker effect as workers who would have exited em-
ployment are usually outside of the organization. A
more comprehensive analysis of age and gender dif-
ferences in this respect should include a sample more
representative of the population rather than the actual
workers.

5. CONCLUSIONS

The highest percentage of participating workers was
in the young age group (F: 44%; M: 27%), reducing
linearly to the older age group (F: 10%; M: 12%). This
was somewhat different from EUROSTAT data, which
show greater worker participation in middle-age years.

The highest prevalence of MSD symptoms for both
genders (across all ages) was reported for the lower
back (F: 43%; M: 41%), followed by the neck (F: 39%;
M: 31%) and shoulder regions (F: 38%; M: 34%), and
this finding is in line with injury statistics from other
countries in Europe. For these body sites, however, the
rates generally increased with age, and this does not
compare completely with other studies. Previous stud-Q7

ies report a reduction in injuries for older workers: a
healthy worker effect, whereby only workers who are
more resilient to injury stay in the job. That was not the
case in this study, as increased rates of specific injury
(neck, shoulder, and lower back)—a phenomenon we
propose as an injured survivor effect—were reported.
A shift from the healthy survivor to an injured survivor
effect may, in the authors’ opinion, be partly attributed
to a reduction in alternative employment opportuni-
ties in contrasting economies and slowing industrial
sectors such as manufacturing in Western countries.

Current hypotheses on reasons for female disposi-
tion to MSDs, namely physical abilities and biological/
hormonal factors, remain the strongest explanations,
and these data do not indicate that older workers and
females are exposed to more negative work-related psy-
chosocial risks than are other workers. An important
finding was that mental health ratings, an attribute
of the individual rather than the work, was negatively
affected by age, especially for females. Mental health
had poor associations with MSD symptoms and there-
fore may not be an important psychosocial MSD risk.
The scores were alarmingly low, however, and indi-
cated an increased need for incorporation as part of
worker and workplace health-problem strategies in
organizations.
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