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Foreword

The Swedish Work Environment Authority has been commissioned by the Swedish
Government to inform and disseminate knowledge in areas of significance for the
working environment. In the coming years, several State of Knowledge Reports will
therefore be published, in which well-renowned researchers have summarised the current
state of knowledge on a number of themes. A scientific review of this report was carried
out by docent Hélene Sandmark. The authors, however, are themselves responsible for
the final wording,.

The report is available at no cost on the Work Environment Authority Web site.
There is also material from the seminar series the Authority arranges in connection
with the publication of the reports.

The project manager for this State of Knowledge Report at the Work Environment
Authority was Ulrika Thomsson Myrvang. We also wish to thank our other colleagues
at the Authority, who have been instrumental in the work on the reports.

The opinions expressed in this report are those of the authors and do not necessarily
reflect the opinions of the Work Environment Authority.

Magnus Falk, Ph.D. Jan Ottosson, professor
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1. The Swedish Work Environment
Authority and this report

This State of Knowledge Report was compiled as part of the Swedish Work Environ-
ment Authority’s commission from the Government on “special preventive efforts for
women’s working environments” where preventive work on reducing musculoskeletal
disorders is indicated as a particular focus. The report begins with an introduction on
gender differences in work-related disorders, with an emphasis on the musculoskeletal
system. In addition, an explanatory model of various factors, each of which could con-
tribute to these gender differences - from a societal level down to the physiology of the
individual - is presented. After that, the focus of this State of Knowledge Report lies on
a review of scientific literature on gender differences in work tasks, physical loads and
physiological reactions, and a discussion of the extent to which such differences could
explain gender differences in the occurrence of disorders. Even mental loads have been
included to the extent they can be linked to physical disorders, but the report does not
include the effects of the working environment on mental disorders. The conclusion

of the report summarises what support the different steps in the explanatory model
have in today’s research. The report is directed at work environment practitioners, such
as the Swedish Work Environment Authority and occupational health services, even
though it is our hope that it can also be of use and inspiration in scientific contexts. An
earlier State of Knowledge report within the same Government commission, which is
mainly devoted to organisational factors in the work environment, is Under luppen - ge-
nusperspektiv pd arbetsmiljo och arbetsorganisation (Arbetsmiljoverket, 2013).



2. Disorders among men and women in
Swedish working life

Disorders believed to be caused by working conditions are usually termed “work-re-
lated”, or “occupational disorders”. The most common occurring disorders are those

of the locomotor system. The most frequent symptom is pain, but a disorder can also
express itself as impaired physical function, with or without concurrent pain. The dis-
order can be acute or chronic (lasting for more than 12 weeks). Most work-related dis-
orders in the locomotor system or “musculoskeletal disorders” are “non-specific” - that
is, the physiological cause of the disorder is not known and the disorder is not always
localised to an exact point in the body (Leijon, 2011).

Musculoskeletal disorders often result in sick leave; and musculoskeletal disorders
is one of the two completely predominant reasons for sick leave and early retirement in
Sweden (see Figure 1) (Forsdkringskassan, 2011). These disorders result in major costs
to society and also impact the sufferer’s quality of life, just as they impact production
in the organisation where the afflicted person works. Research shows that women ac-
count for a larger share of ill health than men: in Sweden, women had a total sickness
allowance in 2011 that was 69 % higher than men’s (Forsdkringskassan, 2012). A signif-
icant part of the musculoskeletal disorders are probably caused by exposures at work.
Among the working population in Sweden in 2011, 6.4 % of women and 5.7 % of men
reported to have experienced disorders due to stressful postures during the previous
12 months (Arbetsmiljoverket, 2012b). Short, repeated movements were reported as the
cause for 2.6 % of the women and 1.8 % of the men, and 4.2 % of the women and 4.1
percent of the men reported heavy manual handling to have caused disorders. Women
are thus overrepresented as regards musculoskeletal disorders, both measured in terms
of self-reported disorders and as sick leave figures.

Women have a higher occurrence of sick leave owing to musculoskeletal disorders
than men at all levels of education, but the gender differences are greatest in military
work, work that requires theoretical specialist competence and work that requires a
shorter university education. Lowest are gender differences within craft work in con-
struction and manufacturing, office and service work, and work in agriculture, garden-
ing, forestry and fishing (Forsdakringskassan, 2011).
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Figure 1: New cases of sick leave (>14 days) for some common diagnosis groups per 1,000 em-
ployed women and men in Sweden, 2009 (Forsikringskassan, 2011).

The over-representation of women in musculoskeletal disorders is not as clear in all
bodily regions (see Table 1) (Noor and Hagberg, 2012). The differences are most pro-
nounced for disorders in the neck and arms (Bingefors and Isacson, 2004; Treaster and
Burr, 2004; Wahlstedt et al., 2010; Nordander et al., 2013; Noor and Hagberg, 2012).

As regards disorders in the lower back, men and women are almost equally afflicted.
Some reports show that there is a higher prevalence of lower back disorders among
men (Leino-Arjas et al. 1998; Picavet and Hoeymans, 2002); other reports suggest that
women have a somewhat higher prevalence (Bingefors and Isacson, 2004; Leboeuf-Yde
et al., 2009; Fillingim et al; 2009) and still others find no difference whatsoever between
the genders (Leboeuf-Yde et al., 1996, Noor and Hagberg, 2012). Even for legs and feet,
women experience disorders to a greater extent than men (Messing et al., 2008; Wijn-
hoven et al., 206), while knee disorders within certain occupational groups have proven
to be more prevalent among men (Nag et al., 2010).



Table 1: Proportion of employed (percent) in Sweden with disorders in the musculoskeletal
system assumed to be caused by occupational work (AOB-RA). From a report from Arbets- och
Miljomedicin in Gothenburg (AMM, Occupational and environmental medicine), which read
the statistics from the SCB study, “Arbetsorsakade besvir” (Workrelated disorders) in 2010.
The study concerns the situation during 2009 (Noor and Hagberg, 2012).

Percent employed with AOB-RA (number)
Disorder Age Alll Women? Men?
Low back | 16-29 51 % (53,254) 53 % (30,956) 58 % 49 % (22,298) 42 %
30-49 43 % (139,099) 40 % (68,086) 49 % 45 % (71,013) 51 %
50-64 37 % (81,519) 35 % (40,663) 50 % 40 % (40,856) 50 %
16-64 42 % (273,871) 41 % (139,705) 51 % 44 % (134,166) 49 %
Shoulder/ | 16-29 24 % (25,347) 30 % (17,461) 69 % 17 % (7,886) 31 %
Arm 30-49 34 % (110,474) 37 % (62,956) 57 % 30 % (47,518) 43 %
50-64 38 % (83,376) 42 % (47,648) 57 % 35 % (35,729) 43 %
16-64 34 % (219,197) 37 % (128,065) 58 % 30% (91,132) 42 %
Neck 16-29 13 % (13,665) 16 % (9,500) 70 % 9 % (4,164) 30 %
30-49 21 % (67,309) 27 % (45,126) 67 % 14 % (22,183) 33 %
50-64 21, % (45,272) 26 % (29,680) 66 % 15 % (15,592) 34 %
16-64 19 % (126,245) 25 % (84,306) 67 % 14% (41,939) 33 %
Fingers, 16-29 16 % (16,562) 15 % (8,921) 54 % 17 % (7,641) 44 %
Hand/ 30-49 13 % (42,188) 13 % (21,677) 51 % 13 % (20,510) 49 %
Wrist 50-64 14 % (30,417) 17 % (19,445) 64 % 11 % (10,972) 36 %
16-64 14 % (89,167) 15 % (50,044) 56 % 13 % (39,123) 44 %

=

% employed (number employed), * % employed (number employed) % within age category

2.1. Risk factors for musculoskeletal disorders

Lifting is found in several occupations, for example in construction, health care, and
in restaurants and institutional housekeeping. Lifting has proven to be associated with
an increased risk of lower back disorders (da Costa and Vieira, 2010; Marras, 2000)
and pain in the neck (da Costa and Vieira, 2010) while the Swedish SBU report on risk
factors in the work environment for disorders in the shoulders, neck and upper ex-
tremities (2012) drew the conclusion that there was limited scientific evidence for force
demanding work (lifting, carrying, pushing, pulling) being associated with a higher
risk of disorders in the neck and the shoulders. The SBU report, however, included no
cross-sectional studies, which may be an explanation of why insufficient evidence for
an association was found.

Work that requires pushing and pulling has proven to be significantly related to
low back disorders. A case-control study on patients who sought help in primary care
at a clinic in northeast Vermont in the United States showed that 20 % of the men who
reported low back disorders had been exposed to work with pushing and pulling, com-
pared with 2 % of the men who did not report lower back disorders (Frymoyer et al.,
1980). For women, it was 31 % of those with disorders, and 2 % of those who did not
have disorders, who had been exposed to tasks that required pushing and pulling. The
neck and the shoulders have also proven to be sensitive to exposure to occupational
pushing and pulling (SBU, 2012). As an example, van der Beek et al. (1993) found a



significantly increased risk for pain and stiffness in the neck, shoulders and legs among
truck drivers who regularly pushed or pulled wheeled postal containers compared to
those who only drove trucks.

In some review papers, repetitive work, such as found in manufacturing and cash-
ier work, is concluded to be associated with a somewhat increased risk of neck and
shoulder pain (Cote et al., 2008; da Costa and Vieira, 2010) while others state that the
scientific evidence is too limited to draw conclusions on such a connection (SBU, 2012;
Hansson and Westerholm, 2001). Associations between repetitive work and pain in the
shoulders (Mayer et al., 2012) as well as the forearms and wrists have also been pre-
sented (da Costa and Vieira, 2010). Work using a computer mouse, which involves long
periods of low-intensity but uninterrupted muscular activity in work postures that
vary very little, have proven to be related to disorders in the shoulders (SBU, 2012).

Work with the hands above shoulder level is found among painters, carpenters,
and hairdressers, for example, and has shown associations with neck and shoulder
pain (Cote et al., 2008; Mayer et al., 2012), but there are also studies that have not suc-
ceeded in demonstrating an association (SBU, 2012).

Whether bent or twisted work postures are associated with lower back disorders
is a controversial issue. Some review articles have concluded that such an association
does not exist (Kwon et al., 2011; Wai et al., 2010) - an assertion supported by Ribeiro
et al. (2012), which could only find limited evidence that time in a forward-bent work
posture increased the risk of lower back disorders. Other review articles, for example
Costa et al. (2010) conclude, however, that there is an association between awkward
work postures and lower back disorders. This has been supported by later studies (van
Oostrom et al., 2012; Sterud and Tynes, 2013). Crouching has proven to be related to
knee pain (Klussmann et al., 2010). Bent and twisted work postures occur in assembly
and in patient handling in health care, for example.

Areview article by Cote et al. (2008) concluded that there is evidence for a rela-
tionship between working with the neck bent forward and neck pain, while others
have claimed that the scientific basis is not sufficient for such an assertion (Mayer et
al., 2012; SBU, 2012). Mayer et al. (2012) also found that trunk flexion and rotation had
a strong association to pain in the neck and the shoulders. The Swedish SBU report on
risk factors in the work environment for disorders in the shoulders, neck and upper
extremities (2012) concluded that there was only scientific support for work with a bent
or twisted trunk being associated with disorders in the neck and shoulders, but that the
scientific basis for the position of the neck (extension, flexion, rotation) being related to
these disorders is insufficient.

Exposure to whole-body vibrations has proven to be associated with lower back
disorders (Marras, 2000, Bovenzi and Hulshof, 1999, Krause et al., 1997) and neck dis-
orders (Krause et al., 1997). Exposure to hand and arm vibrations are associated with
disorders in the neck, shoulder, and hands (Wahlstrom et al., 2008). Exposure to whole-
body vibrations occur primarily when driving vehicles, such as among truck, bus, and
forest machinery drivers. High levels of hand and arm vibrations are found in the con-
struction sector while high-frequency, barely perceptible vibrations are found among
dentists and dental hygienists, for example.

A review article devoted to cold as a possible risk factor for musculoskeletal dis-
orders found some scientific evidence for cold influencing certain forms of tendinitis,
carpal tunnel syndrome and low back disorders (Pieniméki, 2002). Standing for long
periods has also proven to be a risk factor for low back pain (Sterud and Tynes, 2013).

There are also organisational, social, and psychological risk factors such as mental
stress, high demands and a lack of control that have proven to be associated with mus-
culoskeletal disorders (Bernard, 1997; Ariens et al., 2001; Bongers et al., 2002; Sterud and
Tynes, 2013). Conflicting results have, however, also been presented (Bongers et al., 2006).



One mechanism that might explain mental stress leading to musculoskeletal disorders
could be that stress gives rise to muscular tension, primarily in the neck and shoulders,
which in turn leads to disorders in the same way as uninterrupted physical loads. Men-
tal stress would then activate in particular those parts (motor units) of the muscles that
are already active at low force demands, and these “Cinderella fibres” would then be
overloaded and injured (Lundberg, 2002; Eijckelhof et al., 2013).

2.2. Causes of differences in disorders between men
and women

The fact that work-related disorders are more prevalent among women than men may
be due to several factors that contribute to the difference in different ways and to dif-
ferent degrees. These factors add to each other in a “cascade” or “staircase” effect, as
illustrated in Figure 2. Some of the steps in the staircase are on the societal level; others
are found in the organisation where the individual works, and still others are tied to
the physiology and psychology of the specific individual.

An initial explanation of the gender difference in the prevalence of musculoskele-
tal disorders may be that men and women have different occupations. The Swedish la-
bour market is segregated to a great degree, with a majority of men found in technical
occupations dominated by men, while a majority of employees in health care are wom-
en (SOU, 2004:43; SCB, 2012b). The occupational categories where women predomi-
nate most are office and medical secretary, where 97% of employees are women. The
occupational categories where men predominate most are construction woodworkers
and fitting carpenters, with 99 % men (SOU, 2004:43). The typically male occupations
include tasks requiring considerable force development, and heavy lifting, and these
occupations also have a high occurrence of work-related disorders. Heavy lifting is also
found in the health care sector, however, where women are clearly overrepresented.
Other typically female occupations with a high occurrence of work-related disorders -
sales, administration, and craft work - are characterized by tasks of a more repetitive
nature (Arbetsmiljoverket, 2012b, SOU, 2004:43).

In a next step (Figure 2) it could also be that women and men having the same
occupation still perform different work tasks, which lead to different physical loads.
Only using an occupational title as a measure of exposure in risk assessment and re-
search can therefore lead to a misleading picture of the associations between exposures
at work and musculoskeletal disorders (Hooftman et al., 2005; Messing et al., 1998b;
Nordander et al., 1999). In an attempt to reduce the occurrence of musculoskeletal dis-
orders in a Brazilian factory, women workers were replaced with men. After a while,
the male workers developed disorders to an equally great extent as the previously
employed women; the conclusion was that the work being performed, but not gender
was an explanatory variable in why workers developed disorders (Coury et al., 2002).
Orthodontists have turned out to have a high occurrence of disorders in both the lower
back and the neck and arms, but the occurrence is roughly the same for men and wom-
en (Punnett and Herbert, 2013). Orthodontics is an occupation where neither the work
tasks nor the physical strain differ between men and women to any great extent.

As a further step (Figure 2), it may be that even though men and women have
the exact same work tasks, they perform the tasks differently. Women are, on average,
smaller and weaker than men, but in many cases the work stations are designed to suit
the average man, and sometimes even the physically stronger man. This would mean
that women on average will be required to work at higher loads, both in absolute terms
and relative to their maximal capacity, than men with the same work task.

A further step in the explanatory staircase (Figure 2) is that women and men
working at equal loads could react differently in a physiological sense. Women and
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men differ, for example, as regards muscle morphology, which could have an effect on
the capacity for performing different types of work tasks. Sex hormones have an effect
on sensitivity to pain; there is, for example, research showing that male sex hormones
have a pain-reducing effect (Wiesenfeld-Hallin, 2005; Craft et al., 2004).

How men and women react to and deal with fatigue and pain in their current jobs
can also differ, for instance due to gender-stereotypical roles (Bartley and Fillingim,
2013). In addition to these explanations, gender difference in whether - and how - dis-
orders are reported can also occur as the final step in the staircase (see Figure 2). Men
and women with disorders are possibly cared for in different ways in public systems
for health care, rehabilitation and social insurance. Factors outside of work, such as
women’s generally greater responsibility for family and housekeeping, can also con-
tribute to explaining that the “cumulated” load may differ between genders (Vroman
and MacRae, 2001).

The present State of Knowledge Report will provide an introduction to the dif-
ferent exposures that men and women may have owing to their different occupations.
After that, there is a discussion of the scientific literature on whether men and women
in the same occupation actually do the same things, whether the eventual load differs
when men and women perform the exact same task, and finally if biological differences
in reaction to physical loads can explain the gender difference in occurrence of muscu-
loskeletal disorders. The report thus moves from the exposures to which individuals
are subjected at work to the reactions - immediate and more chronic - that may result
from these loads (Toomingas et al., 2008). It does not discuss in any depth factors con-
cerning the disproportionate distribution of men and women in different occupations,
or the factors that lie “after” a disorder has emerged (see Figure 2). Any significance of
factors outside work also lies beyond the focus of this report.
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Figure 2: Schematic over possible “independent” steps in the explanation of why women have a
higher occurrence of work-related musculoskeletal disorders than men. The fact that women and
men have different occupations may contribute to explaining the difference in the occurrence of
disorders (step 1). Even when men and women have the same occupation, there may be a differ-
ence in work tasks (2), which can further contribute to women having more disorders. Although
men and women perform the same work tasks they may experience different loads, owing to
such things as differences in strength and body size (3). Finally, although men and women work
at equal loads, there may be a difference in physiological reactions (4).

“After” that, women and men may have different behaviours once a disorder has emerged
(5), and may be treated in different ways, for example in health care or by the Swedish Social
Insurance Agency (step 6). The cross-hatched box marks the steps that are in focus in this State
of Knowledge Report.

2.3. Where is the knowledge, and what does it look
like?

First, information on labour market statistics was sought in order to determine the ex-
tent to which men and women are found in different occupations. The next question
was: Do men and women do different tasks within the same occupation? (see Figure 2). An
answer to this question can be provided by epidemiological studies where the research-
er have asked the workers themselves to report on the work tasks they perform, and to
what extent. A few studies have used observations to get that same information. Epide-
miological studies also often gather information on illnesses and disorders, for example
pain in the back or the neck, and individual factors such as sex and age. Based on this,
associations between factors at work and health outcomes are presented. Cross-section-
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al studies investigate both work and health at a single point in time, while longitudinal
studies follow a population over a longer period, typically by registering exposures at
a certain point in time and health outcomes during a period after that, up to several
years in some studies. This provides more credible answers to whether factors in the
work environment really lead to disorders. One disadvantage to epidemiological stud-
ies is that the information about the work is often quite rough, as it must be collected
from a very large number of individuals. In the greater share of epidemiological stud-
ies on musculoskeletal disorders, physical work loads are assessed only through occu-
pational title or through simple questions to the participants.

A number of occupation-specific studies draw the conclusion that women have a
higher risk of injuries and disorders than men when they perform the same work tasks
despite the fact that the researchers have not controlled for whether men and women
do, in fact, perform the same tasks when they are in the same occupation (Taiwo et al.,
2009). Similarly, Zetterberg and Ofverholm (1999) studied hand and wrist disorders in
a large population of men and women who worked in assembling cars. They found
that the women had more symptoms, both according to their subjective claims, and as
determined by a clinical test. In contract to this, a study of over 800 men and women
showed that repetitive work increased the risk of carpal tunnel syndrome more for
men than for women (Giersiepen et al. 2000) Two different conclusions are thus drawn
here, which could be due to the fact that the actual work tasks were divided in different
ways between the men and the women in the two organisations studied. McDiarmid
et al. (2000) made use of American registry data for six occupations considered to have
a high risk of developing carpal tunnel syndrome: assemblers, blue collar workers
(apart from construction workers), machine operators, guards and cleaners, butchers
and meat-cutters, and data entry administrators. For data entry administrators, the re-
searchers found no difference between the sexes in the risk for carpal tunnel syndrome.
In the other five occupational groups, the researchers found that men had approxi-
mately half as great a risk as women, and suggested that the difference between the
sexes in these five occupations was due to differences between the sexes in the actual
work tasks, while for data entry administrators, it was not particularly likely that the
work tasks varied between the sexes. Two North American studies on employees at
larger hospitals suggested that the difference between the sexes in work tasks within
certain occupational categories was the cause of differences in the occurrence of mus-
culoskeletal disorders. This may very well be true, but both studies used occupational
categories as the only measure of physical load. Safe conclusions on whether it is tasks,
physical load within tasks, or differences in physiological responses that result in a dif-
ference in the occurrence of disorders between the sexes cannot really be drawn. There
are, however, studies where more detailed surveys of actual physical loads allow more
substantiated suggestions that differences in work tasks could be an important expla-
nation to the gender difference in risk (Wiktorin et al., 1999; Vingard et al., 1999).

Apart from turning to epidemiological studies based on self-assessed information
from men and women about their work tasks, information can be sought in observa-
tional studies. Researchers have gone out to workplaces and observed the various tasks
in one or more occupations through video recordings or through observations on site.
This yields more certain and more detailed information on work tasks.

Observation studies can also be used to answer the question: Do men and women
experience different physical loads when performing the same task. Researchers then have the
opportunity to observe work techniques and work postures out in the workplace in
a standardised manner. The question can also be studied in a controlled environment
where the researcher copies one or more work tasks, typically in the laboratory, and
measures the exposure of interest, for example muscle activity or joint angles.

Controlled experiments are also suitable for studying the next question: If men and
women are exposed to equal physical loads, do they display different physiological reactions?
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The researcher then has the opportunity to arrange the load him- or herself and follow
the physiological response - for example blood flow, endurance, and pain - in detail.
The disadvantage of controlled studies in a laboratory is that the subjects are only
followed for a shorter time - in the best cases, only a few hours. This is too short to
follow the emergence of musculoskeletal disorders. The researcher then studies a phys-
iological response that is presumed to have an association with the risk of developing
injuries over a much longer time. Additionally, it is important to remember that recon-
structing and controlling a particular work task in the laboratory often puts that task
far from the loads of real life. Tasks vary substantially in working life, even in occupa-
tions that are considered highly standardized and constrained. In summary, different
kinds of studies will be needed to get information on the three steps in the explanatory
model discussed in this report (see Figure 2). Each kind makes its specific contribution
to an understanding of gender differences in the emergence of work-related disorders
in the musculoskeletal system, but each kind also has its own limitations.

This State of Knowledge Report is primarily grounded in a biological approach
to the sexes. There are also other ways of regarding sex, including a social approach
where sex or gender is seen as a social construct. The various approaches can overlap
each other, for example when looking at muscle strength, which can be considered to
be influenced by biology but also influenced by the effects of exercise during growth,
which in turn is influenced by gender norms (Hammarstréom, 2005). The studies this
report is built on do not rest on any gender theoretical foundations. In the selection of
studies for the report, biological sex has instead been regarded as an interesting varia-
ble - sometimes the main focus, sometimes one of several variables of interest. Through
a non-biological approach - gender theory, for example - increased insight can success-
fully be attained into the answer to why differences between women and men occur in
working life. This report, for example, finds evidence in the literature that women and
men in the same occupation perform different work tasks. The reason for work tasks
being distributed differently between the sexes is obviously an important question to
discuss, even from a non-biological starting point, but this lies outside the framework
of this report.

2.4. Search strategies

This report used broad search strategies to find as much material as possible in order
to answer its main question: Are there differences between the sexes in work tasks,
physical loads, and physiological effects that could explain a higher occurrence of mus-
culoskeletal disorders in women? Literature searches were run on PubMed, Cinahl,
Web of Science, and Google Scholar. Where high-quality systematic review articles that
were relevant to one or more of the questions in the report were found, they were used.
Where this was not the case, the information was sought in original articles. Searches
were run with a large number of search terms, for example “sex”, “gender”, “task”,
“occupational injury”, “pain” and “muscle fatigue”. Combinations of these terms were
used; for example “gender AND muscle fatigue” and “gender AND pain”. It turned
out that many relevant studies containing data on both men and women were not
found by these search terms because the authors had not indicated “sex” as a keyword
for their articles, or had not taken up the aspect of the sexes in the abstract. The refer-
ence lists in articles of interest were therefore also an important source of additional
relevant literature.
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3. A labour market segregated by gender

Sweden’s labour market is segregated, which results in men’s and women’s working
environments looking different. Men predominate in craft, construction, and manufac-
turing, as well as in processing, machine operation, and transport (see Figure 3). Wom-
en are found primarily in service, care, and sales, as well as in offices and customer
service. In occupations that require higher education, on the other hand, there is a more
even distribution by sex (Arbetsmiljoverket, 2012a). Men are more spread out over the
entire labour market than women are. Twenty-seven percent of all women are found

in the five most common women'’s occupations, while only 15% of all men work in the
tive most common men’s occupations. Nine percent of all gainfully employed women
work as nurses, followed by personal assistants at 6 % (Danielsson et al., 2012).

The occupations dominated by men include physical loads such as heavy lifting,
vibrations, and work with hand-held tools. Occupations dominated by women, apart
from also including heavy lifting (primarily the health care occupations with handling
of patients) are characterised by repetitive movements (processing work, cashier work).
Using computers for a larger part of the work day is more common among women
(Arbetsmiljoverket, 2012a). Many women (66-80%) in service, sales, machine operation,
assembly and care report that they are physically exhausted after work at least one day
a week. 62% of women teachers and recreation instructors also report this. The occu-
pations in care involve contact with other people; in addition, they are often physically
challenging, with heavy lifting and repetitive work tasks, but often also a strong mental
component, which can express itself in an experience of physical fatigue. For men, on
the other hand, traditionally heavy men’s work is associated comparatively high lev-
els of perceived physical fatigue, both in work that does not require special vocational
training and among vehicle drivers (Arbetsmiljoverket, 2012

Management work

Work requiring theoretical
specialist competence

Work requiring shorter university
education or similar knowledge

Office and customer service work

Service care and sales work B Women

Work in agriculture, B Men

gardening, forestry
Handicraft work in construction

Processing and machine
operation etc.

Work without requirements for
vocationaltraining

Military work

0 200 400 600 800

Figure 3: Number of women and men employed in Sweden, by occupation
(Arbetsmiljoverket, 2012a).
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3.1. Physical load in various occupations

Nearly one-third of all new cases of sick leave is due to musculoskeletal disorders. For
both women and men, the number of new sick leave cases per 1,000 employees dur-
ing 2009 due to these causes was highest in processing and machine operation (45 for
women and 25 for men) and in occupations that have no requirements for vocational
training (44 for women and 29 for men) (see Figure 4). Among women, there is also a
high incidence of sick leave in service, care, and sales (34 per 1,000 employees). Nearly
four times as many new cases of sick leave owing to musculoskeletal disorders occur
every year among women employees in processing and machine operation than among
women who work in management and executive positions. Among men, nearly six
times more cases of sick leave arise among employees in occupations without a voca-
tional training requirement than among men in the military, and nearly five times more
than among employees working in occupations that require theoretical specialist com-
petence (Forsdkringskassan, 2011).

When SCB, on commission from the Swedish Work Environment Authority, inves-
tigated self-reported physical loads in typical women’s and men’s occupations using
surveys, it was found that heavy lifting occurs more often in classic men’s occupations
than in women’s (Arbetsmiljoverket, 2012a). Occupations where, in 2009 and 2011, daily
lifting of more than 15 kg was commonly reported were construction and public works
(56 %), work without a special vocational training requirement (39 %) and warehouse
assistants (39 %). Occupations where women reported daily lifting of more than 15 kg
were nurses and health care assistants (28 %), paramedics and personal assistants (28 %)
and institutional housekeeping and restaurant staff (23 %) (Arbetsmiljoverket, 2012a).
Despite the higher occurrence of musculoskeletal disorders among women, typical
women’s work is often regarded as being less physically demanding than typical men’s
work. But for example in the health care occupations, where women dominate, heavy
lifting and moving of patients often occurs (as has been reported); both are considered
risk factors for disorders, in particular in the low back (Punnett and Herbert, 2013).

Reports of heavy physical work are somewhat more common among men work-
ing in a profession (40 %) than women (35 %). Ninety-six percent of male construction
woodworkers, and 87% of workers in agriculture, gardening, forestry and fishing re-
ported working purely physically at least 25 % of the time. A similar workload, how-
ever, is also common among women hotel and office cleaners (81 %), industrial house-
keeping and restaurant staff (78 %) and among nurses and health care assistants (76 %).
Work in a twisted position, which is common both among service occupations (49-53
%) and construction and public works (60 %), displays no clear difference between the
sexes. Work with arms lifted above shoulder level is common for men in construction
and handicrafts (56-77 %), and also among women in service and sales (36-52 %). Re-
petitive movements, on the other hand, are most common in occupations dominated
by women, such as service and the retail trade (57-78 %). For women in sales work,
these brief repeated work movements occur combined with awkward work postures,
while among men they are often combined with both heavy lifting and awkward work
postures (Arbetsmiljoverket, 2012a).

Being able to sit down for at most 1/10 of working time is equally as common
among men as among women, while sitting for long periods (sitting down and work-
ing for more than two hours at a stretch) is somewhat more common among men, and
most common among vehicle drivers. Men are clearly overrepresented as regards expo-
sure to vibrating hand-held tools (men: 15%, women: 3%) and cold (men: 22%, women:
10%) (Arbetsmiljoverket, 2012a).
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Figure 4: Sick leave (>14 days) initiated per 1,000 employed women and men in the respective
work types during 2009 in Sweden (Férsikringskassan, 2011).

3.2. Workplaces dominated by women and men

In both male- and female-dominated occupations and workplaces the opposite sex is, of
course, also represented. The working environment for both the majority and minority
sexes has been investigated in a couple of studies. Karlqvist and Gard (2012) investigated
ergonomics and musculoskeletal disorders in workplaces with more than 60% women
and men, respectively, and found significant differences in the working conditions be-
tween men and women in both female- and male-dominated workplaces (Table 2). In oc-
cupations dominated by women, the women had relatively heavy work tasks compared
with the men. Women in occupations dominated by men had lighter work, more sitting,
and repetitive movements, especially for the hands and fingers, than men. Researchers
only found two exposures that occurred significantly more among men in female-dom-
inated occupations than among men in male-dominated occupations: standing for long
periods (men in female-dominated occupations: 20 %, men in male-dominated occupa-
tions: 12 %), and sitting for long periods (men in female-dominated occupations: 35 %,
men in male-dominated occupations: 28 %). More men in male-dominated occupations
had a high occurrence of other exposures than men in female-dominated occupations.
Among women there was a more uniform occurrence of physical exposures in male- and
female-dominated occupations. The differences indicate that men and women in occupa-
tions segregated by gender have different work tasks.

The researchers (Karlqvist and Gard, 2012) also put employees into three catego-
ries: “working with people”, “working with things”, “working with data”, and found
in both male- and female-dominated occupations that significantly more men than
women worked with things, such as machines. Women worked more with people than
men irrespective of occupation. Working with people means that the job is governed
by another person’s needs, which can make it difficult to control one’s own work pace,
including taking breaks when needed. The physical loads are also more unpredictable
in work with people than in work with machines. For example, lifting and moving in
health care may entail a higher risk, as a person’s movement patterns cannot be pre-
dicted in the same way as when lifting a box. This can be of significance for musculo-
skeletal disorders in female-dominated occupations.

Women in female-dominated occupations worked more with their hands above
shoulder level than women in male-dominated occupations, while men to a greater
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extent worked with their hands above shoulder level in male-dominated occupations
than in female-dominated occupations. This indicates that men and women do dif-
ferent things in these segregated workplaces. Finally, a low level of control combined
with high demands (as a measurement of mental stress) occurs more among women in
male-dominated occupations than among women in female-dominated occupations.
This may show that women had more repetitive tasks in the male-dominated occu-
pations. Men in male-dominated occupations, however, also had a high occurrence of
mental stress, which suggests that male-dominated occupations in general are associ-
ated with higher demands and/or less control. It is also interesting to note that men in
male-dominated occupations reported better mental well-being than both women in
male-dominated occupations and men and women in female-dominated occupations
(Karlgvist and Gard, 2012).

Table 2: Prevalence (percent) of various physical workloads in female- (>60% women) and
male-dominated (>60% men) workplaces in three municipalities in Sweden (Norrkdping, Fin-
spdng, Soderkoping) (Karlquist and Gard, 2012).

Most women (>60%) Most men (>60%)

Men Women Men Women

(N=227) (N=1487) (N=1236) [ (N=266)
Sedentary work 35 % 23 % 29 % 51 %
Computer work 39 % 30 % 35 % 60 %
Using a VDU 32 % 26 % 28 % 55 %
Standing for a long time 20 % 27 % 12 % 13 %
Moving 26 % 36 % 33 % 19 %
Sitting for long periods 35 % 24 % 28 % 34 %
Work on vibrating surface 7 % 3 % 37 % 16 %
Work with vibrating tools 14 % 6 % 46 % 13 %
Precision work 14 % 8 % 20 % 9 %
Work with hands above shoulder 17 % 22 % 35 % 16 %
level
Work with hands below knee height 16 % 19 % 36 % 15 %
Repetitive hand and finger move- 29 % 31 % 30 % 56 %
ments
Manually handling weights of 1-5 kg | 39 % 49 % 51 % 41 %
Manually handling weights of 5-15 kg | 26 % 34 % 48 % 22 %
Manually handling weights of >15 kg | 27 % 33 % 45 % 17 %
Experience of high exertion 16 % 34 % 31 % 19 %

Leijon et al. (2005) investigated whether there was a difference in time sitting or stand-
ing, as well as the occurrence of uncomfortable work postures and movements of the
arms and trunk in female-dominated, male-dominated, and mixed-gender occupation-
al groups, and whether there were differences within these groups related to status and
authority. The researchers collected direct measurements of physical activities during
work and found that workers in female-dominated occupations had shorter periods

of sitting than those in male-dominated occupations or mixed-gender occupations.
There were also tendencies, though not statistically significant, towards the occurrence
of work with the arms above shoulder level being higher in female-dominated occu-
pations than in the other two occupational categories. The researchers also found that
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low status had a strong association with standing for long periods, work with the arms
above the head, and work with the trunk bent forward. This association was clearest in
the female-dominated occupational groups but was not seen at all in the mixed-gender
occupational groups. Low status was suggested by Bryngelson et al. (2011) as being
one part of the cause of the increased long-term sick leave for women within extremely
male-dominated occupations (0-20 % women) and within extremely female-dominat-
ed occupations (80-100 % women) in comparison with the mixed-gender occupations.
On the other hand, men’s risk of long-term sick leave was not impacted by status in
the same way. High physical load seems to occur in parallel with high mental stress

in female-dominated occupations, and this interaction also seems to be clearer among
women than among men (Josephson et al., 1999).

3.3. Mental loads

Convincing research confirms that mental loads experienced as stressful can give rise
to or reinforce musculoskeletal disorders (Lundberg, 2002). It is therefore important to
be attentive to whether stress occurs in the job, either together with physical loads or
without any especially heavy physical requirements.

Swedish statistics show that nearly two out of three gainfully employed people
feel their work is hectic. In the 45-65 age range more women than men think this way.
In relation to the level of education, women with a post-secondary education report to
have a stressful job to a greater extent than men with a similar education. White-collar
workers have a higher occurrence of perceived stress than blue-collar workers, and
those who have some sort of executive position are clearly overrepresented with eight
out of ten feeling their job is hectic (SCB, 2012a).

The feeling that the work pace is controlled is more common in female-dominated
occupations. Sixty percent of women and forty-four percent of men reported that they
can influence their work pace during at the most half of their working time (Arbetsmil-
joverket, 2012a). This is primarily common in occupations where the work tasks are
largely controlled by other people’s needs, for example in health care. It is also com-
mon within the teaching profession.

Furthermore, four out of ten asked experience that they have mentally strenuous
work, something that more women than men report (women: 48 %, men: 37 %). The
differences between men and women are greatest for trained specialist workers and
upper civil servants. It is primarily within the municipal and county sector that a large
proportion (six out of ten) feel that their work is mentally exhausting, in comparison
with 35 % in the private sector. Health care (66 %) and education (57 %) are the two oc-
cupations where most people feel they have mentally strenuous work (SCB, 2012a). It
is more common among women than men to have the feeling almost every day that the
work can’t be done well enough, and to have a job where one encounters strong feel-
ings from others on a daily basis (SCB, 2012a).

3.4. Key points

e Sweden’s labour market is segregated to a great extent. Typical men’s occu-
pations involve heavy lifting and work with machines and vehicles, while
women’s occupations involve heavy lifting, repetitive movements, and human
contact.

¢ In gender-segregated occupations, men’s and women’s tasks differ owing to
whether it is a male- or female-dominated workplace. Women have heavier
work tasks such as lifting in the female-dominated occupations, and more of
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sedentary, repetitive tasks in the male-dominated occupations.

More women than men report that they have a mentally strenuous job due to
stress and lack of control, especially in health care.

Gender segregation on the labour market likely contributes to differences in
physical and mental load. This can, in turn, be an important explanation of the
differences between the sexes in the prevalence of work-related musculoskeletal
disorders.
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4. Same occupation — different work
tasks?

Even though men and women have the same occupation, it may be that they perform
different work tasks, which in turn leads to different loads and thereby different risks
of developing musculoskeletal disorders (see Figure 2).

4.1. Segregated work tasks

Messing et al. (1994) showed that women and men with the same occupational title
within blue-collar occupations in Canada did not always perform the same types of
tasks. Over half (52 %) of the women reported they had other tasks than their male
colleagues. Ten women (mostly cleaners) reported that women performed tasks that
required more attention and high quality, and 17 women (mostly gardeners) reported
that men performed tasks that required more physical strength. The work tasks were
analysed more carefully in a subgroup consisting of 21 men and 22 women gardeners.
Forty-four percent of this group reported differences between the sexes in work tasks.
Women performed repetitive tasks such as pruning, planting, and trimming, while
men performed heavier tasks such as pushing wheelbarrows, and they used machines
to a greater extent.

Nordander et al. (1999) showed clear differences in women’s and men’s work
tasks and physical load within the Swedish fish processing industry. The most common
tasks for women were cleaning of fish manually and using machines, and packaging.
This comprised 82 % of the women’s total working time. The men worked primarily at
the fish-cleaning machines and in the warehouse, handled boxes of fish and maintained
the mechanical equipment. This comprised 85 % of the men’s total working time (see
Table 3). The researchers’ assessment of physical loads showed that the typical “wom-
an’s” work tasks were characterised by repetitive movements and poor work postures.
The men’s work tasks showed substantially greater variation in physical load, since
the “man’s” work tasks differed much more. For example, there were great differences
in load between maintenance work and work at the codfish-cleaning machines. Twen-
ty-five percent of the men’s working time comprised work with low physical exertion;
35 % of the time was spent in heavy lifting (>25 kg). Women spent 63 % of their work-
ing time in awkward or very awkward work postures for the neck during handling of
light objects (<1 kg) with a work cycle time of less than 10 seconds. For 25 % of their
working time, they handled material weighing more than 5 kg with a cycle time of 10-
60 seconds. Women also had a worse psychosocial working environment and reported
lower levels of control, lower stimulation at work, more often combinations of high
demands and low control, worse social networks at work and a higher occurrence of
stress and anxiety related to work. The prevalence of disorders in the neck, shoulders,
elbows and hands was almost three times higher among women than among men.
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Table 3: Proportion (in percent) of total working time in the six most common tasks in a
fish processing factory, for men and women separately (Nordander et al., 1999).

Work task
Sex No. Cod Trim- Herring  Packing Supply, Maint- Total
ma- ming of machine remov- en
chine cod al ance
Men 116 15 % 1% 1% 11 % 34 % 36 % 98 %
Wom- 206 3% 32 % 11% 39 % 6 % 6 % 97 %
en

Messing et al. (1998a) studied cleaners at a hospital in Canada where work was catego-
rized into “heavy” and “light”. In general, “heavy work” was characterised by neutral
work postures, walking, and repetitive movements that included handling a 1-6 kg
mop. “Light work” was characterised by bent work postures, walking, and quick re-
petitive movements where the workers had to lift light objects (dusting) or a somewhat
heavier object of about 1-3 kg (emptying dustbins). It was almost exclusively men who
performed “heavy work”, while women performed “light work”.

In another study, the same researchers investigated work tasks at 17 poultry
slaughterhouses and 6 food factories in France, and found that men and women had
different exposures to several ergonomics risk factors. More women than men reported
performing highly repetitive (= 30 repetitions per minute) tasks (women: 24 %, men:

16 %) and sitting down a lot (women: 7 %, men: 4%). Women also reported work in
colder environments to a greater extent than men (women: 58 %, men: 39 %) while men
reported more work in varying temperatures, something that was due to their often
moving among different locations in the workplace. Men and women performed differ-
ent work tasks. The men worked with manual handling, slaughtering and supervision,
while cleaning, weighing, preparation and cooking were often performed by women.
Men worked more and more irregular hours per week (Messing et al. 1998b).

In another Canadian study of 661 employees at 9 poultry slaughterhouses (Mer-
gler et al., 1987) more women than men reported musculoskeletal disorders in the
hands (women: 68 %, men: 45 %), shoulders (women: 48 %, men: 36 %), upper back
(women: 68%, men: 45 %), legs (women: 71 %, men: 57 %) and feet (women: 48 %,
men: 36 %). More women than men also reported that their work involved standing
still (women: 76 %, men: 58 %), repetitive tasks (women: 94 %, men: 85 %), and more
than 60 movements per minute (women: 24 %, men: 15 %) while more men than wom-
en reported that they moved a lot (men: 42 %, women: 24 %,) drove trucks (men: 19
%, women: 2 %) and lifted (men: 62 %, women: 33 %). Men and women with the same
work tasks did not distinctly differ in the occurrence of disorders.

Hooftman et al. (2005), in one study of a large group of office workers and assem-
bly workers in the Netherlands, found differences between the sexes in self-reported
physical loads (Table 4). More men than women in assembly work reported that they
lifted frequently or very frequently in their work, both weights heavier than 5 kg and
weights heavier than 25 kg. More women than men among office workers reported that
they worked with their arms above shoulder level, while the reverse pattern was dis-
played among assembly workers.

A significantly larger proportion of women than men among office workers re-
ported that they frequently, or very frequently, worked in twisted and bent work pos-
ture, while the reverse pattern was reported among assembly workers. A higher share
of women than men reported that they often worked with the neck bent forward, both
among office workers and among assembly workers. Also repetitive work with the
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hands figured more frequently among the women than among the men in both occupa-
tional groups. More women than men working in offices reported that they often had
to work with a rotated neck and a bent wrist. In one group of 24 Swedish office work-
ers, on the other hand, Balogh et al. (2004) reported no differences between the sexes in
self-reported work postures, movements and manual handling, and did not find differ-
ences either when physical loads were measured with technical equipment.

Table 4: Self-reported physical loads (percent of those asked) for men and women in a
Dutch study of assemblers and office workers (Hooftman et al., 2005).

Assembly work Office work

Women Men Women Men

(n=200) (n=218) (n=142) (n=273)
Lifting (>5 kg) 34 % 80 % 2% 4 %
Lifting (>25 kg) 9 % 32 % 1% 1%
Arms above shoul- 21 % 31 % 4% 04 %
der level
Rotated or bentup- 54 % 81 % 44 % 28 %
per body
Neck bent forward 87 % 59 % 85 % 71 %
Rotated neck 53 % 57 % 63 % 41 %
Repetitive work 93 % 73 % 63 % 54 %
with the hands
Bent wrists 69 % 61 % 40 % 31 %

Karlqgvist et al. (2002) studied men and women office staff using a comprehensive ques-
tionnaire and found differences between the sexes in the occurrence of disorders in

the back, shoulders, arms, and hands. The highest occurrence of disorders in all bodily
regions was found among women call centre operators. Even in the occupational cate-
gory with the most men, i.e. engineers (134 men, 53 women), a larger proportion of
women reported that they had disorders in the neck and shoulders. In the largest occu-
pational category for women, insurance clerical workers with 149 women and 20 men,
a larger proportion of women had symptoms in the neck, shoulders and upper arm
than men. The survey showed that more women than men sat at least twice a week at
a computer for more than 3 hours at a stretch without a break (women: 19%, men: 12
%). Among men, the variation in work tasks at the computer was also greater. The most
common task for both men and women was writing and text editing, but more women
than men performed simple text or data entry (women: 51 %, men: 38 %), that is, a re-
petitive task. Apart from computer work, work tasks performed more than 30 minutes
per day were desk work (70 % of the men), meetings, seminars, and discussions with
colleagues (48 % of the men) and telephone calls (43 % of the men). For women, the
corresponding predominant tasks apart from computer work were desk work (60%

of the women) and telephone calls (43 % of the women). 26 % of the men and 18 % of
the women had more than two different types of tasks at the computer, each of which
lasted more than 30 minutes per day. Men used more time for e-mail and searched for
more information on the Internet than women. A Danish field study of 24 women and
11 men with administrative work reported that women used the keyboard more and
tended to click the mouse less often, while the researchers did not find any significant
difference between the sexes in muscle activity in the neck or lower arms for people in
the same department (Blangsted et al., 2003).
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In a study of over 500 women and men who worked in a Swedish automobile
factory, 1.2 - 1.5 times more women than men reported that they performed precision
movements, repetitive finger movements, repetitive hand movements, flexion and
extension of the wrists and handling of objects weighing between 1 and 5 kg for more
than four hours per day (Fransson-Hall et al., 1995). The women reported using hand
tools to a lesser extent than the men. Dahlberg et al. (2004) showed that men in a metal
factory took more short breaks from work than women, and devoted a larger part of
their time to diverse activities such as moving without external load, writing, handling
materials that weighed less than 1 kg, and pushing buttons.

In a large epidemiological study from New Zealand, researchers interviewed
3,000 gainfully employed workers by telephone. They found that twice as many men
as women reported that they were exposed to dust, chemicals, noise, irregular shifts,
night shifts, and work with vibrating tools. Thirty percent more women than men re-
ported that they had repetitive tasks and worked at a high pace, and were exposed to
disinfectants, hair dye and textile dust. When men and women within the same occu-
pation were later compared, the differences decreased somewhat but it was still found
that the men were exposed more to certain chemical products, worked more on night
and irregular shifts, and worked more with vibrating tools. More women had work
that was repetitive and required a rapid pace. In addition, women reported more awk-
ward and strenuous work postures than men in the same occupation (Eng et al., 2011).

In a study of cleaners at a Canadian hospital, the researchers proposed a number
of improvements to the working environment, which would, among other things,
make it possible for women to manage the tasks that have been categorised as heavy
(Calvet et al., 2002). The researchers then compared working conditions before and
twelve years after the proposed changes. Some segregation by sex of the work tasks
remained after the 12 years. Previously, cleaning tasks had been divided into light
and heavy tasks, where the men were assigned the heavy tasks and the women the
light ones. Despite this division being removed, many differences between the sexes
remained regarding which tasks the cleaners performed. The men worked night shifts
to a great extent, which they themselves often explained by saying that they avoid-
ed working with people, while the women worked in the daytime and had to adapt
themselves to a great extent to both colleagues with other work tasks and to patients.
The men operated more machinery for cleaning and waste handling, while the wom-
en dusted and cleaned the toilets more. Both employees and management explained
in interviews that gender-stereotypical roles were the most substantial reason for the
persistent division of work tasks. After the removal of the distinction between heavy
and light work the proportion of women cleaners decreased, something that may have
been due to them feeling they couldn’t manage the heavy work tasks that the job now
involved. After twelve years, the hospital had only accomplished one-third of the work
environment improvements recommended by the researchers.

4.2. Mental loads in the same occupation

Chapter 3.3 argued that stress and a controlled work pace was more prevalent in fe-
male-dominated occupations. But more women experience this even when women
and men in the same occupation are compared. 83 % of women and 73 % of men high-
school teachers in 2011 reported to experience a controlled work pace. Among health
care staff, corresponding numbers were 79 % of the women and 65% of the men. As
presented in Chapter 3.2, women work more with people, both in female-dominated
occupations and male-dominated occupations. It is possible that working with people,
among health care staff for example, gives rise to an increased feeling of controlled
work pace compared to working with, for example, machines.

In a group of assembly workers and a group of office workers, the men reported
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greater control over their work than the women (Hooftman et al., 2005). Women assem-
bly workers reported higher work demands than their male colleagues. In both occupa-
tional groups, repetitive work with the hands was more prevalent among women than
among men, which may be associated with the feeling of low control for the women.

4.3. Key points

e Research clearly shows that men and women in the same occupation often per-
form different work tasks.

e Women perform more repetitive and hand-intensive work, while men perform
more heavy lifting and work more with machinery.

e Asrepetitive, monotonous work in many studies has been associated with dis-
orders in the neck and shoulders, different work tasks for men and women in
the same occupation presumably contributes to a great degree to explaining the
higher occurrence of disorders in the neck, shoulders and arms among women.

¢ In health care, women work with people to a greater extent than men do, which
can involve both heavy physical work and high mental stress. This could ex-
plain why women have more disorders than men in these occupations.

25



5. Same tasks — different loads?

In the previous chapter, we showed that the occurrence of musculoskeletal disorders
differs between men and women in the same occupation and that an important cause
in many cases may very well be that men and women perform different work tasks,
despite having the same occupational title. Studies, for example of orchestral musi-
cians and air traffic controllers, have, however, shown that disorders in the neck and
arms occur more among women even though women and men in these occupations
perform the exact same work tasks (Arvidsson et al., 2006; Paarup et al., 2011). Asking
whether women and men with the same work task are exposed differently owing, for
example, to differences in size and strength, is thus justified (Figure 2).

5.1. Anthropometry and work postures

The stature of women on average is approximately 90 % of men’s (SCB, 2005). There
is no evidence that stature in itself is a risk factor for developing musculoskeletal dis-
orders, but as many work stations and work tools are constructed to suit the average
man, it could contribute to the average woman (and the shorter man) working in

less favourable work postures (Leijon, 2011). Dahlberg et al. (2004) studied working
techniques among men and women who performed the same tasks in a metal factory.
Women handled materials with their hands at and above shoulder level more often
than men did - on average 72 times per hour compared with 56 times per hour for the
men, something that could be due to the difference in stature between men and wom-
en. The women worked approximately 8% of the observed work time with their arms
at or above shoulder level, while men worked in this position approximately 6% of the
time. Expressed over a working day, this means that women worked in this unfavour-
able posture for 34 minutes, and men for 27 minutes. Kennedy and Koehoorn (2003)
studied all the employees at a large emergency hospital, and in their observations of
men and women dietary aids - where both men and women worked with food prepa-
ration and meal planning for patients, for example - found that women worked with
their arms stretched out in front of their bodies or with their arms out to the side more
than men did, despite the work tasks being identical.

In a controlled laboratory study O’Sullivan and Gallwey (2002) investigated differ-
ences between the sexes in work postures for the elbows and shoulders in a number of
assembly tasks at three different distances from the subjects. The men lifted their arms
more, while the women had greater elbow flexion. The women’s work posture de-
pended on the distance to the task, while the men were not impacted by this to as great
a degree. This could be explained by the fact that women’s reach is more limited; the
study indicates that this limited reach could lead to an increased occurrence of work in
non-neutral work postures.

Messing et al. (1998b) found, in one study of workers at food factories, that wom-
en reported work stations not being adapted to the size of their bodies to a greater
extent than men did (women: 18.5 %, men: 8.1 %). The researchers found this (lack of)
accommodation to be associated with sick leave; if the work station was not adequately
adapted, sick leave was doubled.

In a literature review, Dutch researchers concluded that there is clear evidence that
the association between self-reported uncomfortable work postures for the arms and
disorders in the neck and shoulders is stronger for women than for men (Hooftman et
al., 2004). But when the same researchers then followed a group of women and men for
three years in order to study the association between physical risk factors and disor-
ders, it turned out that work above shoulder level entailed the same risk for men and
women of developing neck and shoulder disorders (Hooftman et al., 2009). A study
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by Anders et al. (2004) measured the activity in the shoulder musculature during brief
(five-second) static shoulder contractions in 24 different work postures in the shoulder
joint. The study showed that women activated the primary muscle to a lesser degree
than men did. On the other hand, women activated muscles that were not directly
necessary for holding the arms in position to a greater degree than men did; men were
therefore described to have a more “economical” activation pattern. This higher level of
activity in stabilising, non-primary muscles could increase the risk of disorders in the
shoulder region among women who work with their arms lifted.

5.2. Muscle strength

It is generally known that women, on average, are weaker than men. If an average of
several muscles is taken, women’s strength is approximately 60 % of men’s, but differ-
ent studies show a large dispersion - between 20 % and 83 % - depending on muscle
group and study population (Chiu et al., 2002; Frontera et al., 1991; Murray et al., 1985;
Sepic et al., 1986). The difference in strength between men and women is greatest in
the upper extremities, where women on average have 45-55 % of men’s strength, while
strength in the legs does not differ as much (women 60-70% of men) (Bohannon, 1997;
Frontera et al., 1991). In a study from Hong Kong, women’s neck strength showed to
be 59-83 % of men’s depending on the direction of movement (Chiu et al., 2002). As
regards grip strength in the hands, women are at around 60% of men. This difference
in grip strength remains with increased age (Mathiowetz et al., 1985a). All these results
are averages; many women are stronger than many men. In addition, the differences in
strength are smaller when men and women undergo physical training to the same ex-
tent or have similar occupational backgrounds (Leijon, 2011).

Grip strength has been proven to vary with the body’s posture, which means that
if men and women work in different work postures, the differences in grip strength
can increase or decrease (Mogk and Keir, 2003; Balogun et al., 1991; Hendriksen, 2011;
Mathiowetz et al., 1985b). A study of grip strength showed that up to 9 % of the maxi-
mum strength in the musculature of the forearm was needed just to hold the measur-
ing instrument used to measure strength, which can be compared to the muscle activity
when simply holding a tool (Mogk and Keir, 2003). Women therefore had to engage
2-3 % more of their maximum strength to hold the apparatus than men did, which in-
dicates that women in general must perform to a higher degree of their capacity than
men when handling tools.

It has been suggested that differences in muscle strength between men and wom-
en depend mainly on differences in the cross-sectional area of the muscles (Maughan et
al., 1983), but the morphology of muscle fibres can also play a role. Studies where mus-
cle tissue samples were analysed have shown that women have somewhat greater rela-
tive areas of Type I muscle fibres - which have good endurance but are relatively weak
- in the thighs (women: 44 %, men: 36 %) and the back (women: 68 %, men: 62 %). Men
have more of the fast and stronger Type IIA fibres in their thighs (men: 41 %, women:
34 %) (Staron et al., 2000; Mannion et al., 1997). A corresponding difference between
men and women has also been observed for the upper part of the trapezius muscle,
even though it was small (Lindman et al., 1991; Lindman et al., 1990).

The difference in muscle strength can lead to women being forced to get closer
to their maximum capacity when working with a given external load. Being closer
to maximum capacity means that the possibilities of varying the working technique
become more limited and that the risk of overloading the muscles and joints could
increase. As Leijon (2011) points out, great muscle strength does not necessarily mean
great strength in other anatomical structures, for example the discs between the verte-
brae, and that great muscle strength does not therefore necessarily protect against dis-
orders.
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5.3. Lifting, pushing, and pulling

Hooftman and Poppel (2004) concluded in a review paper that there is strong evidence
for men having a stronger association between heavy lifting and the risk for back dis-
orders than women do. This is further supported in a study by the same authors on a
group of gainfully employed men and women for three years (Hooftman et al., 2009).
In that study, however, the researchers divided lifting coarsely into light (>5 kg) and
heavy (>25 kg) and did not specify other factors such as lifting technique or lifting
speed. It is likely that men and women have different techniques when lifting the same
weight. In a controlled laboratory study, Lindbeck and Kjellberg (2001) found that
women’s hip and knee angles were more in phase - that is, more “coordinated” - dur-
ing the entire lift than men’s. In the initial phase of the lift, men extended their knees
more quickly than they did their hips. Whether this would have an impact on the risk
of suffering disorders, for example in the low back, is not clear.

Ciriello (2007) studied the influence of lifting frequency and lifting technique on
the weight considered by women to be acceptable for an entire day of industrial work.
There were certain differences between the sexes when comparing with the results for
men in an earlier study (Ciriello, 2003). An increased number of lifts per minute re-
duced the acceptable weight of the load for both men and women. Both the frequency
and other factors such as the size of the box to be lifted and the work posture (lifting
close to or far away from the body) influenced the acceptable load to a greater extent
for men than for women. This may have to do with the fact that men generally chose to
lift loads 1.8 times heavier than the women did, and were thus influenced more by the
changed conditions for performing the work. Thus, lifting behaviour seemed to differ
between men and women, and this can be assumed to influence the risk of suffering
both musculoskeletal disorders and acute injuries.

In a review article, Hoozemans et al. (1998) concluded that men can generate
greater pushing and pulling forces than women. When men and women were asked to
push a cart in front of them as hard as they believed they could, the women’s pushing
force at the start of the push was only 60 % of the men’s (Resnick and Chaffin, 1995).
Women and men in the studies included in Hoozeman'’s review article, however, had
different weights and heights. Since there is an association between body size and
pushing and pulling force, this can explain a part of the difference in working tech-
niques (Hoozeman et al., 1998). This explanation was investigated in a study by van
der Beek et al. (2000) where men and women pushed and pulled a wheeled postal con-
tainer. Even when the researchers corrected for personal factors such as weight, height,
maximum strength and maximum oxygen uptake, the men exerted a significantly high-
er average force throughout the entire task and greater force in the deceleration phase,
than the women. The researchers found that the women took longer time to move the
cart, presumably in order to compensate for their lower strength. This adjustment of
pushing force and speed had previously been observed by Resnick and Chaffin (1995)
in a study of two women (weak / moderately strong) and two men (moderately strong
/ strong). Additionally, for both men the estimated compression in the discs of the low-
er back exceeded the limit value of 3,400 N proposed by NIOSH, the American institute
for working life, which was not the case for women.

Marras et al. (2009) confirmed that higher speed was associated with greater de-
velopment of force in pushing. Shear forces - that is forces that run perpendicular to
the longitudinal axis of the back - increased substantially at increased speed. At 43%
increased speed, shear force in the lower back increased by 26-30%. As other, previous-
ly mentioned studies (van der Beek et al., 2000; Resnick and Chaffin, 1995) show that
men often use a higher speed in their work than women, this could mean an increased
risk of back problems for men during manual handling (Marras et al., 2009).

Thus there seems to be differences in behaviour between men and women as re-
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gards manual handling. This can in turn be an expression of masculine norms, as was
discussed in the Swedish Work Environment Authority’s State of Knowledge Report on
gender perspectives in work environments and work organisation (Arbetsmiljoverket,
2013). It is considered manly to be strong and dominant, and men may therefore find it
difficult to set limits on the loads they take on. This difficulty in setting limits may also
occur for women when transferring patients in health care, as studies have shown that
women are often acutely injured during these transfers (Saleh et al., 2001).

Marras et al. (2009) also showed that lower handle heights (50 % of body length
compared with 60 % and 80 %) produced higher shear force in the back. This could be
a greater risk factor for men, who are on average taller than women. Lin et al. (2010)
measured the developed force and the muscle activity in men and women who had to
push and pull various carts in front of them in the laboratory. The direction of force,
the height of the handles and the weight of the cargo impacted both force and muscle
activity. The study found no statistically significant differences between the sexes, even
though the women had somewhat larger muscular activity than the men in the upper
trapezius (in the shoulder), the anterior deltoid (on the front of the shoulder) and the
flexor carpi muscles (wrist flexors) in the lower arm. There was no muscle activity dif-
ference for the lower back.

5.4. Repetitive work

In a review article, Hooftman et al. (2004) concluded that it is unclear whether wom-

en have a higher risk than men for neck and shoulder disorders or hand and wrist
disorders when both sexes perform the same repetitive work. Nordander et al. (2008)
measured work postures, movement patterns and muscle activity in men and women
engaged in identical repetitive work in rubber production and assembly. Work postures
and movement patterns did not differ between men and women, while the women had
higher relative muscle activity in the scapula (women: 18 % of maximum; men: 12 %

of maximum) and the lower arm (women: 39 % of maximum; men 27 % of maximum).
Furthermore, women had an approximately 2.5 times greater occurrence of disorders in
the neck and arms than men did, even after the researchers adjusted for differences, for
example in household work and physical activity in leisure time.

In a further study of differences between the sexes in repetitive work, Nordander
et al. (2009) compiled epidemiological data on musculoskeletal disorders in 40 female
and 15 male occupational groups. The study both confirmed that the women had a
higher occurrence of musculoskeletal disorders than the men in the far majority of oc-
cupations, and showed that for both sexes the risk for disorders increased to an equal
extent in occupations with repetitive work tasks compared with occupations offering a
more varied work.

Johansen et al. (2013) studied men and women during a repetitive task folding
boxes. The women had greater muscle activity in the upper trapezius (5.3 % of max-
imum) than men (3.2 % of maximum) and more pronounced coordination between
different parts of the trapezius muscle. This indicates that women made use of another
motor strategy than men did to perform the repetitive task.

Alaboratory study on the effects of exposure to cold during repetitive work on
eight women and eight men showed that women generally had greater muscle activity
than men. Exposure to cold increased muscle activity only in men, in the forearm and
in the elbow extensor muscles (Sormunen et al., 2009).
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5.5. Computer work

Women computer users have been reported to have a greater risk of disorders in the
neck, shoulders and arms than men computer users (Tornqvist et al., 2009; Juul-Kris-
tensen et al., 2004; Karlqvist et al., 2002). A Danish study of 24 women and 11 men with
administrative work showed that women used the keyboard more and tended to click
the mouse less often than men, while the researchers did not find any difference be-
tween the sexes in muscle activity for people in the same department (Blangsted et al.,
2003). On the other hand, the researchers found that secretaries (six women) had sig-
nificantly higher static muscle activity than the rest of the participants. This indicates
that difference between the sexes in physical load for office workers is due rather to the
content of the work than to gender per se. A study of operators at Swedish call centres
showed that both men and women average employees were sitting for more than 80
percent of the working time (Toomingas et al., 2012). The women spent an average of
11% of their working day in uninterrupted periods of more than an hour sitting down,
while for men it was only 4.6 % of the working day. The women had fewer changes
between sitting and standing or walking than the men did, and spend longer periods
sitting before they stood up or walked for at least ten minutes (women: 72.5 minutes,
men: 60.1 minutes). The women, in other words, had less variation in their work pos-
tures than the men did. The researchers suggested that this reflected differences in
work behaviour and that it could be an explanation of why women in occupations with
a great deal of computer use report more musculoskeletal disorders than men in the
same occupation.

In an experimental study, Karlqvist et al. (1998) had men and women perform a
standardised task with a computer mouse at a standardised work station. The research-
ers saw that people with narrower shoulders worked with their wrists and arms rotated
outwards to a greater extent. As women are, on average, smaller than men, this could
contribute to women working more often in awkward postures when working at a com-
puter. Won et al. (2009) showed in a similar laboratory study that women used 2.3 % of
their maximum strength when working at a keyboard, whereas men only used 1.5 %.
The women also had greater muscle activity in the muscles of the forearm. The women’s
median muscle activity in the extensor muscles was 6.6 % of the maximum while that of
men was 3.8 %. For the flexor carpi muscles, the activity was 15.0% for women and 8.1 %
for men. In addition, the women had a greater range of motion in wrist extension (wom-
en: 16.3 degrees, men: 13.3 degrees), and shoulder rotation (women: 35.0 degrees, men:
14.2 degrees). Body size had a strong association with these variables, and the authors
address the fact that one single computer work station does not suit all individuals. In
a similar study, Wahlstrom et al. (2000) investigated work with a computer mouse. The
women used a higher relative force in clicking the mouse (women: 4.6 % of maximum;
men: 2.9 % of maximum) and also worked with greater relative muscle activity in the fin-
ger muscles (women: 11.3 % of maximum; men: 7.6 % of maximum). On the other hand,
men had greater muscle activity in the trapezius muscle. The women also worked with
greater movements in the wrist (wrist extension/flexion: 21.8 degrees compared with
15.9 degrees; lateral flexion: 21.7 degrees compared with 16.8 degrees).

Greater muscle activity in the wrist extensors for women was also seen in a study
by Yang and Cho (2012) where the subjects worked with a keyboard and computer
mouse under standardised, experimental conditions. When working with the key-
board, the women had muscle activity in the finger extensors of 0.25 % of maximum,
and the men 0.16 % of maximum. When working with the computer mouse, women
had 0.22% of maximum while the men’s activity was 0.14 % of maximum. These levels,
however, are so low that it is doubtful they can be distinguished from the noise level in
the EMG signal and thus be regarded as biological signals. No difference between the
sexes could be seen in muscle activity in the shoulders. The men had greater neck flex-
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ion when working with the keyboard than women did (men: 83.0 degrees; women: 77.3
degrees). When working with the computer mouse, men had their upper arms drawn
further back (men: 30.4 degrees; women: 20.7 degrees), their elbows more bent (men:
113.1 degrees; women: 102.2 degrees) and greater lateral flexion in the wrists (men: 23.5
degrees; women: 19.7 degrees). The authors suggested that differences in body size
were the cause, despite the work station being adjusted to suit the subject - but per-
haps not to the extent necessary.

Lindegard et al. (2003) found, like the studies above, that women used greater
force in clicking the mouse, but found no differences in muscle activity either in the
hands, arms, or shoulders, or in the work postures of the arms and hands. A study of
air traffic controllers who primarily worked in front of a computer screen - work that
was identical for men and for women - presented an occurrence of neck and shoulder
diagnoses that was twice as high for the women as it was for the men. No difference
between the sexes could be demonstrated as regards muscle activity, whereas the wom-
en worked with the wrist bent more upwards. The women experienced less decision
latitude than the men; the authors suggested that this could be an explanation for the
higher occurrence of disorders among women, as the physical load was so similar be-
tween men and women (Arvidsson et al., 2006).

5.6. Motor variability

Even though a person tries to repeat the same movement again and again, such as in
a gait stride or in an assembly cycle, there will be differences in both movement and
muscle activation patterns between repetitions (Srinivasan and Mathiassen, 2012).
This is called “motor variability” and is a result of how the brain controls a person’s
movements. It has been suggested that the ability - or lack thereof - of an individual
to utilise his or her intrinsic motor variability is a contributory explanation to some
people developing musculoskeletal disorders when doing work that others manage to
do without problems (Mathiassen, 2006; Mathiassen et al., 2003). Differences between
the sexes in motor variability have not been studied to any great extent. Svendsen and
Madeleine (2010) studied force variations during an endurance test for the elbow flex-
or muscles. Different types of static contractions were performed, and the researchers
found that the force during a maintained contraction varied less for women than for
men. Even if this is only the result of one study, it could mean - if the result is con-
firmed in future studies and for other work tasks - that women run a greater risk of
overloading certain structures in repetitive work. Since women are overrepresented in
occupations of a repetitive nature, differences in motor control could be an additional
contributing cause of why women in these occupations develop disorders to a greater
extent than men.

5.7. Key points

e Differences between the sexes in bodily dimensions contribute to women often
working in unfavourable work postures, since work stations have often not
been sufficiently adapted for women.

e Differences between the sexes in behaviour during lifting, pushing and pulling
have been presented in several studies. Men, who in general are stronger, tend
to lift, push, and pull heavier weights (even relative to their maximum capaci-
ty). Women choose alternative strategies to manage heavy handling tasks, such
as adjusting their work pace. This may be a contributory explanation for men
catching up on women in the occurrence of low back disorders.
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Some studies show that women work with greater relative muscle activity in
the shoulder and arm during repetitive work than men do, which could con-
tribute to an increased risk of musculoskeletal disorders for women.

Greater muscle activity in women has also been shown during computer work,
but only in the forearms, not for the shoulders. The differences between the
sexes are small, and the extent to which it could contribute to musculoskeletal
disorders is uncertain.

All together, this chapter shows that women in some, but not all, work tasks are
exposed to somewhat larger loads than men. This could contribute to the occur-
rence of musculoskeletal disorders, but is probably not a very strong cause.

32



6. Same physical load — different
reactions?

As men and women are subjected to similar physical loads in their work, differences
between the sexes - in hormone production, for example - could mean that men and
women differ in physiological reactions such as endurance time or sensitivity to pain
(Figure 2). This chapter deals with physiological differences between women and men
that could possibly contribute to explaining why women suffer more often from mus-
culoskeletal disorders. A recent review article by Cote (2012) presents the majority of
these physiological differences in the context of work-related disorders.

6.1. Fatigue

Fatigue is often used as an indication that work is physically demanding and could po-
tentially lead to musculoskeletal disorders. It can be described as a temporary decrease
in the ability to develop force, for example as a consequence of physical exercise (Eno-
ka, 2012). Fatigue can have both central causes - for example, the brain is incapable of
fully activating muscles - or peripheral causes, for example the chemical environment
in the muscle has changed in a way that limits the ability of the muscle fibres to deliver
force (Toomingas et al., 2008). The ability to endure physical load for a longer time is
often termed “muscular endurance” and can be used as a measurement of how quickly
fatigue arises.

6.1.1. Level of physical load

Some studies have shown that women have better muscular endurance than men in
static, sub-maximal contractions of muscles in the lower back, thighs, arms, hands and
thumbs (Fulco et al., 1999; Kankaanpaa et al., 1998; Maughan et al., 1986; West et al.,
1995; Yoon et al., 2007). During static back extensions, the researchers found that the
electromyographic signal (EMG) changed more quickly for the men than for the wom-
en, which was interpreted as the women not fatiguing to the same extent as the men
(Umezu et al., 1998; Kankaanpaa et al., 1998). The endurance studies saw significant
differences for contractions at 20-70 % of maximum force.

Other research shows that the differences between the sexes in endurance decrease
at higher contraction levels. A study comparing the endurance of men and women
in static contractions of the muscles that bend the elbow found that the women had
longer endurance than men in contractions at 20 % of maximum, but found no differ-
ence at 50 % and 80 % of maximum. In dynamic contractions of both the upper arm
and the thigh, women had longer endurance at 50 %, 60 % and 70 % of maximum but
no difference between the sexes was found at 80 % or 90 % (Maughan et al., 1986).
Similar results were presented by Yoon et al. (2007), who studied static endurance
in the biceps. At 20 % of maximum ability women had greater endurance, but not at
contractions at 80 % of maximum ability. Nor were any differences between the sexes
in the development of fatigue found during repeated maximum contractions of the
grip muscle in the thumb (Ditor and Hicks, 2000). Hunter and Enoka (2001) demon-
strated greater endurance in women than in men during static elbow flexion at 20 %
of maximum force. When the link between endurance and absolute force - that is,
force expressed in Newton and not as a percent of maximum - was analysed instead,
there was no longer any difference between men and women. To further investigate
this, Hunter et al. (2004b) matched men and women according to strength; no differ-
ences in endurance, increase in heart rate during the contraction, or perceived fatigue
were found. A study of static, submaximal contractions in the muscles of the lower
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leg in women and men of equal strength confirmed that endurance times in this case
were the same (Hatzikotoulas et al., 2004). This discovery has further support in a
comprehensive study by Mathiassen and Ahsberg, which investigated endurance in
static shoulder flexion in 20 men and 20 women. The subjects held their dominant arm
straight out in front of the body until exhaustion, a load corresponding to between

10% and 21% of maximum strength in shoulder flexion. When the load was expressed
relative to maximum strength, there was no longer any difference between the sexes in
endurance (Mathiassen and Ahsberg, 1999), and the study therefore conclude that the
entire difference in endurance between the sexes could be explained by women and
men having different maximum strengths. In contrast to this, a study of endurance in
men and women matched for strength who performed a repeated series of five-second
static contractions with the grip muscle of the thumb at approximately 50 % of maxi-
mum ability, followed by five seconds of rest, showed that women not only had longer
endurance, but also recovered more quickly than men (Fulco et al., 1999). Demura et al.
(2008) showed that men reported greater subjective fatigue in static grip contractions at
40 %-60 % of maximum while no statistically significant difference between the sexes
was demonstrated at lower and higher relative forces.

The quite extensive research available on gender and endurance is thus quite am-
biguous. One explanation may be that different muscle groups differ as regards wheth-
er or not there is a difference between the sexes in endurance. Avin et al. (2010) showed
that women were more tolerant of fatigue than men during static contraction of the
elbow flexors, but not during contraction of the flexor and extensor muscles in the foot.
Clark et al. (2003) showed that men had greater endurance in the thigh muscles than
in the extensor muscles of the back, while women displayed no such differences be-
tween muscle groups. Age seems to have different influences on endurance of men and
women. In a study of static endurance of the biceps, younger women (18-35) had better
endurance than men of the same age, but the difference was not found among the older
age groups (65-80) (Hunter et al., 2004a).

If cognitive requirements in the form of difficult counting tasks are added during
physical work, endurance time decreases (Mehta and Agnew, 2012; Yoon et al., 2009).
This effect has proven to be greater for women than for men (Yoon et al., 2009).

One possible explanation for men and women differing in endurance is that men
have a greater muscle volume and can produce greater absolute force than women can,
even when the muscle contraction is performed at the same relative force. These higher
absolute forces in men lead to greater mechanical compression in the muscle, thereby
hampering blood flow, which in turn could contribute to more rapid development of
fatigue. The fact that men’s strength advantage is more obvious in the arms than in the
legs, as described in Section 5.2, can therefore be an explanation for the difference be-
tween the sexes in endurance appearing to be greatest for the muscles of the arms. The
influence of blood flow was evaluated in a study of eight men and eight women who
performed repeated maximal static contractions of the muscles that bend the ankle
upwards (dorsal flexors), while, at the same time, the muscle was stimulated with an
electric current. This took place under two different conditions: free blood flow in the
muscle and blocked blood flow (ischemia). The women fatigued to a lesser extent than
the men did during the contraction with free blood flow, but no difference between the
sexes was seen during the ischemic contraction where endurance times were shorter.
The researchers concluded that differences between the sexes in endurance were relat-
ed to the blood flow in the muscle (Russ and Kent-Braun, 2003).

The greater presence of Type I muscle fibres in women has been suggested as an-
other explanation for the difference between the sexes in endurance (Hunter, 2009).
Waust et al. (2008) investigated the development of fatigue during electrically induced
contractions in the thigh muscle (quadriceps femoris) over two minutes. The research-
ers found that women became less fatigued than men. This difference was also seen
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when blood flow to the muscle was blocked. No association between strength and fat-
igability was found. The researchers suggested that the differences between the sexes
could depend on differences in muscle fibre composition. Fulco et al. (2001) found that
women’s endurance in the muscles of the thumb during contractions at 50 % of maxi-
mum was not just longer than men’s, but also that low oxygen supply did not influence
women’s endurance, while men’s endurance was reduced. The researchers suggested
that the endurance differences between the sexes could be explained by the women's
Type Il fibres having a greater ability to use oxygen during contractions than men’s.

6.1.2. Dynamic vs. static work

The type of muscle work also seems to be of significance. One study of men and wom-
en who performed static and dynamic back extensions at 50% of maximum strength
showed that the women had better endurance than the men in the static exercise (wom-
en: 146 seconds, men: 105 seconds) but that both sexes showed the same capacity for
dynamic work (both men and women managed 24 repetitions on average) (Clark et al.,
2003). Senefeld et al. (2013) investigated the differences between the sexes in repeated
dynamic flexions of the elbow and extensions of the knee, both at 20 % of maximum.
Every now and then during the task, the subjects had to perform a maximum static
contraction and the reduction of the maximum force was used as a measure of fatigue.
The researchers found no differences between the sexes in how fatigue developed dur-
ing the knee extensions; on the other hand, it was found that maximum force during
elbow flexion fell more quickly for the women than for the men.

6.1.3. Endurance in working life

It is not clear whether or not great muscular endurance in static work is favourable,
or even relevant in the context of occupational work performance. In repetitive work,
where endurance can be assumed to be especially relevant, women have a higher oc-
currence of disorders in the neck, shoulders, and arms than men do. This goes against
the idea that there should be a clear link between good endurance during static con-
tractions and a reduced risk of developing disorders. In general, it is risky to apply
results from strictly controlled tasks in the laboratory straight away to working life,
where load patterns in most occupations are much more varied (Mathiassen and Win-
kel, 1992). But provided that women’s greater endurance in static work is, indeed,
relevant for occupational work, it can be speculated that great endurance may actually
be a risk factor as it opens up the possibility of individuals being exposed to loads for
such a long time that it puts their health at risk. In that case, women would more than
men risk overloading the muscle fibres that are thought to be continuously active in
long-lasting, low-intensity work (the “Cinderella fibres”) (Hagg, 1991).

6.2. Pain

Over the last decade, pain research has included studies of differences between the
sexes in pain development and clinical pain conditions to an increasing extent; the re-
sults have been summarised in review articles (Racine et al., 2012b; Racine et al., 2012a;
Fillingim et al, 2009). According to one of these (Fillingim et al., 2009) there are clear
indications that women have a higher occurrence of several clinical pain conditions.
Apart from musculoskeletal disorders, the authors also point out a higher occurrence
of neuropathic pain, fibromyalgia, headaches, and migraine. Thus, this emphasises the
starting point of this report: women have more disorders than men. Furthermore, the
article presents evidence that women consistently have a higher sensitivity to pain than
men, as revealed when the researchers introduce pain through pressure, electric stim-
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ulation, restricted blood flow, heat, cold, or injections of saline solutions directly into
the muscles. Racine et al. (2012a), however, arrived at somewhat contradictory results
in a later review article, where clear differences between the sexes were found to only
appear with regard to pressure, as well as heat or cold. The studies included in the two
review articles were not exactly the same, which could be an explanation for the differ-
ences in the conclusions.

The mechanisms as to why women seem to be more sensitive to pain than men, at
least for some triggers, are not fully known. Some research suggests than pain-related
information is processed differently in the brains of men and women. Other research
suggests that sex hormones could play a role. For example, the prevalence of migraines
is the same among prepubescent boys and girls, while after puberty it climbs to 18 %
in girls but lies only at 6 % for boys. Pain conditions such as headache and fibromyal-
gia have been shown to vary during the menstruation cycle, and migraines have been
shown to decrease during pregnancy. It has been seen in clinical studies that the supply
of the female sex hormone oestrogen increases the occurrence of several types of pain,
for example lower back pain and jaw pain; on the other hand, research has also shown
that the occurrence of pain increases among women who terminate oestrogen treat-
ment after menopause. As regards variations in sensitivity to pain over the menstrua-
tion cycle, the results are too contradictory for a clear conclusion to be drawn. Which
properties of sex hormones could have effects on sensitivity to pain is also discussed;
one suggestion is that women’s sex hormones influence inflammatory reactions, which
in turn lead to women having a more pronounced pain reaction for certain influences
than men do (Fillingim et al., 2009).

Racine et al. (2012b) reviewed the physiological factors that could contribute to
differences in sensitivity to pain between healthy men and women. Hormonal and
physiological explanations were too uncertain for the researchers to draw clear con-
clusions. Temporal summation of pain signals (that is, several smaller pain impulses
are built on one another until the pain threshold is reached), allodynia (a condition
where stimulation that is normally not painful is felt to be painful) and secondary hy-
peralgesia (a condition where pain is felt to be stronger than normal) were argued to
be more pronounced in women than in men (Racine et al., 2012b). The experience of
pain is influenced by mechanisms in the brain that can inhibit pain signals once they
have reached the level of awareness. It has been suggested that women might have less
effective pain inhibition, but the evidence is uncertain and does not seem to apply to
all types of pain. Nor did differences in the tendency for depression seem to be able to
explain differences between the sexes in experiencing pain. On the other hand there is
some evidence, however sparse, for differences between the sexes in how discomfort
and catastrophising (negative thoughts about pain) influence sensitivity to pain and
how pain is reported (Racine et al., 2012b).

6.3. Pregnancy

A total of 10 new cases of sick leave per 1,000 employees on the entire labour market
appear in a year owing to pregnancy-related illnesses (Forsdakringskassan, 2011). Wom-
en undergo a number of physical changes during a pregnancy. Their weight increases
and the distribution of weight changes drastically. In addition, the ability to provide
the trunk with muscular support decreases as abdominal muscle function is gradually
impaired. Hormonal changes soften ligaments up, and the joints become more unsta-
ble. Changes in body size and proportions can put women at greater risk for negative
effects of physical loads (Punnett and Herbert, 2013). A study that compared work pos-
tures for pregnant and non-pregnant women found that the pregnant women sat fur-
ther away from the work area with their hips further back, which resulted in increased
forward bending of the upper body, and less neutral work posture for the shoulders.
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It was found, however, that the physical loads could be reduced by adjusting the work
station (Paul and Frings-Dresen, 1994).

Even lifting becomes more difficult as the women often find it harder to lift close
to the body. Impaired abdominal muscle function as well as loosened ligaments can
also make lifting more risky for pregnant women. An increased risk of developing low-
er back disorders owing to heavy lifting and climbing stairs often has been described
for pregnant women (Punnett and Herbert, 2013). Carpal tunnel syndrome and its
link with pregnancy is a well-described phenomenon. A review article by Padua et al.
(2010) reports that 7-43 % of all pregnant women suffer from carpal tunnel syndrome,
while in the general population the prevalence is approximately 9.2 % among women
and 6 % among men (Ibrahim et al., 2012). On the other hand, it is not known whether
pregnant women who work in repetitive, hand-intensive occupations have a higher
risk of developing carpal tunnel syndrome than pregnant women not subjected to such
work (Punnett and Herbert, 2013).

6.4. Mental loads

Areview article by Hooftman et al. (2004) discussed whether there were differences
between the sexes in the risk of developing musculoskeletal disorders as a consequence
of psychosocial exposures. As regards demands and control in work, no firm evidence
was found that sexes differ in risk, while for social support the researchers concluded
that there was evidence for no difference existing between the sexes.

In a study of car engine assembly, the researchers compared two different working
organisations: one where the workers stood by an assembly line without the oppor-
tunity to affect the speed or content of their work, and one where the workers were
organised in teams of six to eight persons with some responsibility for organising the
work (Melin et al., 1999). The core assembly work of the two groups was thus the same,
but the one organisation offered more freedom regarding work pace and content. Stress
levels measured with biological markers in the body, as well as perceived fatigue, in-
creased more at the end of the work shift in the group working on the assembly line. As
the researchers studied men and women separately, they found that women had higher
stress levels during assembly line work than they did in the less controlled work, and
that this difference was even clearer at the end of the work day. In other words, women
seemed to be more sensitive to the stress contained in not being able to control their
work themselves. The researchers did not, however, know for certain that the men and
the women were subjected to the exact same physical load, since, for example, muscle
activity was not measured; they simply state that the men and the women performed
the exact same assembly work.

Herrero et al. (2012) showed that women'’s stress increased more than men’s dur-
ing work with tight deadlines; women had a 4.7 % higher probability of experiencing
stress than the men did. Other factors that increased the likelihood of women experi-
encing stress more than men were rapid work (4.0 % higher), complex tasks (3.2 %),
intellectually challenging work (2.2 %) and work that demanded attention (1.8 %). No
differences between the sexes, however, could be shown in work that the employees
judged to be “too much” or in repetitive tasks. Nordander et al. (2008) found no differ-
ences either in psychosocial stress between men and women who performed identical
repetitive work.

As studies have shown, for example, that computer work under time pressure
can give rise to increased muscle activity (Wahlstrom et al., 2002; Wang et al., 2011),
increased sensitivity to stress among women could likely lead to increased, more con-
tinuous muscle activation, thereby contributing to a greater risk of developing mus-
culoskeletal disorders. This hypothesis also has support from a study of cashiers in
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fast-food restaurants. The researchers investigated the association between stress and
muscle activity. As expected, high levels of chemical markers for stress were found, but
also a significant correlation between self-reported negative stress and muscle activity
in the shoulder musculature (trapezius) during work (Rissen et al., 2000). The research-
ers suggested that this could be a biological mechanism that explains why perceived
long-lasting negative stress could be a risk factor for developing musculoskeletal disor-
ders.

6.5. Key points

e Women have better endurance than men in most muscle groups during static
contractions at a certain percentage of maximum strength. The mechanisms be-
hind this difference and whether it has any relevance for occupational injuries
have at present not been delineated.

e Women are more sensitive to some types of experimental pain. It is unclear
whether this is applicable to pain that arises due to exposures in working life.

e There is some evidence for differences between the sexes in sensitivity to dif-
ferent types of mental stress. For example, women can develop stronger stress
reactions during time pressure than men.

e In summary, physiological differences between the sexes seem to only explain
the larger occurrence of musculoskeletal disorders in women to a small degree.
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7. Summary

7.1. Scientific literature

This report’s review of the scientific literature points out a clear segregation of the sex-
es on the labour market. The segregation is horizontal - that is, men and women are
found in different occupations (see Figure 2); internal - that is, men and women in the
same occupation have different tasks; and vertical, which means that men and women
have different positions within the same occupation (management, worker, etc.). The
horizontal segregation shows up in men working in construction, processing, machine
operation, and transport, while women are typically found in occupations such as
health care, nursing, and service. Since the work and therefore physical loads differ
among occupations, this results in different work demands for women and men. Wom-
en’s work is typically more repetitive and/or involves contact with people. Heavy lift-
ing is also common. Male-dominated occupations often involve heavy lifting and work
with machinery and vehicles.

Internal segregation is evident in a number of different occupations; men and
women perform work tasks that differ to a great degree. Like horizontal segregation,
internal segregation contributes to women performing more repetitive and more
hand-intensive tasks. Men lift heavier loads and deal with machinery and vehicles.
Repetitive and hand-intensive work increases the risk for developing musculoskeletal
disorders, primarily in the neck, shoulders and arms, whereas heavy manual handling
increases the risk of low back disorders. Taken together, both internal and horizontal
segregation could be strong contributing factors to women reporting more musculo-
skeletal disorders in the neck, shoulders, and arms than men do, while the sexes are
more alike as regards the occurrence of disorders in the low back.

Even when men and women perform the exact same tasks, the physical load can
differ (see Figure 2). Women seem to use a larger proportion of their maximum muscle
force than men doing the same work task, as for instance in computer work. Even the
work posture can differ, with women often working in a less neutral position than men,
for example as a consequence of the dimensions of the work station being typically
adapted to men. This could mean that women not only perform repetitive tasks more
often than men do (as noted above), but that they also have greater physical load once
they perform them. The literature suggests that women may have different motor strat-
egies than men do to handle long-lasting and/ or repetitive work, but it remains to be
seen whether this applies to real occupational work, and whether it is of significance
for the risk of developing disorders, which is a reasonable hypothesis.

Women experience greater psychosocial stress than men. This is especially appar-
ent in the health care occupations, where you work with people. On the other hand, it
is not completely clear whether women are more sensitive to stress and psychosocial
factors, even if certain research points to women reacting more strongly to demands of
working quickly (which is common in health care and nursing). Women also feel, to a
greater extent than men, that their work is controlled - often by another person’s needs,
which most likely depends on differences between the sexes in occupations and work
tasks rather than on a difference between the sexes in sensitivity to lack of control.

Women seem to have better muscular endurance than men in most muscle groups,
but this has especially been shown in strictly controlled static contractions in experimen-
tal studies. It is unclear whether, and if so how, this is relevant to conditions in working
life, and therefore if it can explain differences between the sexes in the occurrence of
disorders. One theory may be that women, due to their greater endurance, work longer,
thus overloading certain structures. This, however, needs to be verified in field studies.
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Studies have shown that women are more sensitive to certain pain stimuli, but
it is unclear how transferable these results are to working life. Hormonal differenc-
es between men and women should theoretically be of significance for sensitivity to
pain, but this has not been established; currently it cannot be considered to contribute
appreciably to women’s increased risk for musculoskeletal disorders. Our conclusions
above for the most part agree with those proposed by Harenstam et al. (2000) in the
large MOA study. Differences between men and women’s reactions to their work in
non-gender matched materials can largely be explained by the two sexes not having
similar working and living conditions. Cote (2012) concluded, unlike this report, that
differences between the sexes in physiological reactions are an important explanation
for women suffering more from musculoskeletal disorders than men. She did not, how-
ever, discuss the potential physiological explanations in relation to the effects of organ-
isational factors (see Figure 2).

7.2. State of research

In reviewing the literature, we have identified several evident gaps in knowledge. A
large portion of both epidemiological and experimental studies of physical loads in
working life have neither gathered nor analysed data for women and men separately.
Significant differences in results and conclusions may arise depending on whether one
adjusts for the sexes in the statistical analyses or whether stratified analyses are con-
ducted - that is, when men and women are analysed as two separate groups (Silver-
stein et al., 2009). As described in the introduction, many studies only measure physical
load by occupational title. As it is common that women and men in the same occupa-
tion have different work tasks, this can lead to erroneous interpretations: women seem
to be especially vulnerable in certain occupations compared to men, which in reality
covers over that the work tasks, and thereby the loads, are different. It is therefore de-
sirable that the researchers really investigate which physical loads people - both men
and women - are exposed to, with valid and reliable methods. Furthermore, several of
the studies that compared work tasks for men and women within the same occupation
are from the 1990s. As it is likely that the occupations, work organisation and work
tasks change over time, there is a need for current studies with a focus on gender.

Our review of the literature also showed a need for additional studies of women
and men who perform identical work tasks in order to establish if there are, indeed,
differences between the sexes in motor strategies, physiological reactions, and per-
ceived effects. It is important that the tasks studied are relevant for working life, even
if the studies may be realised in a laboratory. Some recent review articles do, however,
discuss relevant physiological differences between men and women in a more funda-
mental sense, for example regarding basic mechanisms explaining muscle fatigue and
sensitivity to pain.

7.3. Conclusion

There is a marked segregation by gender in working life. A number of occupations
are dominated by men and others by women. In many workplaces men are assigned
(or take) heavier tasks, as women are not considered (or do not consider themselves)
physically capable of them, while women perform repetitive tasks and work with peo-
ple. Constructing work tasks and equipment to also suit women (and other groups that
are, on average shorter and physically weaker) should be self-evident in an inclusive
working life. Changing the attitude from one of women’s capacities setting limits to
that of the limits lying in the task or the design of equipment and work stations, is an
important effort in bringing about a change. In the summary to her report Under lup-
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pen - genusperspektiv pa arbetsmiljé och arbetsorganisation, Vanje takes up issues
such as the importance of identifying where differences between the sexes can be found
in workplaces and what the causes of this are (Arbetsmiljoverket, 2013). We can agree
with this viewpoint and add that it also is important to focus on the factors in the de-
sign of work and tools for work that stand, directly and indirectly, in the way for equal
opportunities to take on and perform those tasks that might be offered on the labour
market.

We would again like to emphasize that there are factors alongside the work - such
as physical loads from leisure time - that influence the health of individuals (Vroman
and MacRae, 2001). Differences between the sexes in requirements alongside work
presumably influence the risk of developing musculoskeletal disorders. For example,
women’s extended work in the home interferes with proper recuperation from fatigue
and wear imposed by their occupational work. Family responsibilities are one such
factor than in several studies has proven to lie with women. As illustrated in Figure 2,
it may well also be that women have a different tendency than men to seek out health
care or accept long-lasting sick leave. This may be an important explanation for the dif-
ference in the prevalence of disorders, but a discussion of these causes lies outside the
scope of our report.

In summary, we are of the opinion that the fact that men and women have differ-
ent work tasks even if they work in the same occupation is likely a principal explana-
tion of inequalities in occupational health. Men and women being exposed to different
loads when they perform the same work tasks can also be an important explanation.
However, we are of the opinion that different physiological reactions of men and wom-
en to the same physical loads cannot explain to any particular extent the differences in
musculoskeletal disorders between men and women.
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