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Abstract Objectives: To review systematically all epi-
demiological studies of the past 15 years concerning
the factors associated with musculoskeletal disorders
(MSDs) or complaints of the neck and upper limbs.
Methods: Fifty-seven cross-sectional and seven longitu-
dinal studies were reviewed. A list was made of all
personal, occupational, extra-occupational and psycho-
organisational factors taken into consideration in each
study, and of those that were found in association with
MSDs. MSDs of the neck-shoulder region (NSs) and
hand-wrist (HWs) were considered separately. About 70
different factors are listed. Results: This inventory
identifies the factors or categories of factors that were
generally taken into consideration. It makes it possible
also to evaluate the strength of the association with a
given factor, in considering the number of studies find-
ing an association, and those that did not consider this
factor. Based on this review, some factors taken into
consideration (such as weight or hobbies) could be
excluded in further studies, and replaced by more
specific psycho-organisational factors.
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Introduction

The first field studies concerning the association between
musculoskeletal disorders (MSDs) and risk factors took
into consideration mainly the occupational factors and
some confounding factors or “‘co-factors” such as age,
seniority, gender, sports, smoking habits, etc. The role
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played by efforts, repetitiveness, and postures are now
well-known, and the majority of the authors agree that
these are the biomechanical risk factors to take into
account for prevention at the workplace.

Approximately 10 years ago, researchers started
looking also at some psycho-organisational and stress
factors, and, in some cases, the psychological character-
istics of the workers (mainly personality and behaviour).

Hagberg et al. (1995) defined the psycho-organisa-
tional factors as ““the worker’s subjective perceptions of
organisational factors, which in turn are the objective
aspects of how the work is organised, supervised and
carried out”. Stress would occur when the person is not
able to cope with the work demands (Bongers et al.
1993) and may lead to adverse health effects (hyperten-
sion, sleep disorders, gastrointestinal problems), and to
the development and/or the persistence of MSDs (Sauter
and Swanson 1996; Smith and Carayon 1996).

In a large review of the literature, Bongers et al. (1993)
reviewed the psycho-organisational and personality fac-
tors associated with MSDs of the back and the neck.
These authors concluded that monotonous work, a high
workload, time pressures, lack of control and social
support were associated with MSDs. In the recent review
on the musculoskeletal disorders of the back and the
upper limbs, Bernard (1997) reached similar conclusions.

To our knowledge, such a review was never made
specifically concerning hand and wrist disorders.

The present article ambitions to review all the factors
considered in the literature in studies of associations with
MSDs of the neck and shoulders [that will be noted neck-
shoulder region (NSs)] or of the hands and wrists [des-
ignated by hand-wrist (HWs)]. While most of the review
studies focus on a single category of factors, the paper will
consider all individual, psycho-organisational, personal,
occupational and extra-occupational factors. The review
will present, on the one hand, the inventory of the factors
studied by the different authors and, on the other hand,
the inventory of the factors that were shown to be sta-
tistically associated with the NSs or HWs in these studies.
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Methodology

An extensive review of the literature was performed to identify the
studies carried out in the field with the participation of active
workers and searching an association between musculoskeletal
disorders of occupational origin and some risk factors, whatever
their origin (occupational, psycho-organisational, personal). Arti-
cles of review, epidemiological studies on the general population,
and laboratory researches were not included. A bibliographical
research was performed on the major international databases. The
majority of the selected studies were found in international publi-
cations primarily in ergonomics, and mostly in English.

The review was orientated towards the cervicobrachial region
and the hand and wrist region. Papers dealing with MSDs of the
upper limbs as a whole were not retained, so that we were able to
differentiate between these two regions.

Studies orientated towards the neck and/or shoulders were
considered together, as few studies actually dealt separately with
the two zones. It is to be noted also that the majority of the field
studies were conducted using questionnaires filled in by the workers
who had problems distinguishing between the neck and shoulders.

The musculoskeletal disorders of the HWs were also considered
together, as was done in most studies.

No distinction was attempted between the studies based on
complaints expressed by the workers and those based on clinical
examinations: the number of studies of the two types will however
be discussed.

Potential risk factors were grouped into four categories:

e Occupational risk factors

e Medical history

e Personal factors: age, weight, personality and extra-occupational
activities

e Psycho-organisational factors linked to the work and human
support and stress symptoms

Each category included several factors. We will only report the
factors considered in more than one study, except when signifi-
cantly associated with MSDs, and will discuss particularly the
factors found statistically associated with MSDs in more than 50%
of these studies.

Publications using ‘“‘global indices” for the psycho-organisa-
tional factors, stress or personal factors were disregarded.

Since questionnaires and terminologies were not standardised,
grouping and interpretation had to be made for some factors.

The results are presented in the form of tables giving the ref-
erences of the studies, which took into consideration a given factor,
as well as, among those, the references of the studies reporting an
association with MSDs.

For studies including both univariate and multivariate statis-
tical analyses, preference was given to the results of the multivariate
analysis.

Results
Generalities

Fifty-seven cross-sectional and seven longitudinal stud-
ies met the criteria described above. The majority (44)
concerned a mixed population; 16 were specifically de-
signed for women and four for men. Fifty-one studies
concerned more than 100 subjects and 11 more than
1,000 workers. Thirty considered only blue-collar
workers and 17 white-collar workers.

Twenty-five were concerned with the cervicobra-
chial region, 18 with the hand/wrist region and 21 with
both.

The occurrence of MSDs was assessed either through
clinical examination (40%), interviews (20%), or self-
administered questionnaires (40%).

Some researches dealt with specific factors (such as
stress) or a specific type of risk factors (occupational
factors, psycho-organisational factors). The numbers of
factors considered varied from 1 to 19. The statistical
analyses were essentially multivariate (73%).

Most of the selected studies dated from the 1990s,
with some remarkable exceptions (Silverstein et al. 1986,
1987).

For reason of simplicity and readability, we will use
hereunder the code “‘n/N” to designate the fact that “N”’
studies considered a given factor and ““n” of them found
a significant association.

Occupational factors

Occupational factors are listed in Table 1.

Musculoskeletal disorders of the neck-shoulder region

The factors most frequently studied are seniority at the
workplace, physical workload or force, awkward pos-
tures and repetitiveness. In view of the results, these
factors appear to be associated with NSs in the majority
of the studies. However, the percentage of studies having
found a significant relationship does not generally
exceed 50%.

Three factors are statistically significant in more
than 50% of the studies that took them into consid-
eration: repetitiveness (8/11), static efforts (4/8) and
workload in the previous job (4/4). This last factor,
however, was investigated in four studies only.
Clearly, the association with vibration is not estab-
lished (1/5).

Only five prospective studies considered the cervico-
brachial region (Kilbom and Persson 1987; Jonsson
et al. 1988; Takala et al. 1991; Leino and Magni 1993;
Fredrikson et al. 1999). In the first two, the association
between NSs and static efforts was significant, and
the other associated factors were awkward postures
(Kilborn and Persson 1987) and the number of cycles
per hour (Jonsson et al. 1988).

Musculoskeletal disorders of the hand-wrist

The factors studied most frequently are again seniority,
physical workload, awkward postures and repetitive-
ness, this last factor being this time more systematically
considered. Only repetitiveness (10/16) and physical
workload (10/18) were found associated significantly in
more than 50% of the studies. The type of grip was
found an associated factor in few studies (2/5). The
number of working hours was associated with HWs in
50% (4/8) of these studies.



Table 1 Occupational factors (numbers refer to the reference list)
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Factors Neck and shoulders Wrists and hands
Studied Associated Studied Associated
Seniority [1, 6, 10, 13, 16, 22, 26, [1, 6, 26, 30, 37, 39, 51, [1, 6, 10, 13, 14, 16, 24, [14, 32, 49, 51, 59, 73]

Number of hours

Physical workload

Awkward postures

Repetitiveness

Static efforts
Vibration

Grip type

Precision

Overtime hours

Task rotation

Number of cycles/hour
Rate of movement
Number of breaks

Heavy physical load at
previous jobs

29, 30, 31, 34, 35, 36,
37, 39, 51, 52, 53, 55,
59, 66, 73]

[16, 22, 34, 35, 36, 37,
39, 52, 62]

[10, 13, 15, 16, 17, 18,
20, 25, 26, 34, 35, 39,
59, 62, 69]

[3, 13, 17, 18, 20, 22, 26,
33, 34, 35, 40, 52, 53,
54, 66, 70]

[3, 10, 15, 17, 18, 19, 26,
35, 52, 53, 54]

[7, 18, 19, 20, 36, 38,
39, 40]
[10, 16, 25, 54, 70]

[19]

[18]

[3,25, 31, 36, 39]

[19, 31, 36, 39, 52]

[7. 36, 39, 40]

[7, 36, 39, 40, 52]

[3. 6, 22, 30, 31, 36, 39,
40, 59]

[10, 13, 36, 40]

53, 73]

[34]

[15, 16, 26, 35, 59, 69]

[17, 26, 33, 40, 52,
66, 70]

[3,15, 17, 18, 26, 52, 53,
54]

[7, 36, 39, 40]
[16]

(18]

[36]
[40]
(30]

[10, 13, 36, 40]

27, 31, 32, 34, 35, 44,
48, 49, 51, 55, 56, 59,
60, 61, 72, 73]

[16, 24, 32, 34, 35, 47,
49, 50]

[5, 10, 13, 15, 16, 19, 20,
24,25, 34, 35, 47, 48,
56, 59, 60, 61, 64]

[13, 19, 20, 24, 27, 32,
33, 34, 35, 44, 47, 56,
61, 64]

[2, 10, 14, 15, 19, 24, 27,
32, 35, 43, 44, 48, 56,
59, 61 , 64]

[13, 20, 35]

[10, 14, 16, 25, 44, 56,
61]

[19, 24, 32, 33, 61]

[24, 35]

[25, 31]

[31]

[44]

6, 31, 56, 59]
[10, 13, 56]

[32, 34, 49, 50]

[10, 13, 15, 20, 24, 25, 56,
59, 60, 61]

[19, 24, 32, 35]

2, 10, 19, 24, 32, 35, 43,
56, 59, 61]

[35]

[10, 14]

[19, 33]
(24]

[56]

Vibration was considered as a secondary risk factor
in many researches orientated towards MSDs: the au-
thors rarely quantify it and simply record the use or not
of vibrating tools. A positive association was found in
2/7, but no conclusion can be drawn, as postures and
efforts are usually strongly correlated with vibration,
and the vibration association or lack of association
might therefore translate another relationship.

Medical history

Details of medical history are displayed in Table 2.

Musculoskeletal disorders of the neck-shoulder region

The association was systematic (3/5) for only one factor
— the general health. The other factors do not appear to
be relevant.

None of the factors linked to the medical history were
significantly in association in the two prospective studies
(Jonsson et al. 1988; Kilbom and Persson 1987).

Musculoskeletal disorders of the hand-wrist

Many studies considered the medical history and in
particular the occurrence of chronic diseases, hormonal

disturbances and upper limb accidents. None of these
parameters appeared to be associated with HWs in more
than 50% of the studies.

Personal factors

Personal factors are shown in Table 2.

Musculoskeletal disorders of the neck-shoulder region

The factors in this category can be subdivided in three
types:

¢ Individual characteristics such as age, weight, height,
gender, smoking habits. . .

e Extra-occupational factors, such as sports practice,
spare time activities. . .

e Personality

In the first category, only gender appeared associated
with NSs (more frequently for women) in more than
50% (10/19) of the studies. It is remarkable to notice
that weight, height and smoking habits, conventionally
investigated, were almost never found associated with
NSs. Age was found an associated factor in 40% (14/36)
of the studies only.

The maximum voluntary force was associated posi-
tively in 2/7 and negatively in 1/7.
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Table 2 Personal factors and medical history

Factors Neck and shoulders Wrists and hands
Studied Associated Studied Associated
Individual characteristics
Age [1, 3,6, 7,10, 13, 15, 16, [3, 10, 16, 29, 33, 37, [1, 2, 6, 10, 13, 14, 15, 16, [19, 27, 42, 43,
17, 18, 19, 22, 23, 26, 42,45, 52, 53, 54, 19, 27, 31, 32, 33, 34, 47, 49, 50, 55]

Height

Weight

Gender

Dominant hand
Driving distance

Smoking

Alcohol
Education
Number of children

Maximum voluntary
force

Extra-occupational factors
Hobbies

Physical exertion

Sport

Sport (upper limb)
Medical history

General health status

Number of medical

visits

Previous medical

history

Medication

Chronic diseases
Hormonal factors

Previous upper limb
accidents

Heart rate

Personality
Type A
Neurotic

Extravert

29, 30, 31, 33, 34, 35,
36, 37, 39, 42, 45, 52,
53, 54, 55, 59, 62, 65,
66, 70, 71, 73]

[6. 7, 10, 13, 16, 19, 22,
30, 35, 39, 62, 69, 70,
71, 73]

[7, 10, 13, 16, 19, 22, 30,
35, 62, 69, 70, 71, 73]

[3, 6, 10, 15, 16, 17, 18,
19, 22, 26, 29, 31, 34,
35, 54, 59, 62, 68, 73]

[19, 62, 66]

[1, 3, 10, 16, 17, 18, 26,
33, 42, 53, 59, 62, 65,
50, 73]

[54, 69]
129, 66]

[1, 17, 18]

[7, 36, 39, 40, 69, 70, 73]

[1, 10, 16, 19, 31, 33, 36,
39, 40, 59, 65]

[16, 17, 18, 36, 39, 40,
65, 66, 69, 71]

[10, 19, 62]
[16]

6, 10, 33, 42, 66]
[10, 54, 71]

[10, 39, 40]

[1, 10, 31, 33, 59]
[55]
126, 55]

[36, 39, 40]

[9, 23, 30, 57, 69]
[3,9, 69]
[9, 69]

55, 65, 66]

[16, 30, 39, 71]

[16, 71]

[3, 6, 10, 16, 17, 18, 34,
62, 68, 73]

[62]
[17, 62, 73]

[66]
1, 56]
[7, 36, 73]

[59]

[17, 36]

[16]

[10, 33, 42]
[54]

[9, 23, 57
[3, 9]

35, 42, 43, 44, 47, 48,
49, 50, 55, 56, 59, 60,
61, 64, 72, 73]

[6, 10, 13, 16, 19, 24, 35,
48, 56, 64, 72, 73]

[10, 13, 14, 16, 19, 24, 35,
44, 48, 56, 64, 72, 73]

[2, 6, 10, 14, 15, 16, 19,
27, 31, 34, 35, 38, 43,
44, 47, 48, 56, 59, 60,
61, 64, 72, 73]

[19, 24, 56]
[19]

[1, 10, 16, 27, 33, 42, 43,
48, 56, 59, 72, 73]

[48, 55, 56]
[43]
[56]
[33, 40, 72, 73]

[1, 10, 16, 19, 31, 32, 33,
48, 56, 59, 60, 61, 64]

[16, 24, 47, 56]

[10, 19, 48, 64]
[16, 48]

[10, 33, 42, 48]
[10, 48, 50]

[10, 32, 43, 50, 55, 60, 61]

[49, 50]

[1, 2, 10, 14, 27, 31, 33, 43,
48, 55, 59, 60, 61]

[2, 14, 15, 43, 49, 50, 55,
56, 60, 61]

[19, 27, 43, 48, 49, 50, 55,
60, 61]

[24]
(38]

[10, 16, 19, 24]

[16, 19, 24, 44]

[6, 15, 19, 34, 35,
43, 48, 60, 72]

(72]

(73]

(10]
[24, 47]
[48]

[16, 48]

(48]

[43]

[50]
[2, 27, 31, 48]

[14, 15, 55]

[27, 48]

(24]




Among the extra-occupational factors, the practising
of some hobbies and physical activities was often con-
sidered, but none of these factors appear systematically
associated with NSs.

Finally, three personality factors were investigated:
type A behaviour, associated with NSs in 3/5 studies,
neuroticism in 2/3 and extraversion in 0/2. These per-
sonal characteristics were investigated in four prospec-
tive studies. Age was associated in 2/3.

Musculoskeletal disorders of the hand-wrist

The most frequently studied factors were the same but
none appeared associated with the HWs in more than
50% of the studies. It must be noted that very few
studies took into consideration the personality of the
workers. The main information concerns age (8/30) and
gender (9/23).

Psycho-organisational factors

These factors are displayed in Table 3.

Musculoskeletal disorders of the neck-shoulder region

The work-related psycho-organisational factors most
frequently considered are: the mental requirements
(considered by the different authors as mental load,
psychological demand, vigilance, information treat-
ment), the lack of control of the job, the lack of
responsibility, a low work content (without challenge,
repetitive, without new learning) and, finally, job dis-
satisfaction. Only the first factor was found associated
with NSs in approximately 50% (9/16) of the studies.
Factors less frequently considered, such as monotony,
high work rate, high time pressure and absenteeism were
also found associated in more than 50% of the studies.

Other psycho-organisational factors, such as role
ambiguity, individual productivity or high concentra-
tion, were considered in very few researches, but they
suggest that a relationship might exist.

Factors linked to human support were often consid-
ered, but were not found systematically correlated with
NSs.

Stress was considered in three different ways:

e Perceived stress, that is, the degree of stress felt by the
subject

e Mental stress, that is, sensation of anxiety, nervous-
ness or depressive feelings

e Psychosomatic symptoms, such as headaches, gas-
trointestinal problems and sleeping problems

Among these factors, the perceived stress (4/9), the
mental stress (5/6), the sensation of fatigue (3/4) and
dizziness (2/3) showed a significant association with
NSs.
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Among the five prospective studies, two found an
association with individual productivity and absenteeism
(Jonsson et al. 1988; Kilbom and Persson 1987), one with
dissatisfaction (Jonsson et al. 1988) and one with time
pressure (Takala et al. 1991). Stress was investigated in
the five studies and appeared generally (3/5) associated
with NSs. Depression was also a relevant factor in the
10-year research by Leino and Magni (1993).

Musculoskeletal disorders of the hand-wrist

Fewer studies considered the influence of psycho-
organisational factors on HWs. These factors were
essentially mental requirements, lack of responsibilities,
dissatisfaction, and relations with colleagues and su-
pervisors. The most systematic association was found
with the first factor (5/13).

Very few researchers have investigated the associa-
tion between HWSs and stress factors, and no conclusion
can be drawn.

Discussion

The discussion includes two sections: the first one about
the type of papers that were considered and how this
may affect the conclusions, the second one specifically
about the risk factors and co-factors.

Influence of the type of studies taken into consideration

The researches reviewed in this paper were conducted in
industry on people still at work and concomitantly ex-
posed to all factors and co-factors (stress, psycho-
organisational factors). For most of them, it can be
suspected that the most sensitive workers, who had de-
veloped pains or disorders, had left these workplaces. The
“healthy worker effect”, therefore, definitely plays a role.

This review includes researches conducted in industry
and in services, on blue- and white-collar workers. Of
these studies, 19/64 considered mixed populations
without differentiating between the two types of envi-
ronments. The comparison between the two would
require reducing the number of studies. This will not be
done here.

The review includes only seven longitudinal studies
among which five concerned the cervicobrachial region.
The fact that the majority of the studies are cross-sec-
tional implies that the associations found can be inci-
dental. However, the strength of the association and the
possibility of the cause-response relationship will be
improved if several studies arrive at the same conclu-
sions.

A statistical meta-analysis is traditionally recom-
mended to synthesise several studies. It is difficult to
conduct in this case, as the type and number of pa-
rameters and the methods used are strongly divergent.
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Table 3 Psycho-organisational factors

Factors

Neck and shoulders

Wrists and hands

Studied

Associated

Studied

Associated

Job-related factors
Mental requirements

Lack of responsibilities
Job control

Role ambiguity
Low work content

Monotony

High work rate

Job security

Time pressure
Concentration
Work dissatisfaction

Productivity
Absenteeism

Human-related factors
Lack of social support

Lack of colleagues’
support

Lack of supervisory
support

Conflicts

Social climate

Stress symptoms
Mental stress

Stress symptoms
Depression
Irritability
Memory problems
Fatigue

Sleeping problems
Headaches

Gastrointestinal problems

Dizziness

[10, 16, 18, 20, 25, 29,
31, 33, 34, 35, 37, 42,
46, 59, 62, 67]

[3, 6, 20, 29, 31, 33, 35,
53, 54, 59, 67]

6, 18, 30, 31, 34, 37, 42,
46, 53, 62, 69]

[17, 18, 62]

[17, 18, 31, 34, 37, 42,
46, 53]

3, 10, 25, 30, 31, 37,
54, 62]

[6, 17, 18, 51]

[6, 17, 18, 31, 62]

[3, 6, 31, 65]

[10, 17]

[10, 30, 33, 36, 39, 59,
66, 69, 73]

[36, 39, 40]

[7, 36, 40, 71]

[13, 20, 25, 31, 33, 37,
46, 53, 67, 69]

[3, 6, 30, 31, 33, 34, 35,
36, 37, 46, 53, 62, 70,
73]

[6, 30, 31, 33, 34, 35, 37,
42, 59, 62, 70, 73]

6, 62]

[17, 18]

[30, 36, 39, 40, 54, 65,
69, 70, 73]

[45, 52, 53, 65, 68, 69]

[45, 65, 69]

[23, 65]

[65]

[3,23, 39, 65]

[23, 39, 69]

[23, 39, 65, 69]

3, 23]

[39, 65, 69]

[10, 16, 20, 29, 31,
35, 42, 62, 67]

[5, 10, 16, 20, 25, 31, 33,
34, 35, 38, 42, 59, 67]

[10, 16, 31, 35, 38]

[6, 31, 33] [6, 20, 31, 33, 35, 38, [59]
59, 67]

[37, 42, 46, 62, 69] [5, 6, 31, 34, 42, 44] [44]

[17, 18] [38]

[17, 18, 46] [31, 34, 42] [42]

[10, 30, 54, 62] [5, 10, 25, 31] 5, 10]

[6, 17, 18, 51] [6, 51] 6]

[31, 62] [5, 6, 31]

[6, 31, 65] [6, 31] 6]

[17] [10] [10]

[30, 36, 66, 73] [5, 10, 24, 33, 38, 44, 59, [38]
72, 73]

[36, 40]

[7, 36, 40] [14, 24]

[67] [5, 13, 20, 25, 31, 33, 43, 5, 67]
67]

[37, 46, 70, 73] [5, 6, 24, 31, 33, 34, 35, 5]
38, 73]

[42, 73] [5, 6, 31, 33, 34, 35, 38, [5. 6]
42, 59, 73]

(6]

[40, 54, 65, 73] [73] [73]

[45, 52, 53, 65, 68] [44, 53] [53]

[45, 65]

[65] [48]

[65] [48]

[3, 39, 65] [48]

[39] [48]

[39] [48]

[3]

[39, 65]

One advantage of a meta-analysis is that it takes into
account the statistical strengths of each study in terms of
number of subjects and characteristics of the population.
In the present review, all studies are taken equally in that
respect. It is clear also that all studies do not have
the same scientific validity, even though they were all
published in peer-reviewed journals. They will not be
discussed further.

Most studies took into consideration only a few
factors (biomechanical, psycho-organisational, person-
al). This influences considerably the review as, obvi-
ously, a study cannot show a relationship with a factor
that it did not consider, while, nevertheless, this factor
might have played a role which could be reflected
indirectly through another factor or which could mask
the influence of another factor.

For the majority of the studies, the dependent vari-
able was the presence or not of musculoskeletal com-
plaints during the past year. For the others, it was the
presence or not of an MSD authenticated through a
clinical examination, on the day of the interview. Ideally,
these two sets of studies should not be grouped. How-
ever, the separate discussion of the results would lead to
different and opposite relationships. Since co-factors
such as personality and stress are likely to have a sys-
tematic influence, if any, on complaints and disorders,
we decided to keep the two types of studies together.
Therefore the paper deals with MSDs in general, making
a distinction only between the two anatomical zones. It
is worth adding that the “healthy worker effect” is likely
to play a less significant role in studies considering
complaints than in those relying on clinical disorders.



One additional reason for grouping all studies is that
the criteria to diagnose a given disorder vary between
authors. The comparison of these criteria and the dis-
cussion of their influence on the results are beyond the
scope of the present article.

For the majority of the studies based on complaints,
the same questionnaire (Kuorinka et al. 1987) was used.
The reliability of the data might however vary according
to whether the questionnaire was self-administered or
administered during an interview.

The first difference is the low response rate in the first
case, with the suspicion that those who responded are a
biased sample of the whole group. Another is the fact
that complaints might be due to extra-occupational
activities, and the confusion might be greater in case
of a self-administration (Ingelgard et al. 1996).

A significant difference between complaints and
clinical disorders is also that the complaints relate to the
past 12 months, while the disorders are those observed
on the day of the clinical examination.

Few authors actually draw the attention to a possible
time shift between the reported complaints and the
working conditions observed by the expert or described
by the workers on the day of the administration of the
questionnaire.

One main problem of this review was to prepare the
list of factors, and to allocate the different researches. In
many studies, the definition of the risk factors was often
lacking or vague or specific. Examples are hobbies and
physical activities, sports (soccer or tennis,...), social
climate, psycho-organisational workload or job de-
mands, ...

Grouping of the factors was essential and unavoid-
able in order to reduce their numbers and to increase the
number of papers per factor. This was done as best
as possible based on the information available, and,
although details can be questionable, this should not
bias the conclusions.

The tables presented above indicate which studies
took into consideration a given factor, and which ones
found an association with MSDs. As was seen and as
will be discussed, these numbers vary considerably be-
tween factors. Not all factors could obviously be con-
sidered in all studies. While some factors (age, seniority,
sports, ...) should have been considered by all, others
(such as vibration) obviously could not. For some fac-
tors, this is less obvious: forces, for instance, are limited
in cases of keyboard work.

Some occupational groups were more systematically
investigated than others, in particular those in food
sectors and administrative work. Therefore, the associ-
ations will be dependent on the characteristics of these
groups and of their working and psycho-organisational
environment. In particular, as the investigated condi-
tions concerned more women than men, possible asso-
ciations between MSDs and psycho-organisational
conditions will be more dependent on the psycho-
organisational conditions of women, which, in many
situations, are significantly different from those of men.
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Multivariate vs. univariate analyses

Most researchers performed both univariate and multi-
variate statistical analyses between the presence of
MSDs and potential risk factors. Few, however, re-
ported information about the correlation between these
risk factors.

We chose to report the results of the multivariate
analyses. This is disputable. Indeed, in this type of
analysis, age and seniority, for example, appear rarely at
the same time, as these factors are usually highly cor-
related. It would however be premature to conclude that
age in itself or seniority in itself cannot play a role.

The situation is not so clear for other factors. In a
typical case, a strong association with the percentage of
the time with the wrist in deviation was reported in the
univariate analysis, but completely disappeared in the
multivariate analysis due to a strong covariation with
another characteristic.

The opposite situation also occurs: in one study
(Brusco and Malchaire 1993), the height of the person
was not a significant factor in the univariate analysis
(P =0.281) but was rather strongly significant in the
multivariate analysis (P = 0.001).

The conclusions regarding the associated factors are
therefore influenced by the type of statistical analysis
performed and taken into consideration. As the statis-
tical power of a multivariate analysis is greater, we gave
preference to these results.

Association between musculoskeletal disorders
and risk factors

The data presented in the tables and the discussion
hereunder do not take into account the strength of the
associations found in the different studies. It would ac-
tually be impossible to report these strengths (through
odds ratios and confidence intervals) for all 276 associ-
ations mentioned in the tables, without increasing
dramatically their complexity.

It is indeed worth noting that the associations with
grip forces are in general very strong, while the associ-
ations with postures are often weak. The reader inter-
ested in a particular factor or group of factors will easily
find, from the tables, the references for where the
statistical data are available for more detailed analyses.
The discussion will therefore be limited to the report or
not of an association at the 5% significance level.

Occupational risk factors

The factors systematically found associated with MSDs
are:

e For NSs: repetitiveness, physical workload and static
efforts
e For HWs: repetitiveness, physical workload only
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The factor “awkward posture” is missing, while most
ergonomic recommendations concern this factor.

The workload at previous workplaces is significantly
associated in 4/4 studies on NSs and 0/3 for HWs.
This discrepancy is rather surprising and could be due
to a bias: these parameters being taken or not taken
into consideration because the authors had reasons to
believe that the exposure at previous workplaces was
significant. These results certainly suggest that the
previous exposure should be more systematically inves-
tigated, especially since the progression over time of
MSDs remains largely unknown (Silverstein and
Hughes 1996).

It is remarkable that factors such as job rotation and
number of breaks are not associated. Actually, a few
studies (11) did consider either of these factors that are
usually recommended to reduce the risk, and two only
found an association in each case.

The last factor to be mentioned in this category is the
number of working hours found associated with HWs in
4/8 and with NSs in 1/9 studies. A close relationship can
be expected between work duration and fatigue or strain
accumulation, and this could justify the association, for
HWs. However, this reasoning should also apply for the
neck and shoulder region. For HWs, it is likely that this
association actually reflects the association with the
workload.

Medical history

From Table 2, it is clear that medical history was sus-
pected of playing a role — and was investigated — much
more in HWs than in NSs.

Bad health is found significant for NSs (3/5) and less
systematically for HWs. The opposite is suggested for
chronic diseases (0/5 and 4/13). Again, these items group
together so many different aspects that interpretation is
difficult. In addition, as most studies are cross-sectional,
the association with bad health can be interpreted as a
cause as well as an effect.

Personal factors

Many studies considered only men or women, and gen-
der differences were investigated in 19 NSs and 23 HWs
studies (ten common). These were found associated with
MSDs in respectively ten and seven (one common).

Several of them postulated differences in the type of
muscle fibres (for neck disorders) and hormonal differ-
ences (especially for carpal tunnel syndrome) but, most
of all, differences in occupational exposures and home
activities.

It is worth noting that when the comparison was re-
stricted to men and women performing exactly the same
tasks, these differences were no longer significant or the
odds ratio (OR) was much smaller (OR = 1.2; Hagberg
et al. 1995).

It can therefore be concluded that repetitive work
appears to be the (sad) “privilege” of women, with more
hand-intensive tasks. This, coupled with more intensive
home activities, fewer adapted tools (Buckle and
Devereux 1999) and unfavourable functional charac-
teristics (smaller hands, lower grip force) explains the
greater prevalence of MSDs of the upper limbs in
women.

Height, weight and smoking habits are variables
traditionally considered (32 studies). Very few, however,
(six, five and four) found an association with MSDs in
one or both regions. This shows clearly that these
parameters do not play a direct role.

The anthropometrical characteristics may intervene
indirectly in some conditions (raised arms, distance in
the sagittal plane, ...) and are worth being included
systematically in the co-factors. On the other hand,
smoking or drinking habits, number of children, ...
might be dropped from the list of factor to be considered
systematically, in favour of other items.

The same is true for the hobbies (2/16), physical
exertion (4/14) and sports in general (2/6).

A closer comparison of the studies shows that the
associations found are in opposite directions: extra-
occupational physical exertion is associated with an
increase of MSDs in one study (Ekberg et al. 1994) and
a decrease in two studies (Jonsson et al. 1988; Fransson-
Hall et al. 1995). Similarly Brusco and Malchaire (1993)
found an increase, and Silverstein and Hughes (1996) a
decrease, in prevalence of MSDs with the practising of
hobbies. It is likely that such an association does not
exist, except in extreme cases (very intensive or unusual
practices). These associations could result also from the
fact that the subjects with musculoskeletal complaints or
disorders did stop, in some cases, any extra-occupational
activities.

One reason for the lack of significance of these pa-
rameters might also be that the information that the
researchers include is vague and varied: gardening,
knitting, construction, ... do not give rise to the same
constraints (in intensity, duration, localisation, ...).
Similarly, tennis, soccer and jogging do not train or fa-
tigue the same muscles or tendons. The questions should
therefore be more specific or are short of interest.

The association with maximum force was found sig-
nificant more often for NSs (3/7: force of the shoulders
in six studies and handgrip force in one), than for HWs
(1/4): hand grip force). It appears unfortunate that this
factor was not taken into consideration more systemat-
ically, particularly for HWs. While it seems to be
established that the risk is proportional to the force
constraints, the results do not seem to confirm that it is
inversely proportional to the physical capacity.

The interest for personality characteristics is recent
and promising, as 3/5 studies find a greater prevalence of
NSs in subjects with type A personality, and in 2/3
studies of neuroticism. The explanations are: greater
muscular tension of the trapezius, increased vulner-
ability to stress, in the type A, and greater attention for



oneself, increased tendency to complain from small
sensations, in neurotic personalities.

The same interest has not yet been developed con-
cerning the HWs, partly because the models do not
suggest such an association.

Additional studies are clearly needed on these factors,
as well as about how, indirectly, they play a role through
stress, muscular tension, ...

Psycho-organisational factors

Thirty-eight (82%) of the 46 studies concerning NSs
investigated a possible association with one or several
psycho-organisational factors. For HWs, the figures are
24 (61%) out of 39, and the number of factors consid-
ered simultaneously per study is lower. Almost all
studies on NSs (31/38) found an association, and 12/24
in the case of HWs. These elementary statistics suggests
that psycho-organisational and stress factors are more
associated with musculoskeletal complaints or disorders
in the cervicobrachial region.

In their literature review, Bongers et al. (1993) iden-
tified monotony, time pressure, lack of control and poor
work content as risk factors. The present review suggests
that the association is very subtle. Some of the findings
(poor work content and mental requirement) might
appear contradictory unless they are interpreted as
divergences from a personal optimum.

High work rate (4/4), time pressure (3/4) and pro-
ductivity (2/3) taken into consideration in different
studies might indicate a similar relationship with time
constraints. This would then be one of the most signif-
icant associations for NSs, but would not indicate much
more than work repetitiveness.

Low work content and lack of responsibilities and
decision latitude were mentioned by Bongers et al.
(1993) as significant factors. Like job rotation, dis-
cussed hereunder, these are part of the standard
package of measures recommended for improvement in
working situations. However, few studies found an
association with NSs (6/18), and even fewer with HWs
(2/9). Actually, the work content and decision latitude
for some of these repetitive tasks were so obviously
non-existent that the persons performing the tasks
would not even complain anymore (or they would
have already left), and would prefer to accept it rather
than seek any work content in an inevitably boring
task. Again, this stresses the fact that conclusions
cannot be extrapolated outside the context of the
studies.

The same remark might apply also to the items re-
lated to social support. Contacts with colleagues and
supervisors, and lack of support are not systematically
found in association with NSs (6/21), nor HWs (3/16),
maybe because the type of work involved in these
musculoskeletal problems does not require or classically
does not make possible these contacts and support
systems.
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Job dissatisfaction is not a significant factor in most
studies (4/9 for NSs and 1/9 for HWs), maybe simply
because many such jobs can never be satisfying.

Classically, the conclusions are that:

e Occupational biomechanical factors play the most
important role in HWs, even if some other aspects
may play a role (Buckle 1997).

e For complaints of the cervicobrachial region, it is
necessary to act simultaneously on biomechanical and
psycho-organisational factors to reduce the risk of
MSDs (Sauter and Swanson 1996).

This discussion suggests that an association is not
found with the psycho-organisational factors, not be-
cause the biomechanical factors are predominant or the
psycho-organisational factors are less important, but
because the subjects themselves believe that the possi-
bilities for improvement of the psycho-organisational
environment are too limited.

Table 3 shows that the stress and the somatic symp-
toms of stress were rarely investigated, especially in re-
lation to HWs. Since, in addition, the stress evaluations
were different, few conclusions are possible. Therefore,
the different explanations proposed in the literature still
remain to be validated:

e Reduction of the “coping” capabilities and increase of
the somatic symptoms (Bongers et al. 1993)

e Psychiatric problems leading to physical disorders
(Skov et al. 1996)

e Behavioural changes: more work, more effort, fewer
breaks (Eysenck and Eysenck 1981)

e Increase in muscle tonus and biochemical reactions
(Bongers et al. 1993; Hales et al. 1994)

e Lowering of immunity and repair capabilities of
tissues (Skov et al. 1996).

Comparison between cross-sectional
and longitudinal studies

Table 4 compares the numbers of cross-sectional and
longitudinal studies finding a significant association
between NSs, and the factors most frequently studied.
This is limited to NSs, as only two longitudinal studies
are available for HWs.

Among the six longitudinal studies on NSs, two
(Fredriksson et al. 1999; Leino and Magni 1993) did
actually consider a few factors but from one or two cat-
egories only. On the other hand, the studies by Kilbom
and Persson (1987) and by Jonsson et al. (1988) took into
consideration many personal, occupational and psycho-
organisational factors. Four of them concerned only
women, so the gender effect cannot be investigated.

As Table 4 shows, two factors only (age and mental
stress) were investigated in comparable ways in four
longitudinal studies. This lack of uniformity in the
protocol makes comparisons and conclusions difficult.
Nevertheless, it can be concluded at this point that cross-
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Table 4 Comparison of the
main associations between

cross-sectional and longitudinal
studies on the neck-shoulder
regions (NSs)

Cross-sectional Longitudinal
1. Occupational factors Physical workload 6/14 0/1
Awkward postures 5/14 2/2
Repetitiveness 8/1 10/0
Static efforts 2/6 2/2
Previous workload 2/2 2/2
2. Personal factors Age 12/3 22/4
Gender 10/19 0/0
3. Medical history General health status 3/5 0/0
4. Psycho-organisational factors Mental requirements 9/15 0/1
Monotony 4/7 0/1
High work rate 4/4 0/0
Time pressure 2/3 1/1
Lack of social support 1/9 0/1
Work dissatisfaction 3/8 1/1
Mental stress 2/5 2/4

sectional and longitudinal studies apparently obtain
similar results. Indeed, results are consistent concerning
age, mental stress, and previous workload, as well as
repetitiveness (or number of cycles per hour). However,
associations with awkward postures and static efforts
were found in 2/2 longitudinal studies, but only in about
1/3 of the cross-sectional studies.

Conclusion

Extensive reviews of the literature about risk factors of
MSDs of the upper limbs have been published. The
present paper takes a simpler but interesting approach in
making the systematic list of factors considered and
found associated with MSDs. The validity of this ap-
proach and whether it is complementary with other
scientific reviews is discussed. The tables show clearly
the types of factors that were investigated and those that
received less concern.

Few factors have been systematically found in asso-
ciation with MSDs but the information available ap-
pears to justify technical actions on the biomechanical
and organisational factors. In contrast, the scientific
evidence is probably not strong enough to demonstrate a
definite cause-effect relationship between a specific work
situation and a specific disorder, for compensation
purposes in particular.

In that regard however, attention must be drawn to
the fact that, among all the 70 factors listed in this re-
view, those in Table 2, related to individual character-
istics, extra-occupational factors and medical history
are, by far, those the least associated with MSDs. Some
factors traditionally taken into consideration could
actually be completely abandoned: this is the case for
instance for weight and hobbies.

In contrast, all factors related to the biomechanical or
psycho-organisational aspects show a much greater rate
of significant association. Restricting the causality of
MSDs to biomechanical factors is certainly too simple.
Relating them primarily to personal characteristics
would be simplistic.
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