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Preface

The work presented in this Ph.D.-thesis was the result of the SHARM-project
which was conducted between October 2010 and August 2014, at the Depart-
ment of Occupational and Environmental Medicine at Bispebjerg University
Hospital. The study was supported by grants from The Danish Working Envi-
ronment Research Fund (grant #: 43-2010-03) and The Danish Rheumatism
Association (grant #: R104-A2251).

During the completion of my master thesis entitled: “Comparison of two 3D
gait analyses protocols - supported by EMG”, I first started thinking about
conducting a Ph.D. I applied for two and was offered both - on the same day. I
chose the SHARM-project in part because of its multidisciplinary character,
allowing me to develop new skills within: questionnaires, biomechanical and
physiological measurements and register epidemiology.

After completing most of my data collection, a year and a half in to my Ph.D.-
study, [ was lucky to have the opportunity to be a visiting scientist at Harvard
School of Public Health in collaboration with Liberty Mutual Research Center,
in Boston, USA. The purpose of my three month stay was to gain knowledge of
novel methods for assessing exposures of physical exertion during work. [
took part in several studies including a validation study of a wearable sensor
system for assessing spinal loading during manual materials handling tasks.
This experience gave me a lot of new perspectives, ideas and inspiration on
how to develop thorough measurements of physical exposure with methods
applicable at work sites.

In parallel with working on my thesis [ have since 2010 given lectures on ap-
plying methods for measurement of physical activity, at Metropolitan Univer-
sity College. During the last year this has been intensified by giving lectures in
basic epidemiology and research methods at University College Capital. At this
institution I have also been principal supervisor for nine bachelor students of
Physiotherapy since 2011. Recently [ have been appointed to be external ex-
aminer for the bachelor-exams at the Danish Educations for Physiotherapy.
Altogether I have developed many new skills on both the personal and profes-

sional level.

Birkergd, August 2014 Thomas Heilskov-Hansen



1 List of papers

This thesis is based on the following original papers which can be found in the
contents under “Original papers”. Throughout the thesis the papers will be

referred to in roman numerals I-III.

Paper I: Sex differences in muscular load among house painters per-

forming identical work tasks.

(Eur J Appl Physiol 2014;1-11)

Paper II: Sex differences in task distribution and task exposures among
Danish house painters: An observational study combining
questionnaire data with biomechanical measurements.

(Submitted to PLOS ONE)

Paper III: Exposure-response relationship between postures and move-
ments of the wrist and carpal tunnel syndrome among male
and female house painters: a retrospective cohort study.

(Draft)



2 List of abbreviations

Abbreviations listed in alphabetical order.

AL
ACGIH
BMI
CRS
CTS
DNPR
EDT
EMG
ICD-10
IRR
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MSD
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NBII
NHSR
PUD
RMS
SHARM
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TLV
WMSD

Action Limits

American Conference of Governmental Industrial Hygienists
Body Mass Index

Danish Civil Registration System

Carpal Tunnel Syndrome

Danish National Patient Register

Electro Diagnostic Test

Electromyography

International Classification of Diseases, Version 10
Incidence Rate Ratios

Job Exposure Matrix

MusculoSkeletal Disorder

Maximal Voluntary Contractions

Nomesco Classification of Surgical Procedures- Danish version
National Board of Industrial Injuries

National Health Service Register

Painters Union in Denmark

Root Mean Square

Shoulder, Hand, ARM-project

Task Exposure Matrix

Threshold Limit Values
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3 Introduction

In 2009 MD Rolf Petersen from the Department of Occupational Medicine in
Slagelse, Denmark, observed a seemingly high sex difference in the number of
patients from the house painters profession who contacted the department
with work related muscular skeletal disorders (WMSDs) of the upper extremi-
ty. In order to investigate if this difference was entirely observed by chance, he
contacted The National Board of Industrial Injuries (NBII) in Denmark which
is the authority to whom workers report claims regarding occupational dis-
eases. The NBII extracted national incidence data of notified WMSD-cases
among male and female house painters in the period from 1998-2007. The

data showed a substantial sex difference (figure 1).

Figure 1: Incidence rates by sex of WMSDs among house painters, reported to the National Board of

Industrial Injuries in the period 1998-2007
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Simple inspection of data shows that women painters had approximately
twice as high incidence rates of WMSD claims as men, and this ratio was quite
stable across calendar years. When dividing the reported cases among house
painters into specific anatomical regions, some of the highest incidence rates
and sex differences were located in the upper extremity (figure 2). The largest

sex difference was found for the wrist.
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This data is in good accordance with the literature. Higher reporting of muscu-
loskeletal pain, complaints or WMSDs by women is well documented (1-8),

and is especially pronounced for the upper extremity (5;8-10).

Figure 2: Incidence rates by anatomical region of WMSDs among house painters, reported to the

National Board of Industrial Injuries in the period 1998-2007
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Despite constituting about half the working population in most industrialized
countries, women are still underrepresented in research of WMSDs (11-13).
Sex differences in WMSDs are often explained by the following main hypothe-
ses:
1. Women have lower thresholds for reporting musculoskeletal pain, ei-
ther in a psychosocial or physiological sense (3;14-19).
2. Sexsegregation in occupations and task segregation within profes-
sions results in different exposures for men and women (5;6;8;20-25).
3. Women are more vulnerable at the same exposure. Several physiologi-
cal differences between men and women ranging from hormonal
changes to heterogeneous muscular strength can influence the impact
of an exposure (6;8;14;26).
4. Sex differences in work strategies, techniques and procedures, ex-
pressed by a diverse composition of postures and movements, even if

the task is the same (27).



Many uncertainties resulting from one or more of these hypotheses could be
controlled by conducting a precise sex specific exposure assessment, but this
task is unresolved in most studies.

This knowledge initiated the planning of the SHARM-project (Shoulder, Hand,
ARM-project), trying to apply a systematic approach for a precise exposure
assessment, to be used in the evaluation of sex differences in WMSDs. This
scientific approach should help identify potential sex differences in develop-
ment of WMSDs and thereby ensure that preventive and rehabilitative

measures favor both sexes equally.

11
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4 AIms

Based on the prevailing hypotheses for explaining sex differences in develop-
ment of WMSDs we wanted to establish a systematic approach which clarified

each of the hypotheses one at a time. The aims of this thesis were:

e Within a seemingly homogenous profession to establish a precise ex-
posure assessment, examining potential sex differences in forces, load,

task distributions, postures and movements (Papers I and II).

e To explore if an exposure-response relationship can be established be-
tween three different exposure variables of the wrist, and carpal tun-
nel syndrome defined through diagnoses and surgery reported to the

Danish national registers (Paper III).

e To investigate whether the risk of carpal tunnel syndrome is different
for men and women with comparable occupational physical exposure

(Paper III).



5 Background

5.1 Sex and gender terminology

The terminology regarding gender and sex research can be confusing and it is
often based on tradition or habit within certain fields of research. Traditional-
ly the term gender is used to describe social aspects related to subjective
properties i.e. identity, whereas sex usually refers to biological properties
(14;28). However in reality the two expressions tend to be used interchangea-
bly and attention has been drawn to the fact that they very rarely can be ex-
cluded completely from each other. Some have taken the consequence of this
and consistently use the term gender/sex irrespective of the properties in
question (10). In this thesis differences between men and women are referred

to as sex differences disregarding their nature.

5.2 Musculoskeletal Disorders

The term Musculoskeletal disorder (MSD) is used to describe a wide variety of
conditions affecting the muscles, nerves, tendons, bones, ligaments or joints.
MSDs are usually caused by inflammation or degeneration, resulting in pain
and physical constraints. MSDs can have an acute or accumulative nature, but
traumas resulting in fractures are usually not considered as MSDs (29). MSDs
are very common and the annual costs are consequently very high (30;31).
They are more prevalent among women than men and even more so in the
upper extremity (29;32;33). Even within individuals performing identical
work, women have more WMSDs than men (8;34). Since occupational risk
factors are highly related to industrial work, WMSDs are more prevalent in the
lower social classes compared to high social classes (1;32;35-37)

Risk factors for MSD are often divided into non-occupational and occupational
nature. Common non-occupational or individual risk factors include: age, gen-
der, obesity, leisure time activities, smoking, strength, socioeconomic status
and ethnicity (10;37-40).

Occupational risk factors for WMSDs are many and they can be differentiated
by anatomical region(35). Some of the most common risk factors for WMSDs
are: repetitive motion, whole body or segmental vibration, forceful manual
exertion, heavy lifting, non-neutral body postures, high velocity and other

ergonomic stressors (7;10;29;35-42).

13
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Occupational ergonomic stressors have been described by Punnet et al. (36)as
a key element in the occurrence of WMSDs. Examples of frequently occurring
MSDs include: Rotator cuff syndrome, CTS, lateral epicondylitis, low back pain
and hip and knee osteoarthritis (29;30;37).

Many risk factors for MSDs and WMSDs are associated with physiological or
psychological aspects and are therefore prone to differences between sexes
herein.

Numerous studies have investigated physiological differences between men
and women i.e. in relation to: Perception of pain (43), fatigability (44;45), ten-
don properties (46-49), hormonal differences (46;49), anthropometry and
muscular entities (50;51). Regarding the latter it has been well established
that the average man is approximately 50 % stronger than the average woman
(26;52;53). This muscular difference will cause women to use a higher level of
relative force if doing the same force demanding tasks as their male colleagues
(8;54). It has then been suggested that this difference accumulated over time
can contribute to the development of WMSDs (55). Others have reported that
women have an alternate muscular recruitment pattern or motor strategy
than men (50;51), and a different composition of muscle fibres, with women
having a higher proportion of type 1 muscle fibres compared to men(45;56).
These type 1 muscle fibres have been described by Hagg (57)as “Cinderella
fibres”, the name owing to their property of having the lowest recruitments
threshold and, in addition, staying activated for prolonged periods of low in-
tensity use. If working in repetitive low force tasks this could potentially lead

to an overload, resulting in a WMSD.

There is a growing body of evidence for psychosocial characteristics being risk
factors for WMSD (35-37;39;58;59). This evidence mainly addresses the modi-
fying role of psychosocial factors while the etiologic pathway is less estab-
lished (37). The most common reported risk factors include: high perceived
job stress, high job demands, non-work-related stress, low social support of
co-workers, low job control, low decision authority and low job satisfaction

(58-60). None of these studies reported any sex differences.

Gaining knowledge on sex differences in risk factors for WMSD could poten-
tially be helpful in limiting new cases of WMSDs or in the development of pre-

ventive measures.



5.3 Carpal Tunnel Syndrome

Carpal tunnel syndrome (CTS) is a very common nerve entrapment (61;62). It
is caused by pressure on the median nerve in the carpal tunnel, resulting in
constant or recurring symptoms of numbness, burning, tingling or pain in one
or more of the first three digits and the radial part of the fourth. In some cases
there will be decreased grip force due to an atrophic abductor pollicis brevis
muscle (63;64). CTS can be treated with wrist splints, anti-inflammatory
drugs, corticoid steroid injections or in the final stage by surgery. In open or
endoscopic carpal tunnel release the transverse carpal ligament is cut in order
to relieve pressure from the median nerve (65-68) . CTS has been studied in-
tensively during the last 20-30 years (69;70) and is one of the upper extremity
MSDs with highest healthcare costs (71;72). Within epidemiological research
several different case definitions have been used when studying CTS. Studies
using only CTS symptoms for defining cases have reported higher CTS preva-
lence and incidence rates (70;73) and there is a widespread agreement that
case definitions influence prevalence and incidence rates (63;74-77). Some
studies have used dual case definitions and have divided cases into “probable
CTS” and “possible CTS” depending on which diagnostic criteria were met
(77;78). Many studies rely on what is referred to as “physician diagnosed”.
This is defined by clinical symptoms and a physical examination at minimum,
and usually includes an electro-physiological examination (79).

Reports of CTS prevalence span from 1.9 % in the general population (80) to,
for example, 16.6 % among dairy workers (81). In general there is a pro-
nounced variation in CTS prevalence and incidence rates reported in studies.
Considerable differences are seen among un-exposed control groups in stud-
ies of occupational factors (82-87). In general, the prevalence is higher in stud-
ies of occupational factors compared to studies of the general population
(61;80;88-91). This may in part be related to different case definitions as men-
tioned above, but actual differences between study populations may also have
an impact (74;79;92;93).

Several personal as well as occupational risk factors for CTS have been report-
ed. Some of the personal risk factors agreed upon are: female sex, age, high
body mass index (BMI), previous fractures near the wrist, co-morbidities (e.g.
hypothyroidism, diabetes, rheumatoid arthritis, gout and connective tissue

disorders), low height and family predisposition (16;63;94-100). The use of

15
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oral contraceptives has been investigated by a few studies, but the results are
contradictive (95;101). Similar inconclusive findings have been made for
smoking (95;102;103). Studies of general populations have shown a higher
CTS prevalence in women (16;61;96;97). Bland and Rudolfer (97) have shown
a bi-modal age distribution of CTS for both men and women, with peaks
around 45-55 years of age and 75-85 years of age.

Roquelaure et al. (104) showed a higher incidence of CTS in the working
population compared to the non-working population. This corresponds with
the growing scientific literature where occupational risk factors for CTS are
documented in industrial settings (38;78;79;92;105;106). Tasks including
exposure to vibrations have been reported by many as one of the most im-
portant risk factors for CTS although the isolated effect of vibrations has been
difficult to distinguish from the concomitant effects of force and repetition
(79;92;93;105;107-115). Repetitive work and highly repeated flex-
ion/extension of the wrist (73;79;92;105;106;114-121) as well as forceful use
of the hand (69;79;92;98;105;116;120;121) are also frequently reported. Vio-
lante et al. (98) showed a 3-fold increase in CTS risk when exposed to unac-
ceptable overload, compared to acceptable load, according to the action limit
(AL) and threshold limit values (TLV) recommended by the American Confer-
ence of Governmental Industrial Hygienists (ACGIH). Others have also shown
an increased risk of CTS when exposed to forces exceeding the TLV (94;122-
124).

Combined effects of vibration, repetitious flexion/extension and force have
been shown to increase the risk of CTS even more (69;116;120;125). A combi-
nation of force and repetitive movements is the most commonly reported
(69;78;79;92;99;105) but others have also been reported e.g. the combination
of force and posture (92;105). Few have reported results on non-neutral pos-
tures, and none of these have shown an effect on the risk of CTS (38;42;126).
Computer work has been extensively investigated as a potential risk factor for
CTS (93;106;113;114;127-131), but the vast majority, including a recent me-
ta-analysis (129), have found no effect. Andersen et al. (127) and Ali et al.
(132) did however find an elevated risk of CTS when using a computer mouse
and doing combined work respectively. Work related psychosocial character-
istics such as low social support, job stress and high job strain has been re-
ported (although not statistically significant) as risk factors for CTS by some
(60;114;133;134), while others have found no effect (126;127). Harris-



Adamson et al. (135) showed a protective effect of experiencing social sup-
port, and an increased risk with high job strain. It is not obvious what the rel-
evant mechanisms could be and the evidence is conflicting. Perhaps psychoso-
cial stressors could be a proxy for job functions characterised by a high degree
of manual handling and thus a result of confounding not fully accounted for.
Many studies have shown an association between certain professions and the
risk of CTS. Examples of these professions are: Cashiers (73), Industrial work-
ers (122), meat and fish processing (82), Electronics assembly (136), slaugh-
terhouse workers (87) and dental hygienist (137). Typically, these professions
can be characterised as being either subjected to a high degree of occupational
vibration, repetitiveness or force requirements or any combination of these
(79;92;93).

Several studies have found a higher CTS prevalence in women
(32;78;96;97;100;138), but literature addressing a potential modifying effect
of sex on exposures associated with an increased risk of CTS is very scarce.
Some studies have reported differences in the task distribution and argue that
an uncontrolled sex difference in task composition can result in sex acting as a
proxy for exposure (123;139;140). Most studies addressing sex differences
have only reported minor if any sex difference in CTS risk using sex stratified

analyses (78;113;120;123;141).

5.4 Exposure assessment

In occupational research physical exposure has been assessed using observa-
tion, expert ratings, self-reports and direct technical measurements. Expo-
sures have most commonly been assigned as a group mean from the entire
study population or a sub-sample (142) and rarely as individually assessed
exposure, let alone sex specific (8).

In many studies that have examined the effect of a work related exposure on
the incidence rate of CTS, the researchers have used job title to assess the ex-
posure (92). In a recent meta-analysis 28 out of 37 studies had used job title
for assigning exposure (92). However, self-reported exposure assessments are
also widely used. Studies that have compared self-reported exposure assess-
ments with technical measurements have concluded that technical measure-
ments are superior in precision (143-147). Furthermore, self-reports may be
biased by a higher reporting of exposure in individuals experiencing pain

(147;148) or systematically higher reporting of tasks that are experienced as

17
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hard (143;147;149;150). Using self-reported exposure assessment for evalu-
ating possible dose-response relations will therefore introduce the risk of am-
plification bias of the estimates.

Assessments of biomechanical exposures should preferably include measures
of intensity, duration and frequency (151;152) in order to provide a precise
and comprehensive unit of measure. Many studies have reported exposure on
a categorical scale (94;98;122-124) typically dividing exposures into two or
three groups using arbitrary threshold limits. This will hinder the possibility
of making comparisons between studies using different thresholds as well as
limit the determination of a precise dose-response estimate. Reporting on a
continuous scale enables both the ability of comparison with other studies and
the dose-response estimate. Precise measurements are required to do report-
ing on a continuous scale and it will therefore be associated with higher eco-
nomic costs(142).

Regardless of the applied methodology, assessing physical exposure will en-
compass a big challenge in accounting for the variability. When doing direct
measurements the optimal strategy would be to perform three or four meas-
urements on each individual on separate days, and preferably distributed
across the calendar year to capture potential seasonal changes (142;153-155).
Liv et al. (154) conclude that a better measurement precision is achieved by
using more data and suggests sampling of large proportions of the day per
subject.

Nordander et al. (8) investigated measurement errors and individual varia-
tion, when using inclinometry and goniometry to do technical exposure as-
sessments within homogeneous work tasks. Supported by others (156-160),
they concluded that the measurement errors were small, and as a result of this
20 subjects in each group would be sufficient to demonstrate potential differ-

ences in exposure between groups.

Some have suggested that men and women doing the same task will have the
same MSD risk (141;161;162), while others have proved differently
(6;34;163). Uncertainties about the impact of physical exposure in reported
sex differences of WMSDs are still very much an issue. Locke et al. (20) con-
cluded that uncontrolled sex differences in task distribution may result in ex-
posure misclassification, leading to erroneous risk estimates, and recom-

mended subject specific exposure assessments on task level. Kennedy et al.



(21) concluded in a review that sex matters when assessing physical exposure,
but at the same time they notice that the direction and magnitude not neces-
sarily can be predicted a priori. This illustrates the importance of having as
precise an exposure measure as possible combined with a valid and reliable

outcome, but many existing studies have deficiencies in at least one of these.

5.4.1 Exposure matrices

An exposure matrix is basically a cross tabulation of values for different expo-
sure variables combined with tasks, occupations or industries. A third axis can
be included providing data on seasonal variations (142). Many exposure ma-
trices are constructed on a job level (8), typically using categorical classifica-
tion (164;165). The exposures of interest included in a typical job exposure
matrix (JEM) are often expert assessed exclusively or in combination with
measurements. Expert assessed job exposure matrices usually don’t distin-
guish between sex within the same occupation and often professions with
similar exposure are even grouped (165-167). A serious shortcoming of JEMs
in general is the inability to capture exposure variation within a profession
(142), thereby preventing comparisons between high and low exposed sub-
jects.

This distinction is possible in a task exposure matrix (TEM). It will also allow
an identification of a specific task that might contain elements which could
potentially cause a high risk of WMSDs. In the same manner, the TEM will al-
low comparisons of task characteristics of men and women, identifying poten-
tial sex differences in exposure between and within professions. A study com-
paring cumulative exposures found significant differences between the meth-
odology of the JEM and the TEM (168).

Although more precise, the TEM is also more costly to establish than the JEM.
Therefore some authors recommend a careful consideration of the purpose

and need, before constructing a TEM (169;170).

Based on previous studies it seems that recommendations for setting up a
high quality study of sex specific exposure-response relationships should at
best include a valid and precise definition of an outcome, assessed in an objec-
tive manner preferably using diagnostic testing, combined with an individual-

ly objectively and precisely measured assessment of exposure, reported on a
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continuous scale, determining the aspects of intensity, duration and frequen-
cy.

With the SHARM-project we try to initiate a systematic approach by clarifying
aspects of the existing hypotheses for sex differences in the development of
WMSDs one at a time. This is accomplished using a five step set-up as illus-

trated below (Table 1).

Table 1. Common potential determinants for different incidence rates of work-related musculoskeletal disorders among men
and women, and how they are clarified in the studies.

Step 1

prents Different Different
determinants Different Different : Different
. . : muscular physical
for sex differences in jobs? load? tasks? exDoSUTe? response?
WMSD ' s
Clarified by: Design Paper I Paper II Paper II Paper III

In steps 1 and 3 we will investigate the hypothesis that sex-segregated profes-
sions and tasks may influence the occurrence of CTS, one of the frequent
WMSDs, by determining potential sex differences within our study population.
In step 2 we will investigate aspects of the hypothesis of physiological dispari-
ties clarifying the size of sex differences in muscular entities within our study
population.

In step 4 we will investigate the hypothesis of different work strategies, tech-
niques and procedures of men and women even within the same profession,
doing the same tasks.

In step 5 we will investigate the hypothesis that women may be more vulner-
able than men at the same absolute level of exposure.

By choosing CTS as the health outcome we try to limit the influence of poten-
tial sex differences in reporting since we rely on an objective diagnostic crite-

rion.
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In Denmark one third of all house painters are women and tasks are supposed
to be equally distributed between sexes. This makes the profession well suited
as material for the proposed research project. Through the Painters’ Union in
Denmark (PUD) we had access to data on practically all house painters in

Denmark. Those matching the study criteria were invited to participate.
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6 Methods

6.1 Study designs

6.1.1 Paper|

This study was an observational study. In a laboratory setting, male and fe-
male painters had electromyography (EMG) recorded from four muscles while
performing nine predetermined common house painter tasks on a defined
area. After each task the participants were asked about their perceived exer-
tion on the Borg CR10 scale. Comparisons of absolute forces, relative load and
perceived exertion were made between men and women.

In addition to what is included in paper I, inclinometry and goniometry was
simultaneously recorded as described for paper II. This will allow future com-
parisons between laboratory and field measurements, which can enable the

use of force measurements in the field measured JEM.

6.1.2 Paperll

This observational study consisted of two parts. Part 1: Questionnaire data
reporting task distributions for a common week in 12 predetermined tasks,
were collected from members of the PUD. Comparisons of task distributions
were made between sexes.

Part 2: In a work place setting, inclinometry measurements were made of pos-
tures and movements of the upper arms and head. Goniometry measurements
were made for postures and movements of the wrists, These were used to
construct TEMs and JEMs, comparing several variables for postures and

movements between sexes.

6.1.3 Paper lll

This was a retrospective cohort study including members of the PUD. Expo-
sure response relationships were analysed for three different exposure varia-
bles for the right wrist (individually assessed by combining task distributions
and TEMs) and an outcome of first time diagnoses of, and surgeries for, CTS
identified in the Danish registers. Effects were tested for any modification by

Sex.



6.2 Study populations

6.2.1 Paper |

A power calculation showed that at a double-sided significance level of 5%
there would be an 80% probability of detecting a 15% sex difference in EMG
measurements with 32 participants divided into two groups. On the basis of
this, 16 male (mean age 25.5) and 16 female (mean age 28.3) house painters
were recruited through an advertising spot on the web side of the PUD. Only
right handed subjects without current disorders or complaints in the upper

extremity were included.

6.2.2 Paperll

Questionnaire: 9364 members of the PUD born 1940 or later who were still
alive on March 1st 2011 were contacted by mail in April 2011 and asked to fill
out and return a questionnaire. 4957 (53 %) responded, 3124 men (50 % of
all men, mean age 49.7) and 1833 women (59 % of all women, mean age 35.2).
Measurements of postures and movements: All house painter companies in the
capital region (Region Hovedstaden) of Denmark were identified in “The Cen-
tral Business Register” which is the Danish national register containing prima-
ry data on all businesses in Denmark. They were contacted in a randomized
order and asked to participate by each company providing between one and
four painters (preferably the same amount of men and women) for personal
measurements of postures and movements of the upper extremity during a
full work day. 22 companies agreed to participate and 50 full work day meas-
urements consisting of 25 men (mean age 45) and 25 women (mean age 32)
were performed on ordinary random work days (Fridays excluded). Only right
handed subjects without current disorders or complaints in the upper extrem-

ity were included.

6.2.3 Paper lll

A cohort consisting of all members of the PUD born 1940 or latter who were
still alive on March 1st 2011. 9364 individuals were included of which 6236
(66.6 %) were men and 3128 (33.4 %) were women. Some covariates were
obtained for all cohort members from the Danish registers. Other covariates
provided by the questionnaire described for paper Il were only assessable for

the responding part of the cohort (n=4957).
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6.3 Electromyography

6.3.1 Preparations and equipment

Standard regimes for applying EMG-electrodes were followed including shav-
ing the skin and wiping it with alcohol. In a unilateral setup for the right side,
disposable surface electrodes (Multi Bio Sensors, TX, USA) were placed in a bi-
polar configuration on m. trapezius, m extensor carpi radialis and m. flexor
carpi radialis according to recommendations by Perotto (171). Using hypo-
dermic needles two fine wire electrodes (Spes Medica, Battipaglia(SA), Italy)
were inserted into the m supraspinatus according to recommendations by
Rudroff (172). The signals were transmitted wirelessly by a Bluetooth trans-
mitter (MQ16, Marq-Medical, Farum, Denmark) to a PC were they were sam-

pled at 2048 Hz. For a complete detailed method see paper I.

6.3.2 Maximal voluntary contractions (MVC)
Using two different standardised test positions for each muscle, MVCs were

recorded in all subjects (see Table 2 for sex specific mean values).

6.3.3 EMG-to-force calibration

EMG and signals from a force transducer (Hottinger Baldwin Messtechnik,
Darmstadt GmbH, Germany) were simultaneously recorded and EMG ampli-
tude for each muscle was calibrated to an external isometric force. This was
achieved using the increasing ramp contraction methodology described by

Jonsson (173). A linear relationship was determined up to 30 % MVC.

6.3.4 Measurements

In collaboration with the PUD a list was made covering the most common
tasks within the house painters trade. Due to some restrictions in the labora-
tory, only 9 tasks were possible for the participants to perform. These were
done in the following order: 1: Sanding (by hand) 2: painting (brush), 3:
mounting glass-felt, 4: painting wall (roll), 5: painting ceiling (roll), 6: full lev-
elling wall, 7: full levelling ceiling, 8: sanding wall (“Giraffe” dry-wall-sander),

9: sanding ceiling (“Giraffe” dry-wall-sander)(Figure 3). All tasks were done in

a predetermined area. See Figure 3
Figure 3. QR-code for

for video recordings of tasks. link to video recordings

of measurement ex-

amples.




6.3.5 Data processing

EMG data was filtered and visually inspected. Root mean square (RMS) ampli-
tudes were calculated and amplitude probability distribution functions
(APDF) were constructed (Figure 4) by sorting the EMG measurements in as-
cending order. For the statistical analyses three percentiles were selected,
representing different load intensities: The 90t percentile (p90), the 50t per-
centile (p50) and the 10t percentile (p10).

The EMG-to-force calibration was used to obtain a measure exerted force in
Newtons (N). The EMG amplitudes were normalised to EMGmayx, describing a

relative load.

Figure 4. APDF curves of a typical subject in one of the harder tasks (#8 paper I). Light blue lines

indicate the 10, 50t and 90" percentiles.
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6.4 Borg CR-10
After the completion of each task (Paper I) the participants were asked to rate

their perceived exertion using the Borg CR-10 scale (appendix I).
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6.5 Questionnaire

A questionnaire was constructed (appendix IV). This consisted of 100 items,
including questions on task distributions within a typical week since 1990, for
the 12 most common tasks within the house painters trade. Additionally it had
questions on covariates thought to be possible confounders. To increase num-
bers of responders a news article in the magazine of the PUD promoting the
survey was made. Also a prize was offered to be drawn among responders and

two friendly reminders were sent out.

6.6 Goniometry and inclinometry measurements

Measurements of postures and movements for the wrists were made using
biaxial goniometers (SG75, Biometrics Ltd, Newport, UK). Postures and
movements for the head and upper arms were measured using triaxial incli-
nometers (Logger Teknologi HB, Akarp, Sweden). The signals were recorded
by person worn data loggers (Logger Teknologi HB, Akarp, Sweden) sampling
at 20 Hz. Data was recorded for a full work day and analyses were performed
for both sides. The technical measurements were performed using the meth-

odology described by the group of Hansson et al. (156-159;174-176).

6.7 Log book

Alog book was constructed covering the 12 most common tasks in the house
painters trade (appendix II). In the log book participants in goniometry and
inclinometry measurements wrote down the clock time for changes between
tasks. They were given a clock with a large digital display in order to secure a

precise indication for changes in tasks.

6.8 Job and Task exposure matrices

Several variables were computed for the 12 tasks individually (TEM) and for

total work and pause (JEM)(Tables 5 and 6).

6.9 Danish registers

One of the keystones in Danish register research is the Danish Civil Registra-
tion System (CRS). Since 1968 every person with residency in Denmark has
been assigned a unique ten digit personal identification number (PIN) consist-
ing of data on date of birth (first 6 digits) followed by a sex-specific random
number (last 4 digits). This unique individual number enables linkage of regis-

ter information on multiple aspects (177). Data on diagnoses and surgeries for



CTS was obtained from the Danish National Patient Register (DNPR) and the
Danish National Health Service Register (NHSR).

A measure of work duration in a given year was constructed by combining
data from the Danish Register for Evaluation of Marginalisation (DREAM) with
the Integrated Database for Labour Market Affiliation for Persons (IDAP).

Information on births was obtained from the DNPR.

6.10 Data preparation
In preparation for the Poisson regression analyses the data was tabulated into
blocks of risk time using a public accessible macro (178) based on the princi-

ples of a Lexis diagram (179).

6.11 Statistical analyses

In all three studies, the level of significance was set to 5 %. All analysis was

performed in SAS 9.2 and 9.3 (SAS Institute Inc., Cary, NC, USA).

6.11.1 Paper |

Sex differences in relative muscular load and exerted forces were analysed
using a two factor mixed model. This examined the task*sex interaction and
dependencies of sex and tasks. Analysis for sex differences in ratings of per-
ceived exertion (Borg CR-10) was made using an un-paired double sided t-test
with unequal variance. Pearson’s correlations coefficient was used to test for

correlation between Borg ratings and %EM Gmax.

6.11.2 Paper Il

Sex differences in task proportions within each age-group were tested using
Cochran-Mantel-Haenszel statistics. An unpaired double sided t-test with post
hoc Bonferroni correction was used to test for sex differences in task expo-
sures. A paired double sided t-test was used to test for differences between

sides.

6.11.3 Paper Il

The effect of three exposure variables: median velocity, MPF (average fre-
quency of wrist movements used as a measure of repetitiveness) or non-
neutral postures (% time exceeding 45° flexion/extension or 20° ulnar radial
deviation), on CTS diagnoses and surgeries was analysed using a log-linear

Poisson regression model adjusted for potential confounders. We examined
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the sex*exposure interaction for any modifying effects. The exposure intensi-
ty*duration interaction was also tested.

The effect of pregnancies was also tested in the models.

Analyses were performed both on questionnaire responders and on the full
cohort as well as stratified by sex.

Sensitivity analyses were made using only the outcome reported in DNPR.

6.12 Ethics statement and approvals

All parts of the study were conducted in accordance with current international
ethical standards. Participants in measurements gave informed written con-
sent.

First part of the study (Paper I) was approved by the Regional Scientific Ethics
Committee (j.no.:H-3- 2012-157). Other parts of the project (paper II and III)
were assessed by the Regional Scientific Ethics Committee (j.no.:H-C-FSP-
2010-036), which concluded that these investigations were not notifiable ac-
cording to Danish laws in this field (Committee Act).

The Danish Data Protection Agency gave permission to store data regarding
every aspect of the project (j.no.:2010-41-5325).

The Danish Health and Medicines Authority approved the project for use of
data from the NHSR. (J.nr. 7-505-29-1947/1).


http://sundhedsstyrelsen.dk/en

7 Results

7.1 Male and female strength (Paper )

Men were significantly stronger than women in all measurements of absolute
force reported in Newton (N) (P < 0.001). On average men were 50-70 %
stronger than women.

No significant differences were found between men and women in EMGmax
reported in millivolts (Table 2)

Table 2: Mean MVC and EMG,q.x0f men and women, P-values are difference between men and women,
significant are set in bold.

MVC (N) EMGimax (mV)

Men Women Men Women

Mean SD Mean SD Mean SD Mean SD

M. supraspinatus

Abd45 109 21 66 15 <0.001 140 0.63 1.10 0.56 0.169

Abd90 268 39 176 35 <0.001 144 066 114 059 0.186
M. trapezius

Elevation 467 120 299 137 <0.001 0.72 051 0.66 0.45 0.705

Abd90 268 39 176 35 <0001 099 059 110 0.60 0.595
M. ext carpi radialis

Dorsiflexion 203 56 125 34 <0.001 131 056 1.00 0.58 0.136

Power grip 500 92 333 42 <0.001 100 059 0.80 0.46 0.280
M. flex carpi radialis

Plantarflexion 230 51 135 42 <0001 136 056 110 0.40 0.143

Power grip 500 92 333 42 <0.001 058 0.18 051 0.20 0.273

7.2 Time expenditure (Paper I)
The duration of the tasks varied between all participants, but no sex difference

was found in total duration of the nine tasks.

7.3 Relative muscular load (Paper I)
For all muscles, percentiles and task, women had a higher relative muscular
load (with the exception of task 9, percentile 10 for m. trapezius).

There was no significant interaction between sex and task.
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Significant effects of sex adjusted for task were found in all three percentiles
for m. supraspinatus, m. extensor carpi radialis and m. flexor carpi radialis. No
significant effect was found in any percentiles for m. trapezius (Table 3). All
significant effects were caused by women being exposed to a higher load than

men.

Table 3. Estimated sex effect of relative muscular loads, adjusted for task. Load in women compared to that in men (male
level being 100%). Bold indicate significant effects

p10 (%) p50 (%) p90 (%)
mean 95% CI mean 95% CI mean 95% CI
M. supraspinatus 187° 131 to 266 156 © 118 to 207 131° 109 to 158
(P=0.001) (P=0.003) (P=0.005)
M. trapezius 119 8310 171 120 93 to 155 127 99 to 162
(P=0.339) (P=0.162) (P=0.055)
M. ext. carpi radialis 180°P 120 to 270 164 b 114 to 237 149 @ 107 to 207
(P=0.006) (P=0.009) (P=0.019)
M. flex. carpi radialis 1592 112 to 225 1402 102 to 193 1362 101 to 183
(P=0.012) (P=0.037) (P=0.043)

40.010<P<0.050
0.001 <P <0.010

7.4 Exerted forces (Paper 1)

The interaction between sex and task was significant for a single case of the
10th percentile for m. trapezius. Post hoc analysis revealed it to be in task 9
(sanding ceiling with the “Giraffe” dry-wall-sander).

Significant effects of sex adjusted for task were only found in the 50t percen-
tile for m. trapezius, (Table 4). The significant effect was caused by women

exerting less force than men.

Table 4. Estimated sex effect of exerted force, adjusted for task. Force exerted by women compared to that of men (male
level being 100%). Bold indicate significant effects

p10 (%) p50 (%) p90 (%)
95% CI mean 95% CI mean 95% CI
M. supraspinatus 111 78 to 158 95 70 to 129 80 62 to 103
(P=0.564) (P=0.733) (P=0.145)
M. trapezius 70 48 to 101 707 49 to 99 74 (P=0.113) 50to 108
(P=0.059) (P=0.043)
M. ext. carpi radialis 104 69 to 158 95 67 to 136 86 62 to 121
(P=0.831) (P=0.786) (P=0.379)
M. flex. carpi radialis 116 79to 171 103 71to 148 99 70 to 141
(P=0.438) (P=0.888) (P=0.968)
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20.010 <P <0.050

7.5 Borg CR-10 scale (Paper I)

On average women rated their perceived exertion higher than men in all tasks.
In tasks 5-9 the sex difference was statistically significant (P < 0.05)(Figure 5).

Figure 5. Ratings of Borg CR-10 scale for perceived exertion. * indicates significant differences be-

tween men and women
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7.6 Sex specific task distributions (Paper II)

Comparing male and female age specific task distributions ascertained from
the questionnaire, several differences were observed although none exceeded
* 4 %. Men had higher proportions than women in the tasks usually consid-
ered the hardest (figure 6).

Figure 6. Sex differences in mean task proportions, by age-group. Women constitute the reference-group.

* Indicates a statistically significant (p<0.05) sex difference in the specific age-group.
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7.7 Sex specific exposure assessment of postures and movements

(Paper II)

7.7.1 TEM and JEM for the right wrist

Table 5 shows the TEM for postures and movements of the right wrist for each
sex. “Total work” represents the JEM. No statistically significant sex differ-
ences were observed. For both sexes, there were clear differences in expo-
sures between tasks. For example, the median velocity for flexion/extension
during painting (brush) was approximately 4 °/s less than for sanding (hand)
for both men and women. Some measures seem to reflect the same task prop-
erties to a great extent. For example, the 50t percentiles for flexion/extension
and non-neutral postures showed the same difference between men and

women within tasks.

Table 5. Task exposure matrix for postures and movements of the right wrist for each sex. Data is
displayed for the 7 tasks that constitute the work. Additionally, data is shown for total work and
pause (job exposure matrix). For flexion/extension and ulnar/radial deviation, positive angles denote
flexion and ulnar deviation, respectively, and negative angles extension and radial-deviation, respec-
tively, [SD=standard deviation;, MPF= mean power frequency]. Continues on next page.

Levelling Sanding (hand) Painting (brush) Painting (roll)
Mean SD Mean SD Mean SD Mean SD
Flexion/extension
Percentile (°) 10t Men -57 16 -47 6 -50 12 -43 11
Women -46 8 -51 9 -52 10 -47 9
50t Men -26 10 -15 3 -23 10 -17 11
Women -18 8 -26 13 -25 7 -23 8
90t Men 0 10 10 2 3 9 8 13
Women 6 8 0 11 5 9 6 11
Range of 5th- Men 75 10 74 9 69 10 65 12
motion 95t Women 67 4 65 11 74 14 70 15
Median velocity (°/s) Men 18.1 8 19.3 5 15.5 7 17.6 6
Women 21.2 7 19.1 4 15.3 5 16.3 5
Repetitiveness (MPF; Men .28 .05 .29 .04 .26 .06 .30 .08
Hz) Women 33 .05 .28 .06 .25 .04 .28 .06
Ulnar/radial deviation
Percentile (°) 10t Men -8 5 -19 5 -15 10 -18 9
Women -13 8 -21 16 -21 11 -22 9
50t Men 9 3 -4 5 1 11 -2 7
Women 3 6 -4 16 -5 10 -5 9
90t Men 27 5 11 4 18 12 17 10
Women 19 6 14 12 12 10 12 8
Range of Sth- Men 44 11 40 3 42 8 44 9
motion 95t Women 41 8 44 7 44 5 43 6
Median velocity (°/s) Men 10.9 6 11.5 3 10.8 6 12.9 7
Women 12.3 5 15.3 6 9.9 3 13.1 6
Repetitiveness (MPF; Men .29 .06 .33 .04 .28 .06 .30 .08
Hz) Women 33 .06 .30 .06 .27 .06 31 .07
Combined wrist postures
Non-neutral postures Men 43 16 20 2 33 19 28 14
(% time) Women 26 9 39 21 36 13 32 13
Number of recordings Men 5 - 5 - 14 - 13 -
Women 7 - 8 - 17 - 15 -
Mean recording duration Men 82 - 76 - 162 - 138 -
(minutes) Women 127 - 51 - 149 - 102 -
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Table 5 Continued. Task exposure matrix for postures and movements of the right wrist for each sex. Data is dis-
played for the 7 tasks that constitute the work. Additionally, data is shown for total work and pause (job exposure
matrix) . For flexion/extension and ulnar/radial deviation, positive angles denote flexion and ulnar deviation, re-

spectively, and negative angles extension and radial-deviation, respectively, [SD=standard deviation; MPF= mean

power frequency]
Covering Driving Other Total work
Mean SD Mean SD Mean SD Mean SD
Flexion/extension

Percentile (°) 10t Men -42 14 -46 14 -45 18 -48 12
Women -52 12 -47 13 -48 8 -50 8
50th Men -17 18 -20 13 -20 14 -20 11
Women -23 13 -13 9 -21 11 -22 8
9oth Men 10 15 5 13 5 12 7 11
Women 5 9 11 8 7 10 7 8
Range of Sth- Men 66 20 67 12 65 11 72 7
motion 95t Women 72 13 76 14 74 9 75 10
Median velocity (°/s) Men 13.3 8 10.0 5 14.0 8 14.5 5
Women 14.2 8 7.9 3 14.5 6 14.6 4
Repetitiveness (MPF; Men .29 .08 .28 .06 .29 .03 .27 .04
Hz) Women .26 .06 .24 .05 .28 .06 .27 .04
Ulnar/radial deviation
Percentile (°) 10t Men -9 8 -9 6 -13 11 -15 9
Women -20 12 -17 9 -20 11 -19 11
50t Men 6 9 6 6 4 10 1 9
Women -4 8 -2 8 -4 11 -2 10
90th  Men 19 10 21 7 19 9 18 9
Women 13 8 13 7 11 10 14 9
Range of Sth- Men 36 10 38 9 42 7 42 8
motion 95t Women 42 9 38 8 41 6 43 6
Median velocity (°/s) Men 8.1 4 5.7 3 8.8 4 9.0 3
Women 8.9 7 4.8 1 8.9 4 9.2 3
Repetitiveness (MPF; Men 31 .06 .29 .08 .27 .03 .28 .05
Hz) Women .28 .07 225 .06 .28 .06 .28 .06
Combined wrist postures
Non-neutral postures Men 24 22 29 18 31 18 30 15
(% time) Women 34 16 25 9 28 17 32 12
Number of recordings Men 12 - 8 - 10 - 24 -
Women 16 - 8 - 15 - 25 -
Mean recording duration Men 46 - 45 - 94 - 280 -
(minutes) Women 55 - 41 - 78 - 309 -

7.7.2 TEMs and JEMS for the head and right shoulder

Table 6 shows the TEM for postures and movements of the head and right
upper arm for each sex; again, JEMs are presented as well. There were no sta-
tistically significant sex differences. Between-minute variation was higher for
“total work” than for any of the tasks that constituted the work. This shows
that, unlike the rest of the exposure measures, job exposures in terms of be-
tween-minute variation cannot even approximately be derived by a straight
forward time weighting of task exposures.

Job exposures differed statistically significantly (p<0.05) between left and
right wrists (see appendix III for left side TEMs and JEMS) .For flex-

ion/extension and ulnar/radial deviation, both men and women had a higher

Pause
Mean

22
31

SD



median velocity and MPF on the right side; the same was present for median

velocity of shoulder elevation.

Table 6. Task exposure matrix for postures and movements of the head and right upper arm for each sex. Data is
displayed for the 7 tasks that constitute the work. Additionally, data is shown for total work and pause. For flex-
ion/extension, positive angles denote flexion and negative angles extension. [SD=standard deviation].

Continues beneath.

Levelling Sanding (hand) Painting (brush) Painting (roll) Covering

Head inclination

Percentile (°) 1st Men -46 12 -39 14 -45 13 -53 12 -26 22
Women -40 6 -40 17 -45 14 -53 15 -23 15
50th Men 18 14 24 8 16 16 8 13 25 16
Women 16 5 18 11 15 11 7 22 27 12
9oth Men 64 11 54 6 54 15 50 12 52 17
Women 55 8 55 11 53 14 54 12 54 12
Right upper arm elevation

99t percentile (°) Men 136 11 123 12 123 12 121 23 89 27
Women 131 14 124 30 127 18 126 21 95 22

>90° (% time) Men 15 8 6 2 12 9 8 7 2 2
Women 9 4 11 6 12 8 11 7 3 4
Within-minute varia- Men 75 18 62 2 68 15 65 17 42 10
tion (°)? Women 73 16 75 21 70 20 68 16 47 11
Between-minute Men 29 5 29 6 28 6 26 9 18 8
variation (°)? Women 31 5 26 12 29 7 27 7 19 8
Median velocity (°/s) Men 51.6 16 59.9 13 47.0 17 52.5 19 47.0 24
Women 59.9 20 66.4 5 43.2 14 50.8 13 48.4 25

Number of recordings Men 5 - 6 - 17 - 14 - 12 -
Women 7 - 8 - 17 - 15 - 16 -

Mean recording duration Men 88 - 95 - 158 - 130 - 52 -
(minutes) Women 158 - 51 - 149 - 102 - 55 -

aThe measures of variation were calculated from the 5t-95t interpercentile range for each minute

Table 6. Continued. Task exposure matrix for postures and movements of the head and right
upper arm for each sex. Data is displayed for the 7 tasks that constitute the work. Additionally,
data is shown for total work and pause. For flexion/extension, positive angles denote flexion and

negative angles extension. [SD=standard deviation]
Driving Other Total work Pause
R N Mean SD Mean SD Mean SD
Head inclination

Percentile (°) 1let Men -16 10 -38 13 -45 14 -22 14
Women -18 4 -40 12 -47 12 -21 14
t
20t Men 15 14 19 15 17 14 16 13
Women 13 9 17 11 17 8 13 12
t
20t Men 44 14 51 14 52 13 43 15
Women 40 11 51 11 53 10 36 14
Right upper arm elevation
99th percentile (°) Men 90 17 121 25 127 13 90 27
Women 94 23 126 15 128 15 84 23
>90° (% time) Men 4 8 6 5 G 4 2
Women 3 6 10 11 9 5 1 1
Within-minute varia- Men 39 11 59 20 62 10 32 11
tion (°)? Women 46 16 62 13 62 11 30 15
Between-minute Men 18 6 28 6 31 5 20 7
variation (°)2 Women 19 3 30 5 32 6 22 7
Median velocity (°/s) Men 33.6 12 38.5 18 429 12 17.0 19
Women 29.4 11 43.9 18 43.7 13 10.1 9
Number of recordings Men 9 - 10 - 25 - 24 -
Women 8 - 15 - 25 - 25 -
Mean recording dura- Men 51 - 124 - 313 - 52 -
tion (minutes) Women 41 - 78 - 318 - 61 -

aThe measures of variation were calculated from the 5t-95t interpercentile range for each minute



7.8 CTS cases (Paper IlI)
From the DNPR and the NHSR, cases of CTS outcomes of first time diagnoses

and first time CTS-surgery respectively were identified for use in the analyses

(Figure 7).

Figure 7. Flow chart of CTS diagnoses (1994-2011) and CTS-surgery (1996-2011) in the painters cohort (N=9364)

The Danish National Patient
register. ICD10 diagnoses
(A + B) for carpal tunnel
syndrome (DG560).
N=464

Subsequent diagnoses
N=272

First time diagnosis.
N=192

First time diagnosis

The Danish National Health
Service Register. Code for service
provided. "3146" nerve-
compression
N=102

Subsequent service codes
N=32

First time First time service code
surgery based N=70
on diagnosis
N=111
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(KACC61) decompression and lysis of the median nerve on the
basis of a CTS A-diagnosis (DG560) or a service code "3146" for

nerve-compression
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7.9 CTS prevalence and incidence rate in cohort (Paper III)

In the total population the female/male prevalence ratios of CTS diagnoses

and surgery were 2.6 and 2.8 respectively, and the corresponding incidence

rate ratios were 3.6 and 4.0 (Table 7).
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Table 7. Study population characteristics based on register information. Total and for questionnaire responders.

Diagnoses of carpal tunnel syndrome* Surgery for carpal tunnel syndrome*
. Study : Study
Incidence Incidence
Risk period Risk period
Number : rate per Number ; rate per
Time preva- Time preva-
of cases 10.000 of cases 10.000
(years) lence (years) lence
years years
Total (n=9364) 230 104308 22.05 2.5 162 104792 15.46 1.7
Men (n=6236) 101 76694 13.17 1.6 66 76969 8.57 11
Women (n=3128) 129 27614 46.72 4.1 96 27823 34.50 3.1
Questionnaire re-
sponders (n=4357) 162 60993 2656 3.3 116 61332 1891 2.3
Men (n=3124) 71 43310 16.39 2.3 48 43509 11.03 1.5
Women (n=1833) 91 17683 51.46 5.0 68 17823 38.15 3.7

*Records from the Danish National Patient Register and the Danish National Health Register during the study
period 1994-2011.

7.10 Exposure response relationship (Paper lIll)

7.10.1 Median velocity for flexion extension of the wrist

Table 8 shows the results of survival analyses from models with the wrist ve-
locity as the measure of exposure intensity and work duration in the previous
year, sex, age, BMI, fractures near the wrist, comorbidity and questionnaire
response status as the other explaining factors. We omitted seniority as a co-
variate due to a high correlation with age (see below). Owing to missing values
among questionnaire responders, mainly to the task distribution question, the
analysis of questionnaire responders (model 2) is based on 4198 observations
(44.8% of the total material). Crude incidence rate ratios (IRR) were similar to
the IRR’s in the models with mutual adjustment except for sex and age. How-
ever, when these two covariates were mutually adjusted, their IRRs became
similar to those of the other models. This pattern was expected and reflects
the composition of the material with men being older and having less CTS than

women.

Increasing median velocity was associated with a statistically significantly
higher IRR for both CTS diagnoses and surgery. The IRR estimates were quite
stable across models, approximately 1.30 per 1 °/s, with the exception of
model 2a (men only) where it was a little lower (1.22) and not statistically

significant. Work proportion in the previous year had no significant effects.
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The effect of sex was highly statistically significant with IRR estimates for
women versus men ranging from 4.6-4.9 for CTS diagnoses and 6.0-6.1 for CTS
operations. The IRR increased significantly with increasing age. The IRR esti-
mates increased with BMI, wrist fractures and co-morbidity. The estimates of
BMI effects were of similar size and statistically significant for men and wom-
en and for the two CTS outcomes. The IRR estimates of wrist fractures and
comorbidity were less stable with scattered statistically significant effects.
There seemed to be different effects of wrist-near fractures and comorbidity
for men and women (models 2a and 2b).

The IRR estimates for questionnaire responders were higher than for non-
responders (model 1 and model 3).

The IRR estimates of work proportion, sex and age were similar for the total

material (model 3) and for questionnaire responders (model 2).



Table 8. Incidence rate ratios (IRR) of CTS diagnoses and CTS surgery. Models with median velocity of flexion/extension of the right
wrist, work proportion, sex, age, BMI, fractures near the wrist, comorbidity and questionnaire response as explaining factors, de-

Median velocity of Work Sex Age Body mass Fracture Co- Question-

flexion/ extension proportion (women/ (per 10 index near the morbidity naire

of the wrist previous men) years) (per 5 units) wrist (yes/no) response

(Per 1°/s) year (yes/no) (yes/no)

Model 1. Crude associations (n=4420)
CTS diagnosis

IRR 1.35% 0.75?% 3.552 0.992 1,25¢ 1.47* 1.37¢ 1.692

95 % Cl 1.10-1.64 0.54-1.05 2.73-4.60 0.90-1.09 1.09-1.43 0.97-2.24 0.96-1.96 1.27-2.25

P-value 0.0035 0.049 <0.0001- 0.89 0.0012 0.070 0.083 0.0003
CTS surgery

IRR 1.39 0.75 4.02 1.02 1.29 1.22 1.45 1,79

95 % Cl 1.10-1.76 0.50-1.11 2.94-5,50 0.91-1.14 1.11-1.50 0.72-2.07 0.96-2.20 1.27-2.51

P-value 0.0051 0.15 <0.0001 0.79 0.0009 0.56 0.079 0.0009

Model 2. Mutually adjusted associations.
All questionnaire responders (n=4198)
CTS diagnosis

IRR 1.29 .80 4.64 1.25 1.27 1.57 1.40 -

95 % Cl 1.07-1.56 0.52-1.22 3.21-6.71 1.08-1.44 1.12-1.45 1.03-2.40 0.97-2.03 -

P-value 0.0085 0.29 <0.0001 0.0030 0.0002 0.035 0.075 -
CTS surgery

IRR 1.32 0.86 6.03 1.41 1.32 1.33 1.42 -

95 % Cl 1.06-1.65 0.52-1.41 3.89-9.34 1.18-1.67 1.14-1.52 0.78-2.25 0.92-2.19 -

P-value 0.014 0.55 <0.0001 0.0001 0.0002 0.30 0.11 -

Model 2a. Mutually adjusted associations.
Male questionnaire responders (n=2596)
CTS diagnosis

IRR 1.22 0.72 - 1.13 1.25 2.12 1.21 -

95 % Cl 0.86-1.72 0.39-1.33 = 0.91-1.41 1.01-1.55 1.21-3.70 0.72-2.04 -

P-value 0.27 0.29 - 0.26 0.0394 0.0085 0.48 -
CTS surgery

IRR 1.30 0.80 - 1.33 1.33 1.47 1.10 =

95 % Cl 0.85-1.99 0.38-1.68 = 1.00-1.76 1.06-1.66 0.69-3.13 0.58-2.08 =

P-value 0.23 0.56 - 0.048 0.015 0.33 0.77 -

Model 2b. Mutually adjusted associations.
Female questionnaire responders (n=1602)
CTS diagnosis

IRR 1.32 0.80 - 1.34 1.30 1.13 1.60 -

95 % Cl 1.05-1.64 0.44-1.46 - 1.11-1.62 1.11-1.53 0.58-2.17 0.96-2.69 -

P-value 0.016 0.47 - 0.0026 0.0015 0.73 0.073 -
CTS surgery

IRR 1.32 0.85 - 1.45 1.31 1.22 1.78 -

95 % Cl 1.02-1.71 0.43-1.71 - 1.16-1.80 1.09-1.58 0.58-2.55 1.003-3.16 -

P-value 0.037 0.65 - 0.0010 0.0041 0.60 0.049 -

Model 3. Mutually adjusted associations.
Total cohort (n=9364)
CTS diagnosis

IRR = 0.84 4.63 1.25 = = = 1.44

95 % Cl = 0.59-1.20 3.41-6.29 1.11-1.41 = = = 1.08-1.92

P-value - 0.34 <0.0001 0.0002 - - - 0.0013
CTS surgery

IRR - 0.86 5.71 1.34 - - - 1.47

95 % Cl - 0.57-1.38 3.95-8.24 1.16-1.54 - - - 1.04-2.09

P-value - 0.87 <0.0001 <0.0001 - - - 0.028

Bold highlights statistically significant IRRs (p<0.05). 1. Questionnaire responders (n=4420 for wrist velocity, n=4773 for BMI, n=4825 for fractures near
the wrist, n=4787 for co-morbidity). 2. Total material (n=9364)
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7.10.2 Mean power frequency

Table 9 shows the results from the models with the other two exposure inten-
sity variables (MPF and non-neutral postures), analysed in the same models as
in Table 8. In Table 9 the results for the other covariates were omitted justi-
fied by a high similarity to the results presented in Table 8. Increasing MPF
was associated with statistically significantly higher IRR estimates for both
CTS outcomes. An increase in MPF by 0.01 Hz resulted in IRRs ranging from
1.30 to 1.40. The effect was statistically significant in all models except model

2a (male questionnaire responders).

7.10.3 Non-neutral postures

Combined non-neutral postures did not have any statistically significant ef-

fects, either on CTS diagnoses or operations.



Table 9. Incidence rate ratios of CTS diagnoses and CTS surgery. Models with mean power
frequency and non-neutral postures for the right wrist, work proportion, sex, age, BMI,
fractures near the wrist, comorbidity and questionnaire response as explaining factors,
depending on the model. Same models as in Table 8. The results for explaining factors other
than the two exposure intensity measures were similar to those of Table 8 and therefore
omitted from this table.
Mean power Non-neutral wrist
frequency (Hz) postures (% time)

(per units of 0.010 Hz*)

Model 1. Crude associations (n=4420)

CTS diagnosis

IRR 1.38 .98
95%Cl 1.12-1.70 0.88-1.08
P-value 0.0026 0.67
CTS surgery
IRR 1.33 0.97
95 % Cl 1.04-1.71 0.86-1.10
P-value 0.025 0.62
Model 2. Mutually adjusted associa-
tions. All questionnaire
responders (n=4198)
CTS diagnosis
IRR 1.39 0.98
95 % Cl 1.13-1.71 0.88-1.08
P-value 0.0022 0.66
CTS surgery
IRR 1.34 0.97
95 % Cl 1.04-1.72 0.86-1.09
P-value 0.023 0.59
Model 2a. Mutually adjusted associa-
tions. Male questionnaire responders
(n=2596)
CTS diagnosis
IRR 1.33 1.07
95 % Cl 0.57-3.13 0.94-1.21
P-value 0.51 0.31
CTS surgery
IRR 1.30 1.02
95 % Cl 0.46-3.66 0.87-1.20
P-value 0.62 0.80
Model 2b. Mutually adjusted associa-
tions. Female questionnaire responders
(n=1602)
CTS diagnosis
IRR 1.40 0.86
95 % Cl 1.13-1.74 0.74-1.002
P-value 0.0024 0.053
CTS surgery
IRR 1.35 0.91
95 % Cl 1.04-1.75 0.77-1.08
P-value 0.025 0.28

* Almost equal to the interquartile range.
Bold highlights statistically significant IRRs (p<0.05)
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All of the models presented in Table 8 and Table 9 were also examined using
work proportions accumulated over two and five years instead of only the
previous year. The results of these analyses showed very similar effect esti-
mates and confidence limits as the analyses with work proportion in the pre-
vious year only.

There were no statistically significant interaction terms between exposure
intensity or duration variables and sex. Neither were the interaction terms
between the variables of exposure intensity and duration.

Seniority was not included in the models (Tables 8 and 9) since it had a very
high correlation (0.83) with age. The correlations were similar among men
(0.82) and women (0.77). When seniority was included in the models instead
of age, the effects of seniority were insignificant and the estimates were close
to 1. When age and seniority were included in the same model, the effect was
statistically significant for age but not for seniority in all models except model
3 for wrist velocity diagnoses (P=0.04). The estimates increased for age and
decreased for seniority when both variables were included in the models.
Sensitivity analyses were applied, limiting the outcome to diagnoses and sur-
gery listed only in the DNPR, slightly increased the IRRs and level of signifi-

cance (data not shown).



8 Discussion

This thesis aims to establish a precise exposure assessment examining sex
differences in load, force, task distributions, postures and movements of the
upper extremity using a systematic approach. Also, it explores whether an
exposure-response relationship is present between exposures of the wrist and
CTS, and to what degree this will be influenced by sex. The first study showed
that the relative muscular load was significantly higher in women compared to
men and these objectively measured differences corresponded well to subjec-
tive ratings of physical exertion. Minimal sex differences were found in exert-
ed force, with men using more force than women. In the second study, self-
reported task distributions only showed minor sex differences and no signifi-
cant differences were found between the sexes in upper extremity postures
and movements. The third study found an exposure-response relationship
between median wrist velocity and CTS, and MPF and CTS, but not between
non-neutral postures and CTS. There was no significant effect of work propor-
tion accumulated over 1, 2 or 5 years prior to a CTS event. These results imply
that un-accumulated median velocity and MPF may be work related risk fac-
tors of CTS.

The risk of CTS was significantly different between men and women with
comparable exposures. However, the effect of the exposure was not modified

by sex.

8.1 Methodological considerations

Using the term sex as a common denominator for all properties concerning
men and women has not been widely accepted. However, at a recent symposi-
um on gender work and health (OBEL Summer School, Montreal, Canada)
there was widespread agreement among international researchers working
within the field of WMSDs and sex/gender for the need of an overall term in-
corporating both sex and gender, since aspects of one or the other are usually
mutually influenced. Until such a term has been agreed upon, it should be rec-

ommended to clearly define the preconception.
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EMG has been used extensively to assess intrinsic exposure in work settings.
The quantification of muscular load has traditionally been performed using
%EMGmax (173;180-183). However, this measure of relative muscular load
does not express the exerted forces being applied during work. For this reason
we applied an EMG-to-force calibration comparing a certain level of relative
muscular load to absolute forces. It has been argued that the relationship be-
tween EMG and forces only can be assumed to be linear in the first 30% of the
MVC (184). This did not cause a problem in the present study since the vast
majority of monitored tasks did not exceed 30% of EMGmax (Paper I). The re-
ported forces in Newtons should be interpreted with caution since the actual
forces exerted in a task are composed of more elements than the muscle we
measured. It should, however, be considered valid for use when comparing

men and women doing identical tasks.

Among questionnaire responders men had higher age and seniority compared
to women. Hence different trends of task composition in certain time periods
could potentially introduce bias between men and women. To control for this
we stratified by age, which also diminished the risk of bias as a result of age
difference between responders and non-responders. The retrospective nature
of a questionnaire will always per se introduce a potential risk of recall bias. It
is well described how demanding tasks are often overestimated in self-
reports, especially in combination with complaints (143;147;149;150). We
assumed that any potential recall bias would be equal among sexes in the re-
spective age groups, which would still allow for valid sex comparisons of task
distributions (Paper II). Constructing the questionnaire we were aware not to
use suggestive phrases indicating our interest in CTS, since this can influence

symptomatic participants (148).

The methods applied for the technical measurements in this thesis have been
shown to be both valid and reliable (156-159;174-176).

The tasks performed during the field measurements were completely random.
Because of the relatively few individuals in each group (25 males and 25 fe-
males) this resulted in some tasks having less than the recommended mini-
mum of five recordings (174). These tasks were pooled together in the task
“other”. The optimal strategy would have been to keep doing measurements

until the desired number had been acquired, but that was beyond the re-



sources of the study. Duration and occurrence of tasks in the measurements
were self-reported using a log book, a method which has been criticised for
being imprecise (185). In order to adjust for potential overflow we trimmed
the measurements of each task by two minutes at each end. Only minor
changes occurred as a consequence of this, indicating an overall precise re-
porting.

Both the technical measurements and CTS case definitions were assessed us-
ing recommended valid methods, the resulting data in the TEMs and JEMs, as
well as the CTS diagnoses, can be considered generic, which enables compari-
sons with others studies evaluating the potential effect of postures and
movements on CTS using the same or equally valid and reliable methods. The
need for similar designs is highlighted by several authors, arguing that this

will allow a more valid pooling of data (100;186;187).

The scope of the study was to have an individually assessed task distribution
(Paper II) as a prerequisite for being included in the exposure response anal-
yses (Paper III). For these reasons only current members of the PUD, who we
could contact, were included in the cohort. This introduces the possibility of a
potential healthy worker bias if individuals that are more susceptible to CTS
have left the profession as a result of their disorder. However, the prevalence
and incidence rates reported in our study resemble those reported by others
(80;88;91;138;188). This indicates that many have continued working as
house painters despite CTS. Unfortunately we had no information on profes-
sion changes due to CTS. Atroshi et al. (61) reported a CTS incidence rate of
18.2 for men and 42.8 for women (per 10.000 person years) in the general
population. In comparison, we found 16.4 in men and 51.5 in women. These
results could indicate healthy worker bias at least for men. Painters with CTS
who had left the profession before our investigation will contribute to an at-
tenuation of prevalence and incidence rates, and potentially bias effect esti-

mates toward unity.

There is a large variation in the quality of studies that have investigated CTS.
Many studies are restricted by design using cross sectional or case control
methodology. Even though some studies have used a prospective design
(9;62;94;100;103;113;122;127;133) van Rijn et al. (79) demonstrated in a

review that the quality of studies had not improved over two decades. Out of
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37 studies included in a meta-analysis investigating the association between
exposures in the work place and CTS, Barcenilla et al. (92) reported 28 cross-
sectional studies, 5 case-control studies and 4 cohort studies. Even though
exposure was assessed retrospectively in our design, regarding outcome we
followed the cohort in the Danish registers which are of high quality and gen-
erally thought of as valid. Therefore the registration of CTS incidences was
prospective.

A potential limitation of our study is that cases had had their outcome before
rating their task distribution which is the basis for the individual exposure
assessment. This enables the risk of differential misclassification, since it is
well established that persons with complaints have higher reporting of de-
manding tasks (143;147;149). However, comparing the task distribution of
CTS cases with that of the remaining responders did not show a consistent
increasing pattern in the most demanding tasks (Paper III). Also, it is unlikely
that questionnaire responders would be able to know which tasks had been
measured to be the most demanding in terms of wrist velocity, MPF and non-
neutral postures and, finally, the cases in the cohort were scattered over the
entire study period which meant that the majority of cases would most likely

have been symptom free at the time of the questionnaire.

The drawback of this study is that it has been very costly both in terms of time
and money. This dilemma has been the focus of some researchers who com-
pared expenditures of exposure assessments using inclinometry or direct ob-
servation in data collection and data analyses, respectively. Inclinometers per-
formed consistently better than observation in both data steps, but inclinome-
try is an expensive way of collecting data (189-191). Novel biomechanical
systems that can be applied to the participants, who then wear it for a period
of time and return it by postal mail, may revolutionise physical exposure as-
sessments if used as a common inclinometry and goniometry set-up (192-
194).

Likewise, substantial expenses were spent on the printing, postal distribution
and scanning of the questionnaires. Online distribution of the questionnaire
could have been a cost efficient alternative. This possibility was discussed
with the PUD who advised against it, since it was their experience that only

half of their members were confident internet users.



It has been argued that too many resources may be used compared to what
may be gained (142;169), while others advocate for a precise task based expo-
sure assessment as possible, due to a potentially high risk of misclassification
when only using job titles (20).

Patil et al. (81) showed a higher CTS prevalence among dairy workers doing
one kind of task compared to dairy workers doing other tasks. This illustrates
the need for precise task based exposure assessments even within the same
profession.

Some have suggested that increasing precision for exposures on a continuous
scale leads to a decrease in observed sex differences in the workplace, insinu-
ating that most observed sex differences in occupational settings are caused
by an imprecise exposure assessment (93;141). In contrast to this belief we
have, along with others (8), shown that sex differences in CTS persist in spite

ofa precise exposure assessment on a continuous scale.

Many studies have only reported exposures in hours per day or week, spent
on the movements, postures or tasks in question, per profession (79). This
methodology only gives an assessment of frequency and not intensity. There-
fore, when applied to individuals working in different professions, with differ-
ent tasks, or even with different techniques or strategies this may introduce a
bias resulting in attenuation of estimates. Different thresholds of exposures
between studies (i.e. > 1 hour, > 2 hours or > 3 hours) and reporting on a cate-
gorical scale adds to the inter-study heterogeneity and may contribute to
some of the observed differences (36). To solve these challenges a common
standard has been proposed by the ACGIH using the AL and TLV based on
hand activity level and normalized peak force (94;98;122-124;195). However,
studies using very wide categories or dichotomisation when analysing sex
differences may also be at risk of interclass confounding, for example if there
is an offset between women and men within a given exposure category (33).
As well as using subjectively assessed distributions of common tasks as a
measure of frequency, we applied a precise biomechanical measurement for
each of the tasks described, reported on a continuous scale (Paper II). Hence, a
precise continuous measure of exposure intensity was included, adding to the

overall precision of the exposure assessment.
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As described earlier, CTS case definitions vary in epidemiologic research. Simi-
lar to other recent studies (61) the CTS cases included in our study were phy-
sician diagnosed. We did not have any data on whether or not cases had an
electro diagnostic test (EDT) made, but every case had a clinical interview and
a physical examination, sufficient for decision regarding treatment. In Den-
mark it is recommended that EDT is performed prior to treatment but in very
obvious cases this might be omitted. Atroshi et al. (96) demonstrated differ-
ences in CTS prevalence in the general population depending on which diag-
nostic criteria were used. For symptoms and EDT measurement it was 4.9 %;
physical examination and symptoms 3.8 %; and physical examination, symp-
toms and electro physical examination 2.7 %. Others have shown similar re-
sults (74;133). Some have hypothesised that symptoms and physical examina-
tions may capture other aspects of CTS than EDT, due to different mechanisms
(63;196;197). If the majority of our cases did not have an EDT this could po-
tentially introduce an over-reporting of CTS, but in Paper 1l we found CTS
prevalence and incidence rates comparable to those reported by others
(61;74;80;88;91;96;133;138;188). This indicates we used precise diagnostic
criteria. The use of symptoms and physical examination, complemented by a
high quality EDT, is recommended in the literature also for epidemiological
research (63;64;77;91).

Differences between CTS incidence rates and prevalence in different popula-
tions may, besides different case definitions and exposure measurements,
partly reflect variations in underlying non-occupational risk factors i.e. co-
morbidities. A recent meta-analysis observed a significant heterogeneity
among studies (92). In a meta-regression analysis they identified several sig-
nificant determinants, such as study design, case definitions, risk of bias score
and country.

In a review by van Rijn et al. (79) attention was directed to the discrepancy
between the proportion of studies that had only used questionnaire data to
estimate CTS (14 %) and studies that had only used questionnaires to assess
the exposure (66 %). They argue that the heterogeneity between studies
therefore should be higher for the exposure assessments than for the CTS as-
certainment. This is supported by the meta-analysis of Barcenilla et al. (92)
that showed a significant heterogeneity in exposure assessment methods be-

tween studies.



In the present study, several Danish registers were used to supply information
on diagnoses of CTS, surgery for CTS, work proportion and pregnancies. Data
reported to both the DNPR and NHSR is primarily used to settle payments
with health care providers and may have limitations. An underreporting of 5
% was reported in a 2008 estimate of surgeries to the DNPR. In relation to our
study this should be considered as non-differential misclassification which
may attenuate findings using CTS surgery as outcome. The service code used
for classifying CTS in the NHSR is not unique. We performed sensitivity analy-
sis, excluding cases from the NHSR. This revealed higher estimates, indicating
some misclassification. However, since the misclassification would be non-

differential, the NHSR was kept in the model.

Most studies that have investigated occupational risk factors for CTS have not
included sex specific analyses. Knowing that female sex is a well-established
risk factor for CTS, sex should at least be included as a confounder.

It has, in recent years, been suggested to include sex stratification in the anal-
yses of exposure response relationships instead of only adjusting for sex
(37;198-200). However this recommendation may primarily be applicable in
studies where there is uncertainty as to whether or not men and women are
equally exposed or in studies where there are large sex differences in expo-
sure. Comparable exposures between sexes assessed by objective and valid
methods should, in most settings, allow for simple adjustment. On the other
hand, it can be argued that estimates of potential covariates may be influenced
in different ways depending on sex (123;141;201;202). This effect could be
masked if only a multivariate model is used. Stratified analyses will potentially
highlight differences which can be associated to specific physiological or psy-
chosocial features of the sexes. We included sex-stratified analyses for expo-
sure response relationship (Paper III), and these resulted in higher estimates
in women for age and co-morbidities whereas men had higher estimates for
fractures near the wrist. Multilevel and cluster analyses have also been sug-

gested as suitable methods for comparing sex specific risks (203).

A Poisson log linear regression model was applied in the investigation of pos-
sible exposure response relations (Paper III). The Poisson model was chosen
since it is recommended for regression analyses of time dependent continuous

variables. Some have proposed to classify subjects in groups by anthropome-
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try instead of sex (10;54). Won et al. (54) found stronger differences between
anthropometric groups than sex. A possible way to test this hypothesis would
be to apply a latent class analysis (204). This could potentially direct attention

to the most influential effect modifiers.

Seniority was not included as a confounder in the final multivariate model
(Paper III). It was initially included but it had a high correlation with age, was
insignificant and changed direction after adjustment for age. Also, based on
the literature, we did not find any indication to keep it in the model since sen-
iority is not a well-established risk factor for CTS. This fits the reports of only
recent exposure having an effect on CTS (78).

Household chores and leisure time activity have been hypothesized to influ-
ence the observed sex difference in prevalence of WMSD (4;8;199;205), alt-
hough with some conflicting evidence regarding CTS (201). We did not include
any variables regarding this issue. From our questionnaire data we learnt that
the distributions of household tasks were very traditional among the house-
painters with women doing more kitchen and cleaning chores and men doing
more versatile tasks. In leisure time activities we did not find any systematic
difference between men and women. In order to incorporate these aspects
into the exposure assessments we would have needed precise biomechanical
measurements of all the tasks in question. This would have proved too de-

manding in terms of time and finances.

8.2 Discussion of findings

Since the measurements of loads and forces were done in a laboratory setup,
the concentrated nature could suggest that the values obtained might be high-
er than what would be expected in real world settings. Hence, in order to add
this to the constructed JEMs and TEMs it would be necessary to weigh these
measurements by potential differences between goniometry and inclinometry
data obtained in the two settings.

The relative differences in muscular load could partly explain why women
could be more vulnerable than men, doing identical tasks at the same extrinsic
physical exposure. Nordander et al. (8) investigated sex differences in workers
with identical tasks. They found similar postures and movements but higher
relative muscular load in women compared to men, and a higher prevalence of

MSDs in women. They suggested that the higher risk of MSD in women could



be partly explained by the higher relative muscular activity. Assuming that
individuals are more susceptible to MSDs if a threshold of relative muscular
load is exceeded this could be a reasonable explanation for sex differences in
MSDs being caused by higher relative loads in women compared to men.
Some have suggested that anthropometrics or the design of tools (which are
usually designed to fit the average man) may be part of the explanation why
MSDs are more prevalent among women than men (4;29;54;206). This hy-
pothesis assumes that men and women exert different levels of force on the
tools. In contrast, our results show that men and women apply the same de-
gree of force when performing common house painter tasks, indicating that
the tools are not causing the sex difference in MSDs.

We found a linear relationship between Borg CR10 ratings and relative mus-
cular load (Paper I). The results in figure 5 indicate that the difference be-
tween sexes is more pronounced in the more strenuous tasks. We also found
that women experience a higher relative load when applying the same abso-
lute force in a given task. Therefore, if a task is considered high load, women
will use a higher proportion of their EMGnax compared to men, and the higher
the load, the bigger the difference in perceived exertion. Burt et al. (123)have
showed that high peak work ratings on Borg CR10 were a risk factor of CTS
and others too have used it for exposure assessment (36). This indicates that
the Borg CR10 could be used as a subjective measure of differences in per-

ceived physical exertion.

Though statistically significant, only minor sex differences were found in self-

reported task distributions, and the age stratified patterns within each task

were similar for men and women. This does not support the reports of women

having a more strenuous task composition as a result of sex segregation, lead-

ing to the development of MSDs (6;8;20;24;25;199;207). If anything, we found

the men do more of the strenuous tasks.

Our results in Paper Il suggest that exposure intensity rather than exposure

duration might have an impact on the development of WMSDs. However, since

the individual measure of intensity is based on a lifetime estimate of task dis-

tributions, corresponding to a constant frequency of tasks, we cannot make

any conclusions regarding limited periods of high intensity work leading up to

a CTS incident. In practice this would require a prospective study design with
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regular registrations of task frequency. Some have used company data as a
way to collect information on worker exposure (208;209). However, with the
exception of some professions with clearly defined and monotonous tasks (i.e.
truck drivers and baggage handlers), the level of detail in this data is often
limited to work time (152) or other information comparable to what can be
required from the Danish registers (210-213). Therefore they will primarily
be a measure of the work duration. Among house painters, a substantial dif-
ference in task intensity would be expected between individuals working on a
fixed scheme being paid by the hour, and workers doing piecework contracts.
The latter usually work faster in order to earn more money, so having a higher
proportion of these workers in a population will most likely increase exposure
variables related to working speed. From our questionnaire data we know
that approximately 20 % of the population was employed on piecework con-
tracts most of the time. Since the data collection in this study was carried out
during a period of recession, it was our experience that many workers had
gone from piecework contracts to being paid by the hour. This may have influ-
enced some respondents’ composition of work tasks, but since they were
asked about a typical week in their work life, we do not think this has influ-
enced the data to a greater extent. However, the technical measurements were
not done on any workers doing piecework contracts. This may have biased the
results, primarily due to the different work pace. Hence the external validity
may have been reduced, but sex differences in postures and movements
should not be influenced since the potential bias must be assumed to be equal
among men and women.

Multivariate analyses in Paper 1l showed a significant effect of exposure in-
tensity but not duration in terms of work proportion. This led us to conclude
that a potential decline in high risk exposure, as a preventive measure, could
result in a decreased risk of CTS. Shiri et al. (78) supports this notion by only
reporting a risk of CTS for exposure in the most recent job. In spite of having
only 45% of the potential material available for the full analyses (Model 2 in
Tables 8 and 9), very stable estimates of IRR were found when comparing the
effects of the covariates (sex, age and work proportion) to the full cohort.
Thus, we do not think that non-response would likely have introduced a selec-

tion bias.



Excessive extension was the main contributor to non-neutral postures in our
measurements. The rationale for this is to position the hand so the flexor mus-
cles can exert more power without being affected by active insufficiency. This
wrist position has been shown to produce elevated carpal tunnel pressures
which can potentially lead to CTS (214-216) but in contrast to some studies
(36;217) we did not find any effect of non-neutral postures on CTS. This could
possibly be explained by the definition of non-neutral postures (Paper II)
where our limits for deviations were in the high end of what is reported in
normative material (218). However, our findings are supported by other stud-
ies that found no relationship between non-neutral postures and increased
risk of MSDs (38;42;92;126).

Another explanation could be the choice of exposure measure. Direct meas-
urements are usually considered superior to self-reports (142) and Spielholz
et al. (145) showed a substantial difference between self-reports and direct
measurements of extreme posture duration. This discrepancy offers an expla-

nation for the inconsistency in reported findings.

We did not conduct any specific investigation on the hypothesis of women
having an overall lower threshold for reporting complaints. Nathan et al. (102)
have postulated that CTS symptoms are perceived more finely by women than
men but using the recommended diagnostic criteria for CTS as we did in our
study, the effects of this should be very limited because of objective examina-
tions. This is supported by Mondelli et al. (16) who found similar results for

men and women in clinical and electro-physical severity of CTS.

No modifying effect of sex was found for the exposure intensity and exposure
duration variables on CTS outcomes. This indicates that men and women are
equally affected by the exposure. In a study of work related risk factors for
musculoskeletal symptoms, Hooftman et al. (33) found a modifying effect of
sex. Contrary to their own expectations they found a higher vulnerability to
exposures in men. However, they could not offer any explanation for this find-
ing and although the study was prospective, both the exposure and the out-
come were subjectively assessed in a questionnaire.

The results of the Poisson regression are reported on a logarithmic IRR-scale.
When back-transformed the incidence rate at zero exposure will determine

the increase in incidence rates. Hence, as a result of higher incidence rates due
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to the independent effect of sex, women will have steeper incidence rate

curves than men. This corresponds with the observed incidence rates by ter-

tiles, and similar patterns are found for both diagnoses and surgery for the

exposure variables median velocity and MPF (figures 8 and 9). However, this

sex difference in incidence rate curves is only observed, and supplementary

analyses testing for statistical significance using additive models should be

considered. The differences in exposure-response curves between men and

women may be interpreted as a difference in vulnerability in response to ef-

fects of physical exposures on CTS. These results may, however, result from

the nature of the multiplicative model we used and no firm conclusion can

therefore be made.

Figure 8. Observed incidence rates of CTS-outcomes by tertiles of wrist velocity (grey and black columns) with estimated inci-

dence rates overlaid. Estimates are based on crude associations (Model 1 in table 8)
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Figure 9. Observed incidence rates of CTS-outcomes by tertiles of MPF (grey and black columns) with estimated rates overlaid.

Estimates are based on crude associations (Model 1 in Table9)
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Many studies have claimed that sex differences in WMSDs may be caused in
part by uncontrolled sex differences in exposure (32;83;207;219). In contrast
to this belief we have by means of a precise sex specific exposure assessment,
shown that an increased risk of a common work-related upper extremity dis-
order in women compared to men persists, despite a comparable physical
exposure.

Our main strength in this study is the use of a physician-diagnosed outcome
reported independently from the technical assessed exposure.

Based on current results, individual or sex specific exposure assessment
should be recommended in order to minimise misclassification caused by un-

controlled differences in tasks.

8.3 Clinical relevance of findings

Results obtained from a task-based exposure assessment may prove useful in
developing preventive measures due to its ability to distinguish between the
impacts of potential risk factors within a profession. Given that the absolute
incidence rates for women increased at a steeper rate with increasing expo-
sures than the incidence rates for men did, a larger potential for prevention
would exist for women than for men.

Since our population was limited to Danish house painters, interpretations of

results should be made with caution if applied to other professions.
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O Conclusions

Within the Danish house painting trade, women had a higher relative load
than men, without exerting more force. Only minor sex differences were
found in task distributions and postures and movements of the upper extremi-
ty. A systematic approach resulted in a precise assessment of physical expo-
sure especially for intensity and duration and somewhat for frequency. Infor-
mation on physician diagnosed CTS and surgery for CTS was obtained from
valid Danish registers. The IRR estimates for CTS increased significantly for
wrist velocity, and for repetitive use of the wrist, but not for non-neutral pos-
tures. Female sex had a significantly higher risk of CTS, but sex did not have
any modifying effect on the exposure variables in the applied models. Howev-
er, it is not clear to what extent these results reflect that women may be
more vulnerable to these exposures than men and to what extent they reflect

the basic assumptions of the statistical model used for the analyses.

10 Perspectives

When trying to reduce risk factors for CTS in the workplace, caution is given
regarding reduction of one hazardous element of a task without paying atten-
tion to the interrelated elements that constitute that task. Instead the focus

should be on reducing time spent on high risk tasks (8;220).

Due to a relatively low response proportion in the questionnaire, the use of
covariates in the full models was limited to half of the potential population.
This complete data analysis does not necessarily introduce bias if the data is
assumed to be missing completely at random. However, the missing data re-
duces the potential power of the analysis. A common way to resolve this is to
perform imputations. Imputation of missing data can be performed in several
ways. A very basic method is to impute the missing values with the mean of
the population or subsets thereof. More sophisticated methods can also be
applied, for example multiple imputations by chained equations. In this meth-

od numerous multiple imputed datasets have a regression analysis performed



and the estimates of these are then pooled, taking advantage of the variation
that has been generated (221). This method could be tested on our data to see
if some of the insignificant results would change if the statistical power was

increased.

The extensive data collection we obtained on Danish house painters, will allow
a similar study on shoulder disorders as the one performed on CTS. Svendsen
et al. (170) have previously showed that there are significant differences in
postures and movements of the upper arm between the tasks of Danish male
house painters. A large exposure contrast between tasks will increase the pos-
sibility of detecting any sex difference in a TEM, assuming the same contrast is
present among female house painters. Since shoulder disorders are the most
commonly reported WMSD to the NBII by both male and female house paint-
ers this would be very relevant and sex specific risk factors could potentially

be detected, allowing for prevention in both men and women.

As part of the SHARM-project we obtained full work day measurements of
postures and movements in the upper extremity in several other professions
believed to have either repetitive or strenuous tasks (Table 10). These meas-
urements were made in collaboration with Annett Dalbgge from the Danish
Ramazzini Centre, Department of Occupational Medicine, Aarhus University
Hospital, Aarhus, Denmark.

As displayed in Table 10 we obtained measurements on both men and women
in additional six professions. For all the professions listed we also have infor-
mation on diagnoses and surgery from the DNPR. Therefore we will be able to
investigate if sex differences in prevalence and incidence rates of CTS within
these professions are comparable to those observed in Danish house painters.
Prevalence and incidence rates should also be determined for the professions
where we only have information on one of the sexes. However, we do not have
any questionnaire information on these supplementary professions. Therefore
we will have to rely on register information on job titles, age, sex, seniority
and work proportions. Regarding the work day measurements for these addi-
tional professions we do not have detailed information on separate tasks per-
formed. If testing for an exposure response relationship we would therefore

be restricted to use a JEM instead of a TEM.
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As recommended in the thesis tests for sex differences can only be perform if
the task distribution can be assumed to be comparable between men and

women. Therefor samples should be made testing for homogeneity in tasks.

Table 10. Listing of the number of individuals in each profession who have had
whole day measurements made using goniometry and inclinometry.

Women Men Total
House painter 25 25 50
Laundry worker 13 10 23
Car mechanic - 11 11
Paper industry worker 10 10 20
Electronics worker 11 10 21
Truck driver = 10 10
Construction worker = 10 10
Storage worker 10 10 20
Postal worker 10 10 20
Kitchen assistant 10 = 10
Health care assistant 10 = 10
Scaffolder - 10 10
Bank clerk - 10 10
Dustman - 11 11
Carpenter - 10 10
Insulator = 10 10
Plumber - 11 11
Gardener 9 11 20
Smith - 12 12
Nurse 10 - 10
Bricklayer - 10 10
Wood industry worker - 10 10
Farmer - 10 10
e e Wy s

Figures 10 and 11 illustrate the distribution of professions for the exposure

variables median velocity and MPF. As we reported in Paper II it shows that
male and female house painters have very similar exposures even compared
to other professions. It would be very interesting to see if the effect of the ex-

posure variables on CTS is consistent across professions.



Figure 10. Median velocity (°/s) of the right wrist. Distribution of professions.
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Figure 11. MPF (Hz) of the right wrist. Distribution of exposure in professions .
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11 Summary

Many studies have showed a higher prevalence and incidence rate of work-
related musculoskeletal disorders in women compared to men, especially in
the upper extremity. However, many studies have relied on self-reported ex-
posure and/or outcome and in many cases the exposure assessments have
had several methodological deficiencies.

In this study a systematic approach was applied trying to establish a precise
sex specific exposure assessment examining sex differences in relative muscu-
lar load, exerted forces, perceived exertion, task distributions and postures
and movements of the upper extremity. For the data collection we used elec-
tromyography, Borg CR10 scale, questionnaires, Danish registers, goniometry
and inclinometry. The Danish house painters profession was studied since it
has a high proportion of women (one third) and a supposedly homogeneous
task distribution.

Postures movements and task distributions were combined in a task exposure
matrix which was used to explore the exposure response relationship be-
tween exposures of the wrist and physician diagnosed carpal tunnel syndrome
(CTS) obtained from the Danish registers. This was tested for modification by
sex. The relative muscular load was significantly higher in women compared
to men and these objectively measured differences corresponded well to sub-
jective ratings of physical exertion. Minimal sex differences were found in ex-
erted force, by men using more force than women. Self-reported task distribu-
tions only showed minor sex differences and no significant differences were
found between the sexes in upper extremity postures and movements. An
exposure-response relationship was found between median wrist velocity and
CTS, and mean power frequency and CTS, but not between non-neutral pos-
tures and CTS. There was no significant effect of work proportion accumulated
over 1, 2 or 5 years prior to a CTS event. These results imply that un-
accumulated median velocity and MPF may be work related risk factors of
CTS.

The risk of CTS was significantly higher in women than in men with compara-

ble exposures, but the effect of the exposure was not modified by sex.
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However, it is not clear to what extent these results reflect that women may be
more vulnerable to these exposures than men and to what extent they reflect

the basic assumptions of the statistical model used for the analyses.



12 Dansk resumeé (Danish sum-
mary)

Mange undersggelser har vist en hgjere praevalens og incidensrate af arbejds-
relaterede sygdomme i det gvre beveegeapparat hos kvinder end hos mand.
Mange undersggelser har anvendt selvrapporterede vurderinger af ekspone-
ring og/eller udfald, som har haft flere metodologiske mangler.

[ denne undersggelse blev en systematisk tilgang brugt til at etablere en prze-
cis kgnsspecifik eksponeringsvurdering til brug i analyserne af kgnsforskelle i
relativ muskular belastning, anvendt styrke, subjektivt bedgmt anstrengelse,
opgave fordeling og arbejdsstillinger og bevagelser i overekstremiteterne. Til
dataindsamlingen anvendtes elektromyografi, Borg CR10 skala, spgrgeskema,
danske registre, gonio- og inklinometri. Danske malere blev undersggt, da de
har en hgj andel af kvinder og angiveligt en homogen opgavefordeling.
Arbejdsstillinger, bevaegelser og opgavesammensaetninger blev kombineret i
en opgave-eksponeringsmatrice, som blev brugt til at undersgge dosis-
respons sammenhangen mellem eksponeringsvariable for handleddet og lee-
ge diagnosticeret karpaltunnelsyndrom (KTS) rapporteret til de danske regi-
stre. Dette blev testet for modifikation af kgn. Den relative muskulere belast-
ning var signifikant hgjere hos kvinder end hos mand, og dette korrelerede
med subjektive vurderinger af fysisk anstrengelse. Der blev fundet minimale
kgnsforskelle i anvendt styrke, med hgjeste veerdier hos mand. Der blev kun
fundet mindre kgnsforskelle i opgavefordelingen, og der blev ikke fundet no-
gen signifikante forskelle mellem kgnnene for arbejdsstillinger og bevaegelser
i det gvre bevaegeapparat. Der blev fundet en dosis-respons sammenhaeng
mellem middelhastigheden for handleddet og KTS, og et mal for repetivitet og
KTS, men ikke mellem ikke-neutrale handledsstillinger og KTS. Der var ingen
signifikant effekt af kumuleret belastning mellem 1 og 5 ar forud for et KTS
tilfeelde. Disse resultater antyder, at middelhastighed og repetivitet kan veere
arbejdsrelaterede risikofaktorer for KTS uden at veere kumuleret over laenge-
re tid. Risikoen for KTS var signifikant hgjere hos kvinder end hos maend med
sammenlignelige eksponeringer, men effekten af eksponeringen blev ikke
modificeret af kgn.

Det er imidlertid ikke klart, i hvilket omfang disse resultater afspejler, at kvin-

der kan veere mere sarbare over for disse eksponeringer end maend, og i hvil-
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ket omfang de afspejler de grundlaeggende antagelser i den statistiske model,

der anvendes til analyserne.



13 Acknowledgements

[ owe thanks to many people for contributing to the completion of this thesis:

First of all I want to thank all of my supervisors for always being very commit-
ted in working with the SHARM-project. | want to express my huge apprecia-
tion to Jane Frglund Thomsen and Sigurd Mikkelsen for always being support-
ive of my ideas and providing an encouraging environment where I could ben-
efit from their vast knowledge within the field of occupational epidemiology.
To Susanne Wulff Svendsen for always providing constructive criticisms and
linguistic expertise which without a doubt have increased the quality of my
thesis.

To Gert-Ake Hansson for a very thorough training and supervision in the use
of biomechanical measurements, and for numerous telephone conversations,
discussing the analyses and findings. In this context [ would also like to ex-
press my thankfulness to Lothy Granquist for being a big help in the analyses
of our measurements and for always providing a comfortable environment in
Lund.

To Rolf Petersen for compiling the data that initiated the SHARM-project

To Erik B. Simonsen who inspired me to choose “the road of research” and in
cooperation with Tine Alkjeer was a big help in setting up the EMG-study.

To Henrik Koblauch for always being in the other end of the phone, when I
needed the help for any kind of computer software.

To Mark Lidegaard for assisting in the collection of biomechanical measure-
ments.

To Jacob Meyland for joining the project at a very short notice, and producing
high quality results in an important part of the study.

To Nils Fallentin and Jack T. Dennerlein for enabling my stay as a visiting sci-
entist in Boston.

A huge thank you to my good Australian friend Jennifer Verner, for linguistic
and grammatically assistance during the completion of the thesis. It was much
appreciated.

And of course to all my co-workers in the research unit at the Department of
Occupational and Environmental Medicine at Bispebjerg University Hospital
for providing a very special environment with room for both academically and

socially companionship. You will all be missed.

65



66

A special thanks to the Painters Union in Denmark and their members and all
the other companies and employees who participated in the study.

Finally I wish to thank: “Knud Hgjgaards fond”, “Augustinusfonden” and “Else
and Mogens Wedell-Wedellsborgs fond” for financial support during my stay

in Boston.

Last but not least a huge thank you to my lovely wife and daughter for being
supportive and keeping up with me in general in this, at times, stressful period

of our lives.



14 References

(1)

(2)

3)

(4)

(5)

(6)

(7

(8)

9)

(10)

Reference List

Mehlum IS, Kristensen P, Veiersted KB, Waersted M, Punnett L. Does
the threshold for reporting musculoskeletal pain or the probability
of attributing work-relatedness vary by socioeconomic position or
sex? ] Occup Environ Med 2013 Aug;55(8):901-9.

Wijnhoven HA, de Vet HC, Picavet HS. Prevalence of musculoskeletal
disorders is systematically higher in women than in men. Clin ] Pain
2006 Oct;22(8):717-24.

Bingefors K, Isacson D. Epidemiology, co-morbidity, and impact on
health-related quality of life of self-reported headache and
musculoskeletal pain - a gender perspective. European Journal of
Pain 2004 Oct;8(5):435-50.

Dahlberg R, Karlgvist L, Bildt C, Nykvist K. Do work technique and
musculoskeletal symptoms differ between men and women
performing the same type of work tasks? Applied Ergonomics 2004
Nov;35(6):521-9.

Hooftman WE, van Poppel MN, van der Beek A], Bongers PM, van
MW. Gender differences in the relations between work-related
physical and psychosocial risk factors and musculoskeletal
complaints. Scand ] Work Environ Health 2004 Aug;30(4):261-78.

de Zwart BC, Frings-Dresen MH, Kilbom A. Gender differences in
upper extremity musculoskeletal complaints in the working
population. Int Arch Occup Environ Health 2001 Jan;74(1):21-30.

Nordander C, Ohlsson K, Akesson I, Arvidsson I, Balogh I, Hansson
GA, et al. Risk of musculoskeletal disorders among females and
males in repetitive/constrained work. Ergonomics 2009 Oct
1;52(10):1226-39.

Nordander C, Ohlsson K, Balogh I, Hansson GA, Axmon A, Persson R,
et al. Gender differences in workers with identical repetitive
industrial tasks: exposure and musculoskeletal disorders. Int Arch
Occup Environ Health 2008 Aug;81(8):939-47.

Gerr F, Marcus M, Ensor C, Kleinbaum D, Cohen S, Edwards A, et al. A
prospective study of computer users: 1. Study design and incidence
of musculoskeletal symptoms and disorders. Am ] Ind Med 2002 Apr
1;41(4):221-35.

Coté JN. A critical review on physical factors and functional
characteristics that may explain a sex/gender difference in work-
related neck/shoulder disorders. Ergonomics 2011 Aug
17;55(2):173-82.

67



68

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

Artazcoz L, Borrell C, Cortes I, Escriba-Aguir V, Cascant L.
Occupational epidemiology and work related inequalities in health: a
gender perspective for two complementary approaches to work and
health research. ] Epidemiol Community Health 2007 Dec;61 Suppl
2:1i39-1i45.

Messing K, Mager SJ. Sex, gender and women's occupational health:
the importance of considering mechanism. Environ Res 2006
Jun;101(2):149-62.

Niedhammer I, Saurel-Cubizolles MJ, Piciotti M, Bonenfant S. How is
sex considered in recent epidemiological publications on
occupational risks? Occup Environ Med 2000 Aug;57(8):521-7.

Hurley RW, Adams MC. Sex, gender, and pain: an overview of a
complex field. Anesth Analg 2008 Jul;107(1):309-17.

Ladwig KH, Marten-Mittag B, Formanek B, Dammann G. Gender
differences of symptom reporting and medical health care utilization
in the German population. Eur ] Epidemiol 2000 Jun;16(6):511-8.

Mondelli M, Aprile I, Ballerini M, Ginanneschi F, Reale F, Romano C,
et al. Sex differences in carpal tunnel syndrome: comparison of
surgical and non-surgical populations. European Journal of
Neurology 2005 Dec 1;12(12):976-83.

Myers CD, Riley JL, III, Robinson ME. Psychosocial contributions to
sex-correlated differences in pain. Clin ] Pain 2003 Jul;19(4):225-32.

Riley JL, III, Robinson ME, Wise EA, Myers CD, Fillingim RB. Sex
differences in the perception of noxious experimental stimuli: a
meta-analysis. Pain 1998 Feb;74(2-3):181-7.

van Wijk CM, Kolk AM. Sex differences in physical symptoms: the
contribution of symptom perception theory. Soc Sci Med 1997
Jul;45(2):231-46.

Locke S], Colt JS, Stewart PA, Armenti KR, Baris D, Blair A, et al.
Identifying gender differences in reported occupational information
from three US population-based casel'Cocontrol studies.
Occupational and Environmental Medicine 2014 Mar 28.

Kennedy SM, Koehoorn M. Exposure assessment in epidemiology:
does gender matter? Am ] Ind Med 2003 Dec;44(6):576-83.

Leijon O, Bernmark E, Karlqvist L, Harenstam A. Awkward work
postures: association with occupational gender segregation. Am ] Ind
Med 2005 May;47(5):381-93.

Lundberg U. Psychophysiology of work: stress, gender, endocrine
response, and work-related upper extremity disorders. Am ] Ind Med
2002 May;41(5):383-92.

Eng A, 't Mannetje A, McLean D, Ellison-Loschmann L, Cheng S,
Pearce N. Gender differences in occupational exposure patterns.



(25)

(26)

(27)

(28)

Ref Type:

(29)

(30)

(31)

(32)

(33)

(34)

(35)

Occupational and Environmental Medicine 2011 Dec 1;68(12):888-
94,

Messing K, Dumais L, Courville ], Seifert AM, Boucher M. Evaluation
of exposure data from men and women with the same job title. |
Occup Med 1994 Aug;36(8):913-7.

Meyland ], Heilskov-Hansen T, Alkjar T, Koblauch H, Mikkelsen S,
Svendsen §, et al. Sex differences in muscular load among house
painters performing identical work tasks. Eur ] Appl Physiol 2014;1-
11.

Lindbeck L, Kjellberg K. Gender differences in lifting technique.
Ergonomics 2001 Feb 1;44(2):202-14.

Bird CE, Sharman Z. Gender-Based Analysis Is Essential to Improving
Women's Health and Health Care. Women's health issues : official
publication of the Jacobs Institute of Women's Health 24[2], e163-
el64.1-3-2014.

Abstract

Gillespie RM, Herbert R, Punnett L. Chapter 41 - Work-Related
Musculo-Skeletal Disorders. In: Goldman MB, Troisi R, Rexrode KM,
editors. Women and Health (Second Edition). Academic Press; 2013.
p. 613-28.

Gallagher S, Heberger JR. Examining the Interaction of Force and
Repetition on Musculoskeletal Disorder Risk: A Systematic
Literature Review. Human Factors: The Journal of the Human
Factors and Ergonomics Society 2013 Feb 1;55(1):108-24.

Nordlund A, Palsson B, Ohlsson K, Skerfving S. Economic
consequences of occupational disorders in women with repetitive
industrial work. The European Journal of Public Health 2000 Jun
1;10(2):127-32.

Treaster DE, Burr D. Gender differences in prevalence of upper
extremity musculoskeletal disorders. Ergonomics 2004 Apr
15;47(5):495-526.

Hooftman WE, van der Beek A], Bongers PM, van MW. Is there a
gender difference in the effect of work-related physical and
psychosocial risk factors on musculoskeletal symptoms and related
sickness absence? Scand ] Work Environ Health 2009 Mar;35(2):85-
95.

Arvidsson I, Arvidsson M, Axmon A, Hansson G, Johansson CR,
Skerfving S. Musculoskeletal disorders among female and male air
traffic controllers performing identical and demanding computer
work. Ergonomics 2006 Sep 15;49(11):1052-67.

da Costa BR, Vieira ER. Risk factors for work-related musculoskeletal

disorders: a systematic review of recent longitudinal studies. Am ]
Ind Med 2010 Mar 1;53(3):285-323.

69



70

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

Punnett L, Wegman DH. Work-related musculoskeletal disorders:
the epidemiologic evidence and the debate. ] Electromyogr Kinesiol
2004 Feb;14(1):13-23.

Punnett L. Musculoskeletal disorders and occupational exposures:
How should we judge the evidence concerning the causal
association? Scandinavian Journal of Public Health 2014 Mar
1;42(13 suppl):49-58.

NIOSH. Musculoskeletal Disorders and Workplace Factors - A Critical
Review of Epidemiologic Evidence for Work-Related
Musculoskeletal Disorders of the Neck, Upper Extremity, and Low
Back. U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES; 1997
Jul. Report No.: 97-141.

Roquelaure Y, Ha C, Rouillon C, Fouquet N, Leclerc A, Descatha A, et
al. Risk factors for upper-extremity musculoskeletal disorders in the
working population. Arthritis Rheum 2009 Oct 15;61(10):1425-34.

Viester L, Verhagen EA, Oude Hengel KM, Koppes LL, van der Beek
AJ, Bongers PM. The relation between body mass index and
musculoskeletal symptoms in the working population. BMC
Musculoskelet Disord 2013;14:238.

Latko WA, Armstrong TJ, Franzblau A, Ulin SS, Werner RA, Albers JW.
Cross-sectional study of the relationship between repetitive work
and the prevalence of upper limb musculoskeletal disorders. Am ]
Ind Med 1999 Aug 1;36(2):248-59.

Thomsen JF, Mikkelsen S, Andersen JH, Fallentin N, Loft IP, Frost P, et
al. Risk factors for hand-wrist disorders in repetitive work.
Occupational and Environmental Medicine 2007 Aug 1;64(8):527-
33.

Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-Williams B, Riley
JL, I1L. Sex, gender, and pain: a review of recent clinical and
experimental findings. ] Pain 2009 May;10(5):447-85.

Hunter SK. Sex differences in human fatigability: mechanisms and
insight to physiological responses. Acta Physiol (0xf) 2014
Apr;210(4):768-89.

Wiist RCI, Morse CI, de Haan A, Jones DA, Degens H. Sex differences
in contractile properties and fatigue resistance of human skeletal
muscle. Experimental Physiology 2008 Jul 1;93(7):843-50.

Westh E, Kongsgaard M, Bojsen-Moller ], Aagaard P, Hansen M, Kjaer
M, et al. Effect of habitual exercise on the structural and mechanical
properties of human tendon, in vivo, in men and women. Scand ]
Med Sci Sports 2008 Feb;18(1):23-30.

Magnusson SP, Hansen M, Langberg H, Miller B, Haraldsson B, Westh
EK, et al. The adaptability of tendon to loading differs in men and
women. Int ] Exp Pathol 2007 Aug;88(4):237-40.



(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

(56)

(57)

(58)

(59)

Sullivan BE, Carroll CC, Jemiolo B, Trappe SW, Magnusson SP,
Dossing S, et al. Effect of acute resistance exercise and sex on human
patellar tendon structural and regulatory mRNA expression. ] Appl
Physiol (1985 ) 2009 Feb;106(2):468-75.

Miller BF, Hansen M, Olesen JL, Schwarz P, Babraj JA, Smith K, et al.
Tendon collagen synthesis at rest and after exercise in women. ]
Appl Physiol (1985 ) 2007 Feb;102(2):541-6.

Fedorowich L, Emery K, Gervasi B, C6té JN. Gender differences in
neck/shoulder muscular patterns in response to repetitive motion
induced fatigue. Journal of Electromyography and Kinesiology 2013
Oct;23(5):1183-9.

Johansen T, Samani A, Antle D, C6té JN, Madeleine P. Gender effects
on the coordination of subdivisions of the trapezius muscle during a
repetitive box-folding task. Eur ] Appl Physiol 2013;113(1):175-82.

Maughan R], Watson ]S, Weir ]. Strength and cross-sectional area of
human skeletal muscle. The Journal of Physiology 1983 May
1;338(1):37-49.

Miller AE, MacDougall JD, Tarnopolsky MA, Sale DG. Gender
differences in strength and muscle fiber characteristics. Eur ] Appl
Physiol Occup Physiol 1993;66(3):254-62.

Won EJ, Johnson PW, Punnett L, Dennerlein JT. Upper extremity
biomechanics in computer tasks differ by gender. Journal of
Electromyography and Kinesiology 2009 Jun;19(3):428-36.

Nordander C, Ohlsson K, Akesson I, Arvidsson I, Balogh I, Hansson
GA, et al. Exposure-response relationships in work-related
musculoskeletal disorders in elbows and hands - A synthesis of
group-level data on exposure and response obtained using uniform
methods of data collection. Appl Ergon 2013 Mar;44(2):241-53.

Roepstorff C, Thiele M, Hillig T, Pilegaard H, Richter EA,
Wojtaszewski JF, et al. Higher skeletal muscle alphaZAMPK
activation and lower energy charge and fat oxidation in men than in
women during submaximal exercise. ] Physiol 2006 Jul 1;574(Pt
1):125-38.

Hagg G. Static work loads and occupational myalgia - a new

explanation model. In: P.A.Anderson, D.J.Hobart, ].V.Danhoff, editors.
Electromyographycal kinesiology. Elsevier Science Publishers; 1991.

p. 141-4.

Hauke A, Flintrop ], Brun E, Rugulies R. The impact of work-related
psychosocial stressors on the onset of musculoskeletal disorders in
specific body regions: A review and meta-analysis of 54 longitudinal
studies. Work & Stress 2011 Jul;25(3):243-56.

van den Heuvel SG, van der Beek A], Blatter BM, Hoogendoorn WE,
Bongers PM. Psychosocial work characteristics in relation to neck
and upper limb symptoms. Pain 2005 Mar;114:47-53.

71



72

(60)

(61)

(62)

(63)

(64)

(65)

(66)

(67)

(68)

(69)

(70)

(71)

(72)

Bongers PM, Kremer AM, ter L]. Are psychosocial factors, risk factors
for symptoms and signs of the shoulder, elbow, or hand /wrist?: A
review of the epidemiological literature. Am ] Ind Med 2002
May;41(5):315-42.

Atroshi [, Englund M, Turkiewicz A, Tagil M, Petersson IF. Incidence
of physician-diagnosed carpal tunnel syndrome in the general
population. Arch Intern Med 2011 May 23;171(10):943-4.

Gerr F, Fethke NB, Merlino L, Anton D, Rosecrance ], Jones MP, et al.
A Prospective Study of Musculoskeletal Outcomes Among
Manufacturing Workers: 1. Effects of Physical Risk Factors. Human
Factors: The Journal of the Human Factors and Ergonomics Society
2014 Feb 1;56(1):112-30.

Violante FS, Bonfiglioli R, Hagberg M, Rempel D. Carpal tunnel
syndrome diagnosis in occupational epidemiological studies.
Occupational and Environmental Medicine 2014 May 30.

Harrington JM, Carter JT, Birrell L, Gompertz D. Surveillance case
definitions for work related upper limb pain syndromes. Occup
Environ Med 1998 Apr;55(4):264-71.

Vasiliadis HS, Georgoulas P, Shrier I, Salanti G, Scholten R].
Endoscopic release for carpal tunnel syndrome. Cochrane Database
Syst Rev 2014;1:CD008265.

Fernandes CH, Nakachima LR, Hirakawa CK, Gomes Dos Santos |B,
Faloppa F. Carpal tunnel release using the Paine retinaculotome
inserted through a palmar incision. Hand (N Y ) 2014 Mar;9(1):48-
51.

Fnais N, Gomes T, Mahoney ], Alissa S, Mamdani M. Temporal trend
of carpal tunnel release surgery: a population-based time series
analysis. PLoS One 2014;9(5):e97499.

Baker NA, Livengood HM. Symptom Severity and Conservative
Treatment for Carpal Tunnel Syndrome in Association With Eventual
Carpal Tunnel Release. ] Hand Surg Am 2014 Jun 5.

Silverstein BA, Fine LJ, Armstrong TJ. Occupational factors and
carpal tunnel syndrome. Am | Ind Med 1987;11(3):343-58.

Silverstein BA, Fan Z], Bonauto DK, Bao S, Smith CK, Howard N, et al.
The natural course of carpal tunnel syndrome in a working
population. Scand ] Work Environ Health 2010 Sep;36(5):384-93.

Feuerstein M, Miller VL, Burrell LM, Berger R. Occupational upper
extremity disorders in the federal workforce. Prevalence, health care
expenditures, and patterns of work disability. ] Occup Environ Med
1998 Jun;40(6):546-55.

Falkiner S, Myers S. When exactly can carpal tunnel syndrome be
considered work-related? ANZ | Surg 2002 Mar;72(3):204-9.



(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

Bonfiglioli R, Mattioli S, Fiorentini C, Graziosi F, Curti S, Violante F.
Relationship between repetitive work and the prevalence of carpal
tunnel syndrome in part-time and full-time female supermarket
cashiers: a quasi-experimental study. Int Arch Occup Environ Health
2007;80(3):248-53.

Descatha A, Dale AM, Franzblau A, Coomes ], Evanoff B. Comparison
of research case definitions for carpal tunnel syndrome. Scand ]
Work Environ Health 2011 Jul;37(4):298-306.

Hegmann KT, Thiese MS, Wood EM, Garg A, Kapellusch JM, Foster ],
et al. Impacts of Differences in Epidemiological Case Definitions on
Prevalence for Upper-Extremity Musculoskeletal Disorders. Human

Factors: The Journal of the Human Factors and Ergonomics Society
2014 Feb 1;56(1):191-202.

Palmer KT, Harris EC, Linaker C, Cooper C, Coggon D. Optimising
case definitions of upper limb disorder for aetiological research and
prevention: a review. Occupational and Environmental Medicine
2012 Jan 1;69(1):71-8.

Rempel D, Evanoff B, Amadio PC, de KM, Franklin G, Franzblau A, et
al. Consensus criteria for the classification of carpal tunnel syndrome
in epidemiologic studies. Am ] Public Health 1998 Oct;88(10):1447-
51.

Shiri R, Miranda H, Heli+Avaara M, Viikari-Juntura E. Physical work
load factors and carpal tunnel syndrome: a population-based study.
Occupational and Environmental Medicine 2009 Jun 1;66(6):368-73.

van Rijn RM, Huisstede BM, Koes BW, Burdorf A. Associations
between work-related factors and the carpal tunnel syndrome--a
systematic review. Scand | Work Environ Health 2009 Jan;35(1):19-
36.

Salaffi F, De AR, Grassi W. Prevalence of musculoskeletal conditions
in an Italian population sample: results of a regional community-
based study. I. The MAPPING study. Clin Exp Rheumatol 2005
Nov;23(6):819-28.

Patil A, Rosecrance ], Douphrate D, Gilkey D. Prevalence of carpal
tunnel syndrome among dairy workers. Am ] Ind Med 2012
Feb;55(2):127-35.

Kim JY, Kim JI, Son JE, Yun SK. Prevalence of carpal tunnel syndrome
in meat and fish processing plants. ] Occup Health 2004
May;46(3):230-4.

Nordander C, Ohlsson K, Balogh I, Rylander L, Palsson B, Skerfving S.
Fish processing work: the impact of two sex dependent exposure
profiles on musculoskeletal health. Occup Environ Med 1999
Apr;56(4):256-64.

73



74

(84)

(85)

(86)

(87)

(88)

(89)

(90)

(91)

(92)

(93)

(94)

(95)

Silverstein BA, Hughes RE. Upper extremity musculoskeletal
disorders at a pulp and paper mill. Appl Ergon 1996 Jun;27(3):189-
94.

Leclerc A, Franchi P, Cristofari MF, Delemotte B, Mereau P, Teyssier-
Cotte C, et al. Carpal tunnel syndrome and work organisation in
repetitive work: a cross sectional study in France. Study Group on
Repetitive Work. Occup Environ Med 1998 Mar;55(3):180-7.

Wang LY, Pong YP, Wang HC, Su SH, Tsai CH, Leong CP. Cumulative
trauma disorders in betel pepper leaf-cullers visiting a rehabilitation
clinic: experience in Taitung. Chang Gung Med ] 2005 Apr;28(4):237-
46.

Frost P, Andersen JH, Nielsen VK. Occurrence of carpal tunnel
syndrome among slaughterhouse workers. Scand | Work Environ
Health 1998 Aug;24(4):285-92.

Roquelaure Y, Ha C, Leclerc A, Touranchet A, Sauteron M, Melchior
M, et al. Epidemiologic surveillance of upper-extremity
musculoskeletal disorders in the working population. Arthritis
Rheum 2006 Oct 15;55(5):765-78.

Roquelaure Y, Ha C, Pelier-Cady MC, Nicolas G, Descatha A, Leclerc A,
et al. Work increases the incidence of carpal tunnel syndrome in the
general population. Muscle Nerve 2008 Apr;37(4):477-82.

Roquelaure Y, Ha C, Fouquet N, Descatha A, Leclerc A, Goldberg M, et
al. Attributable risk of carpal tunnel syndrome in the general
population: implications for intervention programs in the workplace.
Scand ] Work Environ Health 2009 Oct;35(5):342-8.

Walker-Bone K, Palmer KT, Reading I, Coggon D, Cooper C.
Prevalence and impact of musculoskeletal disorders of the upper
limb in the general population. Arthritis & Rheumatism 2004 Aug
15;51(4):642-51.

Barcenilla A, March LM, Chen |JS, Sambrook PN. Carpal tunnel
syndrome and its relationship to occupation: a meta-analysis.
Rheumatology 2012 Feb 1;51(2):250-61.

Palmer KT, Harris EC, Coggon D. Carpal tunnel syndrome and its
relation to occupation: a systematic literature review. Occupational
Medicine 2007 Jan 1;57(1):57-66.

Bonfiglioli R, Mattioli S, Armstrong TJ, Graziosi F, Marinelli F, Farioli
A, et al. Validation of the ACGIH TLV for hand activity level in the
OCTOPUS cohort: a two-year longitudinal study of carpal tunnel
syndrome. Scand ] Work Environ Health 2013 Mar 1;39(2):155-63.

Geoghegan JM, Clark DI, Bainbridge LC, Smith C, Hubbard R. Risk
factors in carpal tunnel syndrome. The Journal of Hand Surgery:
British & European Volume 2004 Aug;29(4):315-20.



(96)

(97)

(98)

(99)

(100)

(101)

(102)

(103)

(104)

(105)

(106)

(107)

(108)

Atroshi I, Gummesson C, Johnsson R, Ornstein E, Ranstam ], Rosen 1.
Prevalence of carpal tunnel syndrome in a general population. JAMA
1999 Jul 14;282(2):153-8.

Bland JDP, Rudolfer SM. Clinical surveillance of carpal tunnel
syndrome in two areas of the United Kingdom, 1991-2001. Journal
of Neurology, Neurosurgery & Psychiatry 2003 Dec 1;74(12):1674-9.

Violante FS, Armstrong TJ, Fiorentini C, Graziosi F, Risi A, Venturi S,
et al. Carpal tunnel syndrome and manual work: a longitudinal study.
] Occup Environ Med 2007 Nov;49(11):1189-96.

Mattioli S, Baldasseroni A, Bovenzi M, Curti S, Cooke R, Campo G, et
al. Risk factors for operated carpal tunnel syndrome: a multicenter
population-based case-control study. BMC Public Health
2009;9(1):343.

Dale AM, Harris-Adamson C, Rempel D, Gerr F, Hegmann K,
Silverstein B, et al. Prevalence and incidence of carpal tunnel
syndrome in US working populations: pooled analysis of six
prospective studies. Scand | Work Environ Health 2013 Sep
1;39(5):495-505.

Ferry S, Hannaford P, Warskyj M, Lewis M, Croft P. Carpal tunnel
syndrome: a nested case-control study of risk factors in women. Am |
Epidemiol 2000 Mar 15;151(6):566-74.

Nathan PA, Meadows KD, Doyle LS. Relationship of age and sex to
sensory conduction of the median nerve at the carpal tunnel and
association of slowed conduction with symptoms. Muscle Nerve
1988 Nov;11(11):1149-53.

Nathan PA, Istvan JA, Meadows KD. A longitudinal study of
predictors of research-defined carpal tunnel syndrome in industrial
workers: findings at 17 years. The Journal of Hand Surgery: British &
European Volume 2005 Dec;30(6):593-8.

Roquelaure Y, Ha C, Pelier-Cady MC, Nicolas G, Descatha A, Leclerc A,
et al. Work increases the incidence of carpal tunnel syndrome in the
general population. Muscle Nerve 2008 Apr;37(4):477-82.

Werner R. Evaluation of Work-Related Carpal Tunnel Syndrome. ]
Occup Rehabil 2006;16(2):201-16.

Palmer KT. Carpal tunnel syndrome: The role of occupational factors.
Best Practice & Research Clinical Rheumatology 2011 Feb;25(1):15-
29.

Bovenzi M, Zadini A, Franzinelli A, Borgogni F. Occupational
musculoskeletal disorders in the neck and upper limbs of forestry
workers exposed to hand-arm vibration. Ergonomics 1991
May;34(5):547-62.

Bovenzi M. Hand-arm vibration syndrome and dose-response
relation for vibration induced white finger among quarry drillers

75



76

(109)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)

and stonecarvers. Italian Study Group on Physical Hazards in the
Stone Industry. Occup Environ Med 1994 Sep;51(9):603-11.

Cannon L], Bernacki E], Walter SD. Personal and occupational factors
associated with carpal tunnel syndrome. ] Occup Med 1981
Apr;23(4):255-8.

Chatterjee DS, Barwick DD, Petrie A. Exploratory electromyography
in the study of vibration-induced white finger in rock drillers. Br ]
Ind Med 1982 Feb;39(1):89-97.

Farkkila M, Pyykko I, Jantti V, Aatola S, Starck ], Korhonen O.
Forestry workers exposed to vibration: a neurological study. Br ] Ind
Med 1988 Mar;45(3):188-92.

Koskimies K, Farkkila M, Pyykko |, Jantti V, Aatola S, Starck ], et al.
Carpal tunnel syndrome in vibration disease. Br ] Ind Med 1990
Jun;47(6):411-6.

Nathan PA, Meadows KD, Istvan JA. Predictors of carpal tunnel
syndrome: An 11-year study of industrial workers. The Journal of
Hand Surgery 2002 Jul;27(4):644-51.

Nordstrom DL, Vierkant RA, Layde PM, Smith M]. Comparison of self-
reported and expert-observed physical activities at work in a general
population. Am ] Ind Med 1998 Jul 1;34(1):29-35.

Wieslander G, Norback D, Gothe CJ, Juhlin L. Carpal tunnel syndrome
(CTS) and exposure to vibration, repetitive wrist movements, and
heavy manual work: a case-referent study. Br | Ind Med 1989
Jan;46(1):43-7.

Chiang HC, Ko YC, Chen SS, Yu HS, Wu TN, Chang PY. Prevalence of
shoulder and upper-limb disorders among workers in the fish-
processing industry. Scand | Work Environ Health 1993
Apr;19(2):126-31.

de Krom MC, Kester AD, Knipschild PG, Spaans F. Risk factors for
carpal tunnel syndrome. Am ] Epidemiol 1990 Dec;132(6):1102-10.

Tanaka S, Wild DK, Cameron LL, Freund E. Association of
occupational and non-occupational risk factors with the prevalence
of self-reported carpal tunnel syndrome in a national survey of the
working population. Am ] Ind Med 1997 Nov;32(5):550-6.

Thomsen JF, Hansson GA, Mikkelsen S, Lauritzen M. Carpal tunnel
syndrome in repetitive work: a follow-up study. Am ] Ind Med 2002
Oct;42(4):344-53.

Yagev Y, Carel RS, Yagev R. Assessment of work-related risks factors
for carpal tunnel syndrome. Isr Med Assoc ] 2001 Aug;3(8):569-71.

Roquelaure Y, Mechali S, Dano C, Fanello S, Benetti F, Bureau D, et al.
Occupational and personal risk factors for carpal tunnel syndrome in



(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)

(131)

(132)

(133)

industrial workers. Scand ] Work Environ Health 1997
Oct;23(5):364-9.

Gell N, Werner R, Franzblau A, Ulin S, Armstrong T. A Longitudinal
Study of Industrial and Clerical Workers: Incidence of Carpal Tunnel

Syndrome and Assessment of Risk Factors. ] Occup Rehabil
2005;15(1):47-55.

Burt S, Crombie K, Jin Y, Wurzelbacher S, Ramsey ], Deddens ].
Workplace and individual risk factors for carpal tunnel syndrome.
Occup Environ Med 2011 Dec;68(12):928-33.

Burt S, Deddens JA, Crombie K, Jin Y, Wurzelbacher S, Ramsey J. A
prospective study of carpal tunnel syndrome: workplace and
individual risk factors. Occup Environ Med 2013 Aug;70(8):568-74.

Cosgrove JL, Chase PM, Mast NJ, Reeves R. Carpal tunnel syndrome in
railroad workers. Am ] Phys Med Rehabil 2002 Feb;81(2):101-7.

Roquelaure Y, Mariel ], Dano C, Fanello S, Penneau-Fontbonne D.
Prevalence, incidence and risk factors of carpal tunnel syndrome in a
large footwear factory. Int ] Occup Med Environ Health
2001;14(4):357-67.

Andersen JH, Thomsen JF, Overgaard E, Lassen CF, Brandt LP,
Vilstrup |, et al. Computer use and carpal tunnel syndrome: a 1-year
follow-up study. JAMA 2003 Jun 11;289(22):2963-9.

Hou WH, Hsu JH, Lin CH, Liang HW. Carpal tunnel syndrome in male
visual display terminal (VDT) workers. Am ] Ind Med 2007
Jan;50(1):1-7.

Mediouni Z, de RA, Dumontier C, Becour B, Garrabe H, Roquelaure Y,
et al. Is carpal tunnel syndrome related to computer exposure at
work? A review and meta-analysis. ] Occup Environ Med 2014
Feb;56(2):204-8.

Stevens JC, Witt JC, Smith BE, Weaver AL. The frequency of carpal
tunnel syndrome in computer users at a medical facility. Neurology
2001 Jun 12;56(11):1568-70.

Thomsen |, Gerr F, Atroshi I. Carpal tunnel syndrome and the use of
computer mouse and keyboard: A systematic review. BMC
Musculoskeletal Disorders 2008;9(1):134.

Ali KM, Sathiyasekaran BW. Computer professionals and Carpal
Tunnel Syndrome (CTS). Int ] Occup Saf Ergon 2006;12(3):319-25.

Werner RA, Franzblau A, Gell N, Hartigan AG, Ebersole M, Armstrong
TJ. Incidence of carpal tunnel syndrome among automobile assembly
workers and assessment of risk factors. ] Occup Environ Med 2005
Oct;47(10):1044-50.

77



78

(134)

(135)

(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)

van den Heuvel SG, van der Beek A], Blatter BM, Hoogendoorn WE,
Bongers PM. Psychosocial work characteristics in relation to neck
and upper limb symptoms. Pain 2005 Mar;114:47-53.

Harris-Adamson C, Eisen EA, Dale AM, Evanoff B, Hegmann KT,
Thiese MS, et al. Personal and workplace psychosocial risk factors
for carpal tunnel syndrome: a pooled study cohort. Occupational and
Environmental Medicine 2013 Aug 1;70(8):529-37.

Abbas MF, Faris RH, Harber PI, Mishriky AM, El-Shahaly HA, Waheeb
YH, et al. Worksite and personal factors associated with carpal
tunnel syndrome in an Egyptian electronics assembly factory. Int ]
Occup Environ Health 2001 Jan;7(1):31-6.

Liss GM, Jesin E, Kusiak RA, White P. Musculoskeletal problems
among Ontario dental hygienists. Am ] Ind Med 1995 Oct;28(4):521-
40.

Mondelli M, Giannini F, Giacchi M. Carpal tunnel syndrome incidence
in a general population. Neurology 2002 Jan 22;58(2):289-94.

Seta JA, Sundin DS, Pedersen DH. National occupational exposure
survey field guidelines. Vol.I. U.S. Department of Health and Human
Services, Centers for Disease Control, National Institute for
Occupational Safety and Health; 1988. Report No.: DHHS (NIOSH)
Publication No. 88-106.

Landau K, Imhof-Gildein B, M++cke S. On the analysis of sector-
related and gender-related stresses at the workplace. An analysis of
the AET data bank. International Journal of Industrial Ergonomics
1996 Feb;17(2):175-86.

McDiarmid M, Oliver M, Ruser |, Gucer P. Male and Female Rate
Differences in Carpal Tunnel Syndrome Injuries: Personal Attributes
or Job Tasks? Environmental Research 2000 May;83(1):23-32.

Nieuwenhuijsen M]. Exposure assessment in occupational and
environmental epidemiology. New York: Oxford university press
Inc.; 2010.

Balogh I, Oerbaek P, Ohlsson K, Nordander C, Unge ], Winkel ], et al.
Self-assessed and directly measured occupational physical activities.

Influence of musculoskeletal complaints, age and gender. Applied
Ergonomics 2004 Jan;35(1):49-56.

David GC. Ergonomic methods for assessing exposure to risk factors
for work-related musculoskeletal disorders. Occupational Medicine
2005 May 1;55(3):190-9.

Spielholz P, Silverstein B, Morgan M, Checkoway H, Kaufman J.
Comparison of self-report, video observation and direct
measurement methods for upper extremity musculoskeletal
disorder physical risk factors. Ergonomics 2001 May 1;44(6):588-
613.



(146)

(147)

(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)

(156)

van der Beek A], Frings-Dresen MH. Assessment of mechanical
exposure in ergonomic epidemiology. Occup Environ Med 1998
May;55(5):291-9.

Hansson GA, Balogh [, Bystrom JU, Ohlsson K, Nordander C,
Asterland P, et al. Questionnaire versus direct technical
measurements in assessing postures and movements of the head,
upper back, arms and hands. Scand ] Work Environ Health 2001
Feb;27(1):30-40.

Viikari-Juntura E, Rauas S, Martikainen R, Kuosma E, Riihimaki H,
Takala EP, et al. Validity of self-reported physical work load in
epidemiologic studies on musculoskeletal disorders. Scand | Work
Environ Health 1996 Aug;22(4):251-9.

Dale AM, Rohn AE, Patton A, Standeven ], Evanoff B. Variability and
misclassification of worker estimated hand force. Appl Ergon 2011
Nov;42(6):846-51.

Palmer KT, Haward B, Griffin M], Bendall H, Coggon D. Validity of self
reported occupational exposures to hand transmitted and whole
body vibration. Occupational and Environmental Medicine 2000 Apr
1;57(4):237-41.

Hoozemans MJM, Knelange EB, Frings-Dresen MHW, Veeger HE],
Kuijer PPFM. Are pushing and pulling work-related risk factors for
upper extremity symptoms? A systematic review of observational
studies. Occupational and Environmental Medicine 2014 Jul 17.

Wells R, Mathiassen SE, Medbo L, Winkel ]. Time — A key issue for
musculoskeletal health and manufacturing. Applied Ergonomics
2007 Nov;38(6):733-44.

Takala EP, Pehkonen I, Forsman M, Hansson GA, Mathiassen SE,
Neumann WP, et al. Systematic evaluation of observational methods
assessing biomechanical exposures at work. Scand | Work Environ
Health 2010 Jan;36(1):3-24.

Liv P, Mathiassen SE, Svendsen SW. Theoretical and Empirical
Efficiency of Sampling Strategies for Estimating Upper Arm
Elevation. Annals of Occupational Hygiene 2011 May 1;55(4):436-
49.

van der Beek AJ, Kuiper ]I, Dawson M, Burdorf A, Bongers PM,
Frings-Dresen MH. Sources of variance in exposure to nonneutral
trunk postures in varying work situations. Scand ] Work Environ
Health 1995 Jun;21(3):215-22.

Balogh I, Ohlsson K, Nordander C, Skerfving S, Hansson GA. Precision
of measurements of physical workload during standardized manual
handling part III: goniometry of the wrists. ] Electromyogr Kinesiol
2009 Oct;19(5):1005-12.

79



80

(157)

(158)

(159)

(160)

(161)

(162)

(163)

(164)

(165)

(166)

(167)

(168)

Hansson GA, Asterland P, Holmer NG, Skerfving S. Validity and
reliability of triaxial accelerometers for inclinometry in posture
analysis. Med Biol Eng Comput 2001 Jul;39(4):405-13.

Hansson GA, Balogh [, Ohlsson K, Skerfving S. Measurements of wrist
and forearm positions and movements: effect of, and compensation
for, goniometer crosstalk. ] Electromyogr Kinesiol 2004
Jun;14(3):355-67.

Hansson GA, Arvidsson I, Ohlsson K, Nordander C, Mathiassen SE,
Skerfving S, et al. Precision of measurements of physical workload
during standardised manual handling. Part II: Inclinometry of head,
upper back, neck and upper arms. ] Electromyogr Kinesiol 2006
Apr;16(2):125-36.

Balogh [, Hansson GA, Ohlsson K, Stromberg U, Skerfving S.
Interindividual variation of physical load in a work task. Scand ]
Work Environ Health 1999 Feb;25(1):57-66.

Coury HJCG, Porcatti IA, Alem MER, Oishi ]. Influence of gender on
work-related musculoskeletal disorders in repetitive tasks.
International Journal of Industrial Ergonomics 2002 Jan;29(1):33-9.

Mergler D, Brabant C, Vezina N, Messing K. The weaker sex? Men in
women's working conditions report similar health symptoms. |
Occup Med 1987 May;29(5):417-21.

Hooftman WE, van der Beek A], van de Wal BG, Knol DL, Bongers PM,
Burdorf A, et al. Equal task, equal exposure? Are men and women
with the same tasks equally exposed to awkward working postures?
Ergonomics 2009 Sep 1;52(9):1079-86.

Rijs K], van der Pas S, Geuskens GA, Cozijnsen R, Koppes LL, van der
Beek AJ, et al. Development and validation of a physical and
psychosocial job-exposure matrix in older and retired workers. Ann
Occup Hyg 2014 Mar;58(2):152-70.

Rubak T, Svendsen S, Andersen ], Haahr JP, Kryger A, Jensen L, et al.
An expert-based job exposure matrix for large scale epidemiologic
studies of primary hip and knee osteoarthritis: The Lower Body JEM.
BMC Musculoskeletal Disorders 2014;15(1):204.

Evanoff B, Zeringue A, Franzblau A, Dale AM. Using Job-Title-Based
Physical Exposures From O*NET in an Epidemiological Study of
Carpal Tunnel Syndrome. Human Factors: The Journal of the Human
Factors and Ergonomics Society 2014 Feb 1;56(1):166-77.

Kauppinen T, Heikkila P, Plato N, Woldbaek T, Lenvik K, Hansen ], et
al. Construction of job-exposure matrices for the Nordic
Occupational Cancer Study (NOCCA). Acta Oncol 2009;48(5):791-
800.

Benke G, Sim M, Fritschi L, Aldred G. Beyond the Job Exposure Matrix
(JEM): the Task Exposure Matrix (TEM). Annals of Occupational
Hygiene 2000 Sep 1;44(6):475-82.



(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)

(177)

(178)
Ref Type:

(179)

(180)

(181)

(182)

Mathiassen SE, Nordander C, Svendsen SW, Wellman HM, Dempsey
PG. Task-based estimation of mechanical job exposure in
occupational groups. Scand ] Work Environ Health 2005
Apr;31(2):138-51.

Svendsen SW, Mathiassen SE, Bonde ]P. Task based exposure
assessment in ergonomic epidemiology: a study of upper arm
elevation in the jobs of machinists, car mechanics, and house

painters. Occup Environ Med 2005 Jan;62(1):18-27.

Perotto A. Anatomical guide for the electromyographer: the limbs
and trunk. Springfield: Charles C Thomas; 2005.

Rudroff T. Kinesiological fine wire EMG. 1st ed. Scottsdale: Noraxon
USA.Inc.; 2008.

Jonsson B. Quantitative electromyographic evaluation of muscular
load during work. Scand ] Rehabil Med Suppl 1978;6:69-74.

Arvidsson I, Balogh I, Hansson GA, Ohlsson K, Akesson I, Nordander
C. Rationalization in meat cutting - consequences on physical
workload. Appl Ergon 2012 Nov;43(6):1026-32.

Hansson GA, Balogh [, Ohlsson K, Rylander L, Skerfving S.
Goniometer measurement and computer analysis of wrist angles and
movements applied to occupational repetitive work. | Electromyogr
Kinesiol 1996 Mar;6(1):23-35.

Hansson GA, Asterland P, Kellerman M. Modular data logger system
for physical workload measurements. Ergonomics 2003 Mar
15;46(4):407-15.

Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil
Registration System. A cohort of eight million persons. Dan Med Bull
2006 Nov;53(4):441-9.

Carstensen B. Lexis macro for SAS. 1-11-2003.
Online Source

Carstensen B. Age—period—cohort models for the Lexis diagram.
Statist Med 2007 Jul 10;26(15):3018-45.

Hansson GA, Balogh I, Ohlsson K, Granqvist L, Nordander C,
Arvidsson |, et al. Physical workload in various types of work: Part I.
Wrist and forearm. International Journal of Industrial Ergonomics
2009 Jan;39(1):221-33.

Hansson GA, Balogh I, Ohlsson K, Granqvist L, Nordander C,
Arvidsson |, et al. Physical workload in various types of work: Part II.
Neck, shoulder and upper arm. International Journal of Industrial
Ergonomics 2010 May;40(3):267-81.

Lidegaard M, Jensen RB, Andersen CH, Zebis MK, Colado JC, Wang Y,
et al. Effect of brief daily resistance training on occupational

81



82

(183)

(184)

(185)

(186)

(187)

(188)

(189)

(190)

(191)

(192)

(193)

(194)

neck/shoulder muscle activity in office workers with chronic pain:
randomized controlled trial. Biomed Res Int 2013;2013:262386.

Veiersted KB, Westgaard RH, Andersen P. Pattern of muscle activity
during stereotyped work and its relation to muscle pain. Int Arch
Occup Environ Health 1990;62(1):31-41.

Staudenmann D, Roeleveld K, Stegeman DF, van Dieen JH.
Methodological aspects of SEMG recordings for force estimation--a
tutorial and review. ] Electromyogr Kinesiol 2010 Jun;20(3):375-87.

Unge ], Hansson GA, Ohlsson K, Nordander C, Axmon A, Winkel ], et
al. Validity of self-assessed reports of occurrence and duration of
occupational tasks. Ergonomics 2005 Jan;48(1):12-24.

Wells R, Norman R, Neumann P, Andrews D, Frank |, Shannon H, et
al. Assessment of physical work load in epidemiologic studies:
common measurement metrics for exposure assessment.
Ergonomics 1997 Jan;40(1):51-61.

Kapellusch JM, Garg A, Bao SS, Silverstein BA, Burt SE, Dale AM, et al.
Pooling job physical exposure data from multiple independent
studies in a consortium study of carpal tunnel syndrome.
Ergonomics 2013 May 22;56(6):1021-37.

Luckhaupt SE, Dahlhamer JM, Ward BW, Sweeney MH, Sestito JP,
Calvert GM. Prevalence and work-relatedness of carpal tunnel
syndrome in the working population, United States, 2010 national
health interview survey. Am ] Ind Med 2013 Jun 1;56(6):615-24.

Trask C, Mathiassen SE, Wahlstrom ], Heiden M, Rezagholi M. Data
collection costs in industrial environments for three occupational
posture exposure assessment methods. BMC Med Res Methodol
2012;12:89.

Trask C, Mathiassen SE, Jackson ], Wahlstrom ]. Data processing costs
for three posture assessment methods. BMC Med Res Methodol
2013;13:124.

Trask C, Mathiassen SE, Wahlstrom ], Forsman M. Cost-efficient
assessment of biomechanical exposure in occupational groups,
exemplified by posture observation and inclinometry. Scand ] Work
Environ Health 2014 May 1;40(3):252-65.

Skotte |, Korshoj M, Kristiansen ], Hanisch C, Holtermann A.
Detection of physical activity types using triaxial accelerometers. ]
Phys Act Health 2014 Jan;11(1):76-84.

Lagersted-Olsen ], Korshoj M, Skotte |, Carneiro IG, Sogaard K,
Holtermann A. Comparison of objectively measured and self-
reported time spent sitting. Int ] Sports Med 2014 Jun;35(6):534-40.

Korshoj M, Skotte JH, Christiansen CS, Mortensen P, Kristiansen ],
Hanisch C, et al. Validity of the Acti4 software using ActiGraph



(195)
Ref Type:

(196)

(197)

(198)

(199)

(200)

(201)

(202)

(203)

(204)

(205)

GT3X+accelerometer for recording of arm and upper body
inclination in simulated work tasks. Ergonomics 2014;57(2):247-53.

ACGIH. ACGIH - TLVs and BEIs. 2014. American Conference of
Governmental Industrial Hygienist.
Online Source

Coggon D, Ntani G, Harris E, Linaker C, Van der Star R, Cooper C, et al.

Differences in risk factors for neurophysiologically confirmed carpal
tunnel syndrome and illness with similar symptoms but normal
median nerve function: a case-control study. BMC Musculoskeletal
Disorders 2013;14(1):240.

Ntani G, Palmer K, Linaker C, Harris E, Van der Star R, Cooper C, et al.
Symptoms, signs and nerve conduction velocities in patients with
suspected carpal tunnel syndrome. BMC Musculoskeletal Disorders
2013;14(1):242.

Silverstein B, Fan ZJ, Smith CK, Bao S, Howard N, Spielholz P, et al.
Gender adjustment or stratification in discerning upper extremity
musculoskeletal disorder risk? Scand ] Work Environ Health 2009
Mar;35(2):113-26.

Messing K, Punnett L, Bond M, Alexanderson K, Pyle ], Zahm §, et al.
Be the fairest of them all: Challenges and recommendations for the
treatment of gender in occupational health research. Am | Ind Med
2003 Jun 1;43(6):618-29.

Messing K, Stock SR, Tissot F. Should studies of risk factors for
musculoskeletal disorders be stratified by gender? Lessons from the
1998 Quebec Health and Social Survey. Scand ] Work Environ Health
2009 Mar;35(2):96-112.

Giersiepen K, Eberle A, Pohlabeln H. Gender differences in carpal
tunnel syndrome? occupational and non-occupational risk factors in
a population-based case-control study. Annals of Epidemiology 2000
Oct;10(7):481.

Leclerc A, Chastang JF, Niedhammer [, Landre MF, Roquelaure Y.
Incidence of shoulder pain in repetitive work. Occup Environ Med
2004 Jan;61(1):39-44.

Harenstam A. Exploring gender, work and living conditions and
health - suggestions for contextual and comprehensive approaches.
Scand ] Work Environ Health 2009 Mar;35(2):127-33.

Collins LM, Lanza ST. Latent Class Analysis with Covariates. Latent
Class and Latent Transition Analysis. John Wiley & Sons, Inc.; 2009.
p. 149-77.

Strazdins L, Bammer G. Women, work and musculoskeletal health.
Soc Sci Med 2004 Mar;58(6):997-1005.

83



84

(206)

(207)

(208)

(209)

(210)

(211)

(212)

(213)

(214)

(215)

(216)

(217)

(218)

Yang JF, Cho CY. Comparison of posture and muscle control pattern
between male and female computer users with musculoskeletal
symptoms. Applied Ergonomics 2012 Jul;43(4):785-91.

Hooftman WE, van der Beek A], Bongers PM, van MW. Gender
differences in self-reported physical and psychosocial exposures in

jobs with both female and male workers. ] Occup Environ Med 2005
Mar;47(3):244-52.

van der Beek AJ, Mathiassen SE, Burdorf A. Efficient assessment of
exposure to manual lifting using company data. Appl Ergon 2013
May;44(3):360-5.

Kauppinen T, Vincent R, Liukkonen T, Grzebyk M, Kauppinen A,
Welling I, et al. Occupational exposure to inhalable wood dust in the
member states of the European Union. Ann Occup Hyg 2006
Aug;50(6):549-61.

Thygesen LC, Ersboll AK. Danish population-based registers for
public health and health-related welfare research: introduction to
the supplement. Scand ] Public Health 2011 Jul;39(7 Suppl):8-10.

Thygesen LC, Daasnes C, Thaulow I, Bronnum-Hansen H.
Introduction to Danish (nationwide) registers on health and social
issues: structure, access, legislation, and archiving. Scand ] Public
Health 2011 Jul;39(7 Suppl):12-6.

Petersson F, Baadsgaard M, Thygesen LC. Danish registers on
personal labour market affiliation. Scand ] Public Health 2011
Jul;39(7 Suppl):95-8.

Baadsgaard M, Quitzau J. Danish registers on personal income and
transfer payments. Scand ] Public Health 2011 Jul;39(7 Suppl):103-5.

Keir PJ, Bach JM, Hudes M, Rempel DM. Guidelines for Wrist Posture
Based on Carpal Tunnel Pressure Thresholds. Human Factors: The

Journal of the Human Factors and Ergonomics Society 2007 Feb
1;49(1):88-99.

McGorry RW, Fallentin N, Andersen JH, Keir PJ, Hansen TB, Pransky
G, et al. Effect of grip type, wrist motion, and resistance level on
pressures within the carpal tunnel of normal wrists. ] Orthop Res
2014 Apr 1;32(4):524-30.

Werner R, Armstrong TJ, Bir C, Aylard MK. Intracarpal canal
pressures: the role of finger, hand, wrist and forearm position.
Clinical Biomechanics 1997 Jan;12(1):44-51.

You D, Smith AH, Rempel D. Meta-Analysis: Association Between
Wrist Posture and Carpal Tunnel Syndrome Among Workers. Safety
and Health at Work 2014 Mar;5(1):27-31.

Klum M, Wolf MB, Hahn P, Lecl+;re FM, Bruckner T, Unglaub F.
Normative Data on Wrist Function. The Journal of Hand Surgery
2012 Oct;37(10):2050-60.



(219) Messing K. Physical Exposures in Work Commonly Done by Women.

Can ] Appl Physiol 2004 Oct 1;29(5):639-56.

(220) Wergeland EL, Veiersted B, Ingre M, Olsson B, Akerstedt T,
Bjornskau T, et al. A shorter workday as a means of reducing the

occurrence of musculoskeletal disorders. Scand ] Work Environ
Health 2003 Feb;29(1):27-34.

(221) Azur M]J, Stuart EA, Frangakis C, Leaf P]. Multiple imputation by
chained equations: what is it and how does it work? Int ] Methods
Psychiatr Res 2011 Mar 1;20(1):40-9.

85



86

15 Appendices

Appendix I: Borg CR-10 scale

Appendix II: Log-book for biomechanical measurements
Appendix III: Task- and job exposure matrices

Appendix IV: SHARM questionnaire (in Danish)



15.1 Appendix I: Borg CR-10 scale
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15.2 Appendix Il: Log-book for biomechanical measurements
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15.3 Appendix lll: Task- and job exposure matrices for the left side

Exposure values for the postures and movements per task/gender, left wrist. Data are shown for the 7 tasks that constitute the
work. Additionally data are shown for total work and pauses. For flexion/extension and ulnar/radial deviation positive angles
denote flexion and ulnar deviation and negative angles extension and radial deviation. MPF = mean power frequency.

Covering,
Painting Painting carrying

(roll) and Driving Other

cleaning

Flexion/extension

Percentile (°) 10t Men -47 (8)  -54(10) -50(7)  -50(14) -42(12) -48(10)  -50(10) -49 (8) -45 (15)
Women -52(15)  -60(17)  -53(13)  -52(11) -47 (13)  -48(11) -48 (9) -51 (10) -46 (8)
50t Men -20(7) -21(7) -20 (8) -17 (9) -14 (8) -22 (12) -21(9) -18 (8) -15 (10)
Women -21(11) 27 (14)  -23(10)  -25(11) -19(9)  -18(10)  -21(11) -21(10) -18(9)
90t Men 2(9) 2(11) 3(12) 5(11) 9(9) 10 (13) 5(12) 6(11) 13 (16)
Women 6(9) 0(14) 6 (13) 3 (14) 7(9) 6(9) 7 (11) 8(11) 12 (14)
95-5th Men 64 (7) 76 (11) 70 (10) 70 (11) 74 (16)  73(12) 70 (12) 74 (6) 73 (18)
Women 77 (9) 76 (19) 77 (15) 72 (15) 70 (16) 72 (16) 75 (12) 77 (11) 74 (13)
Median velocity (°/s) Men 11 (4) 10 (3) 10 (4) 12 (8) 10 (3) 9 (4) 9 (4) 9 (4) 6 (5)
Women 11 (4) 15 (4) 8(5) 12 (6) 12 (5) 8(3) 10 (3) 10 (4) 4(2)
Repetitiveness (MPF; Hz)  Men .26 (.03) .23 (.05) .20 (.04) .24 (.08) .23 (.05) .25(.05) .22 (.03) .22 (.04) .19 (.05)
Women .22 (.03) .24 (.06) .20 (.05) .24 (.06) .27 (.07) .26 (.07) .24 (.03) .22 (.04) .18 (.04)

Ulnar/radial deviation
Percentile (°) 10t Men -12 (9) -22(5) -21(10) -22(9) -16 (7) -16 (7) -17 (9) -21(9) -21(11)
Women -16(7) -21(10)  -28(11)  -22(10) -20(11) -19 (8) -23(9) -22(9) -21(9)
50t Men 0(7) -7 (5) -5(8) -7 (8) -4 (7) -4 (8) 3(8) -5(8) -5(9)
Women -2(5) -5(9) -7 (8) -5(8) -3(6) -5(7) -4 (9) -4(7) -5(9)
9oth Men 18 (5) 6 (5) 12 (10) 9 (10) 11 (8) 10 (9) 12 (8) 11 (9) 9(9)
Women 13 (4) 9(9) 9 (8) 10 (8) 11 (6) 8(6) 12 (7) 11(7) 10 (9)
95-5th Men 38 (6) 37 (3) 43 (12) 39(7) 36 (9) 32 (4) 36 (5) 42 (9) 39 (10)
Women 39 (5) 42 (8) 48 (11) 42 (6) 42 (13) 35(5) 43 (5) 43 (6) 39 (9)
Median velocity (°/s) Men 7(2) 6(1) 5(3) 7 (4) 6(2) 5(2) 5(2) 5(2) 3(3)
Women 6(2) 10 (4) 5(4) 8 (4) 7 (3) 5(2) 6(2) 6 (3) 2(2)
Repetitiveness (MPF; Hz)  Men .24 (.02) .23 (.03) .21 (.05) .25 (.07) .23 (.05) .28(.07) .23 (.04) .23 (.05) .20 (.06)
Women .24 (.05) .27 (.06) .19 (.05) .25 (.06) .25(.07) .27 (.05) .23 (.04) .23 (.05) .19 (.03)
Number of recordings Men 5 5 14 13 12 8 10 25 23
Women 7 8 17 15 16 8 15 25 25
Mean recording duration in Men 88 102 141 128 49 55 118 280 45
minutes Women 158 51 149 102 55 2 77 317 61

Left upper arm elevation

99thpercentile (°) Men 125 (15) 102 (6) 115 (16) 118 (15) 88 (26) 96 (18) 120 (23) 120 (14) 86 (24)

Women 110 (15) 120 (27) 113 (20) 120 (17) 94 (18) 97 (16) 111 (16) 116 (15) 80 (15)
>90° (% time) Men 7.6 (5.4) 2.5(1) 7.9(7) 10.3(12) 1.5(2) 24(3.1) 48(35) 6.6(54) 1.7(3.2)

Women 3.8(2.8) 8(5.9) 5.7(4.7) 13.4(13) 26(3.8) 1.7(1.4) 6.8(123) 56(3.9) 1.1(2.2)
Within-minute variation Men 67 (17) 50 (3) 57 (12) 64 (18) 41 (11) 41 (12) 55(12) - 33 (15)
(°) Women 57 (14) 70 (20) 55 (14) 69 (18) 47 (13) 41 (4) 52 (10) - 26 (9)
Between-minute variation = Men 30(2) 23 (3) 26 (4) 27 (5) 19 (7) 21 (11) 28 (7) - 20 (8)
(°) Women 25 (3) 24 (10) 25 (6) 26 (6) 21 (6) 20 (4) 27 (5) - 19 (5)
Median velocity (°/s) Men 42 (12) 44 (10) 36 (15) 45 (21) 41 (19) 32 (13) 31(12) 35(11) 18 (19)

Women 42 (12) 55 (19) 31(11) 43 (15) 42 (15) 28 (11) 35(11) 35(11) 10 (8)
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15.4 Appendix IV: SHARM questionnaire (in Danish)

NS

Projektet

HAR

Arsager til kgnsforskelle i udvikling af bevaegeapparatlidelser

Bispebjerg
Hospital
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Forord

Dwatte spampeckoma or an del of projaktet
SHARM |[shoulder, arm), der har som
formal at underzags Arcager til
konsforskalis i ndvikling af
beviegeapparatlidalsar.

Projeichet udfems af an projeldgrappe
under Arbejds- og miljemedicinsk
afaaling pa Eispebiang Hospital
FProjaicat ar financiarat af

Arbajdsmilaforskningsfondan,
Biad venlig hilsen

Thomaz HalrkevrHomzan

Coard rosnt zan.

Fhd.~ztud.

Jons Frolurd Themzan
Crrurlitpn, ph.d.

o gennemisres | camarbeida med
Balarforbundat

Alla oply=ninger bahandles strangt
fortroligt og bruges loon 4l statstik. Do
kan pa st hvert tidspunics trekks dig ud
af undersogelsan o fa slettet ding
ocplysningar.

Frojaicet ar godicend: af Damdlsynet.

April 3011

igrard Miklealsan
ChrarliEgs, dromed.

Udfyld skemaet med sort eller bla kuglepen

Vi vil beds dig om at udiylde alls
cpargsmal of sends ciemast Sibags i
w.rcllagtn cvarkuvart. Betur-adrescen &r
PaITyET off pOTIGRN T hatmlt.

Dwar skal kun siettes = kryds § hvert
cpargsmal, medmindre der bliver bed:
om andet.

Vier vanbg at udfyide SxemAET tydaligt.
Svarune bliver scannet ind pa &n
mascking, = alle tal og kryds ckal vieTs
nemme At tolke.

WVad eventralls :pﬂrg::.mﬁ]. kontaki
Thomas Heilckov-Hancen pa E-madl:
than030TEbbh. regonh. dic

Rigtigt

Forkert

Saet pf tydedigt kryds

O &

o oy

Hyis &1 Feln er udfddi fnrkert,
skraveres dem pligaeldende kasse
of krydsar smiies i den Figlige
kasse.

] H-+-3A

Tal skrives | felterme

[ Tal rettes ved a1 setre en streg
igenmem det forkoerte tal og
sicrive det Figtige tal ovenover,
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Erhvervsstatus og arbejde

1.
1 Hvornér blev du udlaert som maler? L L | L I (Skrivdrstal)

Hvor mange ar har du sammenlagt
arbejdet som maler?(Inklusiv leretid)
Se bort fra lengerevarende perioder med
arbejdslashed, sygdom el. lign. L L | {Skriv antal &r)

Dette spargsmdl besvares kun, hvis du ikke aktuelt arbejder som maler.
El Hvornir har du sidst arbejdet
som maler? ca) | |iMdned) ] | | | | (Arstal)

M Hvad er din erhvervsstatus lige nu?

(Scet kun et kryds)
[0 Iarbejde som maler e G til n2ste spargzmal (NrEh
[[] P barselsorlov forzldreorlov
[] Sygemeldt _, Besvar de folzende sporzsmil ud fia forholdens
[ Under revalidering omskoling pa din sidste arbejdsplads som maler
[ Arbejdslas
[[] Folkepensionist
S ;ﬁm = Gt sporgsmil nr. 1Y side &
[] Andet

El Hvad er din normale ugentlige
arbejdstd? || | (Skriv antal timer)

E Har du det seneste ir haft bi-beskaftigelse som maler ved siden af dit
normale arhejde?
Mej Ta(gkriv antal timer, pr. uge)

- —




Samlet vurdering af dit arbejde

Hvor fysisk kreevende synes du alt i alt dit arbejde er?

Szrdeles Meget Rt Woget Tike 53 Meget lide
kr@vende krzvende krevends krevends krzvends krzvends
L L L o o o
[l Hvor psykisk kraevende synes du alt i alt dit arbejde er?
Sandeles Megst Rat Naoget Tcke sd Meget lidr
kr=vends krzvende krzvends krzvends krz=vends kr=vends
L L L N N u
E! Hvaor stor synas du din arbejdsbyrde er?
GErdeles Mlzgat Bt Moderat Teke s Pt
shor stor shar shar sbar Lille
L . O 0 0 0
Hvor stor indflydelse har du normalt pd tilretteleggelsen og
udferelsen af dit arbajde?
Mezet Ret Moderat Tkke si Rat get
stor stor star star lille lille
O O | u u o

Hvor stor indflydelse har du normalt pd fordelingen af arbejdsopgaver
mellem kolleger?

Maget Rat Moderat Tkke si Bt Meget
star stor star star Kille lille
| L | L L u
Er du alt i alt tilfreds med den mide din arbejdsplads ledes pa?
T me=pet haj I hayj Inaogen I mingra Iringa I muzpet ringe
Zad grad gad Zad zad Zad
| L | o o o
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Er dit arbejde stimulerende, udviklende og engagerende?

I me=get hayj I haj Inogen I mindrs Iminge I me=get ringe
mad Zd mad mad md zad
[ [ | L] | Ll

Hvordan er stemningen og det psykiske arbejdsklima pd din
arbejdsplads?

Mezet Rat Nogenlmde Deke 5 Rat Meger
god god god god darliz darliz
o | n n n n

Synes du din arbejdsindsats bliver tilstraekkeligt vaerdsat?

T me=pet hoj I hj Inogen I mingdrs Irmings I me=pet ringe
gad g gad ad zad z
] ] N [ [ u

Er dit normale daglige arbejde stressende pd en ubehagelig mide?

Altsd Npsten altid Som regal Cifte Afogzdl Sjzldent aldriz
L L L o u| L

Hvor tilfreds er du alt i alt med dit arbejde?

o G nes B8 B, M
L L O L] L] L

Hvor stor en del af din arbejdstid det sidste &r har varret akkord-
arbejde?

Nastenheletiden Ca %iaftiden Ca halvdslen Ca’:aftiden  Nazsten ingen del af tiden
| [ L u [




Har du tilstraekkelig med tid og ressourcer til at lese dine
arbejdsopgaver tilfredsstillende?

I meget haj I hayj Inoeen I mingre Iminee I me=get ringe
prad erad erad zrad zrad mad
| L] ] L] L] [

EI) Hvor hirdt er dit arbejde fysisk, sammenlignet med dine mandlige
kolleger?

dmoome N ORD e =R
N N [ [ | |

Hvor hirdt er dit arbejde fysisk, sammenlignet med dine kvindelige
kolleger?

. . . . . H.IIII.EEI.
e al
0 0 [ 0 L |

F¥) P4 en typisk arbejdsdag, hvor stor en del af din samlede arbejdstid
arbejder du med en eller begge albuer laftet over skulderhajde?

. Yetme tilunder 1 1 timetil under 2 2 timer 6l under 4 . .
Under en % time e . . Mindst 4 timar

O O C O 0

FE) P4 en typisk arbejdsdag, hvor stor en del af din samlede arbejdstid
udferer du de samme bevesgelser med arme eller hander flere gange |

minuttet?
Under en *, fime .-:umedllmtmdsl 111.11:2_1111111&11'1 2|:|r|mr_11.1tmh4 Mindst 4
O L Ll O L
6
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m Er falgende redskaber besvaerlige eller anstrengende for dig at
arbejde med? (St e krpds i hver linje)

Tmegethai 1y Inopengad  Imindegad Skt ikke

erad
St 0 0 o o 0
s 0 0 O O 0
Sl 0 o O o
Ginliber 0 0 O O 0
Hobl O 0 o o 0
Tapstsmpper [ 0 O O 0

E De falgende spargsmél drejer sig om, hvordan et eventuelt arm-,
skulder- eller hindproblem pdvirker din arbejdsevne.
Marker venligst ud for den kategori der bedst beskriver din fysiske
forméen { den forlebne uge. Havde du vanskeligt ved:
(St et Lrpds | hver linge)
Lke Lide Hoget Mezet .. o
vanskelipt wanskelipt wanskelign vanskelizt
Atbruse din s®dvanlize femzanssmads |

dit arbesde? O O O ] O
b e gl 4 O O O O O
Maiedbglesipdmtizme 0 0 g0 O
ﬁgrl:]iﬁmgenﬁdpidirubej&mm 0 0 0 0 0

E Tror du stadig du arbejder som maler om 10 &r?(Set geme flere krydser)

[
] Mej. angiv hvilken grund — [] Efterlan, pension
[[] Arbejdet er for hirdt
[[] Behow for nye udfordringer
[] Svedem
[J Andet




Dit helbred (vasides bade af noverende og tidligere malere)

Nakken
Har du pd noget tidspunkt inden for de sidste 12

L méaneder haft smerter eller ubehag | nakken?
il (\§ [] »ej — Girtil sperpsmilene pd nmste side

[JR= — Besvar nedenstiende sporpsmal

E Hvor laenge har du sammenlagt haft smerter eller ubehag | nakken
inden for de sidste 12 minedor?

1-7 dage 530 dage 3190 daze  Mereend®0dage  Hverdag
| n O [ u

FE) Hvor lenge har du sammenlagt veeret sygemeldt inden for de sidste
12 mdneder pa grund af smerter eller ubehag | nakken?

0 daze 1-7dage  -30dame 3100 dage M“d;ﬂ #0 mE-I ”‘]“-'] _

O L | n n o

Hvor meget har du alt § alt veeret generet af smerter eller uhehag i
e q ag
nakken inden for de sidste 12 méineder?

Mezet lidt Lict ogst Enbel del Meget 5;&"%:—“
] ] ] [ [ n
Har du haft smerter eller ubehag i nakken inden for de seneste 7
dage?
[ Ngj — Gd til sporgsmilene pd neste side
[Jfa — Angwv graden af smerten nedenfor (St kun dr k)
[ 1 ="2ez=t lat smerts
[ 2 =Let smarte
[] 3 =Let il moderat smerte
[1 4 =Moderat smere
[ 5 =Moderat til swer smerts
[] 6 = Svar smere
E 7 =Megst svaEr smers
B
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Hajre skulder

B Har du pd noget tidspunkt inden for de sidste
12 maneder haft smerter eller ubehag i hejre
shulder?

[[] Wej — Ga il sperpsmailens pi nzste side
[J7a — Besvar nedensthende sporgsmal

m Hvor lenge har du sammenlagt haft smerter eller ubehag | hajre
skulder inden for de sidste 12 méneder?

1-7 dage 8-30 dage 3190 dage  Mereend®0dape  Hverdag
L L] L L L]

EI¥ Hvor lenge har du sammenlagt veeret sygemeldt inden for de sidste
12 maneder pd grund af smerter eller ubehag i hejre skulder?

D daze L i

S S = SN I b S - — —

vor meget har du alt § alt veeret generet af smerter aller o af i
H gget har du alt i al i af 1] bahag i
hejre skulder inden for de sidste 12 mineder?

Mezet lidt Lidt Nogzet En hel del Mege: Sm““f

S S = SN I b S - — —

B[ Har du haft smerter eller ubehag | hejre skulder inden for de seneste
7 dage?
[ Mej — Ga til sporgzsmalens pd nzste side
[0 Ja — Angiv eraden af smerten nedenfor (5ot fam ar s
[ 1 =Megst lat smearta
[] 2 =Let smarte
[] 3 =Lat il moderat smerte
[ 4 =Moderat smere
[ 5 =Moderat il sver smerte
[] 6 =5va=r smerme

[ 7=Mepst svar smerte




Venstre skulder

Har du pd noget tidspunkt inden for de sidste 12
méneder haft smerter eller ubehag | venstre

skulder?
[] ¥ej — Gatl sperzsmilene pi n=ste side
[J7a — Besvar nedenstiende sporgsmil

Ef) Hvor laenge har du sammenlagt haft smerter eller ubehag i venstre
skulder inden for de sidste 12 méneder?

1-7 dage 8-30 dage 3190 daze  Mereend®0dage  Hverdag
| a| m J |

EE] Hvor laenge har du sammenlagt veeret sygemeldt inden for de sidste
12 mdneder pi grund af smerter eller ubehag | venstre skulder?

0 dags 1-7 dage S30daze 3100 dage H“u:ﬂm ﬂf’”‘kﬂ]..
L L L a a N

I} Hvor meget har du alt § alt vaeret generet af smerter eller ubehag i
venstre skulder inden for de sidste 12 mineder?

Mezet lidt Lidt Yozt Enbel del Maget 5;%"%,“5
L L L a| a| u

Har du haft smerter eller ubehag | venstre skulder inden for de
seneste 7 dage?

[ Nej — Gi til sporgsmilens pa nzste side
[0Ja — Anzwvgraden af smerten nedenfor (Ser fam ar k)
[7 1 ="egzet let smerte
[ 2 =Let smerte
[] 3 = Let til moderat smerte
[1 4 = Moderat smerte
[ 5 =Moderat il sver smerts
[] 6 = Sv=r smene

E 7 =Megst svEr smerms

10
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Hagjre albue

Har du p noget tidspunkt inden for de sidste 12
ménader haft smerter eller ubehag | hejre albue?

[] Mej — Gi tl sperzsmilene pd n=ste side

[J7a — Besvar nadenstiende sporgsmil

-

m Hvor lenge har du sammenlagt haft smerter eller ubehag | hajre
albue inden for de sidste 12 maneder?

1-7 dage 8-30 dage 3190 dage  Mereend®0dape  Hverdag
] L] ] ] ]

I8 Hvor lenge har du sammenlagt veeret sygemeldt inden for de sidste
12 maneder pd grund af smerter eller ubehag | hejre albue?
Mlere end 20 Erikks
0 daze 1-7 dags S30daze 3100 dage rhn ki
u u O 0 0 0

B} Hvor meget har du alt i alt veeret generet af smerter eller ubehag i
hejre albue inden for de sidste 12 médneder?

Mezet lidt Lidt Nogzet En hel del Mege: 5:;115
O N N L] ] ]

I3 Har du haft smerter eller ubehag | hajre albue inden for de seneste 7
dage?

[ Ngj — Gdtil sporgsmélens pd neste side
[]7a — Angiv sraden af smerten nedenfor (St b ér kryds)
[ 1 =Megst lat smearta
[] 2 =Let smarte
[] 3 =Lat il moderat smerte
[ 4 =Moderat smere
[ 5 =Moderat il sver smerte
[] 6 =5va=r smerme

[ 7=Mepst svar smerte

11



Venstre albue

Har du pd noget tidspunkt inden for de sidste 12
méneder haft smerter eller ubehag | venstre

albue?
[] ¥ej — Gatl sperzsmilene pi n=ste side
[J7a — Besvar nadenstiende sporgsmil

&) Hvor laenge har du sammenlagt haft smerter eller ubehag i venstre
albue inden for de sidste 12 maneder?

1-7 dage 8-30 dage 3190 daze  Mereend®0dage  Hverdag
| a| m J |

&) Hvor laenge har du sammenlagt veeret sygemeldt inden for de sidste
12 mdneder pi grund af smerter eller ubehag | venstre albue?

0 dags 1-7 dage S30daze 3100 dage H“u:ﬂm ﬂf’”‘kﬂ]..
L L L a a N

E} Hvor meget har du alt i alt vaeret generet af smerter eller ubehag i
venstre albue inden for de sidste 12 maneder?

Mezet lidt Lidt Yozt Enbel del Maget 5;%"%,“5
L L L a| a| u

Har du haft smerter eller ubehag | yvenstre albue inden for de seneste
7 dage?

[ Nej — Gi til sporgsmilens pa nzste side
[0Ja — Anzwvgraden af smerten nedenfor (Ser fam ar k)
[7 1 ="egzet let smerte
[ 2 =Let smerte
[] 3 = Let til moderat smerte
[1 4 = Moderat smerte
[ 5 =Moderat il sver smerts
[] 6 = Sv=r smene

E 7 =Megst svEr smerms

12
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Hajre underarm

Har du pd noget tidspunkt inden for de sidste 12
ménader haft smerter eller ubehag i hejre
underarm?

[] Mej — Gi tl sperzsmilene pd neste side

[JTa — Besvar nedenstiende sporgzmil

m Hvor lenge har du sammenlagt haft smerter eller ubehag | hajre
underarm inden for de sidste 12 maneder?

1-7 dage 8-30 dage 3190 dage  Mereend®0dape  Hverdag
L L] L L L]

Ef¥ Hvor lenge har du sammenlagt veeret sygemeldt inden for de sidste
12 maneder pd grund af smerter eller ubehag | hejre underarm?

D daze L i

vor meget har du alt § alt veeret generet af smerter aller o af i
H gget har du alt i al i af 1] bahag i
hejre underarm inden for de sidste 12 mineder?

Mezet lidt Lidt Nogzet En hel del Mege: Sm““f

S S = SN I b S - — —

E3 Har du haft smerter eller ubehag | hejre underarm inden for de
seneste 7 dage?

[ Mej — Ga til sporgzsmalens pd nzste side
[0 Ja — Angiv eraden af smerten nedenfor (5ot fam ar s
[ 1 =Megst lat smearta
[] 2 =Let smarte
[] 3 =Lat il moderat smerte
[ 4 =Moderat smere
[ 5 =Moderat il sver smerte
[] 6 =5va=r smerme

[ 7=Mepst svar smerte

13
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Venstre underarm

Har du pd noget tidspunkt inden for de sidste 12
maneder haft smerter eller ubehag i vensire

underarm?
[[] Mej — Ga til sperpsmalens pd nzste side
[JJa — Besarnedenstiende sparzsmal

Ef} Hvor laenge har du sammenlagt haft smerter eller ubehag i venstre
underarm inden for de sidste 12 maneder?

1-7 dage 8-30 dage 3190 daze  Mereend®0dage  Hverdag
| a| m J |

EE Hvor laenge har du sammenlagt veeret sygemeldt inden for de sidste
12 mdneder pi grund af smerter eller ubehag | venstre underarm?

0 dags 1-7 dage S30daze 3100 dage H“u:ﬂm ﬂf’”‘kﬂ]..
L L L a a N

[ Hvor meget har du alt | alt vaeret generet af smerter eller ubehag i
venstre underanm inden for de sidste 12 midneder?

Mezet lidt Lidt Yozt Enbel del Maget 5;%"%,“5
L L L a| a| u

Har du haft smerter eller ubehag | venstre underarm inden for de
seneste 7 dage?

[ Nej — Gi til sporgsmilens pa nzste side
[0Ja — Anzwvgraden af smerten nedenfor (Ser fam ar k)
[7 1 ="egzet let smerte
[ 2 =Let smerte
[] 3 = Let til moderat smerte
[1 4 = Moderat smerte
[ 5 =Moderat il sver smerts
[] 6 = Sv=r smene

E 7 =Megst svEr smerms

14
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Hajre hand

Har du p noget tidspunkt inden for de sidste 12
méneder haft smerter eller ubehag | hejre hind?

[] Mej — Gi tl sperzsmilene pd n=ste side

[J7a — Besvar nadenstiende sporgsmil

-

E Hvor lenge har du sammenlagt haft smerter eller ubehag | hajre
hand inden for de sidste 12 méneder?

1-7 dage 8-30 dage 3190 dage  Mereend®0dape  Hverdag
] L] ] ] ]

[I¥ Hvor lenge har du sammenlagt veeret sygemeldt inden for de sidste
12 maneder pd grund af smerter eller ubehag | hejre hand?
Mlere end 20 Erikks
0 daze 1-7 dags S30daze 3100 dage rhn ki
u u O 0 0 0

(] Hvor meget har du alt i alt veeret generet af smerter eller ubehag i
hejre hind inden for de sidste 12 mineder?

Mezet lidt Lidt Nogzet En hel del Mege: 5:;115
O N N L] ] ]

({3 Har du haft smerter eller ubehag | hojre hind inden for de seneste 7
dage?
[ Ngj — Gdtil sporgsmélens pd neste side
[17a — Angiv graden af smerten nedenfor (St kan or kryds)
[ 1 =Megst lat smearta
[] 2 =Let smarte
[] 3 =Lat il moderat smerte
[ 4 =Moderat smere
[ 5 =Moderat il sver smerte
[] 6 =5va=r smerme

[ 7=Mepst svar smerte

15



Venstre hand

Har du pd noget tidspunkt inden for de sidste 12
méneder haft smerter eller ubehag | venstre

hand?
[] ¥ej — Gatl sperzsmilene pi n=ste side
[J7a — Besvar nadenstiende sporgsmil

[ Hvor laenge har du sammenlagt haft smerter eller ubehag i venstre
hind inden for de sidste 12 mineder?

1-7 dage 8-30 dage 3190 daze  Mereend®0dage  Hverdag
| a| m J |

[} Hvor laenge har du sammenlagt veeret sygemeldt inden for de sidste
12 mdneder pi grund af smerter eller ubehag i venstre hind?

0 dags 1-7 dage S30daze 3100 dage H“u:ﬂm ﬂf’”‘kﬂ]..
L L L a a N

Hvor meget har du alt | alt vaeret generet af smerter eller ubehag i
venstre hind inden for de sidste 12 mineder?

Mezet lidt Lidt Yozt Enbel del Maget 5;%"%,“5
L L L a| a| u

Har du haft smerter eller ubehag | venstre hind inden for de senests
7 dage?

[ Nej — Gi til sporgsmilens pa nzste side
[0Ja — Anzwvgraden af smerten nedenfor (Ser fam ar k)
[7 1 ="egzet let smerte
[ 2 =Let smerte
[] 3 = Let til moderat smerte
[1 4 = Moderat smerte
[ 5 =Moderat il sver smerts
[] 6 = Sv=r smene

E 7 =Megst svEr smerms

16
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Har du indenfor de sidste 12 mineder haft snurrende eller prikkende
fornemmelser i fingrene? Bortset fra, nir du har siddet eller ligget
forkert med armene.

(St et kryds ud for hver hind)

£

Heg
Nej

Sj=ldani
Mindst 1 zans om manedsn
Mindst 1 zang om ugen
Daglizr

i
DDDDDE
DDDDDE

Dette spargsmil besvares kun, hvis du har haft snurrende eller
prikkende fornemmelser i heenderme inden for de sidste 12 méneder?
Seet kryds | kasserne pd figuren svarende til hvor du har oplevet
snurrende eller prikkende fornemmelser (Sat gerne flere krpdser)

Hajre hand

17
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Vurder venligst, hvordan din evne til at udfere felgende handlinger
har veeret i den forlabne uge, ved at markere under det svar der
passer bhedst.

ke Lide Nogst  Megat .
vanskeligt wanskelizt wanskelign vanskeligt izt
1_Abne et (marmelade)slas med sramt

O O O O O
gy SO O O O O
i B=re en indkabspose eller en mappe. 0O 0 0 ] 0
4 Vaske dig selv 0 ryzgen. 0 0O 0 N 0
5 Brogze en kpiv til at skere mad ud O 0 0 [] 0
6 Fritidsaktiviteter, som sender en vis

gller kdnd (£ eks. golf slig med hammer,
tennis, a5

Hvor vanskeligt har det veeret for dig i den forlebne uge, at omgds
familie, venner, naboer og grupper pga. din arm, skulder eller hind?

Glet ke Lids En dsl Temmelz maget  Virkeliz mepet

n U N 0 U

Har du i den forlabne uge vaeret heemmet i at udfere dit arbejde aller
andre geremal pga. din arm, skulder eller hind?

Lide Ude of
Sletikke hemmat | 2 Endelhemmst  Mezst hammet kel
n O n O O

Vaer venlig at angive sveerhedsgraden af felgende symptomer i den
forlabne uge.

Ingen Lidte Endel Swer Ekstem

O O d 0O 0O
O O O O 0O

Cmerte i din arm_ skolder allar hind

Prikken i din amm, skulder eller bémd

18
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Hvor vanskeligt har det i den forlebne uge veeret for dig, at sove pga.
smerter i din arm, skulder eller hind?

ke Lidt Moget Maget Sa vanskelizt at dat
van:zkelizt vanskelizt vanskelizt wanzkeliz forhindrer mig i at sowe
O O O O O

Har du indenfor de sidste 12 mineder modtaget behandling i nakke,
skulder, arm eller hind? (Fx kiropraktor, fysioterapeut eller masser)
{Seet ét kryds i hver linje)

Hej Ja
i O O
Hajre skalder | 0
‘l."u.mn! skulder | 0
Hajre albue | 0
Wenstre altne | 0
Hajre underamm

O [l
Wensire umderanm | 0
Hajrz hind handled 0 n
Vensire hémd hémdled - ]

I} Har du nogen af disse sygdomme? (St ét kryds { hver linje)

For hait eller for lavt stofikifte (sygdom i skjoldbroskkirtlen)
Diabetes (sukkersyze)

Leddegigt

Uninsyregigt

Bind lidel

Peorizsi

Himdeksem

ooooooo g
ooooooo s
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Malerarbejde, baggrund og levevaner

Dette spargsmil vedrerer kun dit arbejde efter 1990,
Spergsmalet er lidt sveert. Prev sa godt som muligt at f& timerne tl at
passe.
Du skal angive, hvor mange timer om ugen du i gennemsnit har
arbejdet med forskellige arbejdsopgaver.
Start med at skrive "0” ud for de arbejdsfunktioner du ikke har haft.
Fordel sé resten, sd det svarer til det samlede antal timer pd en typisk
arbejdsuge.
{Du kan eventuelt regne timerne sammen pd et stykke Lloddepapir, inden du
skriver dem ind 1 shemuoet)

Angiv antal hele timer per opgave, pi en nge
(Under % Sme teller som 0, over 4 Sme taeller som 1)

Geomemsnit per uge

Nedtagning af tapet cal | |fimeromuzen
Fuld-spariling cal | | timeromugen
Slitming (handbaldt verktsj - kke giraf) cal || timer omuzen
Shibuing (gwad) ca] | | timeremugen
Ivialearbejde (pensel) cal || timeromuzen
Malearbejde (nulle) cal | | timer omugen
Sprajtearbede ca] | | timer omuzen
Opz=ming af vay, Gt eller @pst ca] | | timer omugen
A.ﬁﬂ.ﬂﬂﬁng,baing_ai’nnmialﬂ'pg _

wdstyr, samt oprydmine op rensering ca] | | timer om ugen
Pawser cal | | timeremugen
Andet

ca] | | timeremugen

Talt | | | timer om ugen

20
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Teenk igen pa dit arbejde som maler efter 1990, Hvor anstrengende
har det generelt veeret for dine arme? Se farst pd de sproglige
beskrivelser, og saet derefter 2t kryds ud for det tal der passer bedst.

O 0 Ovboredetingen T e b Ak
D U.ﬂ ferouwielan plar dnde-os
[0 05 Elseme g Enapt merkher
D 07
D 1 Meger g —  legetavag’ o en maget et erabengete
D L5
O 2 s Lt
D 15

— Ml o e ke wm el fa
EI 3 Mindeman wﬂ.th:::n-:. kg ik ergende. ™
O 4 ==

—s SR Arbajdet or amairesgende of eelends, men du her

5 Sk Tung i A et
E 5 oy e fam e
Q7 e - S
O &
O @
H —s Elifraimd itk - Wasime® o

D 10 Elstrems stk “n ghenimal F-u.-l: h--u"l:::._um
D 11 de nogermnde Sa ool | deees
O

#  Abgolu meksimos  Hajem mulige

[E] Hvor stor en del af dit arbejdsliv som maler efter 1990 har bestdet af ..
(St &t kryds | hver linje)

m&m ':;H'f Ca halvdelen Ca % aftiden HE:;’E“
Nybyg? N ] [ O O
Eeparation? O O (H O O
Flyttelejligheder? ] u 0 O O
Ander” O O (H O O
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m Har du nogensinde vaeret udsat for en sportsskade, en ulvkke, slag
eller fald, der har medfart smerter i mere end tre mineder i ..

(zet 8t Lrpds | hwer linje)

B
[=]

MejVed ikke
Makken? O
Hajre shalder?
Venstre skuldar?
Hajre albue?
Venstre aline?
Hajre underarm?
Wensire mderanm?
Hajre hand handled?
Venstre himd bamdled”

oo oogog
0 o I i i Iy

Ca. dmstal
11111
L1111
11111

m Har du nogensinde vedvarende skiftet arbejde, arbejdsopgaver eller

arbejdsmetoder pa grund af problemeri ...
{Saet ét kryds i hver linje)
NejWed ikke
Nakken? ]
Hajre skulder?
Wensire skuldsr?

B
B

Hajre albue?

Venstre aline?

Hajre underarm?
Wensire imderanm”
Hajre hind handled?
Venstre himd bémdled”

gooooooodoad
O00O0O0OoO0o0O0Oa0
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112

[f3 Hvordan synes du dit helbred er alt i alt? (Set kun ét kryds)

Fremmrazends Valdig zodt Godr Mindre zodt Dirligt
o [ C o [

Er du nogensinde blevet opereret for snurren og prikken i fingrens
(karpaltunnelsyndrom)? (5@t geme flere krydser)

[ Nej Ca arstal
Oh-— DI]].'Ej]‘E]liﬂl'i — | 1111
[] I wenstre hémd — | 1111
[] Ttegge hender — [ I

Er du nogensinde blevet opereret i ...
(St ét krpds § hver linge)

Hej Ta Ca arstal

Nakken? 0O 0O HEEN
Hajre skulder? n n HEER
Venstre skulder? 0O 0O HEEN
Hajre allus? O O L1111
Wensire alue? O O L1111
Hajre underarm? ] ] L Ll 11
Vensire mderarm™ O O L1 1]
Hajre hind hindled?
(Se bart fha opararian for karpaiammelzyndram) O O L1111
Wensire hamd hamdled”
(Se bort fra apararion for kapainmmelsyndrom) O O HEEN
[E] Har du nogensinde haft knoglebrud ved hindleddet?

Ca arstal
[ T
[0 Ta haire HEEN
O I vensire | | | L1
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Ef} Hajde, vaegt, ken og alder:

Hvor hoj er du (uden sko)? L1l |
Huvad vejer du (uden taf)? 1111k
Kan® Evinda [] Mand []
Evomir er du fadt? (Dag) (Méned) {Arstal}

Er du venstre- eller hajrehindet?
[J Venstre

[] Hajre
Q Bruger begge hender lige godt

Har du hjemmeboende barn?

[] Mei 1 2 3 dellerflers
] Ja. antalialt — OO0 3d04d

EE] Er du gift/samlevende?

[ N

g Ta

m Har du pd noget tidspunkt taget/tager du hormonholdige piller f.eks.
prasvention (P-piller), hormonbehandling i forbindelse med
menopausen, eller i forbindelse med kunstig befrugtning?

[ Nej

[ 1a. angiv antal bels ir — |

EE] Har du inden for de sidste 4 uger taget smertestillende medicin pd
grund af smerter i nakke, skuldre, arme eller haender?

[ Nej

(] Ta. angiv hyppighed — [ ] Daglizt

] Flere gange om ugen
[[] Flere pange om mineden

gEnEJ]ﬁﬂIg;nE
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A Ryger du?
Wej, har aldn
O Mo
tidliger gt
TOgEL.
U Mavveizs
[ Ta angiv venligst \l
[] Cigaretter — Anial om dagen | | | Anwlar | | |
[] Cerurter — Antal om dagen Ll | Aomlar | | |
[ Cizgarer — Antal om dagen | | | Anmlar | | |
DWH — Gambakomuesen | | | Anmlar | | |

Hvor mange timer om ugen bruger du p& huslige geremdl?
(Antal Himer pr. uge)

m Hvem udferer felgende opgaver i din husholdning?

(zet 8t krpds 1 hwer linje)

Algd Fer Deler For det Alrid En

mig der  ligelig

Lawer mad

Wasker toj

Forstager dagliee indkob
(Crar rent § boligen
Bringer vamm i instination
Hemter hom i mstinmtion
Pazser bam wed syzdom
Wedligeholder bil, cykler osv.
Lawer havearbsjde

Laver smé-reparationer bjemms

DoooooooOoon
CDoooooooon
DoOoOOooOooOoood

meste
meste medmin min  samlever person
mig samlever samlever

CDoo0O0ooOoooogd

DoooooooOoon
CDooOoooooogd

—_—

|DDDDDDDDDD
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Fritid

EE]  Anfor din fysiske aktivitet i fritiden indenfor det sidste ir, herunder
transport pd cyvkel eller gi-ben til og fra arbejde.

[0 Nasten belt fysisk passiv eller ot fiysisk aktiv i mindre end 2 timer pr. uge
[] Letfysisk akeiviet fra 2-4 timer pr. uge

Let fysisk aktvitet 1 mere end 4 timer pr. ugs eller mere apsmengzends frsick akviet i
O 2-4 timer pr. uge

Mere anstrenmende fysick aktivitst | mare end 4 timer aller repplmegsip hard tr=ning oz
O ewt. konkrrencer flere zanze pr. uge

Har du dyrket en eller flere af nedenstiende sportsgrene i mindst 2
timer om wgen?
(et ét Lrpds | hver linje, og skriv antal dr, his ja)

Hej Ta ca. antal ir
Hindbeld O O — 111
Svamning ] O — L1
Badminton, tennis efler squash 0 o -— L1l
Eoning ] O — Li11
Styrketraning, vagtlofining O |
Boksning L] O — L1
Anden skuldsnarmbelastends sports gren ] g - [

Hvis ju, vilken:

Spergeskemast laegges | den medfagende svarkuvert og returneres.
Partoen er betalt.

Tak fordi du ville medvirke i
undersogelsen.
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16 Original papers

Paper I:

Paper II:

Paper III:

Sex differences in muscular load among house painters per-

forming identical work tasks.

(Eur J Appl Physiol 2014;1-11)

Sex differences in task distribution and task exposures among
Danish house painters: An observational study combining
questionnaire data with biomechanical measurements.

(PLoS One. 2014 Nov 3;9(11):e110899)

Exposure-response relationships between movements and
postures of the wrist and carpal tunnel syndrome among male

and female house painters: a retrospective cohort study.

(Occup Environ Med. 2016 Jun;73(6):401-8.)


https://www.ncbi.nlm.nih.gov/pubmed/27030204
https://www.ncbi.nlm.nih.gov/pubmed/27030204
https://www.ncbi.nlm.nih.gov/pubmed/27030204
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