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Objectives  Neck and shoulder pain and disorders were studied among frequent computer users, and the
associated effect of mouse and keyboard use was evaluated.

Methods Technical assistants and machine technicians were followed for 1 year. Questionnaires were sent to
9480 persons (initial response 73%, follow-up response 82%). Computer use information was obtained from the
questionnaires. Symptom cases at baseline and follow-up were clinically examined using a standardized clinical
protocol. The main outcomes were self-reported pain symptoms in the neck and right shoulder and clinical cases
of rotator cuff syndrome, tension neck syndrome, and neck—shoulder pain with pressure tenderness.

Results The prevalence of moderate-to-severe pain in the neck and right shoulder was 4.1% and 3.4%,
respectively, and the 1-year incidence for no or minor baseline symptoms was 1.5% and 1.9%, respectively. At
baseline, the prevalence rate ratio (PRR) for neck pain was 1.7 [95% confidence interval (95% CI) 1.1-2.6] for
mouse use >25 hours/week, that for right shoulder pain increased from 1.6 (95% CI 1.1-2.4) for 15-19 hours/
week to 2.5 (95% CI 1.4-4.3) for >30 hours/week of mouse use, and that for tension neck syndrome increased
from 3.5 (95% CI 1.0-12) for 25-29 hours/week to 4.7 (95% CI 1.2-18) for >30 hours/week of mouse use . The
relative risk (RR) for new neck pain was 1.8 (95% CI 0.8-3.9) for keyboard use >15 hours/week and increased to
2.4 (95% CI 0.8-6.8) for 230 hours/week. New right-shoulder pain symptoms were associated with mouse use
>20 hours/week (RR 1.9, 95% CI 1.0-3.5, and RR 3.3, 95% CI 1.2-8.9) and with keyboard use >15 hours/week
(RR2.2,95% CI 1.0-4.9).

Conclusions Mouse use is associated with an increased risk of moderate-to-severe pain in the neck and right
shoulder, and an association with tension neck syndrome is possible.

Key terms follow-up study, keyboard usage, longitudinal study, mouse device, myalgia, rotator cuff syndrome,

tension neck syndrome.

Computerized technology is continuously developing,
and new software has led to the introduction of new in-
put devices and new ergonomic exposures. Concern has
emerged regarding the use of the computer mouse as a
new occupational hazard leading to adverse health ef-
fects in the neck and upper extremities. So far, howev-
er, there is limited evidence of a relation between work
with a computer mouse and upper-extremity disorders.
On the other hand, it is commonly understood that com-
puter work can lead to neck and upper-extremity disor-
ders. In a review, Punnett & Bergqvist (1) concluded
that strong evidence exists for elevated risks of upper-
extremity disorders among persons with data entry and
similar intensive keying tasks, and, for hand and wrist

disorders, the risk is related to hours of keying per day.
The review found some evidence for the claim that com-
puter work per se increases the risk for neck and shoul-
der disorders, most risk ratios varying between 1.7 and
3. Furthermore, evidence was found of an exposure—
response relationship with hours of work with a com-
puter per day. In addition, evidence of a positive asso-
ciation between years of employment and neck or shoul-
der disorders was highlighted. Results from a recent
cross-sectional study among more than 25 000 compu-
ter workers suggested that self-reported physical symp-
toms increase with increasing duration of daily computer
use with no threshold effect (2). Korhonen and his col-
leagues (3) found no association between computer use
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for <50% of workhours, >50% of workhours, or the dis-
tance or deviance of computer mouse position and the
1-year incidence of self-reported neck pain (pain in the
neck for >8 days during the preceding 12 months) (3).
In his prospective study among 5033 computer users,
Jensen (4) found an increased risk of 1.6 for neck pain
among those using a computer 100% of the worktime
as opposed to 0% to 25% of worktime, and a risk of 1.7
for computer mouse use 50-100% of the worktime as
opposed to seldom usage (4). No data were given for
shoulder pain. In a prospective study, Marcus et al (5)
found that a protective effect on neck and shoulder dis-
orders and symptoms of keying with an inner-elbow
angle of <121 degrees diminished with increasing hours
of keying per week. No data were given on hours of
work with a mouse. In a cross-sectional study, Karlqvist
et al (6) found an increased risk of 2 to 4 for disorders
of the shoulders, arms, and hands with respect to work
with a computer mouse >5.6 hours a week, when com-
pared with <5.6 hours, among computer-assisted design
(CAD) workers. Physiological studies have shown an
increased load on the deltoid muscle when a computer
mouse is used as opposed to nonmouse device use and
keyboard work (7-9).

We report on a 1-year prospective study designed
both to assess the prevalence and incidence of neck and
shoulder symptoms and disorders among frequent com-
puter users and to evaluate weekly mouse and keyboard
use with respect to neck and shoulder disorders.

Study population and methods

Study population

A cohort of 9480 technical assistants and machine tech-
nicians organized in the Danish Association of Profes-
sional Technicians was identified in January 2000
through the register of union members. Their personal
identification number and private postal address were
obtained from the register. At baseline 6943 persons
filled out the questionnaire, and 5658 returned the fol-
low-up questionnaire after 1-year. For further details of
the study population see the report of Andersen et al
(10).

Questionnaire at baseline and 1-year follow-up

The baseline and follow-up questionnaires included
questions on pain and discomfort in the neck and the
shoulders during the previous 12 months and pain dur-
ing the past 7 days on a nominal scale (8 pain catego-
ries: no pain, very mild pain, mild pain, mild-to-moder-
ate pain, moderate pain, moderate-to-severe pain, se-
vere, and very severe pain). The neck and the right
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shoulder region were shown in figures on the question-
naire. At follow-up the questionnaire contained the same
questions as at baseline (except for demographic data
and ergonomic factors).

Worktime variables

The participants estimated their average hours per week
in specified worktasks during the last 4 weeks. The
worktasks were divided into the subheadings of “work-
tasks without a computer” and “worktasks with a com-
puter”. Work without a computer could be worksite vis-
its and the attendance of meetings. Work with a com-
puter could be, for example, computer-assisted design
(CAD), text editing, and data entry. The participants
summed the estimated hours per week in all of the spec-
ified worktasks and checked that the sum was equal to
their average workhours during the last 4 weeks. In this
report, the term “computer time” refers to the average
weekly hours of work with a computer during the last 4
weeks. Mouse time and keyboard time were estimated
by multiplying the computer time with the proportion
of time with active use of a mouse or keyboard, respec-
tively, as measured by questionnaire responses in six
categories [ie, almost all of computer time (1.0), approx-
imately 75% of computer time (0.75), approximately
50% of computer time (0.5), approximately 25% of
computer time (0.25), approximately 10% of computer
time (0.1), and never or almost never (0)].

Ergonomic measures

The participants were asked to state the most common
desk positions of their computer mouse and keyboard
within 20-cm intervals. The trunk, right or left shoul-
der, and the front edge of the desk were used as the
points of reference. An abnormal mouse position was
defined as a mouse positioned >40 cm from the edge of
the desk or >40 cm to the right of the right shoulder.
An abnormal keyboard position was defined as the cent-
er of the keyboard positioned to the left or the right of
the trunk. Forearm and wrist support during active
mouse and keyboard use was reported (no support, sup-
port less than half of the time, and more than half of the
time). An abnormal position of the computer screen was
defined as placement above or beneath the eye line or
to the left or right of the body. The participants also stat-
ed whether their chair and desk had been adjusted.

To account for other aspects of the arrangement of
the workplace, we used a “mixed” ergonomic—psycho-
social variable (How satisfied are you with the overall
arrangement of your work place?) with the follow-
ing response alternatives: very satisfied, satisfied,
neither satisfied or unsatisfied, unsatisfied, very un-
satisfied, don’t know.



Psychosocial work characteristics

We assessed the psychosocial risk factors using a stand-
ardized questionnaire developed by the Danish Nation-
al Institute of Occupational Health. The questionnaire
included 10 items on job demands (4 on workload, 3 on
sensory demands, and 3 on cognitive demands), 7 items
on job control (4 on decision latitude and 3 on freedom
at work), and 2 items on social support (1 on support
from supervisors and 1 on support from colleagues).
Responses with five alternatives (always, often, some-
times, seldom, and never or almost never) were dichot-
omized and given a raw score of 1 or 0, and three scales
were constructed as raw score summations for job de-
mands, job control, and social support. High scale val-
ues indicated a high level of job demand, a low level of
job control, and a low level of social support. Cron-
bach’s alpha was 0.79 for the 10-item demand scale and
0.75 for the 7-item control scale. The Spearman coeffi-
cient of correlation between the two items on social sup-
port was 0.49. If less than half of the items in a scale
were missing, the missing values were estimated as the
average of the other items. If half or more than half of
the items in the scale were missing, the scale value was
set as missing.

Personal characteristics

Data on several personal characteristics, including age
and gender, were collected. Body mass index was cal-
culated from self-reported weight and height and cate-
gorized into low, normal, and high (<19 kg/m?, 19-26
kg/m?, >27 kg/m?). Leisure-time activity was catego-
rized into low physical activity (almost none or light
physical activity <2 hours/week or light activity for 2—
4 hours/week) and high physical activity (light physical
activity >4 hours/week or 2—4 hours with hard physical
activity or hard physical activity for >4 hours/week).
Type A and negative affectivity (was measured by two
global questions behavior (Do you tend to be competi-
tive, jealous, ambitious, and somewhat impatient? and
Do you tend to be worried, nervous, or somewhat pes-
simistic?, respectively) with seven response alternatives
(not at all, very little, a little, some, quite a lot, much,
very much). The responses were dichotomized between
“quite a lot” and “much”. Poor social network was
measured only at baseline by one question: “If you have
problems, is it possible to obtain the necessary support
from family or friends?” Responses with six alternatives
(always, nearly always, usually, often, sometimes, and
seldom or never) were dichotomized between “often”
and “sometimes”. The participants were asked if they suf-
fered from specific medical conditions potentially associ-
ated with musculoskeletal or neurological impairment
(eg, arthritis, osteoarthritis, neuritis, inflammation of the
connective tissue, paralysis of part of the body, stroke,
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diabetes, thyroid illness, fibromyalgia), and they were
asked whether their pain, if any, was due to an accident.

Symptom cases

Neck and right shoulder symptom cases at baseline were
defined as participants who reported at least moderate
pain in the neck or right shoulder during the last 7 days.
Incident neck and shoulder symptom cases were defined
as persons with no complaints in the region during the
12 months prior to the baseline examination and who
had regional baseline current pain (last 7 days) that was
less than moderate (none, very mild, mild, mild-to-mod-
erate) and who, in the follow-up questionnaire, report-
ed current pain (last 7 days) of at least moderate degree
and that the pain during the 12 months under study had
bothered them quite a lot, much or very much (as op-
posed to very little, little or somewhat).

Clinical cases

The persons defined as symptom cases at baseline, or
incident symptom cases in the 1-year follow-up, were
invited to a physical examination including a standard-
ized interview and examination protocol to identify cas-
es with specific clinical disorders. The clinical diagnoses
included were (i) right-sided rotator cuff syndrome, de-
fined as pain in the deltoid region of the upper arm on
interview, a positive impingement test, and pain on re-
sisted shoulder abduction, external rotation or internal
rotation; (ii) tension neck syndrome, defined as pain and
stiffness in the neck with palpation tenderness in the tra-
pezius muscle on physical examination; and (iii) right
shoulder myalgia, defined as substantial palpation ten-
derness in the trapezius muscle, the levator muscle of
the scapula, or the supraspinous or infraspinous mus-
cle. The persons with these diagnoses formed the clini-
cal case group. Participants were not eligible for exam-
ination if they had had an operation in the neck or shoul-
der region, if pain was caused by trauma, or if they suf-
fered from the aforementioned medical conditions.

The physical examination was performed by a
trained physician in accordance with a standardized pro-
tocol. Immediately prior to the clinical examination the
participants filled out the DASH (disabilities of the arm,
shoulder, and hand) questionnaire. DASH collects 30 re-
sponses on physical function and symptoms, the raw
scores being transformed to a 0-100 scale on which 100
reflects severe upper-limb disability (11). At this point,
the participants also filled out a schedule concerning ac-
tual present pain in the neck and upper extremity regions.

The national ethics committee approved the study,
and all the participants who attended the physical ex-
amination signed an informed consent prior to the ex-
amination.
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The response rate to the questionnaire at baseline
was 73.2%, and at follow-up it was 81.5%. The partici-
pation rates for those invited to the clinical examina-
tion were 82.2% and 74.2% for the neck symptom cas-
es at baseline and at follow-up, respectively, and 84.6%
and 79.7%, respectively, for the right shoulder symp-
tom cases,

Analysis

The baseline associations were adjusted by means of
Cox’s proportional hazards model with a constant risk
period to estimate the prevalence proportion ratio (PRR)
for the cross-sectional analysis. All the risk factors were
kept in the models irrespective of the level of signifi-
cance (12, 13). All the risk factors are listed in table 1.
Mouse device use and keyboard use were analyzed by
assigning dummy variables to weekly usage time at 0—
2.4,2.5-4, 5-9, 10-14, 15-19, 20-24, 25-29, and 230
hours/week. Prior to this analysis we tested for nonline-
arity in the relation between continuous weekly use in
hours and neck and shoulder pain by fractional polyno-
mial regression. There was no gain from including items
other than the linear for mouse and keyboard use.

In the analyses with the follow-up data, the risk of
developing moderate-to-severe neck or right shoulder
pain was examined by Cox regression among the par-
ticipants free of moderate-to-severe neck or right shoul-
der pain at baseline. Because of a shortage of incident
cases (N=70 for neck pain, N=92 for shoulder pain) an-
other strategy was used for the analysis of the follow-
up data, for which intensity of mouse use was divided
into four categories (0-9, 10-19, 20-29, and >30 hours/
week), and keyboard use was classified as 0-4, 5-9, 10—
14, and >15 hours/week. Other risk factors have been
grouped into physical, psychosocial, and personal risk
factors (see tables 2 and 3), and stepwise analyses were
performed by forcing mouse and keyboard use into three
models including each of the groups of potential con-
founders and eliminating all the factors with P-values
of >0.15. The final model then included mouse and key-
board time (each with four dummy variables) and po-
tential confounders with P-values of <0.15 in each of
the models. To check for co-linearity, we calculated the
correlation coefficient between the risk factors, and they
were always <0.25. Time using the mouse and the key-
board were inversely correlated with a correlation coef-
ficient of —0.33.

Results

The distribution of the neck pain scores at baseline was
64.0% for “no pain”, 5.5% for “very mild pain”, 10.8%
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for “mild pain”, and 8.9% for “mild-to-moderate pain”,
6.6% for “moderate pain”, 3.1% for “moderate-to-severe
pain”, 0.8% for “severe pain”, and 0.2% for “very se-
vere pain” during the last 7 days. The corresponding fig-
ures for right shoulder pain at baseline were 78.5%,
5.2%, 8.4%, 6.3%, 4.3%, 2.4%, 0.8%, and 0.2%. The
numbers, prevalences, and incidences of the symptom
and clinical cases at baseline and follow-up, respective-
ly, are shown in figure 1.

At baseline, the mean DASH score was 15.8 (SD
13.1) for the 1339 symptomatic participants and 18.4
(SD 13.6) for the 324 examined at the 1-year follow-
up, representing a very mild degree of disability
(13).

Weekly mouse and keyboard use

The PPR for neck and right shoulder pain and clinical
disorders with mouse and keyboard times at baseline are
shown in table 1. The PRR for neck pain increased from
1.7 (95% CI 1.1-2.6) for work with a mouse for 25-29
hours/week to 1.8 (95% CI 1.1-2.9) for >29 hours/week.
The PRR for right shoulder pain increased from 1.6
(95% CI 1.1-2.4) for work with a mouse for 15-19
hours/week to 2.5 (95% CI 1.4-4.3) for >30 hours/week.
There was no association between neck and shoulder
pain and keyboard use. The PRR for tension neck syn-
drome at baseline increased from 3.5 (95% CI 1.0-12)
to 4.7 (95% CI 1.2-18) when weekly mouse use in-
creased from 25-29 hours to >30 hours. Due to too few
cases, a restricted model was used for right shoulder
myalgia. We did not find any statistically significant
associations between right shoulder myalgia and week-
ly mouse or keyboard use.

The onset of new neck pain (incident cases) was as-
sociated with >30 hours/week of mouse use [RR 2.4
(95% CI 0.8-6.8)] and with >15 hours/week of keyboard
use [RR 1.8 (95% CI 0.8-3.9)], whereas the onset of
new right shoulder pain symptoms, which was associ-
ated with weekly mouse use of >20 hours/week, had risk
estimates ranging from 1.9 (95% CI 1.0-3.5) to 3.3 (95%
CI 1.2-8.9) (table 3) and keyboard use of >15 hours/
week [RR 2.2 (95% CI 1.0-4.9)].

There were too few clinically confirmed incident
cases for inclusion in the analyses of incident cases.

Ergonomic factors

Among self-reported ergonomic factors (position of
screen, arm support, abnormal mouse or keyboard posi-
tion, and adjustment of table and chair) the PRR for neck
symptoms was 1.6 (95% CI 1.1-2.3) for sitting on an
unadjusted chair. In addition, we found no association
between ergonomic factors and our outcome variables
at baseline or at the 1-year follow-up (tables 1-3).
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Table 1. Adjusted prevalence rate ratios (PRR) with 95% confidence intervals (95% ClI) for symptoms and clinical disorders in the neck
and right shoulder at the baseline in relation to time with mouse and keyboard, physical and psychosocial workplace factors, and per-
sonal characteristics.

Physical workplace factors Neck symptoms Tension neck Right shoulder symptoms Right shoulder
case (N=733) (N=100) case (N=526) myalgia (N=35)
Adjusted  95% Cl Adjusted  95% CI Adjusted  95% ClI Adjusted  95%Cl
PRR PRR PRR PRR

Work with mouse in right hand
Duration (hours/week)

0-2.4 1 - 1 - 1 .- 1
2.5-4 1.0 0.6-1.5 1.1 0.3-4.2 1.0 0.6-1.7 .
5-9 1.2 0.9-1.8 1.9 0.6-5.4 1.7 1.1-25 . .
10-14 11 0.8-1.5 1.2 0.4-3.7 1.4 0.9-2.1 1.9 0.7-4.8
15-19 1.4 0.98-1.9 2.1 0.7-6.1 1.6 1.1-24 . .
20-24 1.3 0.9-1.9 2.8 0.9-8.4 1.7 1.1-2.6 1.72 0.5-5.6
25-29 1.7 1.1-2.6 35 1.0-12 2.6 1.6-4.2 . .
>30 1.8 1.1-2.9 47 1.2-18 2.5 1.4-43 1.3 0.1-11.6
Arm support
No arm support (mouse) 1 .- 1 . 1 .
Arm support (mouse) <50% time 1.2 0.8-1.6 0.8 0.3-1.7 11 0.7-1.7
Arm support (mouse) >50% time 0.98 0.8-1.3 0.6 0.3-1.2 1.0 0.7-1.4
Abnormal mouse position 09 0.6-1.2 0.2 0.02-1.1 0.8 0.5-1.3
Work with keyboard
Duration (hours/week)
0-2.4 1 - 1 - 1 . 1
2.5-4 0.8 0.6-1.1 0.5 0.2-1.4 0.9 0.6-1.5 .
5-9 0.9 0.6-1.2 0.8 0.3-1.7 0.9 0.6-1.4 . .
10-14 1.0 0.7-1.4 1.1 0.4-2.6 1.1 0.7-1.8 1.92 0.8-4.3
15-19 0.97 0.7-1.4 1.2 0.5-3.1 1.3 0.8-2.1 . .
>20 1.2 0.7-1.9 1.3 0.4-4.9 1.3 0.7-2.4 1.3 0.2-11.2
Arm support
No arm support (keyboard) 1 .- 1 .- 1 .
Arm support (keyboard) <50% time 1.3 1.0-1.6 1.2 0.7-2.2 11 0.9-1.5
Arm support (keyboard) >50% time 1.0 0.8-1.3 1.0 0.6-1.7 0.8 0.6-1.0
Abnormal keyboard position 1.2 0.9-15 0.9 0.5-1.8 1.2 0.9-1.6
Chair not adjusted 1.6 1.1-2.3 1.7 0.6-4.8 1.2 0.7-2.1
Desk not adjusted 0.8 0.7-1.0 0.5 0.3-1.0 0.7 0.5-0.9
Screen
Too high 1.2 0.7-2.0 0.5 0.1-3.8 0.9 0.5-1.8
Too low 1.0 0.8-1.1 1.1 0.7-1.7 1.0 0.8-1.2
To the left or right 0.9 0.6-1.2 14 0.6-3.1 0.8 0.6-1.2
Not satisfied with workplace design 1.6 1.3-2.0 2.3 1.2-4.1 1.9 1.5-2.6
Psychosocial workplace factors
High demands 14 1.1-1.7 14 0.8-2.6 15 1.1-1.9
Low control 1.1 0.9-1.4 1.2 0.6-2.2 1.2 0.9-1.6
Low social support 1.1 0.9-1.2 1.4 0.9-2.2 1.1 09-1.4
Time pressure 1.2 1.0-1.5 1.1 0.7-1.8 1.2 09-1.4
Personal characteristics
Negative affectivity 1.4 1117 1.0 0.6-1.8 12 0.9-1.5
Type A behavior 1.0 0.8-1.3 0.6 0.3-1.4 1.0 0.7-1.3 . .
Age (10-year increments) 1.0 0.9-11 1.3 1.1-1.7 1.2 1.0-1.3 1.2 0.8-1.7
Female gender 1.7 1.4-21 2.7 1.5-4.9 2.2 1.7-2.8 7.2 1.7-30.3
Body mass index
<19kg/m? 1.2 0.8-1.8 1.7 0.7-4.4 0.9 0.5-1.6
>27kg/m? 1.2 0.9-1.7 0.4 0.1-1.7 11 0.7-1.7
Poor social network 1.0 0.8-1.3 1.2 0.6-2.3 1.0 0.7-1.4
High physical activity 09 0.8-1.1 0.9 0.5-1.3 09 0.8-1.2 . .
Medical disorder 1.6 1.3-21 0.5 0.2-1.7 15 1.1-241 1.6 0.5-5.4
Pain started after accident 2.4 1.9-3.2 . . 2.6 1.6-4.1 1.4 0.2-10.7

a Categories are combined.
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Table 2. Relative risk (RR) with 95% confidence intervals (95% Cl) for becoming a new neck symptom case during the follow-up, for
those with no or mild symptoms at baseline. (Number of cases with new neck symptoms =70.)

Physical workplace factors Model 12 Model II° Model 11l Model V¢

RR 95% Cl RR 95%C | RR 95% Cl RR 95% Cl

Work with mouse
Duration (hours/week)

0-9 1 . 1 . 1 . 1 .
10-19 1.2 0.6-2.2 1.1 0.6-2.0 15 0.8-2.7 1.1 0.6-1.9
20-29 1.1 0.5-2.4 0.9 0.4-2.0 1.3 0.6-2.8 0.9 0.4-1.9
>30 1.9 0.6-6.1 2.5 0.9-71 3.2 1.1-9.5 2.4 0.8-6.8

Arm support
No arm support (mouse) 1 .-
Arm support (mouse) <50% time 1.0 0.3-2.9
Arm support (mouse) >50% time: 1.1 0.5-2.5

Abnormal mouse position

Work with keyboard

Duration (hours/week)
0-4 1 . 1 . 1 . 1 .
5-9 0.9 0.4-2.0 1.1 0.5-2.3 1.1 0.5-2.4 1.1 0.5-2.2
10-14 1.0 0.4-2.3 1.0 0.5-2.3 0.9 0.4-2.2 1.0 0.4-2.2
>15 21 0.9-4.6 1.9 0.9-4.3 2.2 0.97-5.1 1.8 0.8-3.9

Arm support
No arm support (keyboard) 1 .
Arm support (keyboard) <50% time 0.6 0.3-14
Arm support (keyboard) >50% time 1.0 0.6-1.8

Abnormal keyboard position 1.0 0.4-2.2

Screen

Too high 0.8 0.1-5.7

Too low 0.9 0.5-1.4

To the right or left 1.0 0.4-25

Chair not adjusted 1.0 0.2-4.3

Desk not adjusted 0.9 0.5-1.8

Not satisfied with workplace design 1.4 0.7-2.9

Psychosocial workplace factors

High demands . . 1.7 1.0-2.8 . . 1.7 1.0-2.7
Low control . . 1.3 0.8-2.2 . . . .
Low social support . . 1.4 0.9-24 . . 1.5 0.9-24

Time pressure . . 0.8 0.4-14

Personal characteristics

Negative affectivity . . . . 1.3 0.7-2.5

Type A behavior . . . . 1.7 0.9-3.1

Age (10-year increments) . . . . 1.0 0.9-11

Female gender . . . . 1.9 0.9-41 1.9 1.1-3.3

Body mass index

<19 kg/m? . . . . 0.8 0.2-3.4
>27 kg/m? . . . . 0.9 0.3-2.9

Poor social net work . . . . 1.3 0.6-2.9

High physical leisure activity . . . . 1.3 0.8-2.2

Chronic disease - - . . 1.6 0.7-3.6

Pain started after accident . . . . 3.8 1.4-10.6 34 1.3-9.5

a2 |ncludes time with mouse and keyboard and physical workplace factors.

® Includes time with mouse and keyboard and psychosocial factors.

¢ Includes time with mouse and keyboard and personal characteristics.

4 Final model, which included time with mouse and keyboard and all the other parameters from model | to Ill with P<0.15.

However, not being satisfied with the overall physi- Psychosocial workplace factors

cal workplace design was strongly associated with the

outcomes in the cross-sectional analyses, although this High demands were associated with both neck and
association disappeared in the follow-up. shoulder pain at baseline, but not with the clinical
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Table 3. Relative risk (RR) with 95% confidence intervals (95% Cl) for becoming a new right shoulder symptom case during the follow-
up, for those with no or mild symptoms at baseline. (Number of cases with new right shoulder symptoms = 92.)

Physical workplace factors Model I2 Model 11® Model 11l Model 1v¢

RR 95% ClI RR 95% Cl RR 95% Cl RR 95% Cl

Work with mouse in right hand ¢
Duration (hours/week)

0-9 1 . 1 . 1 . 1 .
10-19 1.1 0.6-2.0 1.1 0.6-1.9 1.3 0.7-2.2 1.2 0.7-2.1
20-29 2.0 1.0-4.0 1.8 0.98-3.4 2.0 1.0-3.8 1.9 1.0-3.5
>30 4.0 1.5-111 3.0 1.1-8.1 2.9 1.0-8.7 33 1.2-8.9

Arm support
No arm support (mouse) 1 -
Arm support (mouse) <50% time 14 0.6-3.7
Arm support (mouse) >50% time: 1.0 0.5-2.3

Abnormal mouse position 0.6 0.2-1.7

Work with keyboard

Duration (hours/week)
0-4 1 . 1 . 1 . 1 .
5-9 1.3 0.7-2.7 1.3 0.7-2.5 14 0.7-2.8 1.3 0.7-2.6
10-14 1.8 0.8-3.9 1.6 0.8-34 1.6 0.7-3.5 1.6 0.8-3.3
>15 2.6 1.2-5.9 2.1 0.9-4.6 2.3 0.99-5.1 2.2 1.0-4.9

Arm support
No arm support (keyboard) 1 .
Arm support (keyboard) <50% time 0.9 0.5-1.7
Arm support (keyboard) >50% time 1.1 0.7-1.9

Abnormal keyboard position 0.7 0.3-15

Screen

Too high . .

Too low 1.0 0.6-1.6

To the right or left 1.2 0.5-2.8

Chair not adjusted 1.0 0.2-4.0

Desk not adjusted 0.9 0.5-1.6

Not satisfied with workplace design 1.0 0.5-2.1

Psychosocial workplace factors

High demands . . 1.4 0.9-2.2 . . . .
Low control . . 1.9 1.2-2.9 . . 1.9 1.2-2.9
Low social support . . 1.3 0.8-2.1

Time pressure . . 1.0 0.6-1.6

Personal characteristics

Negative affectivity . . . . 1.1 0.6-2.1

Type A behavior . . . . 1.3 0.7-2.4

Age (10-year increments) . . . . 1.0 0.9-11 . .

Female gender . . . . 1.7 1.0-3.0 1.5 0.9-2.6

Body mass index

<19 kg/m? . . . . 1.0 0.3-3.2
>27 kg/m? . . . . 1.0 0.4-2.5 . .

Poor social net work . . . . 1.8 0.9-3.4 15 0.8-2.9

High physical leisure activity . . . . 0.5 0.3-0.8

Chronic disease - . . - 3.0 1.6-5.6 . .

Pain started after accident . . . . 341 1.0-9.9 3.0 0.9-9.5

2 Includes time with mouse and keyboard and other physical workplace factors.

b Includes time with mouse and keyboard and psychosocial factors.

¢ Includes time with mouse and keyboard and personal characteristics.

4 Final model, which includes time with mouse and keyboard, and all other parameters from model | to Ill with P<0.15.

¢ Mouse-related variables refer to right-handed use. Participants using the mouse in both hands were excluded from the analyses (N=524).

outcomes, and only with shoulder pain in the fol- shoulder pain at follow-up. No associations were

low-up. Low job control did not show any asso- found with low social support or time pressure at

ciation at baseline, but it predicted the onset of work. All the associations between neck and
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NECK AND
RIGHT
SHOULDER
CASES COHORT
9480
Prevalent symptom Invited to clinical  Baseline clinical Clinical cases
cases examination examination
Neck tension neck
v 733 —)| 645 |—)| 530 l—) syndrome
(10.6%) 100
Baseline participants 6943
(73.2%)
Shoulder
526 467 395 right shoulder
(7.6%) myalgia
35
rotator cuff
syndrome
10
Y
5658
Completed follow up (81.5%)
questionnaire
No or mild symptoms Neck Shoulder
at baseline 4548 4764
Y Y
Incident symptom case 70 92
(1.5%) (1.9%)
Invited to clinical 62 79
examination at follow-up
Y A
Clinical examination at 46 63
follow-up
y
Clinical cases tension neck right shoulder
syndrome myalgia
10 12
rotator cuff
syndrome
4
Figure 1. Flow chart of neck and right side shoulder cases at baseline
and 1-year follow-up.

shoulder pain and psychosocial factors were very
modest.

Personal characteristics

Women were at higher risk of both having and contract-
ing neck and shoulder pain with prevalence rate ratios
from 1.7 to 2.7 at baseline and relative risks from 1.5 to
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1.9 at follow-up at different levels of use. The partici-
pants who had experienced trauma or had a systemic
disease before baseline were consistently at higher risk
of neck and shoulder pain in both of the two examina-
tions. An association between age and shoulder symp-
toms and tension neck was seen at baseline, but not
among incident cases at the 1-year follow up. High
physical leisure-time activity was inversely related to



new right-shoulder pain during the follow-up (RR 0.5,
95% CL 0.3-0.8). Negative affectivity was moderately
associated with neck symptoms at baseline but not after
1-year of follow-up.

Discussion

The main finding of the study was a general pattern of
positive associations between neck and shoulder pain
complaints and mouse device use both in cross-section-
al comparisons and at follow-up, even though the small
case numbers at follow-up made the associations unsta-
ble in statistical terms. Time with keyboard use only
contributed significantly in the follow-up analyses.

There were no associations between self-reported
outcomes or clinical case status and self-reported ergo-
nomic factors, but there were weak associations with
work-related and private psychosocial factors and per-
sonal characteristics. Pain was highly associated with
female gender, a former accident affecting the specific
bodily region, and current medical conditions. Very few
cases met commonly accepted specific criteria for clin-
ical diagnoses. For example, the prevalence of tension
neck syndrome was 1.4% at baseline, but the risk for
tension neck syndrome among the participants who used
their mouse for >25 hours/week was fourfold in com-
parison with no-or-minor use. Only 10 participants con-
tracted tension neck syndrome during the study, repre-
senting a 1-year incidence of 0.2%. The prevalence
(0.14%) and incidence (0.07%) of rotator cuff tendoni-
tis were too small to make any meaningful inferences
about this disorder with respect to mouse and keyboard
use in both the baseline and follow-up data.

Mouse and keyboard times

This study benefits from a large cohort with a wide
range of exposure time with the use of a computer
mouse and a keyboard. The analyses with a mouse and
keyboard used as continuous time variables did not in-
dicate a threshold level for neck or shoulder pain at base-
line or the 1-year follow-up (results not shown). If phys-
ical loads cause musculoskeletal pain, a “safe level” fol-
lowed by increasing effect above a threshold would be
assumed, but our data did not support such an assump-
tion. The models for the associations between mouse and
keyboard times were linear relations starting at 0 hours/
week. There were no indications of a threshold level.
The associations could have been distorted by selec-
tion and information bias. To check for baseline selec-
tion bias, we tested whether the 964 cases with neck or
shoulder pain at baseline had lower mouse times at fol-
low-up than the noncases did. If so, the participants with
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pain might have migrated in the same direction before
the study. Some of the baseline cases could have been
symptomatic persons with earlier high exposure, who
had attracted work-related pain and reduced their work-
load. Such an observation was made only to a small de-
gree. The mean time of work with a mouse dropped
from 15.1 to 13.4 hours/week among the cases, where-
as the mouse work of noncases decreased from 13.7 to
13.5 hours/week during the follow-up. Therefore a
mechanism concerning case migration from higher to
lower exposure levels could have had only a minor
effect. Potential selection bias was also tested in regard
to study participation. Increased risk estimates could
have been a result of selection bias if the participants
with neck and shoulder symptoms working with a com-
puter mouse tended to participate to a greater extent than
persons without symptoms and with less computer
mouse work. We would have expected to find higher
risk estimates for the persons who responded to the
questionnaire immediately and lower risks for those who
responded after 1 and 2 reminders. This was however
not the case at either baseline or follow-up. On the con-
trary, selection bias seemed to move away from the null
[ie, an underestimation of the risk estimates was sug-
gested by the fact that the association between the neck
and shoulder symptoms and work with a mouse became
stronger after each reminder (data not shown)].

Highly exposed participants with symptoms may
exaggerate pain, and symptomatic participants may ex-
aggerate exposures if they believe that pain is caused
by exposure. Although the NUDATA study was intro-
duced as a general investigation of work and health
among technicians, public and media interests had
claimed a relation between computer work and muscu-
loskeletal health for a long time, and this claim could
have encouraged biased responses to the questions on
exposure and pain.

The misclassification of self-reported computer time
was found in a recent study (14), in which self-reported
keyboard time was overestimated to a higher degree at
low objective levels than at higher exposure levels. Such
misclassification due to the self-assessment of exposure
would tend to diminish the slope of a true exposure-re-
sponse relation.

We think that the baseline findings are of interest
for comparison with other studies of computer use and
musculoskeletal health, most of which are cross-section-
al. However, the main findings are those based on the
incidence data, and, with the hypothesis of a threshold
effect, it is uncertain how and in which way bias would
explain the observed relations between mouse and key-
board use and incident neck and shoulder pain. The risk
estimates were adjusted for other physical, psychosocial,
and personal factors that have been shown to be risk fac-
tors in other studies (15-18). We do not believe that other
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unmeasured factors in this study could be responsible
for important residual confounding. Further assessment of
threshold effects requires short-interval, repeated exposure
and outcome measurements under circumstances that al-
low for the control of health-selection forces.

Symptoms and clinical disorders

Baseline levels of reports of pain were high in the
NUDATA study. Interview data were obtained from 8%
of the nonrespondents at baseline, and the 12-month and
7-day prevalences were 23.6% and 15.4%, respective-
ly, for neck pain and 9.7% and 5.6%, respectively, for
right shoulder pain. These levels are below those of the
respondents, whereas the levels of computer work were
equal among the nonrespondents and respondents, and
therefore the risks in the cohort were probably some-
what overestimated when solely calculated from re-
spondents’ data.

Diagnoses were few in our study. Only 2.1% met our
criteria for a neck or shoulder disorder at baseline, and
this percentage is lower than the baseline prevalence
among keyboard operators in a recent study (19). The
0.5% incidence of neck or shoulder disorder was lower
than in an older population study (20), and the findings
related to tendons (0.14% at baseline) were fewer than
in a recent prospective study, which found a baseline
prevalence of 0.5% for rotator cuff tendonitis (based,
however, on only three cases) (19). If our definitions of
pain had been less strict, the prevalence of the diagnoses
would have been about twice as high.

A differential loss to follow-up could have contrib-
uted to the level of incident diagnoses in our study. Al-
together 1285 participants were lost to follow-up, while
283 persons who were no longer working at follow-up
participated. The prevalence of pain and clinical signs
at baseline among those who left the cohort did not dif-
fer from those of the persons who participated in the 1-
year follow-up, nor did the level of pain differ among
the group that did not work at follow-up and those who
did work. It is unlikely that selection bias accounted for
the few clinical diagnoses, but more likely our findings
represent a truly low prevalence and incidence of clini-
cal disorders among computer operators. In spite of this
finding, many computer users do have pain complaints.
The 1-year incidence of neck pain reported in recent
studies was 25.5% (4) to 34.4% (3). In these studies,
case definitions were similar, including baseline pain for
<7 days, and >8 days with pain in the follow-up year.
According to this case definition, our annual incidence
of neck pain would have been 17.2% (95% CI 15.8—
18.5). The argument for the aforementioned case defi-
nition was that some days with neck pain (<8 days) do
not indicate a disorder, but how many days should one
experience pain before it becomes a disorder? However,

408  scand J Work Environ Health 2004, vol 30, no 5

the higher level of pain, and the more clinical the find-
ings, the more limited the social functioning (18). Pain
levels also seem to vary a great deal. On the day of the
clinical examination, our participants filled out the same
screening instrument that they had filled out 2 to 3
weeks before the examination. Less than 30% of cases
scored >4 on the day of the examination. It seems that
pain symptoms are, to a large extent, temporary and var-
iable, and these characteristics could be one explana-
tion for the very low prevalences and incidences of more
chronic conditions.

In the absence of an understanding of the relevance
and importance of different degrees of pain, it would
seem meaningful to collect data on other outcome meas-
ures than just pain. Additional studies should involve
measures of pain intensity and duration, clinical inves-
tigations, and measures of social functioning. With
DASH as the instrument for obtaining information on
functioning, the scores showed that, despite pain com-
plaints, the participants experienced very mild disability.

In conclusion, complaints of pain in the neck and
right shoulder were found among computer users in the
NUDATA study to be associated with increasing use of
a computer mouse. However, very few clinical findings
and very mild disability were documented in this group
of frequent computer users. From the perspective of this
study, it seems unjustified to claim any serious adverse
effects on the neck and shoulders from mouse or key-
board use.
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