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Objectives   This study evaluates the effect of two different worksite physical-activity interventions on neck–
shoulder symptoms, together with perceived work ability and sick leave among office workers.
Methods   An examiner-blinded randomized controlled trial was conducted with 549 office workers allocated 
to one of three intervention groups: one with specific resistance training (SRT) of the neck–shoulder region 
(N=180), one with all-round physical exercise (APE) (N=187), and one which acted as a reference group, which 
was informed about general health-promoting activities but did not include a physical activity program (N=182). 
Questionnaires were filled out at baseline and after 1 year of training.
Results   The duration and intensity of neck and shoulder symptoms was lower after the specified worksite 
physical-activity interventions than in the reference group. On an intervention group level, SRT was not more 
effective than APE in reducing the duration and intensity of neck and shoulder symptoms. However, those 
asymptomatic at baseline had a significant lower prevalence of neck–shoulder symptoms at follow-up when 
allocated to the SRT group than placed in the APE group or reference group. At baseline the work ability index 
(WAI) was close to 90% of the maximum score, and the mean sick leave was 5 days per year, both being unaf-
fected by the interventions. 
Conclusions   Different physical-activity interventions were successful in reducing neck–shoulder symptoms, 
and SRT was superior to APE in the primary prevention of such symptoms. The initially relatively high WAI 
was the most probable reason for no further increase in WAI. Likewise the mean sick leave the year before the 
intervention was very low, and it was probably not possible to reduce it further.
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Musculoskeletal symptoms are widespread among 
computer users with a high incidence of symptoms, 
especially in the neck–shoulder region, and the costs 
and impact on quality of life due to these symptoms 
are considerable (1–4). Occupational computer use has 
become increasingly common over the past few decades, 
in particular among office workers; and the widespread 
use of computers today, together with the high incidence 
of symptoms, demonstrates a potential for the prevention 
or alleviation of symptoms among, for example, office 
workers, through the use of targeted interventions.

A critical review concluded that worksite physical-
activity programs may have a positive effect on reducing 
musculoskeletal disorders (5). However, only a limited 
number of randomized controlled trails of high quality 
was identified regarding physical activity (6). To mention 
positive findings among office workers, a 10-week aero-
bic training program was found to have a significant effect 
on neck pain among employees in an insurance company 
(7). In addition, light resistance training on a daily basis 
at the worksite reduced the intensity of neck symptoms, 
but not shoulder symptoms, among office workers (8). 
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Due to a lack of reliable studies, there is especially 
conflicting evidence concerning the efficacy of exercise 
programs on outcomes of complaints from the neck and 
shoulder regions (9–11). This lack has led to repeated 
requests in the scientific literature for more randomized, 
controlled trails of high methodological quality.

In particular, evidence-based guidelines are still 
lacking on the type of physical exercise intervention that 
is most efficient in relieving musculoskeletal symptoms 
(11, 12). Only a few studies have compared different 
exercise programs. Among female industrial workers, 
12 weeks of isometric endurance or strength training 
showed similar positive effects (13). Likewise, in a study 
among female office workers with chronic neck pain, 
both isometric strength training and dynamic endurance 
training effectively decreased pain and disability during 
a 1-year follow-up (14). However, aerobic and stretch-
ing exercises only, as performed by the control group, 
proved to be much less effective than strength training of 
the neck muscles. In contrast, a study including a similar 
group of persons did not find dynamic muscle training 
to be superior to relaxation training or ordinary activity 
(reference group) regarding neck pain at the 1-year fol-
low-up (15). Of note is that the strength and endurance 
training protocols introduced in the aforementioned 
studies involved some similar aspects of neck–shoulder 
muscle loading and thus were not highly distinct from 
one another. Thus, it remains unknown whether or not 
general fitness training may have a positive effect also 
on neck–shoulder pain. 

Most of the studies in this area have included par-
ticipants with neck–shoulder pain at entry into the 
intervention and thus studied rehabilitation or second-
ary prevention potentials. However, it seems even more 
pertinent to reveal the extent to which physical activity 
can play a role in the primary prevention of neck–shoul-
der symptoms among healthy workers. In addition, the 
potential of worksite physical-activity programs needs 
to be established not only for relieving pain, but also for 
improving work ability among employees needs. Inac-
tivity is a major risk factor for adverse health effects—in 
particular in sedentary occupations such as office work, 
for which strenuous leisure-time physical activity may 
have beneficial health effects (16). Physical activity is 
one means of promoting individual resources and health 
status and thereby is a means of decreasing sick leave 
and improving work ability (17). However, evidence of 
the effectiveness of worksite physical-activity programs 
on perceived work ability is limited and has mainly 
focused on physically demanding jobs. A moderate 
physical-activity program once a week involving muscle 
strengthening, cardiovascular exercise, and stretching 
improved perceived work ability only slightly among 
women with physically demanding jobs (18). However, 
a 9-month supervised exercise intervention twice a week 

significantly improved the work ability of home care 
workers (19).

Based on the aforemenioned background, a ran-
domized controlled trial was carried out to evaluate the 
effect of two highly different worksite physical-activity 
interventions on musculoskeletal symptoms in the neck–
shoulder region, together with perceived work ability 
and sick leave among office workers. More specifically, 
the study was designed to test the following hypotheses: 
(i) musculoskeletal symptoms in the neck–shoulder re-
gion among office workers can be reduced by specified 
worksite physical-activity interventions, (ii) specific 
resistance training of the neck–shoulder region is more 
effective than all-round physical exercise in reducing 
neck and shoulder symptoms (this results from a larger 
decrease in symptoms among those symptomatic at 
baseline, as well as less symptom development among 
those asymptomatic at baseline), (iii) work ability will 
increase and the sick leave rate will decrease as the 
prevalence of musculoskeletal symptoms decreases.

Study population and methods

Study design

A cluster randomized controlled trial was conducted. 
The participants were recruited from 12 geographically 
different units of a national Danish public administra-
tion authority located in the eastern part of Denmark. 
All of the participants worked in an office environment. 
The criteria for exclusion were (i) hypertension or car-
diovascular diseases, (ii) symptomatic disc prolapses 
or severe disorders of the cervical spine, (iii) postop-
erative conditions in the neck and shoulder region, (iv) 
history of severe trauma, and (v) pregnancy. All of the 
participants gave their written consent before entering 
the study. The study protocol was approved by the lo-
cal ethics committee (KF 01–201/04) and qualified for 
registration in the International Standard Randomised 
Controlled Trial Number Register on http://isrctn.org 
and has been assigned a unique trial identification num-
ber (ISRCTN31187106).

Study population

Altogether 2163 employees were invited to participate in 
the study. A short introduction and invitation text, together 
with a link to an Internet-based questionnaire—in four 
sections—on current health and symptoms were e-mailed 
to the prospective participants to examine their status 
regarding the exclusion criteria and to enable further se-
lection. Out of the 2163 employees invited to participate, 
1397 replied to the invitation, and 841 employees were 
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willing to participate. There was no significant difference 
between the employees accepting and those declining 
participation with respect to gender, age, height, and 
body mass. However, the employees accepting participa-
tion had a higher 1-year prevalence of musculoskeletal 
symptoms in the neck and shoulders. The baseline char-
acteristics of the two groups are presented in table 1.

Of the 841 employees accepting participation, 225 
were excluded due to health risks or because too few 
at their unit wanted to participate. Therefore 3 of the 
12 units were not offered any intervention. Thereby 
616 participants were included in the study group at 
9 units. There was no significant difference in the base-
line characteristics between the participants included 
in the study (N=616) and the employees accepting 
participation (N=841) (table 1). After the baseline mea-
surements an additional 24 participants were excluded 
due to health risks, and another 43 participants chose to 
withdraw from the study. The remaining 549 participants 
were randomly allocated to three intervention groups. 
A sample size of approximately 180 participants per 
intervention (allowing for a 10% loss to follow-up) 
was needed for 80% power to detect a 10% change in 
muscle strength (20). With a 10% change in muscle 
strength, there was a high likelihood that there would be 
a detectable impact on musculoskeletal symptoms in the 
neck and shoulder area. After the cluster randomization, 
workers were excluded if they contracted a condition 
included in the aforementioned exclusion criteria or 

if they were on maternity leave or on other long-term 
absences (men and women).

Randomization

The employees who agreed to volunteer for the study 
were randomized into two different “physical-activity” 
groups and a “reference” group. A balanced cluster 
randomization was applied at the level of physical loca-
tion of the participants at the worksite within each unit 
(21). Two to three types of intervention were conducted 
in each unit, one-third or two-thirds of the participants 
being allocated to each of the interventions (table 2). 
Clusters of participants were located on the same floor 
or in the same building and thus participated in the same 
intervention group. This approach was used to avoid 
contamination of the intervention and to enhance the 
compliance within the intervention groups, as well as 
to implement the study in a natural work environment. 
At the largest of the nine units, all three intervention 
groups were present, while only one of the physical-ac-
tivity groups and a reference group were present at the 
remaining eight units. The distribution of the different 
intervention groups at the nine units and the number 
of participants in each group is presented in table 2, 
together with the number of clusters and the range of 
cluster size. Only nine “clusters” contained only a single 
individual.

Table 1. Baseline characteristics of the population that replied to the invitation for participation in the study, the population included in the 
study, and the three intervention groups (specific resistance training, all-round physical exercise, and reference). 

Group	 Gender (%)	 Age (years)	 Height (m)	 Body mass (kg)	 One-year prevalence (%)

								        Neck symptoms	 Shoulder symptoms

		  Mean	 SD	 Mean	 SD	 Mean	 SD		  Left	 Right 
									         shoulder	 shoulder

Accepted participation (N=841)

	 Men (N=303)	 35.9	 47.1	 9.2	 1.81	 0.07	 84.1	 13.0	 65.8 a	 34.9	 48.5 a

	 Women (N=538)	 64.1	 45.5	 9.5	 1.68	 0.06	 69.0	 12.6	 85.7 a	 55.0 a	 69.0 a

Declined participation (N=556)

	 Men (N=219)	 39.4	 46.7	 11.2	 1.81	 0.07	 84.4	 16.3	 56.2	 30.6	 35.6
	 Women (N=337)	 60.6	 46.4	 10.3	 1.68	 0.06	 67.6	 13.4	 78.6	 41.5	 56.7

Included in study population (N=616)

	 Men (N=219)	 35.6	 45.7	 9.3	 1.81	 0.07	 83.1	 11.5	 66.4	 35.0	 48.4
	 Women (N=397)	 64.4	 44.6	 9.5	 1.68	 0.06	 68.2	 12.0	 84.6	 52.6	 66.8

	 Specific resistance training (N=180) 
		  Men (N=54)	 30.0	 47.3	 9.3	 1.81	 0.06	 82.5	 8.6	 55.8	 28.8	 46.2
		  Women (N=126)	 70.0	 45.5	 10.4	 1.68	 0.06	 68.9	 12.9	 88.1	 55.6	 69.0
	 All-round physical exercise (N=187)
		  Men (N=67)	 35.8	 43.1	 9.5	 1.81	 0.07	 83.8	 13.2	 67.2	 34.3	 47.8
		  Women (N=120)	 64.2	 44.4	 8.0	 1.67	 0.06	 66.2	 10.4	 80.0	 50.8	 67.5
	 Reference (N=182)
		  Men (N=74)	 40.7	 46.3	 9.0	 1.81	 0.06	 81.6	 10.3	 75.7	 37.8	 48.6
		  Women (N=108)	 59.3	 43.9	 9.7	 1.69	 0.06	 70.4	 12.6	 85.2	 47.2	 64.8

a The difference between the employees accepting participation and those declining participation was statistically significant.
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After the baseline measurements, the participants 
were assigned to a specific resistance training (SRT) 
group (N=180), an all-round physical exercise (APE) 
group (N=187), or a reference group (N=182). A flow-
chart showing the allocation of the participants to the 
intervention groups and the subsequent dropout during 
the study period is presented in figure 1.

Intervention

The intervention took place over a 12-month period 
(February 2005 until January 2006) with questionnaires 

sent out in January 2005 and February 2006. The par-
ticipants in all three intervention groups were allowed 
to use 1 hour a week during workhours for intervention 
activities.

Specific resistance training. The specific resistance train-
ing consisted of resistance training exercises specifically 
for the muscles in the shoulder and neck region. The 
training regime consisted of three sessions per week, 
each lasting approximately 20 minutes. Two of the 
weekly sessions were supervised by an experienced 
instructor.

1

Figure 1. Flow chart showing the progress of the participants in the intervention groups during the 

study period. SRT: specific resistance training, APE: all-round physical exercise, REF: reference 

group.

Table 2. Number of participants in the intervention groups within the nine geographically different units of the Danish public administrative 
authority for each of the three intervention groups (specific resistance training, all-round physical exercise, and reference). The number 
of clusters and the range of the cluster size are specified for each unit.

Unit	 Group

	 Specific resistance training	 All-round physical exercise	 Reference

	 Participants	 Clusters	 Cluster size	 Participants	 Clusters	 Cluster size	 Participants	 Clusters	 Cluster size 
	 (N)	 (N)	 (range)	 (N)	 (N)	 (range)	 (N)	 (N)	 (range)

1	 70	 8	 1–18	 66	 7	 1–19	 83	 15	 1–11
2	 30	 2	 5–25	 ·	 ·	 ·	 19	 1	 19
3	 24	 6	 1–7	 ·	 ·	 ·	 14	 5	 1–7
4	 35	 5	 3–10	 ·	 ·	 ·	 12	 3	 1–7
5	 21	 3	 2–13	 ·	 ·	 ·	 9	 1	 9
6	 ·	 ·	 ·	 30	 3	 7–13	 13	 2	 4–9
7	 ·	 ·	 ·	 35	 6	 3–12	 7	 2	 1–6
8	 ·	 ·	 ·	 22	 2	 7–15	 12	 1	 12
9	 ·	 ·	 ·	 34	 4	 1–17	 13	 2	 6–7

Total	 180			   187			   182		

Figure 1. Flowchart showing the progress 
of the participants in the intervention groups 
during the study period. (SRT = specific 
resistance training, APE = all-round physical 
exercise, REF = reference group)
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The exercises were composed of dynamic resistance 
training for the arms and shoulders, static exercises for 
the neck, and explosive rowing and kayaking ergometer 
exercises for improving maximum dynamic strength 
in the shoulder area. The specific resistance training 
was performed with dumbbells and consisted of the 
following exercises: shoulder extension, shoulder ab-
duction, shoulder abduction with special attention to 
the supraspinatus muscle, and shoulder lift. In general, 
2–3 sets of 10–15 repetitions (~10–15 repetition maxi-
mum) of each exercise were performed in each session. 
In the first couple of weeks, the participants worked 
with loads corresponding to approximately 50% of 
their maximum in order to focus on technique, become 
habituated to training, and avoid injuries. Subsequently, 
they were encouraged to add to the load if they could 
perform more than 15 repetitions.

Static neck exercises were performed in a sitting 
position. An inelastic strap was connected to a scale 
that was either handheld or secured to a hook fixed 
to the wall. The strap was positioned around the head 
of the participants in a way that repetitions could be 
performed directly forward, sideways to the right and 
left, and directly backward (22) . Each repetition lasted 
5 seconds.

Ergometers were used for the rowing (Concept2, 
Inc, Morrisville, VT, USA) and kayaking (Dansprint, 
Vanløse, Denmark) exercises to increase explosive 
strength. The ergometers were equipped with displays 
that informed the participants about the mean power 
output in each bout. In this way, they could follow their 
progress in the training. A maximum of 10 all-out bouts, 
lasting 15–30 seconds, could be performed, either row-
ing or kayaking, in each session.

The participants were encouraged to keep a training 
diary. This diary helped the instructors in their training 
guidance and helped motivate the participants to comply 
with the rather monotonous training program.

All-round physical exercise. In this intervention group the 
participants were motivated to increase their daily physi-
cal activity both at their worksite and during their leisure 
time. The participants were introduced to the exercise 
activities by experienced instructors with pep talks, in 
which the participants had a scholarly, motivating, and 
humoristic introduction to the concept of daily physi-
cal activity. As part of motivating the participants, they 
made “a contract” in which they listed ways to include 
more physical activity in their daily lives. Subsequent to 
the introductory sessions, the frequency of visits from 
the instructors ranged from 1–4 times per month. The 
physical exercises introduced at the worksite consisted 
of a mixture of activities. Groups were organized for 
such activities as Nordic walking and running, and 
some participants were supplied with step counters. In 

addition, an 8-minute CD-based exercise program for 
aerobic fitness and general strength (but not specifi-
cally for the neck and shoulder area) was introduced to 
the participants. Exercise instruments such as steppers 
were placed at strategic places (eg, by the copying 
machine).

The participants were encouraged by two campaigns 
to bike to work and to increase their daily activity during 
their leisure time. This effort was promoted by giving 
the participants information on the location and opening 
hours of local sports clubs, fitness centers, and swim-
ming pools. Most of the activities involved large muscle 
groups and resulted in cardiopulmonary loading, but 
not in neck–shoulder muscle strengthening in order to 
distinguish clearly between the two “physical-activity” 
interventions.

Reference group. The main purpose of the activities in 
the reference group was to ensure that the participants 
would receive attention similar to the two physical-
activity intervention groups but that they would not 
perform additional physical activity. The participants 
were introduced to the intervention by a presentation of 
previous projects in other companies in which research-
ers from the National Research Centre for the Working 
Environment (NRCWE), Denmark, in cooperation with 
managers and employees, had improved work conditions 
and occupational health. The participants were encour-
aged to form groups that would try to improve existing 
nonoptimal health and work conditions (eg, ergonomics, 
stress, work organization, indoor air, and food quality 
in the cafeteria of the company). The participants or-
ganized presentations about different health-promoting 
initiatives such as diet and health, stress and health, 
indoor climate, meditation, and relaxation. Staff from 
the NRCWE supported their work (eg, by helping to 
organize presentations by experts in the field).

Baseline and follow-up outcome variables

An internet-based questionnaire was used to gather data 
on the baseline and follow-up and to ensure examiner-
blinded data collection. The variables included gender, 
age, height, body mass, musculoskeletal symptoms in 
the neck and shoulders, and the work ability index. All 
in all, it was an extensive questionnaire that was divided 
into four sections, each of which could be replied to 
within less that 20 minutes.

Musculoskeletal symptoms. During the past 7 days and 
within the last 3 months, musculoskeletal symptoms 
were reported according to a modified version of the 
Nordic questionnaire on trouble (ache, pain, or discom-
fort) with the neck and shoulders (23). In addition, a 
question regarding the mean intensity of pain during 
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the last 3 months was reported. The following questions 
were posed: (i) “Have you had trouble in your [body 
part] at any time during the last 7 days” (yes; no) for 
symptom status, (ii) “How many days have you had trou-
ble in [body part] during the last three months?” (0 days; 
1–7 days; 8–30 days; >30 days; everyday) for symptom 
duration, and (iii) “On average, how intense was your 
pain in [body part] during the last three months on a 0–9 
scale?” (where 0 means no complaints and 9 means pain 
as bad as it can be) for symptom intensity. The questions 
were asked with [body part] replaced first by the neck, 
then by the left shoulder, and then by the right shoulder. 
Answers to the question that concerned symptom dura-
tion were recoded as follows: 0 days = 0, 1–7 days = 4, 
8–30 days = 19, >30 days = 60, everyday = 90.

Perceived work ability. The work ability index (24) was 
used to assess perceived work ability, except for the 
exclusion of one question regarding current diseases and 
injuries diagnosed by a physician. The index is a sum 
variable based on questions regarding (i) work ability 
compared with the person’s lifetime best (on a scale 
of 0–10), (ii) work ability in relation to physical and 
mental job demands (on a scale of 2–10), (iii) estima-
tion of work impairment due to diseases (on a scale of 
1–6), (iv) sick leave during the past 3 months (on a scale 
of 1–5), (v) personal health-related prognosis of work 
ability 2 years from now (points of 1, 4, or 7), and (vi) 
mental resources (on a scale of 1–4). The final score in 
our study ranged from 6 to 42 (the higher the score, the 
better the work ability) as compared with the original 
work ability index, which had a score range of 7–49. Of 
note is that the question on “sick leave during the last 
12 months” in the original version was replaced by “sick 
leave during the last 3 months according to a personnel 
file” multiplied by 4, in order to have sufficient time 
resolution for a 1-year intervention study. In addition, 
changes in the sick leave scores of the work ability 
index were tested separately in relation to the interven-
tion groups. Finally, the total number of sick leave days 
during the last year, accumulated from all sick leave 
events before the intervention in the personnel file, was 
compared with the score during the last 3 months before 
the intervention multiplied by 4.

Statistical analysis

We used SAS version 8 (SAS Inc, Gary, NC, USA) for 
the analysis of variance (ANOVA) to test the hypotheses 
regarding the intervention effect on work ability and a 
multivariate analysis of variance (MANOVA) to test the 
hypotheses regarding the intervention effect on the inten-
sity and duration of symptoms in the neck and shoulders. 
All of the data in our paper were analyzed on an inten-

tion to treat basis. The following MANOVA were run 
for changes in the duration and intensity, respectively, of 
symptoms in the neck, left shoulder, and right shoulder 
as a function of the intervention category “physical ac-
tivity” (SRT or APE) versus reference, and correspond-
ingly SRT versus APE. We added cluster as a nested 
random effect to adjust for the clustered randomization. 
Pearson correlation coefficients were calculated for 
changes in symptoms (duration and intensity) pairwise 
between the neck, right shoulder, and left shoulder, as 
well as for the change in perceived work ability versus 
the change in each of the six symptom variables (dura-
tion and intensity separately for the three body parts). 
Furthermore, we looked at change in symptom status in 
terms of the proportions of the participants who changed 
to no symptoms at follow-up given symptoms at baseline 
and vice versa on the basis of the “7 days’ trouble” (yes, 
no) question. The participants were defined as having 
symptoms if they had trouble in at least one of the three 
body parts (neck, left shoulder, right shoulder). P-values 
were obtained through the use of Fisher’s exact test. In 
addition, Fisher’s exact test was used to analyze changes 
in the sick leave scores as estimated by the work ability 
index. The statistical significance level was set to 0.05. 
Tests of one-sided hypotheses were deemed significant 
if a two-sided P-value was less than 0.1. In all of the 
analyses, we tested for interactions between gender 
and type of intervention. In the presence of significant 
interaction effects, we stratified the analysis by gender. 
For the (M)ANOVA the P-values were obtained through 
the use of F-tests. 

Results

The baseline characteristics age, height, body mass, 
and the percentage of women were 46.0 years, 1.72 me-
ters, 72.9 kilograms, and 70.0%, respectively, for the 
SRT group; 43.9 years, 1.72 meters, 72.5 kilograms, and 
64.2%, respectively, for the APE group; and: 44.9 years, 
1.73 meters, 75.0 kilograms, and 59.3%, respectively, 
for the reference group. These data are presented sepa-
rately for the women and men in table 1, together with 
the prevalence of neck and shoulder symptoms. No sta-
tistically significant differences were observed between 
the intervention groups at the baseline. The dropout over 
the first 4–5 months was 8.0%, and for the full year it 
was 19.9%—26.6% from the SRT group, 14.4% from 
the APE group, and 18.7% from the reference group 
(figure 1). Incomplete questionnaire replies at baseline 
were found for two participants in the SRT group and 
for one participant in the reference group. In addition 
to the ~ 20% dropout rate, incomplete questionnaire 
replies resulted in a total of 34.6% of the participants 
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who answered the questionnaire at baseline being miss-
ing at the follow-up—42.7% were missing from the SRT 
group (replies included from N=102), 29.9% from the 
APE group (replies included from N=131), and 31.3% 
from the reference group (replies included from N=124). 
Altogether, 54.2% of the participants who responded at 
the follow-up had neck or shoulder symptoms at baseline 
(54.9% in the SRT group, 53.4% in the APE group, and 
54.5% in the reference group). 

The correlation coefficients for change in the 
intensity of symptoms in the three body parts were 
0.37 (P<0.0001) for the neck and left shoulder, 0.40 
(P<0.0001) for the neck and right shoulder, and 0.35 
(P<0.0001) for the left and right shoulders. The correla-
tion coefficients for the change in the duration of symp-
toms were 0.29 (P<0.0001) for the neck and left shoul-
der, 0.44 (P<0.0001) for the neck and right shoulder, and 
0.28 (P<0.0001) for the left and right shoulders.

In the MANOVA, there were statistically significant 
differences between those who performed “physical 
activity” and the reference group, both with regard to 

improvements in the intensity (P=0.0318) and the dura-
tion (P=0.0565) of symptoms according to tests of one-
sided hypotheses since the P-values given are two-sided. 
There were no statistically significant effects from inter-
action between the body part and the intervention group 
(“physical-activity” groups versus reference group) 
[P(intensity)=0.4502; P(duration)=0.1294], and there 
were no statistically significant differences between the 
outcomes in the two “physical-activity” groups (SRT 
versus APE) [P(intensity)=0.5327; P(duration)=0.4016]. 
There was no statistically significant interaction between 
gender and type of intervention—P(intensity)=0.4783; 
P(duration)=0.2568. For each body part and intervention 
group, the mean duration and intensity of symptoms 
during the last 3 months prior to the baseline and the 
follow-up is given in figure 2.

In the analysis of the proportions of participants 
asymptomatic at the baseline who had symptoms in the 
follow-up, we found a significant effect for interaction 
between gender and type of intervention (P=0.0130). 
This particular part of the analysis was therefore strati-

2

Figure 2. Mean (bars = 1SE) intensity and duration of complaints at baseline and follow-up, 

respectively, where 0 means no complaints and 9 means pain as bad as could be. 
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Figure 2. Mean (bars = 1 SE) intensity and 
duration of complaints at the baseline and 
follow-up, respectively, where 0 = no com-
plaints and 9 = pain as bad as could be. (SRT 
= specific resistance training group, APE 
= all-round physical exercise group, REF = 
reference group)
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fied by gender. Among the workers without symptoms at 
the baseline, we found a statistically significant interven-
tion effect both for the women (P=0.0472) and for the 
men (P=0.0032) (table 3). A pairwise comparison of the 
intervention groups using the Fisher’s exact test showed 
statistically significantly less development of symptoms 
among the women in the SRT group than in the reference 
group. Correspondingly, statistically significantly less 
development of symptoms was found among the men 
in the SRT group than among those in the APE group. 
Among the participants who had symptoms at baseline, 
there was no statistically significant intervention effect 
(P=0.8641 for the women and P=0.6959 for the men) 
(table 3).

The mean scores of the work ability index at the 
time of the baseline and follow-up are given in table 
4 according to gender and type of intervention. As re-
gards the change in the work ability index, there was no 
statistically significant interaction between gender and 
type of intervention (P=0.9201 in the ”physical-activity” 
versus reference analysis; P=0.3888 in the “SRT” versus 
“APE” analysis). The changes in the work ability index 
were statistically independent of the type of intervention 
[P (“physical activity” versus reference) = 0.3073, P 
(SRT versus APE) = 0.4220]. There were no statistically 

significant correlations between the change in work abil-
ity and the change in symptom duration or intensity for 
any of the body parts. At the baseline, the participants’ 
average sick leave during the last 3 months was 1.5 days, 
and the average sick leave during the preceding year was 
5.3 days, the latter not being statistically significantly 
different from the 3-month value multiplied by 4. There 
were no statistically significant changes in the sick leave 
scores according to the type of intervention during the 
last 3 months (P=0.45).

Discussion

The major finding of this study was the confirmation 
of hypothesis 1. The duration and intensity of neck and 
shoulder musculoskeletal symptoms among office work-
ers was reduced by specified worksite physical-activity 
interventions when the results were compared with those 
of the reference intervention (general health-promoting 
activities not including physical activity). A major effort 
in this study was the implementation of interventions 
since previous studies have shown that merely advising 
people to participate in more exercise is ineffective (25) 
and a worksite rather than a primary care (or general 
practice) setting is more effective (26). The lack of an 
intervention effect may also be due to the profile of the 
physical-activity program being insufficient in terms of 
the intensity or frequency of repetition (15, 27). Finally, 
the mode or pattern of the physical-activity programs 
is crucial, since not all physical activity is beneficial. 
For example, occupational physical activity involving 
heavy manual materials handling or other physically 
heavy job tasks does not improve physical fitness (28) 
and may, on the contrary, deteriorate health (29). Our 
study confirmed that qualified and repeated instructions 
for physical activities established to have a training ef-
fect according to the physiological literature are also 

Table 3. Numbers of participants with neck or shoulder symptoms at the follow-up among the participants who did not have symptoms 
at the baseline and those who had symptoms at the baseline for each of the three intervention groups. 

Intervention group	 Participants with no symptoms at baseline	 Participants with symptoms at baseline

	 Women	 Men	 Women	 Men

	 At base-	 At	 At base-	 At	 At base-	 At	 At base-	 At 
	 line (N)	 follow-up	 line (N)	 follow-up	 line (N)	 follow-up	 line (N)	 follow-up

		  N	 % a		  N	 % a		  N	 % a		  N	 % a

Specific resistance training	 28	 5	 17.9	 18	 1	 5.6	 48	 36	 75.0	 8	 5	 62.5
All-round physical exercise	 31	 8	 25.8	 30	 13	 43.3	 50	 35	 70.0	 20	 10	 50.0
Reference	 25	 12	 48.0	 31	 4	 12.9	 43	 32	 74.4	 24	 15	 62.5

a Percentage of the number at baseline. 

Table 4. Mean and standard error (SE) of the work ability index 
according to gender for each of the three intervention groups 
(maximum score = 42).

Intervention group	 Women	 Men

	 Baseline	 Follow-up	 Baseline	 Follow-up

	 Mean	 SE	 Mean	 SE	 Mean	 SE	 Mean	 SE

Specific resistance  
training	 37.4	 0.37	 36.9	 0.42	 37.7	 0.54	 38.0	 0.49
All-round physical  
exercise	 37.1	 0.32	 36.6	 0.39	 37.4 	 0.37	 36.8	 0.66
Reference group	 36.7	 0.40	 36.5	 0.48	 37.1	 0.42	 37.2	 0.35
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beneficial for reducing neck–shoulder symptoms (13, 
14). The physiological training effects in our study re-
main to be reported in forthcoming papers. The choice of 
implementation at the worksite proved to be successful 
in our study, possibly due to the convenience of getting 
in contact with the workers at the worksite, including 
those who did not have complaints at the baseline. This 
approach seems to be the most efficient way to conduct 
primary prevention. However, the effectiveness may be 
potentiated if action is taken also to promote lifestyle 
changes to additionally perform more vigorous activities 
during leisure time (16, 26), and counseling on physical 
activity at the worksite has been found to have a positive 
effect and should, therefore, be promoted (30).

Regarding guidelines on the type of physical-activity 
intervention that is most efficient in relieving muscu-
loskeletal symptoms in the neck–shoulder region, our 
hypothesis 2 was only partially confirmative. Muscle-
specific resistance training of the neck–shoulder region 
was overall not more effective than all-round physical 
exercise in reducing the duration and intensity of neck 
and shoulder symptoms. This finding is in line with 
those of other studies that failed to demonstrate differ-
ent effectiveness regarding neck and shoulder pain in 
different training programs (13, 14). However, one ear-
lier study showed that the “rating of perceived exertion 
on the job” decreased significantly more after strength 
training than after endurance training in spite of the fact 
that the rating “worst pain during the last week” on a 
visual analogue scale decreased similarly in both groups 
(13). A general concern is that the trials conducted may 
not have had sufficient power to be conclusive. In addi-
tion, in our study, there was limited statistical power for 
testing whether or not the SRT was more effective than 
the APE in reducing musculoskeletal symptoms. Even if 
the odds for improvement or the prevention of neck and 
shoulder symptoms had been twice as high among the 
participants in the SRT group than in the APE group, the 
design of our study had only a 60% chance of detecting 
a difference because of the small sample size in the dif-
ferent groups, as seen in table 3. The small sample sizes 
were due the 20% dropout and another 15% who did 
not reply to the follow-up questionnaire, a value much 
higher than the anticipated 10% loss at follow-up. In 
addition, the separation by gender, as well as according 
to the presence of symptoms at baseline resulted in very 
small groups. In our study, more specifically, 50–75% 
of those symptomatic at the baseline also reported 
symptoms at the follow-up, and therefore there was no 
significant difference between the intervention groups, a 
finding corresponding to earlier findings in chronic neck 
cases (15). However, those asymptomatic at the baseline 
had the lowest prevalence of neck–shoulder symptoms 
(the last 7 days) at the follow-up when allocated to the 
SRT group, both for the men and the women. This is a 

new finding, and it underlines the importance of study-
ing primary prevention. 

The transfer effect of decreased neck–shoulder 
symptoms resulting in increased work ability and de-
creased sick leave was tested in our third hypothesis, 
but the result was rejection. The work ability index 
did not increase, and sick leave did not decrease in the 
interventions that reduced the duration and intensity of 
musculoskeletal symptoms. In a previous study, physi-
cal activity was shown to have a positive effect on sick 
leave, and a significant relationship was found between 
exercise frequency and illness-related absenteeism (31). 
Furthermore, workers with a vigorous intensity level 
of at least three times a week had significantly fewer 
sick leaves of >4 days per year, while moderate physi-
cal activity was unrelated to sick leave (32). Likewise, 
strenuous leisure-time activity 1–2 times a week was 
associated with a lower risk of long-term absenteeism 
(16). In contrast, a study in which exercise interven-
tion was introduced with light aerobic exercise, muscle 
strengthening and stretching had no positive effect on 
sick leave in a comparison with a control group (27). 
Another intervention study implementing a more-intense 
training program that improved muscle pain also showed 
no decrease in absenteeism (33). A review paper con-
cluded that the evidence of the effect of physical-activity 
programs at worksites was limited for absenteeism (34). 
Our intervention probably did not sufficiently meet the 
vigorous intensity level or frequency that would result 
in a positive effect on changed overall physical activity 
and may therefore have not been effective regarding sick 
leave. More importantly, however, the workers in our 
study had a low sick leave rate at the baseline (5 days 
per year) due to a special program run at the company to 
reduce sick leave per se. Therefore, the average number 
of sick leave days during the last 3 months was unlikely 
to decrease significantly, as a magnitude of a 4-day de-
crease would have probably been needed for the study to 
have sufficient power to demonstrate statistical changes 
on a yearly basis. For the same reason, probably no 
significant correlations were found between the change 
in the work ability index and the change in symptoms in 
the neck–shoulder region. At the baseline, the perceived 
work ability was close to 90% of the maximum score, 
and this relatively high value was the most probable rea-
son for no further increase in perceived work ability. 

The strength of our study is its rigorous design, 
which complied with the criteria for randomized con-
trolled trails that have been requested by several review 
papers (5, 6). In addition, an extension to cluster ran-
domization was made to minimize contamination (21). 
Finally, the intervention took place over a full year; 
thus the questionnaire replies were from the same time 
of the year, and therefore seasonal variation that might 
have biased the results was eliminated. Interestingly, 
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even the sick leave score during the last 3 months was 
representative for the whole year, since no statistically 
significant differences were found between sick leave 
recorded over a full year and that recorded for the 3 
months used in the study multiplied by 4 for the year 
2004. However, obviously the study also encountered 
several difficulties. These difficulties resulted in a num-
ber of weaknesses in the dataset obtained in the study. 
An obvious weakness was the combined dropout (~20%) 
and incomplete questionnaire replies (~15%), which was 
much larger than anticipated in spite of many actions 
being taken. The high number of incomplete replies to 
the Internet-based questionnaire was due to the division 
of the questionnaire into four sections that could be an-
swered separately. This procedure was used because the 
employer requested that the workers not interrupt their 
work for more than 20 minutes at a time when replying 
to the questionnaire. Unfortunately, a significant number 
answered only 1–3 of the set of 4 in spite of two remind-
ers. Another weakness is related to the participants’ 
adherence to the intervention activities. The instructors 
and lecturers were aware of this condition, and they 
personally contacted those who did not participate regu-
larly. Furthermore, e-mails were sent regularly from the 
research team to keep the participants motivated, and the 
research team contacted the representatives and leader-
ship of the company several times. There is no simple 
solution, and high adherence is considered to be the larg-
est challenge in physical-activity intervention studies. 
The questionnaire contained questions on compliance 
in May and June 2005 and in January 2006, and these 
findings will be presented in a separate paper. In addition 
to the present intention-to-treat analysis, a per-protocol 
analysis has been planned but has not yet been carried 
out. It should also be pointed out that no neutral control 
group was included. In worksite studies, a neutral con-
trol group is probably not an option. If no activities are 
offered to the participants in the control groups, they 
may be very negative in answering questionnaires when 
they learn about the activities offered to the intervention 
groups, and this possibility may bias the outcome of the 
control group. Furthermore, in this study, we decided to 
reveal the effect of physical activity separately from, or 
in addition to, the affect of giving more attention to the 
workers’ well-being. We, therefore, planned from the be-
ginning that we would not have a neutral control group 
but, instead, would include a reference group that was 
given as much attention as the physical-activity groups. 
Finally, considerations of the statistics resulted in ap-
plying (M)ANOVA. This approach was justified since 
we tested changes in all of the outcome variables, and 
the distributions became symmetric, and, due to the way 
the survey was designed, there were no extreme outli-
ers that could slow the convergence process. Moreover, 
there were more than 100 participants in each group. 

Hence we assumed that we could test our outcomes as if 
they were normally distributed. We performed a Monte-
Carlo simulation that verified that this assumption was 
reasonable. However, the subgroups of the cases and 
referents at baseline became so small when divided by 
gender that we had to apply exact methods. Interest-
ingly, statistically significant differences were found, 
although the large confidence intervals emphasize the 
low predictive value.

In conclusion, the major finding of our study was 
a significant reduction in the duration and intensity of 
neck and shoulder musculoskeletal symptoms among 
the office workers during a 1-year intervention using 
worksite physical-activity programs. Furthermore, spe-
cific resistance training was more effective in preventing 
the development of neck–shoulder symptoms among 
those asymptomatic at baseline than all-round physical 
exercise was. At baseline, among the office workers, the 
work ability index was close to 90% of the maximum 
score, sick leave had a mean of only 5 days for the pre-
ceding year, and neither changed significantly within any 
of the interventions groups. It is recommended that vari-
ous modes of worksite physical-activity programs that 
appear attractive to workers be promoted to stimulate 
participation and prevent dropout. Care must be taken 
to see that the participants train at a sufficiently high 
intensity and frequency with exercise programs relevant 
with respect to their occupational load to gain optimal 
beneficial effects on musculoskeletal symptoms.
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