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Can Visual Discomfort influence on 
Muscle pain for Visual Display Unit 

(VDU) Workers? 

Arne Aarås, Gunnar Horgen, Magne Helland

The first study The first study ØØkern Oslokern Oslo
(6 years follow-up)

150VDU operators age 43.3 years (25 – 64) 



BUSKERUD UNIVERSITY 
COLLEGE

��"���)� -��� &!��

� ���������	������
����
��	�����	����������
�����������	��	����	������� !�	�����	��"

� �����	��	��������	������	���#$�	������������
������������������	��	���������������"

� ���������	����
�	�������	������	��������#���
�	��������	����������	�������������������
�	��"�%��������&����������������	��������	�
��������������������������	���������
�$����"



BUSKERUD UNIVERSITY 
COLLEGE


���$(��)� -��� &!,

� '���������	����

� (��	�� )�
����
 �	������� *��	����$ +�,�$�� -$� �

T group

S group

C group

Investigation:
Visual 
discomfort            X           X             X              X X      X           
Musculo-
skeletal pain                       X              X            X              X      X
Organization and 
psychosocial condition      X              X              X     X      X
Postural load                          X          X             
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Statistical methods

Continuously distributed location parameters are presented 
by means with their 95 % confidence interval. 

Test for changes in response from commencement to 6 years of study, 
the paired sample T-test and Wilcoxon signed-rank test were used. 

To test correlations between variables, the Spearman’s coefficient of rank 
correlation rs was used. This was done to avoid assumptions 

about normality and linearity. R2 is also used. All tests are two-tailed using 
the null hypothesis of equality or no correlation. 

A multivariable regression model was used to analyze the relationship between 
physical and psychosocial factors and pain in the neck and shoulder. All factors 

studied, were tested in a simple regression model. Predictors with a p-value 
less than 0.10 were combined in a multiple model. Due to a strong correlation 

between pain in the neck and in the shoulder, the mean of the two was used as 
a predictor.



BUSKERUD UNIVERSITY 
COLLEGE



BUSKERUD UNIVERSITY 
COLLEGE



BUSKERUD UNIVERSITY 
COLLEGE



BUSKERUD UNIVERSITY 
COLLEGE

�%#�*�% ��(�%#�*�% ��(�%#�*�% ��(�%#�*�% ��( ��3 ��3��3��3



BUSKERUD UNIVERSITY 
COLLEGE

���4����4����4����4�
�� &% ��(��� &% ��(��� &% ��(��� &% ��(�
+� -�%##�+� -�%##�+� -�%##�+� -�%##�

�5&��"�( ��5&��"�( ��5&��"�( ��5&��"�( �
"�&( �!"�&( �!"�&( �!"�&( �!



BUSKERUD UNIVERSITY 
COLLEGE



BUSKERUD UNIVERSITY 
COLLEGE

Confounding factors

Organizational and psychosocial factors 
were tracked (35 factors)

No statistical intervention effect or 
time effect and no interactions between time and 

intervention was found.
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The first epidemiological studies showed the
following correlation between:

Visual discomfort and average pain intensity in 
neck and shoulder (0.30<r<0.40)

Visual discomfort and headache (r=0.34)

Visual discomfort 29.9 (21.7 – 38.9) and shoulder pain 23.0 (15.3 – 30.7) 
VAS mean with 95%C.I. 
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Both lighting and optometry are important for 
reducing visual discomfort for VDU workers.

Visual discomfort correlate to neck and shoulder pain

Lighting and optometry must be considered after 
ergonomic intervention of the workplace in order to 
reduce musculoskeletal pain in the neck and shoulder.
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Visual discomfort related to headache, r=0.34 
(p=0.002). Regression cof. 0.34 with c.f. (0.13 - 0.52)

Visual problems related to neck pain, r=0.40, 
(p=0.0003). Regression cof. 0.37 with c.f. (0.18 - 0.57)

Neckpain related to burning and itching of the eye
(p=0.004).

Back pain related to burning and itching of 
the eye (p=0.03)
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Musculoskeletal, visual and psychosocial 
stress in VDU operators after moving from an 
ergonomically designed office landscape.

The third study (Oslo study)
34 VDU operators age 53.2 years (43 – 62)

(1 years follow-up)
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In office landscape.In office landscape.

Glare condition did correlate Glare condition did correlate 
with :with :

Visual discomfort    rVisual discomfort    r ss=0.35, =0.35, 
p=0.040p=0.040
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ment

6 years

Head Neck Shoulder ForearmVisual discomfort

Subjective assessment of visual discomfort and pain in different body 
parts (n = 34 VDU operators). Mean with 95% confidence interval at 
commencement and 6 years (100 mm VAS, 0 = no problems, 100 = 

extreme problems). A * indicate a significant difference when comparing 
with the column containing a +. 
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Conclusion
By moving from single occupancy offices to 

an office landscape, the VDU operators 
reported significantly: 

Worse condition of lighting and glare as well as vi sual 
discomfort.

Glare had a significant correlation to visual 
discomfort, 

rs=0.35, (p=0.04).

Visual discomfort explained 53% of the variance of 
the mean of the neck and shoulder pain. 
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Lighting condtion did not correlate Lighting condtion did not correlate 
significantly to visual discomfortsignificantly to visual discomfort

However, glare did correlate with visual However, glare did correlate with visual 
discomfort for:discomfort for:

One person offices:  rOne person offices:  r ss = 0.51, p=0.026 = 0.51, p=0.026 

but not after lighting intervention forbut not after lighting intervention for

Landscape:                 rLandscape:                 r ss = = --0.18, p=0.500.18, p=0.50
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Glare condition did correlate with :Glare condition did correlate with :

Blurred vision       rBlurred vision       r ss=0.52, p=0.021=0.52, p=0.021
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Subjective assessment of visual discomfort and pain  in differentSubjective assessment of visual discomfort and pain  in different
body parts. Mean with 95% confidence interval at co mmencement body parts. Mean with 95% confidence interval at co mmencement 
(n=19) and after one year (n=16 or n=15) (n=19) and after one year (n=16 or n=15) 
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correlate significantly to visual correlate significantly to visual 
discomfortdiscomfort

One person offices: 0.07 < rOne person offices: 0.07 < r ss < 0.12 < 0.12 

Landscape:              0.09 < rLandscape:              0.09 < r ss < < --026026
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Subjective assessment of visual discomfort and pain in differentSubjective assessment of visual discomfort and pain in different
body parts. Mean with 95% confidence interval at commencement body parts. Mean with 95% confidence interval at commencement 
(n=33) and one years (n=23) (100 mm VAS, 0 = no problems, (n=33) and one years (n=23) (100 mm VAS, 0 = no problems, 
100 = extreme problems). 100 = extreme problems). 
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Correlation between pain in Correlation between pain in 
different body areas anddifferent body areas and
reduced work capacityreduced work capacity
(Oslo, Copenhagen and Stockholm)(Oslo, Copenhagen and Stockholm)
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.Correlation between pain in the 
different body areas and work 

capacity after six years of the study.
Oslo study
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Correlation between pain in the different 
body areas and work capacity at 

commencement and after one year of the 
study.

Copenhagen study

0,0000,810,0000,75Back

0,0000,890,0000,97Wrist

0,0000,990,0000,98Forearm

0,0020,730,0000,91Shoulder

0,0000,860,0000,90Neck

0,0000,840,0000,93Head

prsprs

CopenhagenCopenhagen

After one year
(Office landscape)

Commencement
(Small offices)
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0,0000,910,0000,86Back

0,0000,960,0000,85Wrist

0,0000,990,0000,91Forearm

0,0000,940,0000,83Shoulder

0,0000,930,0000,92Neck

0,0000,770,0000,71Head

prsprs

StockholmStockholm

One year
(Office landscape)

Commencement
(Single person office)

Correlation between pain in the different body Correlation between pain in the different body 
areas and work capacity at commencement and areas and work capacity at commencement and 
after one year of the studyafter one year of the study. . Stockholm studyStockholm study
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Comparison betweenComparison between single single occupancyoccupancy
officeoffice inin Oslo, Stockholm and Oslo, Stockholm and 
CopenhagenCopenhagen ..

SignificantSignificant betterbetter lightinglighting conditioncondition and and glareglare
situationsituation in Oslo in Oslo p p �� 0.0030.003

SignificantSignificant less less visualvisual discomfortdiscomfort in Oslo in Oslo 
p p �� 0.0030.003

SignificantSignificant less less neckneck painpain p=0.039p=0.039
SignificantSignificant less less shouldershoulder painpain p=0.001p=0.001
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Comparison betweenComparison between officeoffice landscape landscape 
in Oslo, Stockholm in Oslo, Stockholm and Copenhagenand Copenhagen ..

SignificantSignificant more more glareglare in Oslo p=0.010in Oslo p=0.010
AlmostAlmost significantsignificant worserworser visual conditionvisual condition in in 
Oslo p=0.051Oslo p=0.051

No No significantsignificant diferencediference in in visualvisual discomfortdiscomfort
p=0.522p=0.522

No No significantsignificant differencesdifferences in in headacheheadache , , neckneck , , 
shouldershoulder andand forearm forearm painpain 0.305 0.305 �� p p �� 0.6070.607
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Comparison of subjective assessment of visual discomfort Comparison of subjective assessment of visual discomfort 
and pain in different body regions between the three locations and pain in different body regions between the three locations 
in Oslo, Stockholm and Copenhagen both in single person in Oslo, Stockholm and Copenhagen both in single person 
offices and office landscapes. Mean with 95% confidenceoffices and office landscapes. Mean with 95% confidence
interval at commencement (n=32) and after one year interval at commencement (n=32) and after one year 

n=23) (100 mm VAS, 0 = no problems, 100 = extreme problems). n=23) (100 mm VAS, 0 = no problems, 100 = extreme problems). 
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Single Single occupancyoccupancy officeoffice

seemsseems to be to be easereaser to to implementimplement goodgood
lightinglighting conditioncondition and and achieve lessachieve less glareglare
comparedcompared withwith officeoffice landscape.landscape.

However, by careful design and However, by careful design and 
construction of construction of office landscapeoffice landscape with with 
regard to lighting and visual conditions,regard to lighting and visual conditions,
office landscape may be acceptable office landscape may be acceptable 
from a visual ergonomic point of view.from a visual ergonomic point of view.
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17,1 (5,3 - 28,8)15,4 (7, - 23,9)32,3 (18,7 - 46,)23,6 (13,8 - 33,3)9,8 (4, - 15,7)Back

11,7 (1,2 - 22,1)10,3 (,1 - 20,5)9,9 (3, - 16,9)13,6 (2,7 - 24,6)13,6 (5,6 - 21,7)Wrist

10,4 (-,1 - 20,9)8,8 (-,7 - 18,2)15,9 (7,9 - 23,8)9,2 (,5 - 17,9)9,8 (4,2 - 15,4)14, (6,6 - 21,3)Forearm

31,5 (16,3 - 46,8)25,6 (13,3 - 37,9)19,4 (11,2 - 27,6)25,6 (13,6 - 37,6)35,3 (24,2 - 46,5)10,4 (4,1 - 16,6)Shoulder

14, (5,7 - 22,3)23,5 (12,5 - 34,6)20,5 (12,2 - 28,9)25,4 (12,4 - 38,4)33, (22,3 - 43,7)17, (11,1 - 23,)Neck

20,5 (7,1 - 33,9)22,3 (13,8 - 30,8)26,9 (18,2 - 35,5)28,9 (14,5 - 43,4)29,4 (18,5 - 40,3)19,5 (12,9 - 26,)Head

26,6 (11,4 - 41,8)33,3 (21, - 45,5)25,1 (16,4 - 33,9)37,3 (24,2 - 50,3)30,7 (19,1 - 42,3)13,7 (8,4 - 19,1)Visual discomfort

78,4 (69,8 - 87,1)76,8 (66,9 - 86,6)58,7 (48,1 - 69,3)46,2 (36,3 - 56,)46,4 (35,8 - 57,)71,1 (63,6 - 78,5)Glare

78,3 (70, - 86,5)78,1 (72, - 84,3)66,7 (58,4 - 75,1)45,5 (36,3 - 54,8)62,9 (55,7 - 70,2)78,3 (74,8 - 81,8)Lighting

CopenhagenStockholmOsloCopenhagenStockholmOslo

Office landscapesSingle person offices

Comparison of visual discomfort and pain in different body regioComparison of visual discomfort and pain in different body regionsns
between Alcatel Oslo, Stockholm and Copenhagen both in single between Alcatel Oslo, Stockholm and Copenhagen both in single 

person offices and office landscapes. person offices and office landscapes. The results are given as The results are given as 
mean difference with 95 % confidence interval. mean difference with 95 % confidence interval. 
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Modified from N.R. Miller. In Walsh and Hoyt's Clin ical Neuro-Ophthalmology. Williams & 
Wilkins, 1985
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Organizational and psychosocial factorsOrganizational and psychosocial factors
Oslo Study.Oslo Study.

The following factors were reported The following factors were reported 
significantly worse:significantly worse:

Job satisfaction, work related condition, Job satisfaction, work related condition, 
variation of the work task, working hours variation of the work task, working hours 
per day, time before a brake, daily journey per day, time before a brake, daily journey 
to work  (0.00 < p <0.01)to work  (0.00 < p <0.01)
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Drops outs.Drops outs. Oslo StudyOslo Study

49 subjects dropped out during the six 49 subjects dropped out during the six 
year of the study.year of the study.

No significant differences were found No significant differences were found 
in any of the measured variable in any of the measured variable 
(visual discomfort, headache and body (visual discomfort, headache and body 
pain between those who compled the pain between those who compled the 
study and those who dropped out study and those who dropped out 
(0.10 <p <0.94).(0.10 <p <0.94).
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Muscle loadMuscle load
Oslo StudyOslo Study

Trapezius musle static load 2.8% MVC Trapezius musle static load 2.8% MVC 
(0.1 (0.1 –– 5.7% MVC)5.7% MVC)

Infraspinatus muscle static load 1.3% MVC Infraspinatus muscle static load 1.3% MVC 
(0.3 (0.3 –– 2.3% MVC)2.3% MVC)
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Muscle loadMuscle load

Copenhagen stuydCopenhagen stuyd

Trapezius musle static load 3.5% MVC Trapezius musle static load 3.5% MVC 
(1.6 (1.6 –– 5.4% MVC)5.4% MVC)

Infraspinatus muscle static load 4.4% Infraspinatus muscle static load 4.4% 
MVC MVC 

(1.7 (1.7 –– 7.0% MVC)7.0% MVC)
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Copenhagen studyCopenhagen study

Only two factors changed significantly.Only two factors changed significantly.

Less use of mouse in hours per day at the Less use of mouse in hours per day at the 
VDU, 1.7 hours (0.5 VDU, 1.7 hours (0.5 –– 3.8), p=0.031)3.8), p=0.031)

More satisfaction with daily  journey to More satisfaction with daily  journey to 
work, 11.6 mm VAS (3.1 work, 11.6 mm VAS (3.1 –– 20.1), (p=0.01)20.1), (p=0.01)
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Drops outs. Copenhagen studyDrops outs. Copenhagen study

3 subjects dropped out during the one 3 subjects dropped out during the one 
year study.year study.

No significant differences were found No significant differences were found 
in any of the measured variable in any of the measured variable 
(visual discomfort, headache and body (visual discomfort, headache and body 
pain between those who compled the pain between those who compled the 
study and those who dropped out study and those who dropped out 
(0.217 <p <0.663).(0.217 <p <0.663).
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Muscle loadMuscle load
Stockholm studyStockholm study

Trapezius musle static load 0.8% MVC Trapezius musle static load 0.8% MVC 
(0.3 (0.3 –– 1.2% MVC)1.2% MVC)

Infraspinatus muscle static load 0.8% Infraspinatus muscle static load 0.8% 
MVC MVC 

(0.5 (0.5 –– 1.1% MVC)1.1% MVC)
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Stockholm studyStockholm study
Only two factors changed significantly.Only two factors changed significantly.

Longer working hours per day at the VDU, Longer working hours per day at the VDU, 
0.8 hours (0.2 0.8 hours (0.2 –– 1.47), p=0.013)1.47), p=0.013)

Longer time before taking a brake from Longer time before taking a brake from 
the VDU work, 26 min. (3.8 the VDU work, 26 min. (3.8 –– 48.7), 48.7), 
(p=0.025)(p=0.025)



BUSKERUD UNIVERSITY 
COLLEGE

Drops outs Drops outs Stockholm studyStockholm study

10 subjects dropped out during the one 10 subjects dropped out during the one 
year study.year study.

No significant differences were found No significant differences were found 
in any of the measured variable in any of the measured variable 
(visual discomfort, headache and body (visual discomfort, headache and body 
pain between those who compled the pain between those who compled the 
study and those who dropped out study and those who dropped out 
(0.13 <p <0.48).(0.13 <p <0.48).


