
OFFICE ERGONOMICS
and its impact on health and producti vity
with focus on musculoskeletal symptoms

Authors: Dimberg, L; Laestadius, JG; Dimberg, IA; Ross, S.



Table of Contents

Authors

Foreword

1.  A brief historical review...........................................................  3

2.  Basic offi ce ergonomics principles........................................  5
2.1  Modern ergonomics
2.2  Biomechanical risk factors
2.3  Pathophysiological mechanisms of muscular strain disorders
2.4  Psychological  and social factors
2.5 Indoor air quality (IAQ)
2.6  Vision ergonomics 
2.7  Computer work in the open offi ce landscape
2.8  The workstation
2.8.1  The monitor
2.8.2  The computer
2.8.3  Special software
2.8.4  The keyboard
2.8.5  The chair
2.8.6  The desk
2.8.7  The mouse
2.8.8  Additional resources

3.  Disability accommodations....................................................  22

4.  Ergonomics and productivity..................................................  23

5.  Changing face of ergonomics - future challenges..............  28
5.1  The factors
5.2  A mixed bag of new ideas and gadgets

6. Ergonomics as an essential part of education
 in the computer age................................................................  29

Acknowledgements..........................................................................  31

References......................................................................................... 31



Authors

Lennart Dimberg MD, PhD*
Jasminka Goldoni Laestadius MD, PhD**
Sandra Ross BSc**
Ida Dimberg MscArch***

*Department of Primary Health Care, Insti tute of Medicine, Gothenburg University, Sweden
**The World Bank Group, Washington, DC, USA
***Sahlgrenska University Hospital, Gothenburg, Sweden 

About the authors

Lennart Dimberg has been an occupati onal physician for the Volvo Company between 1978-
1998 and the lead occupati onal physician for the World Bank between 1998-2009. He has 
worked together with orthopedic surgeons to diagnose, treat and prevent ergonomically 
related musculoskeletal problems in industrial and offi  ce workers.

Jasminka Goldoni Laestadius is an occupati onal medicine physician who has been a consultant 
to the Joint Bank Group/Fund Health Services Department since 2000. She has been the task 
leader of ergonomic research projects for the World Bank. Currently she also consults the 
UN World Food Program and the Internati onal Monetary Fund on occupati onal health and 
producti vity management.

Ida Dimberg is an architect with special interest in parti cipatory design and works as a Planning 
leader of hospital development at Sahlgrenska University Hospital.

Sandra Ross was at the initi ati on of this report an ergonomist for the World Bank, Health 
Services Department. 

1 1



Foreword

Musculoskeletal pain problems are common among offi  ce workers and have been an important 
issue over the years. Whether these are caused or just aggravated from poor postures and 
inappropriately adjusted work-stati ons, the issue conti nues to be a challenge to staff , employers 
and ergonomists. In this brief review and overview of some important aspects of these 
problems, the authors give hands-on suggesti ons on how to organize, monitor and address 
some of the aggravati ng factors.

It is our sincere hope that this arti cle will provide arguments based on scienti fi c evidence for 
our many fi eld ergonomists that struggle to convince managers to buy ergonomically-adequate 
equipment, and to make sure the equipment is well adjusted for each individual worker. The 
role of the ergonomist is conti nuously changing with our technological advances, but to be 
eff ecti ve this has to include direct worker parti cipati on.
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1. A brief historical review 

In the 1970s, in the global offi  ce environments, computers were virtually non-existent, and 
musculoskeletal pain was misunderstood or dismissed. 
In the 1980s, punch cards were introduced followed by the big framed data entry computers.  
Large groups of secretarial staff  worked 8-10 hr days in fi xed body positi ons with limited breaks, 
inadequate lighti ng, poor offi  ce ergonomics,  and  “Taylor trained*” managers (Taylor, 1911).  Many 
workers started to complain of aches and pains.  In search to fi nd the causes, and to alleviate these 
problems, safety engineers and physiotherapists were entering the fi eld of offi  ce ergonomics. They 
used whatever common sense they had, and brought with them poorly validated methods such as 
bio-feed-back, posture angle measurements, electromyography, and repeti ti on observati ons 
to address the believed causes of these problems. Back pain was increasingly reported as an 
“occupati onal illness” with reference to research of higher intradiscal pressures in certain seated, 
rather than standing positi ons (Nachemson, 1960, Wilke et al, 1999).

Carpal tunnel syndrome was identi fi ed as a typical problem believed to be caused by repeti ti ve 
strain (Armstrong et al, 1979). Tennis elbow was another favorite occupati onal diagnosis att ributed 
to typing, (fi gure 1).

        Figure 1
        Tennis elbow

* Frederic Taylor (1856-1915) was lead developer of scienti fi c management, whose work lead to mean ti me 
measurement (MTM) of work tasks and pay per piece to increase producti vity.
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Soon, studies were performed at the Volvo Corporati on in Sweden to show that sick leave and 
bed rest were not a cure, but a curse.  It was well known in athleti c and aerospace medicine, 
muscle atrophy occurred when appropriate training was not sustained. It was convincingly shown 
in randomized controlled studies, that a quick return to work, and appropriate training, together 
with engineering controls, were much more eff ecti ve to reduce pain and prevent long term illness 
(Lindstrom et al, 1992).  An elucidati ng study on tennis elbow in workers (Dimberg et al, 1987) 
showed in a survey these conditi ons were equally common in categories involving light, medium 
and heavy work loads.  Those who worked with heavy labor, reported having more pain, and saw a 
doctor for their conditi on, contrary to those with the light labor.  Therefore, due to the falsely based 
stati sti cs of pati ents visits recorded, the occupati onal doctors were convinced that these conditi ons 
were caused from their type work, instead of being aggravated by it.

Pain in the neck, shoulder, arm and back among offi  ce workers is ubiquitous.   Over a period of 6 
months, in the 2009 survey of 3348 offi  ce workers at the World Bank offi  ces in Washington DC, 
73%  of the respondents reported having had such symptoms (Laestadius et al, 2009). Daily pain 
was reported from the neck/shoulders (21%), hand/wrist (10%), elbow (3%), and low back pain 
(13%). However, only 12% of the World Bank staff  reported having taken sick leave because of it. 
Research at the Volvo company in Sweden has identi fi ed the prevalence of pain, sick leave, long-

Pain

Sick leave

LT
Disability

Structural anatomic changes

Physical work pressures

Monotonous jobs
Poor control of one’s work

Poor social support

Poor leadership

Drivers for sick leave and long term disability

Additional risk factors:
Female gender, smoking,
alcohol and drugs, poor attitude to work
language difficulties, cultural traditions,
generous wellfare, poor physical conditions
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Figure 2
Suggested relati onship between pain, sick-leave and 
long term disability and some important associated risk 
factors in MSD (Dimberg, 1991)
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term disability, and risk factors (Dimberg, 1991).

The evidence based wisdom of treati ng musculoskeletal pain problems aggravated by work, is to 
opti mize the ergonomic conditi ons rather than to stay at home and rest (Lindstrom et al, 1992; 
Quaseem et al, 2007). It must, however, be emphasized that all chronic pain conditi ons must always 
be medically investi gated. Treatable conditi ons such as rheumati c arthriti s, peritendiniti s crepitans, 
tendiniti s nodosa, and cancer, may loom behind perceived work related pain as illustrated by the 
example of a cigarett e smoker with a long-standing shoulder pain conditi on, which was accepted as 
a work injury, but later turned out to be a lung cancer that has spread to the spine and nerve-roots.

2. Basic offi ce ergonomics principles

2.1 Modern ergonomics

Modern ergonomics builds on functi onal biomechanics as defi ned by Frankel and Nordin (1980): 
Functi onal biomechanics uses laws of physics and engineering concepts to describe moti on 
undergone by the various body segments, and the forces acti ng on these body parts during normal 
acti viti es. In principle, neutral body positi ons (neither fl exion nor extension) and less eff ort are 
the goals. It is however important to understand that our bodies are designed for movement, 
and sitti  ng in a single body positi on for a long ti me, however neutral, is likely not physiologically 
recommendable. We need constantly to vary our positi ons, but from a basic neutral baseline.

While it is reasonable to use a heuristi c method (common sense), the link between exposure and 
illness (the pathological process) is oft en less clearly understood (Dimberg, 1996). Quite clearly 
there are anthropometrical diff erences between individuals, such as height and weight (fi gure 3). 

 

       
  Figure 3
  Anthropometric diff erences



     
     

       Figure 4
       Discomfort at the work-stati on

It is important to understand that most offi  ce furniture and chairs in general are acceptable for 90-
95% of the normal variati on in terms of weight and size. This means however that at least 1 staff  in 
20 are either too tall or too small, and will need special accommodati ons! The excellent Herman-
Miller Aeron chair comes for instance in 3 diff erent sizes to allow for all body sizes. Neurological 
illnesses such as cerebral paresis, vision and hearing impairments may aff ect some already from 
birth. Illnesses and injuries make some of us more vulnerable for exposures that a healthy individual 
would not noti ce. Gender and left  handedness (about 12% of a populati on) may also make us more 
sensiti ve to tools and other various types of equipment designed for right-handed healthy males, 
along with age, which aff ects us all.  An older individual might need glasses (typically at age 40), 
and more light.  Most people with age develop sti ff ness in the eye lenses with accompanying focus 
problems.   

A multi tude of factors aff ect the offi  ce environment and below follows an account of some of the 
most important elements (fi gure 5).
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     Figure 5
     Guide to a good work environment (Swedish Work   
     Environment Authority, 2011)

2.2  Biomechanical risk factors

These add to the strain of muscles, tendons and other soft  ti ssues. These factors have been 
analyzed by Professor Thomas Armstrong and colleagues of the Center for Ergonomics, University of 
Michigan (Armstrong, 1991) and are listed in Table 1. 
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Table 1
Risk factors for cumulative trauma disorders (Armstrong 1991)

Repetition Repetitive work without adequate alternative
activity to allow for physiological recovery

Sustained or awkward posture Prolonged and/or non neutral position of any
joint

Forceful exertion Any activity requiring excessive strength or
accelerated motion

Contact stress Pressure on soft tissues caused by external
surfaces

Psychosocial stress Organizational or intrapersonal factors resulting
in increased actual or perceived stress

2.3 Pathophysiological mechanisms of muscular strain disorders

In an excellent review arti cle, Hagberg summarizes injury mechanism (Hagberg, 1984). The 
following paragraphs draw strongly on that arti cle.

Degenerati ve joint disease-osteoarthrosis or osteoahrtriti s-may be caused by increased stress 
on carti lage, such as repeti ti ve impulse loading. According to some authors, this is someti mes 
preceded by trabecular microfractures in the subchondral bone caused by trauma. Other authors 
point to clinical evidence of polyarti cular disease and suggest a metabolic abnormality of the 
arti cular carti lage. It is claimed that inserti on disorders in tendons, ligaments, and arti cular capsules 
are caused by local ischemia leading to degenerati on and producing infl ammati on and pain.  In 
parti cular, the tendons of the supraspinous, the biceps brachii, and the upper part of infraspinous 
muscles have a zone of avascularity . This has been found to be the site of microruptures and 
degenerati on that may be accelerated by aging. Impairment of the venous circulati on may occur 
when the humeral head compresses the tendons (elevated arm) but also when there is increased 
tension in the tendon. Tendon infl ammati on has been provoked by repeti ti ve contracti ons in 
rabbits. Degenerati ve tendiniti s in the shoulder girdle aroused by exerti on, for example, may trigger 
a foreign body response infl ammati on. Tenosynoviti s is an infl ammati on of the tendon sheath and 
it’s synovial. In the long biceps tendon, this may be caused by the tendon and its sheath rubbing 
against the lesser tuberosity during overhead movements. Post infecti ve arthriti s as well as 
tendoniti s may presumably dispose a person exposed to shoulder stress to a more severe reacti on.
Muscle tenderness, myofascial pain syndrome, trapezius myalgia (fi gure 6), and related disorders 
are obscure conditi ons because pain does not originate from the contracti le muscle fi bers 
themselves. 
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         Figure 6 
         Trapeziusmyalgia

It may possibly derive from pain fi bers within blood vessels or the connecti ve ti ssue. Hagberg points 
to three pathophysiological routes. The fi rst is mechanical failure with ruptures of z-disks probably 
caused by temporary high local stress.

The second is local ischemia due to the impairment of the circulati on by conti nuous muscular 
performance, which may already occur at 10-20% of the maximum voluntary contracti on. This 
leads to a fall in pH and reversible enzyme inhibiti on. It is postulated that the ti ssue irritati on causes 
extravasati on of blood, edema, and fi brositi s in some individuals. Highly repeti ti ve work may then 
possibly cause cumulati ve trauma to the muscle cell (thence cumulati ve trauma disorders CTDs) 
aff ecti ng both morphology and energy metabolism.

The third pathophysiological route would be energy metabolism disturbance. Energy depleti on in 
the muscle cell has been suggested as one factor in muscle pain. Defects in the energy metabolism 
are oft en associated with painful disorders in the muscle. Laboratory experiments involving 
repeti ti ve shoulder fl exions have produced energy depleti on as indicated by an increasing serum 
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creati ne kinase and accompanying pain. It is hypothesized that this may also be important for stati c 
loads. The possibility of certain primary metabolic disturbances in certain individuals has also been 
proposed.
The carpal tunnel syndrome is a textbook example where the injury mechanism is clearly 
understood. Fricti on caused synoviti s of the tendon sheaths in the carpal tunnel causes pressure on 
the median nerve (Lundborg, 1988) fi gure 7.

      Figure 7 
      The arrow points to the median nerve 
      surrounded by the fl exor tendons.

Another example is supraspinous tendoniti s, where the supraspinous tendon is pressed against the 
acromion in a space that has been limited by infl ammati on (Herberts et al, 1984).
Fibrosisti s/fi bromyalgia and generalized muscular pain are common conditi ons but with a poorly 
understood pathogeneti c mechanism. The theory that stati c muscular load causes ischemia in the 
muscle, creati ng morphological changes in the muscle fi bers, has been suggested but remains to 
be proven (Henriksson, 1983). It is easy to prove muscular fati gue and pain aft er minor stati c load, 
but the pathogeneti c link from chronic muscular fati gue to permanent damage, and chronic pain, 
remains to be shown.

Microfractures have been suggested by Hansson et al (1988) to be a reason for lumbar pain in 
certain individuals, but no-one knows how common this is. The lumbar disc and its degenerati on 
have been connected to low back pain, and the intradiscal pressure as measured by Nachemson 
and Elfstrom (1970) was for a long ti me the theoreti cal mechanism for ergonomic advice, but has 
since been abandoned by Nachemson (1991).

Spinal shrinkage as measured from height before and aft er loading provides a method for 
measuring mechanical load on the spine (Ericson et al 1980). The shrinking is dependent on the 
elasti city of the intervertebral disks. However, no-one knows if the shrinkage leads to a permanent 
disk problem or whether this may be the pathogeneti c mechanism for back pain. It is well known 
that the openings for the nerves (foramina intervertebralis) between the cervical vertebrae 
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decrease upon extension of the head (ti lti ng backwards). For older people with age related 
formati on of bone spurs, and for those with herniated discs, the nerves coming out of these holes 
may be pinged eliciti ng neck pain radiati ng in the arm (Windsor, 2009). This is the scienti fi c basis for 
the monitor locati on.

From a terminology point of view, the old nomenclature of cumulati ve trauma disorders (CTDs), 
which implies a direct causati ve eff ect, will  be replaced by the more modern term, musculoskeletal 
disorders (MSDs). Ideally a specifi c diagnosis such as lateral epicondyliti s (tennis elbow), myalgia 
(muscular pain) and tendoniti s should be used, and a thorough review of pati ents with these type 
of problems, allows for specifi c diagnosis or combinati ons of diagnoses to be made for most cases 
(Dimberg, 1986).

2.4  Psychological and social factors 

They are probably the most important factors for the health of offi  ce workers. The principles 
outlined by Robert Karasek as psychological risk factors for myocardial infarcti ons which include 
job output demand, control over one’s work program, and social support from fellow workers, 
are in our opinion equally important in reference to musculoskeletal tension and strain (Karasek 
et al, 1988). The role of the supervisor and his leadership is in this context crucial.   Documented 
in a survey,  unexceptable work environments, leading to frequent sick leave periods, have been 
totally changed when the manager has been replaced with a good leader (Dimberg et al, 1991).  
A few years ago, this caused a “shut down” at a major car company plant, where annual staff  
surveys showed serious discontent. Because this parti cular plant showed fi nancial increases due 
to a Tayloristi c and bullying plant manager, the company decided to disconti nue their staff  surveys.  
Shortly thereaft er, the whole plant went on strike and staff  would not return unti l the manager had 
been replaced, a very costly lesson for the car company.

Recently published evaluati on of work related psychosocial factors and regional musculoskeletal 
pain emphasized the importance of developing standardized methods for conducti ng evaluati ons 
of existi ng evidence, and the importance of new longitudinal studies for clarifying the temporal 
relati onship between psychosocial factors and musculoskeletal pain in the workplace (Macfarlane 
et al, 2008).

2.5 Indoor air quality (IAQ)

The indoor air quality is another factor of importance for the well-being in work environment.
The American Society of Heati ng Refrigerati ng and Air-conditi oning Engineers (ASHRAE) publishes 
regularly updated standards on venti lati on for acceptable indoor air quality (Standard 62.2, 
ASHRAE, 2011) Table 2.
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In an interesti ng study at Volvo in the mid 80s, Jorulf and colleagues demonstrated that 22 degrees 
C (71.6F) was perceived as the temperature where most people were comfortable in a mixed 
gender offi  ce environment when mainly sitti  ng.  The individual variati on was however considerable 
with an overweight person preferring a colder temperature to a leaner person preferring a warmer 
temperature (Lars Jorulf, Volvo Truck Corporati on, personal com.)

Air conditi oning is another factor that may aff ect staff ’s well being.  Lower humidity can increase 
the suscepti ble to respiratory tract infecti ons, and humidity levels below 20%  can increases the 
annoying eff ect of an electric spark upon touching metal surfaces (Maneghetti   et al, 2011).  Also, 
cold air coming down from an over head vent, can lead to annoying pain and muscle tensions.

Various smells may also cause distress in workers. We have encountered smelly conditi ons that 
were caused from a dead rat, left over food in offi  ce cabinets, and water leaks causing mold. There 
is no doubt that inadequate air quality (IAQ) problems will lead to distress, which may increase 
muscular tension, and also aggravate musculoskeletal pain disorders.

Table 2.
Summary of Indoor Air Quality standards (ASHRAE)

PARAMETER IDPH ASHRAE

Humidity 20% 60% 30% 60%

20° – 24° C; 68° 75°F (winter)
20° – 24° C;
68° 75° F
(winter)

Temperature

23° – 26° C; 73° – 79°F (summer)
23° – 26° C
73° 79°F
(summer)

1,000 ppm
Carbon Dioxide

(<800 ppm preferred)
1,000 ppm

Carbon
Monoxide

9 ppm 9 ppm

Hydrogen Sulfide 0.01 ppm N/A

Ozone 0.08 ppm N/A

Particulates
0.15 mg/m3 (PM 10 ) (150 μg/m3) 24 hr
0.065 mg/m3 (PM 2.5 ) (65 μg/m3) 24 hr

N/A

0.1 ppm (office)
Formaldehyde

0.03 ppm (home)
N/A

Nitrogen Dioxide 0.05 ppm N/A

Radon 4.0 pCi/L N/A
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2.6 Vision ergonomics

Working at the monitor can be stressful to the eyes, and lead to discomfort such as light sensiti vity, 
dry and itchy eyes.  The distance from the monitor and its height are important to avoid eye strain. 
The monitor should be placed at an arm length distance from the body, and the fi rst line of the text 
on the monitor should be viewed without moving the head up or down. Parti cularly for those who 
use bifocals, looking at the monitor from the bott om of their lenses, annoying neck strain can arise 
when keeping their head backwards.

Over the age of 40, most people develop a sti ff ness in their eye lenses and accompanying focus 
problems. It is important to see an ophthalmologist regularly, especially if having persisti ng eye 
symptoms. Painful and red eyes can be a sign of a serious problem such as glaucoma (elevated eye 
pressure) or allergies. 

The questi on about whether direct or indirect background lighti ng is preferable from an ergonomic 
standpoint is related to whether glare and contrast issues can be addressed. The monitor 
should be free of fl ickering and light refl exes, and not placed against a very light background 
such as a window.  For data entry type of jobs, usually an additi onal task light for documents is 
recommended, as well as a document stand. Table 3.

Table 3.

Work stati on protocol for eye strain

 Monitor

 * Adjust the adjustable monitor brightness to 50%

 * Adjust the locati on of the monitor (contrast)

 * Suggest font size increase

 Lighti ng

 * Adjust the overhead lighti ng

 * Suggest the need for task lighti ng (desk lamp)

 * Use of fi lter screens (suggest to remove)

2.7 Computer work in the open offi ce landscape

The design of the offi  ce is an important factor for general well being, and may occasionally be the 
source of audiovisual stress, signifi cantly increasing muscular tension that may lead to decreasing 
postural adjustment and be a cause of muscular discomfort (Evans et al, 2000).

Historically, a totally open landscape of the past now tends to be replaced by various wall heights 
around individual workstati ons.  Building a parti ally or totally enclosed room/cubicle in this type of 
environment is oft en brightened up with decorati ons, plants and harmonic colors.

Studies show that noise generated by human talk, even whispering, is more disrupti ve than “gray” 
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sound from venti lati on fans, computers and printers, or traffi  c. Perhaps our att enti on to the voice is 
a refl ex drawn by insti nct of survival (Kjellberg et al 1994). The removal of carpets and other sound 
absorbing materials will lead to higher sound levels.

Also visual disturbance, where eyes are quickly drawn to anybody passing by may be disrupti ve to 
concentrati on and focus (Kjellberg , 1990). Dealing with confi denti al informati on and the need for 
privacy may limit usability of the offi  ce landscape for certain professionals.

         Figure 8
         Offi  ce landscape

There are several variants of open offi  ce landscapes, such as for instance, fl ex offi  ces. The open 
offi  ce landscape’s design is especially important for the percepti on of comfort and discomfort 
(fi gure 8). It is strongly recommended to mix open group locati ons with adjoining silent rooms. 
There are diff erent examples of silent rooms, some small just to allow you to speak on the phone 
in private, like phone booths, but inside the landscape. A fair number of small closed meeti ng 
rooms should be recommended depending on the size of the open landscape. Common rules of 
communicati on must be discussed and adhered to such as when do you have to move away from 
your locati on to speak on your phone? Which volume should the ring-signal of your cell phone be? 
How do you communicate with each other? How should visitors be entertained? Do you go directly 
to the meeti ng room or do you stay and chat fi rst? It is also important to design open meeti ng areas 
in the landscape, but at signifi cant distance from the other staff  locati ons. Common is these days 
to make glass cubicles in the landscape, where meeti ngs can be held to maintain the visual contact 
with other staff . 

In order to minimize disturbing noise a number of absorbing structures such as texti le fabrics, and 
ceiling absorbents can be introduced. You can also defi ne certain parts of an open landscape to be 
silent areas.

Table 4 summarizes some important aspects recognized in current research (Chigot P, O’Neill M et 
al, Kjellberg, 1990). Table 4
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2.8 The workstation
2.8.1  The monitor
The old type of monitors used a cathode ray for projecti on. They were big, bulky and heavy with 
low luminance and a tendency to fl icker. They have now mostly been replaced with those based on 
the principles of liquid crystal, plasma or light emitti  ng diodes. These are thinner, lighter and with 
much bett er luminance. The resoluti on is also becoming much bett er. Some screens use interacti ve 
soft ware, so you can elicit commands by pointi ng directly on the screen. This technique increases 
the need to regularly wipe the monitor to avoid dirt and fi ngerprints. The font size can easily be 
changed to provide bett er readability.

2.8.2  The computer 
The Lap-top, note book, iPad and smartphone are all easier to move around than the traditi onal 
desk top computers. Ergonomic principles may however be a challenge to adhere to. 

2.8.3  Special soft ware
Hands-free computi ng through speech recogniti on soft ware is quickly gaining market and has the 
advantage of letti  ng the computer do the typing. It is however problemati c to use for making tables, 
designing and drawing.

2.8.4  The keyboard
Alternati ve keyboard designs are off ered such as the split keyboards, to allow for bett er neutral 
hand alignment, and the raised keyboards to avoid pronati on of the hands. These may provide relief 
for individuals suff ering from various ligament and osteoarthriti s problems of the hands, but have 

Table 4

Some pros and cons of the open office landscape

Factor Pro Con
Cost Cheaper to design, and less

cost to maintain per person
seated

Human interaction Promotes teamwork Can be a
distraction/disturbance

Confidentiality Difficult to maintain
Cognitive process Difficult to focus
Infections Promotes spread of

respiratory viruses
Light Ceiling lights may create

disturbing reflexes
Mobility Staff tend to avoid moving

around
Noise Louder environment
Ventilation/temperature Difficult to individualize

temperature
Personality Extroverted staff adapt easier Introverted staff prefer closed

rooms
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not been widely accepted by the general users.

2.8.5  The chair 
The chair is a very important component of the workstati on.  Ideally you would like to have a chair 
that provides for individual positi oning (Table 5). 

Table 5 
Requirements for an ergonomic chair

16

 Feature             Specifi cati ons           Descripti on

 Seat Height adjustability

 Back lumbar support

 
 Back rest
 height (measured from the base
 of the seat)
 Back rest
 Tilt/recline
 Back rest
 width

 Arm rest

 Seat pan

 Base

16-21 inches
41-54 cm

1.2-2 inches
3-5.1 cm

23-25 inches
58-64 cm

Adjustable 0-15 degrees

Minimum 
12 inches
30.5 cm
Up and down
7-11 inches
18-28 cm
In and out
(arm separati on range)
18-22 inches
46-56 cm
15-17 inches
38-43 cm
Adjustable length
5 castors minimum

Should be height adjustable to accomadate individual needs

Adjustable up and down to coincide with the lumbar region of 
the spine

Back rest should provide support to lower and upper back 
(shoulder blade area)

Should lock in place for fi rm support

Material for the back rest should be fi rm, breathable, and 
resilient

Should be soft  and padded

Waterfall sloping edges. Padded and contoured for support

Rolls easily over fl oor or carpet



During a 2009 0ffi  ce chair selecti on process for an internati onal insti tuti on with 15000 staff , 4 chairs 
were selected as the workers preference  (fi gure 9). 

          

    Figure 9 *
    Four good chairs: top left : Aeron (Herman Miller), top right:   
    #19 (All Steel), down left : Leap (Steelcase) and down right:   
    Mirra (Herman Miller)

Based on the fi ndings of the ergonomics study in the World Bank (Laestadius Goldoni et al, 2009) 
a very important fi nding was in spite of the electronic informati on, and pamphlets were for many 
staff  useless for appropriate adjustment of their chair.  A personal visit by an ergonomist, or 
someone trained to properly adjust the chair, and all other elements of the workstati on (furniture 
and IT equipment ), was necessary for good ergonomic posture. 

2.8.6  The desk 
Parti cularly when several staff  of various heights use the same desk, easily adjustable desks through 
a lever or electrical engine are preferable to avoid inappropriate sitti  ng positi ons. Parti cularly for 
staff  with back ailments having trouble sitti  ng, an adjustable desk that can be raised to standing 
positi on may be a good opti on (fi gure 10).

* While there are plenty good offi  ce chairs, these are the chairs evaluated in the procurement process of the World Bank. 
The authors have no fi nancial involvement with the manufactures.

18 17



17

Screen should be viewed 
within the normal cone of 
vision (0º-30º)

Ears, shoulders, and 
hips line up vertically

Elbows bent at 90º
angle while using 
keyboard (range 70º to 
110º), upper arm 
pointing to the floor

Elbows bent at 
90º angle while 
using mouse

Hips as far back on 
chair as possible and 
bent at 100º- 120º

No sharp edges pressing 
onto wrist

Monitor at proper 
viewing distance

Adequate 
thigh and leg 
clearance

Knees bent at a 
90º angle, 
(range 70º-110º)

Feet supported

2.8.7  The mouse
Being an important input device, the mouse has been extensively studied and improved to fi t 
various hand-sizes and disabiliti es like the Ullman pen-mouse and the various types of contour 
mouses now available. With various types of hand disabiliti es, it will almost always be possible to 
fi nd an appropriate mouse to accommodate the user.

2.8.8  Additi onal resources
There are a number of web-based ergonomic programs in the cyberspace. Some are pay per 
service, and others are free. Most give adequate advice on offi  ce ergonomics with helpful hints, 
but our research has shown that just pushing ergonomic informati on via emails, pamphlets and 
other types of venues has a limited value. Many staff  will not read what comes their way, and for 
many that do there is a major diff erence between reading and doing. A person trained to assess and 
adjust the workstati on is the key to a successful program! Below are links to some useful websites:

htt p://www.safetyonline.com/doc/Ergo-Clinic-0001
htt p://www.osha.gov/SLTC/ergonomics/
htt p://en.wikipedia.org/wiki/Ergonomics
htt p://sitemaker.umich.edu/center-for-ergonomics/home
htt p://offi  ce-ergo.com/
htt p://ergonomics.about.com/od/ergonomicbasics/a/ergo101.htm
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Figure 10
A proper work-stati on set up



Desk working area. Black area is the primary working area and gray is the secondary
area. Adapted from the Ergonomics Standard by the Swedish Board of Work Environment AFS 
1998:1. Distances in cm (fi gure 11).

Figure 11
Desk working area
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Table 6
Checklist for desk

 Feature             Specifi cati ons           Descripti on/Notes

 Height Adjustable desk

 Height
 Fixed desk

 Depth

 Width

 Desktop edge

 Leg space
 Clearance space under desk

20 -27 inches
50 - 70 mm

26-28 inches
66-71 cm

At least 30 inches or 76 cm

At least 47 inches or 120 cm if 
desk is used for keyboard only.
At least 60 inches or 150 
cm if used for keyboard and 
paperwork.

Maximum of 3 inches or 7.5 cm

20 inches or 52 wide
17 inches or 44 cm deep at 
knee level
24 inches or 60 cm deep at foot 
level
4 inches 10 cm high at the foot

A height adjustable desk is ideal but 
may be cost prohibiti ve.

A footrest must be used if, aft er 
adjusti ng the height of the chair, feet 
do not rest fl at on the fl oor.

Desk surface should allow you to 
place the monitor directly in front of 
you at least 20 inches away.

Desk space should be able to 
accommodate a variey of working 
postures and tasks.

Rounded desktop edges to minimize 
contact stress on the wrist.

Should allow for users to change 
working postures. Should be clear of 
items such as computer, fi les, books, 
storage of other personal items.

AVOID CORNER STATION:
Back not supported, monitor too low
and too far away

Keyboard in the corner

Curved wrists and straight elbows

CORRECT STRAIGHT POSITION:

Top of monitor at eye level

Monitor distance corrected

Back supported

Straight wrists and elbows at 90 degrees

Figure 12
Bad and good ergonomics



        

         

Table 7
Checklist - How to self-evaluate and organize your work-stati on.
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Work posture Head and neck are upright, or in-line with the torso (not bent down/back)
  Shoulders and upper arms are in-line with the torso, relaxed, not elevated or   
  stretched forward.
  Upper arms and elbows are close to the body (not extended outward)
  Trunk is perpendicular to fl oor, supported by the back of the chair
  Thighs are parallel to the fl oor and the lower legs are perpendicular to the   
  fl oor (thighs may be slightly elevated above knees)
  Feet rest fl at on the fl oor, or are supported by a stable footrest
  Legs and feet have suffi  cient clearance space under the work surface so you   
  are able to get close to the keyboard/mouse
  Mouse or trackball is located next to your keyboard so it can be operated   
  without reaching
  Mouse is easy to acti vate and the shape/size fi ts your hand (not too big/small)
  Wrist and hands do not rest on sharp or hard edges
  Wrist/palm rest is provided (opti onal)

Monitor  Top of the screen is at or below eye level so you can read without bending   
  your head or neck down/back
  Monitor distance allows you to read the screen without leaning your head,   
  neck or trunk (typically arm-length)

Desk  Desk height is adjustable

Chair  Backrest provides support for your lower back (lumbar area)
  Backrest height is adjustable
  Seat front does not press against the back of your knees and lower legs (seat   
  pan not too long)
  Seat height is adjustable
  Armrests support the forearms without resulti ng in hunched shoulders   
  (armrests too high) or leaning to one side (arms too low)
  Armrest height is adjustable



       Figure 13 
       Esti mati on of correct monitor distance
       20”-28” (51-71 cm) from eyes to monitor -
       about armlength 

3. Disability accommondations      

A growing output of assisti ve devices both in terms of hardware and soft ware make disability 
accommodati ons increasingly possible.

Vision impaired people may take advantage of zoom-ware for text magnifi cati on and easier reading, 
and reading text out loud from a screen with soft ware such as JAWS (Job access with speech).
An overview of available resources can be found at the website of the American Foundati on for the 
Blind (htt p://www.afb .org/secti on.aspx?FolderID=2&Secti onID=4).

Hearing disabled people may use hearing assisti ve technology systems including FM Systems , 
infrared Systems, Inducti on Loop Systems  and  One-to-One Communicators, and individual hearing 
aids. Direct conversion of speech to text can also be found for instance Dragon point and speak. 
Updated available resources can be found at the American Speech Language Hearing Associati on 
(htt p://www.asha.org/public/hearing/treatment/assist_tech.htm).

Mobility impaired people may be assisted by scooters, and for instance soft ware allowing a person 
without movable fi ngers to use a sti ck for preprogrammed keys and voice commands. More 
available resources can be found at the Internati onal Center for Disability Resources on the Internet 
website (htt p://www.icdri.org/Mobility/index.htm)

It is most likely that voice commands and intelligent voice recogniti on systems in the future will 
replace much of the traditi onal keying for entering data.

Some major corporati ons have equipped special Assisti ve Technology Centers, where various 
equipment, chairs, desks and soft ware are at display and can be tested by the disabled persons 
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prior to being procured.

4. Ergonomics and productivity 

Few controlled studies exist on ergonomics and producti vity, although anecdotal evidence, and 
before and aft er scenarios have been published (Oxenburgh, 1985). The implementati on of 
innovati ve offi  ce concepts and ergonomic programs on health and producti vity among offi  ce 
workers was evaluated in several studies (Smith and Bayeh, 2003; De Croon et al, 2005; Meijer at 
al, 2009). Limited eff ects were noti ced on work related fati gue, health changes, and producti vity in 
the long term. Levels of evidence for specifi c ergonomic interventi ons ranged from insuffi  cient to 
moderate. Generally, outcomes were focused mostly on the improved comfort of workers (Leyshon 
et al, 2010).

The assessment of the eff ecti veness of a group based interacti ve work style interventi on in 
improving work style behavior was conducted by Bernaards et al in 2008. The work style 
interventi on was eff ecti ve in improving the stage of change with regard to body posture, 
workstati on adjustment, and the use of suffi  cient breaks during computer work. These fi ndings 
were confi rmed by higher self reported use through breaks, exercise soft ware reminders and 
working less hours without breaks. However, self reported changes in body posture and workstati on 
adjustment, were less consistent. The work style interventi on was ineff ecti ve in changing stress 
outcomes.

There is evidence that workstati on adjustments are benefi cial when combined with ergonomics 
training (Kennedy et al, 2010). Also, a recent Finish study demonstrated that an early ergonomic 
interventi on reduces sickness absence due to upper extremity or other musculoskeletal disorders 
(Shiri et al, 2011).

In connecti on with the move of 1500 offi  ce staff  to another building with improved ergonomics in 
Washington DC, Laestadius et al (2009) evaluated the associati on between work stati on features, 
working postures, and musculoskeletal pain symptoms. The prevalence of pain symptoms, working 
while ill, and absenteeism, was evaluated before, and 18 months aft er the proacti ve ergonomic 
program. A comparison was made with a similar reference group of another fi nancial insti tuti on. 
Associati ons between improvement of postures and less musculoskeletal pain and eye strain were 
confi rmed. A cross associati on between several features and postures and improved symptoms was 
noted, along with improved producti vity. The study suggests that a proacti ve program adhering to 
the OSHA recommendati ons needs to include an individual workstati on assessment to be eff ecti ve 
in reducing symptoms and increasing producti vity. Figure 14 shows the elements of an ergonomic 
management system which was proven successful in a large corporate environment:
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As new technologies conti nue to computerize the way professionals do their work, it is important 
for organizati ons to identi fy and measure the risks and the health and wellbeing associated with 
these changes. Further research with professional groups is needed to support eff ecti ve risk 
management decisions and evidence based ergonomics interventi on.

Strategies should be developed and implemented to protect workforce from the eff ects of 
ergonomic related musculoskeletal disorders. They should focus specifi cally on the diagnoses 
of musculoskeletal disorders to help track and analyze trends, and to integrate ergonomics into 
training not only for professionals, but into educati on programs from early ages on.

* Policy Development
* Stakeholders Involvement
* Defi ned Responsibility

* Process Flows
* Service Levels Standards
* Materials & Product Selecti on

* Training: Movers, Offi  ce Managers, 
Staff  Assistants
* Communicati ons System:
email box for inquiries, fl yers, email 
messages, training programs, video 
with ergonomic ti ps, etc...
* Assesments: Types defi ned and 
responses tracked

* Quality assessment/control - random 
repeat and third party
* Stati sti cal Analysis: Mock Balance 
Scorecard, Survey (one and multi ple  
questi ons)
* Health Services Analysis of program with 
third party stati sti cian

* Conti nuous 
Improvement Reviews

Figure 14
Ergonomic Management System

ERGONOMIC MANAGEMENT SYSTEM
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Table 8. Example of an ergonomic protocol

Ergonomic Self Assessment Check List

Location:

1. Date of assessment:
__ __/ __ __/

2. Office room number
______

3. Last name/ First name:
____________________________________________________________

4. Office telephone number:
___________________

5. Were there any changes made in this workstation setting after completing the surveys?
no
yes, please specify:

_______________________________________________________________________________________
_______________________________________________________________________________________

Assessment of the Ergonomic Features of the Current Workstation

Please check one of the offered answers: True (T), False (F) or Not applicable (NA)

T F NA

Chair:
6. Backrest
provides support for your lower back (lumbar area) � � �

7. Backrest height
Adjustable � � �

8. Seat front
does not press against the back of your knees and lower legs
(seat pan not too long) � � �
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T F NA

9. Seat height
Adjustable � � �

10. Armrests
support the forearms without resulting in hunched shoulders
(armrests too high) or leaning to one side (armrests too low � � �

11. Armrest height
Adjustable � � �

12. Legs and feet
have sufficient clearance space under the work surface so you
are able to get close enough to the keyboard/mouse � � �

13. Desk:
Adjustable � � �

Monitor:
14. Top
of the screen is at or below eye level so you can read it without
bending your head or neck down/back � � �

15. Monitor distance
allows you to read the screen without leaning your head, neck or
trunk forward/backward � � �

16. Monitor position
directly in front of you so you don't have to twist your head or neck � � �

Keyboard and mouse:
17. Keyboard/mouse tray,
if provided, is large enough to hold a keyboard and a mouse � � �

18. Mouse or trackball
located next to your keyboard so it can be operated without reaching � � �
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T F NA

19. Mouse
is easy to activate and the shape/size fits your hand (not too big/small � � �

20. Wrists and hands
do not rest on sharp or hard edges � � �

21. Wrist/palm rest
is provided � � �

Working Posture:
What is your typical working posture?
22. Head and neck
are upright, or in line with the torso (not bent down/back) � � �

23. Head, neck, and trunk
face forward (are not twisted) � � �

24. Trunk
is perpendicular to floor, supported by the back of the chair � � �

25. Shoulders and upper arms
are in line with the torso, relaxed, not elevated or stretched forward � � �

26. Upper arms and elbows
are close to the body (not extended outward) � � �

27. Forearms, wrists, and hands
are straight and in line (forearm at about 90 degrees to the upper arm) � � �

28. Wrists and hands
are straight (not bent up/down or sideways toward the little finger) � � �

29. Thighs are parallel to the floor
and the lower legs are perpendicular to floor
(thighs may be slightly elevated above knees) � � �

30. Feet
rest flat on the floor, or are supported by a stable footrest � � �
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5. Changing face of ergonomics- future challenges

5.1 The factors

There are numerous factors, which are rapidly changing and challenging our classic concepts and 
knowledge of offi  ce ergonomics: 

 Increasingly widespread use of computers, especially by people who are outside the 
computi ng profession and are of all ages, including young children;

 Miniaturizati on of hardware leading to portability (Figure 15);
 Rapid development of technology introducing computati onal devices in new forms;
 Decreasing hardware costs leading to larger memory, faster systems and smaller devices;
 Increased development of network communicati on and distributed computi ng;
 Increasing innovati on in development of input techniques (voice recogniti on systems, pens, 

gestures) improving access to computers and social networking by disabled people who 
were previously left  out from the computer use.

The changes in computer technology are so rapid that there is no possibility for follow up on their 
long term health/performance impact on billions of users. Computer devices are getti  ng smaller, 
they are mostly portable and no ergonomic recommendati ons on how to properly use them even 
exist. People are carrying around laptops, notebooks, iPads, iPhones, and are functi oning in and 
out of the offi  ces at all ti mes. We cannot fi nd any recent study addressing all technical, ergonomic, 
psychological and social aspects of current and possible future transformati on of offi  ce work.

5.2 A mixed bag of new ideas and gadgets

     Figure 15
     Shrinking size of computer devices compared to a 
     match-sti ck (far right).

In terms of keyboards, the commercial trend is that those with quicker keys, and preprogrammed 
functi onality of single keys, are taking market shares when compared to ergonomic designs such as 
split keyboards, and raised keys (Woods, 2005; Rempel at al, 2007 and 2009; Juul-Kristensen et al, 
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2004). The computer game industry seem to lead this development (personal com. sales manager 
SIBA, Sweden).
Litt le concern about potenti al long term health aspects and no scienti fi c monitoring in this regard 
seem to be part of that trend.

Notebook computer mouse designs of varying sizes have not been formally evaluated but may 
aff ect biomechanical risk factors and are having a potenti al impact on the preventi on of work-
related musculoskeletal disorders (Oude Hengel et al, 2008). Asundi et al (2010) quanti fi ed postures 
of users working on a notebook computer placed on a desk, the lap and commercially available 
lapdesk. All arrangements resulted in high values of wrist extension, wrist deviati on and downwards 
head ti lt. 

A confi gurati on of computers which allows hand-free computi ng (without interfacing with 
the mouse or keyboard) is initi ally developed for computer users with disabiliti es, but is being 
implemented more broadly today. Factors that infl uence performance of speech recogniti on users 
and the eff ect of such systems on working postures, producti vity and percepti on of user friendliness 
are extensively studied (Koester 2004 and 2006). The tongue control systems developed to allow 
a quadriplegic person interacti on with a computer or control of an assisti ve device, could also fi nd 
their applicati on as future computer input units (Lonti s and Struijk, 2010).

Already on the market are now 3D viewing devices, with additi onal visual challenges, parti cularly 
for those suff ering from vision problems/disorders.

Workstati ons allowing computer users to walk or cycle while performing computer tasks have been 
shown to demand suffi  cient energy expenditure to result in signifi cant health benefi ts, focused 
not only to musculoskeletal disorder preventi on but also decreasing health risks due to inacti vity. 
However, observed performance decrements maybe related to both biomechanical and cogniti ve 
processes. Acti ve workstati ons may be less suitable for mouse intensive work, and suscepti ble users 
(Straker et al, 2009).

6. Ergonomics as an essential part of education in the computer age

Having in mind rapid development of technology, and also the process of shift ing traditi onal 
individual workspaces from offi  ces into homes (telecommuti ng) or air planes and hotel rooms 
(business travelers), it seems to us that ergonomic management can no longer be the employer’s 
responsibility only.

The importance and impact of teaching basic ergonomic principles throughout the educati onal 
process is sti ll neither recognized nor addressed. It is already noted that college age students are 
reporti ng numerous musculoskeletal disorders due to their extensive and ergonomically incorrect 
usage of computers and other electronic devices (Jacobs et al, 2009 and 2011). Without some form 
of ergonomic interventi on, these students are likely to enter the workforce with poor ergonomic 
habits, which places them on the road to future MSDS related pain problems as technology 
conti nues to play a dominant role in their lives.

By the age of fi ve years, 75% of the children in the USA are using computers, and at this age they 
are only one half to two thirds the size of, and about one fi ft h as strong as, their adult counterparts. 
Compared to their adult counterparts, children have to apply twice the relati ve force, as a 
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percentage of their maximum capacity, to acti vate the butt ons and keys on the input devices. These 
measured diff erences may have applicati on in the design of computer input devices for children 
(Blackstone et al, 2008). Although being trained in using computers since kindergarten, no att enti on 
is paid to teaching children about ergonomically correct postures. Ergonomics is a crucial point for 
good learning performance in the computerized world. There is an urgent need to focus on raising a 
healthy future workforce which is educated in ergonomics from an early age on.

30



*******************************

Acknowledgements

We parti cularly appreciate Ms. Sandra Ross, for excellent language review and editi ng and Ms. 
Rebecca Elfast (Figures 3,4,7, and 8) and Mr. Tage Larsson (Figures 1 and 6) for wonderful drawings,  
as well as Ms. Meg Klekner whose original idea has been reworked in Figure 16 related to the 
management of her ergonomics program.

References 

Armstrong, T.J., Chaffi  n, D.B. (1979). Carpal tunnel syndrome and selected personal att ributes. J 
Occup Med. 21(7):481-6.

Armstrong, T.J. (1991). Introducti on to occupati onal disorders of the upper extremiti es. Center for 
Ergonomics, Ann Arbor, MI.
 
ASHRAE. Indoor air quality standards. Available from < htt p://www.ashrae.org> (Accessed 
4/8/2013).

Asundi, K., Odell, D., Luce, A., et al.(2010). Notebook computer use on a desk, lap and lap support: 
eff ects on posture, performance and comfort. Ergonomics. Jan;53(1):74-82. 

Bernaards, C.M., Ariens, G.A., Simons, M., et al. (2008). Improving work style behavior in computer 
workers with neck and upper limb symptoms.  J Occup Rehabil. Mar;18(1):87-101.
 
Blackstone, J.M., Karr, C., Camp, J., et al. (2008). Physical exposure diff erences between children and 
adults when using standard and small computer input devices. Ergonomics. Jun;51(6):872-89.

Chigot, P. (2005). Eff ects of sound in offi  ces: subjecti ve vs objecti ve assessment. Faciliti es. 23 
(3/4):152-63.

Chou, R., Quaseem, A., Snow, V., et al. (2007). Diagnosis and treatment of low back pain: a joint 
clinical practi ce guideline from the American College of Physicians and the American Pain Society. 
Ann Intern Med. Oct 2;147(7):478-91.

De Croon, E.M., Sluiter, J.K., Kuijer, P.P., et al (2005). The eff ect of offi  ce concepts on worker health 
and performance: a systemati c review of the literature. Ergonomics. Feb;48(2):119-34.

Dimberg, L. (1986). Symptoms from the neck and upper extremiti es. An epidemiologic, clinical and 
ergonomic study at Volvo Flygmotor. Research report, Arbetarskyddsfonden.

Dimberg, L. (1987). The prevalence and causati on of tennis elbow (lateral humeral epicondyliti s) in a 
populati on of workers in an engineering industry. Ergonomics. Mar;30(3):573-79.

Dimberg, L., Wallin, L., Eriksson, B. (1991) Unpleasant atmosphere at work increases the risk of 
musculoskeletal disorders. Lakarti dningen (Swedish). Mar 13;88(11):981-5.

Dimberg, L. (1991). Symptoms from the neck, shoulders and arms in an industrial populati on and 
some related problems. Dissertati on, Gothenburg University. ISBN 91-628-0392-1. 

31



Dimberg, L. (1996). Overview of ergonomic research and some practi cal applicati ons in Sweden. In 
Occupati onal Ergonomics by Bhatt acharya A and McGlothin JD; pp733-49. ISBN:0-8247-9419-2. 

Ericson, M., Goldie, I. (1989). Spinal shrinkage with three diff erent types of chair whilst performing 
video display unit work. Int J Ind Ergon. 3:177-83.

Evans, G.W.; Johnson, D. (2000). Stress and open-offi  ce noise. J Appl Psychol. 85:5:779-83.

Frankel, V.H., Nordin ,M. (1980). Basic biomechanics of the skeletal system. Philadelphia. 
Lea&Febiger.

Hagberg, M. (1984). Occupati onal musculoskeletal stress and disorders of the neck and shoulder: a 
review of possible pathophysiology. Int Arch Occup Environ Health. 53(3):269-78.

Herberts, P., Kadefors, R., Hogfors, C., et al. (1984). Shoulder pain and heavy manual labor. Clin 
Orthop Relat Res.191; 166-78.

Hansson, T., Keller. T., Jonson, R. (1988). Fati gue fracture morphology in human lumbar moti on 
segments. J Spinal Disord. 1(1):33-8.

Jacobs, K., Johnson, P., Dennerlein, J., et al. (2009). University students’ notebook computer use. 
Appl Ergon. May;40(3):404-9. 

Jacobs, K., Foley, G., Punnett , L., et al. (2011). University students’ notebook computer use: lessons 
learned using e-diaries to report musculoskeletal discomfort. Ergonomics. Feb;54(2):206-19.

Juul-Kristensen, B., Laursen, B., Pilegaard, M.(2004). Physical workload during use of speech 
recogniti on and traditi onal computer input devices. Ergonomics.47(2):119-33.

Karasek, R.A., Theorell, T, Schwartz, J.E., et al. (1988). Job characteristi cs in relati onship to the 
prevalence of myocardial infarcti on in the US health examinati on survey (HES) and the Health and 
Nutriti on Examinati on Survey (HANES). Am J Public Health. Aug;78(8):910-8.

Kennedy, C.M., Amick, B.C.3rd, Dennerlein, J.T. et al. (2010). Systemati c review of the role of 
occupati onal health and safety interventi ons in the preventi on of upper extremity musculoskeletal 
symptoms, signs, disorders, injuries, claims and lost ti me. J Occup Rehabil. Jun;20(2):127-62.

Koester, H.H. (2004). Usage, performance, and sati sfacti on outcomes for experienced users of 
automati c speech recogniti on. J Rehabil Res Dev. Sep;41(5):739-54.

Koester, H.H. (2006)- Factors that infl uence the performance of experienced speech recogniti on 
users. Assist Technol. Spring;18(1):56-76.

Kjellberg, A., Landstrom, U. (1994) Noise in the offi  ce:Part 2: The scienti fi c basis (knowledge base)for 
the guide. Int J Ind Ergon 1994;14:93-118.

Laestadius, J.G., Ye, J., Cai, X., et al. (2009).The proacti ve approach-is it worthwhile? A prospecti ve 
controlled ergonomics interventi on study in offi  ce workers. J Occup Environ Med. Oct;51(10):1116-
24.

32



Larsson, S.E., Bengtsson, A., Bodegård, L., et al. (1988) Muscle changes in work-related chronic 
myalgia. Acta Orthop Scand. Oct;59(5):552-6.

Leyshon, R., Chalova, K., Gerson, L., et al. (2010). Ergonomic interventi ons for offi  ce workers with 
musculoskeletal disorders: a systemati c review. Work. 35(3):335-48.

Lindstrom, I., Ohlund, C., Eek, C., Wallin, L., et al. (1992). The eff ect of graded acti vity on pati ents 
with subacute low back pain: a randomized prospecti ve clinical study with an operant-conditi oning 
behavioral approach. Phys Ther. 72(4):279-90.

Lonti s, E.R., Struijk, L.N. (2010). Design of inducti ve sensors for tongue control system for computers 
and assisti ve devices. Disabil Rehabil Assist Technol. Jul;5(4):266-71.

Lundborg, G. (1988).  Nerve injury and repair. Churchill, Livingstone. ISBN 0-443-03528-8.

Maneghetti  , A. & Mosenifar, Z. Upper respiratory tract infecti on. Medscape. 
Available from < htt p://emedicine.medscape.com/arti cle/302460-overview>(Accessed 4/8/2013).

Meijer, E.M., Frings-Dresen, M.H., Sluiter, J.K. (2009). Eff ects of offi  ce innovati on on offi  ce workers’ 
health and performance. Ergonomics. Sep;52(9):1027-38.

Nachemson, A.L. (1960). Lumbar intradiscal pressure. Experimental studies on post-mortem 
material. Acta orthop Scand. 43:1–104 suppl.

Nachemson, A., Elfstrom, G. (1970) Intravital dynamic pressure measurements in the lumbar discs. 
A study of common movements, maneuvers and exercises. Scand J Rehab Med Suppl. 1:1-40.
 
Nachemson, A.L,Schultz, A.B. & Berkson ,M.H. (1979). Mechanical properti es of the human spine 
moti on segments. Infl uences of age, sex, disc level and degenerati on. Spine. 4:1–8.

Nachemson, A. (1991) Back pain, causes, diagnoses and treatment. SBU, (in Swedish).

O’Neill, M., Carayon, P. (1993). The relati onship between privacy, control and stress responses in 
offi  ce workers. Proceedings of the human ergonomics society 37th annual meeti ng. 

Oude Hengel, K.M., Houwink, A., Odell, D., et al. (2008). Smaller external notebook mice have 
diff erent eff ects on posture and muscle acti vity. Clin Biomech.(Bristol, Avon). Jul;23(6):727-34.

Oxenburgh, M. (1991). Increasing producti vity and profi t through health and safety. Case studies in 
successful occupati onal health and safety practi ce. ISBN 1 86264 264 8.

Pallewatt e, N., Paudval, P., Blyth, F.M., et al. (2009). Evaluati on of work-related psychosocial factors 
and regional musculoskeletal pain: results from a EULAR Task Force.
Ann Rheum Dis. Jun;68(6):885-91. 

Rempel, D., Barr, A., Brafman, D., et al. (2007). The eff ect of six keyboard designs on wrist and 
forearm postures. Appl Ergon. May;38(3):293-8.

Rempel, D., Nathan-Roberts, D., Chen, B.Y., et al. (2009). The eff ects of split keyboard geometry on 

33



upper body postures. Ergonomics. Jan;52(1):104-11.

Schoene, ML. (2007) Wippincott  Williams&Wilkins: The Back Lett er: A tribute to Alf Nachemson: 
The Spine Interview. Vol 22.

Shiri, R., Marti mo, K.P., Miranda, R., et al. (2011). The eff ect of workplace interventi on on pain 
and sickness absence caused by upper-extremity musculoskeletal disorders. Scand J Work Environ 
Health. Mar;37(2):120-128. 

Smith, M.J., Bayeh, A.D. (2003). Do ergonomics improvements increase computer workers’ 
producti vity?: an interventi on study in a call centre. Ergonomics. 46(1-3):3–18.

Straker, L., Levine, J., Cambell, A. (2009). The eff ects of walking and cycling computer workstati ons 
on keyboard and mouse performance. Hum Factors Dec;51(6):831-44.
Swedish work environment authority. Correct work at the monitor. Available at htt p://www.av.se/
inenglish (Accessed 4/8/2013).

Taylor, F. (1911). The Principles of Scienti fi c Management. New York, NY, USA and London, UK: 
Harper & Brothers, OCLC 233134, LCCN 11-010339.

Wadell, G., McCulloch, J.A., Kummel, E. et al. (1980). Nonorganic Physical Signs in Low-Back Pain. 
Spine. 5 (2): 117–25.

Wilke, HJ., Neef, P., Caimi, M. et al. (1999). New in vivo measurements of pressures in the 
intravertebral disc in daily life. Spine. Apr 15;24(8):755-62.

Windsor, R. (2009). Cervical discogenic pain syndrome. Medscape. Drugs Disease and Procedures. 
Apr. Available at htt p://emedicine.medscape.com/arti cle/93761-overview
(Accessed 4/8/2013).

Woods, M., Babski-Reeves, K. (2005). Eff ects of negati vely sloped keyboard wedges on risk factors 
for upper extremity work-related musculoskeletal disorders and user performance. Ergonomics. Dec 
15;48(15):1793-808.

Contacts for further informati on: Lennart.Dimberg@gu.se

34


