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ABSTRACT

Little information is available in the literature concerning an er-
gonomic systems view of industrial seats. This study has been aimed at
expanding knowledge of industrial seat design. For this purpose, a model
for evaluating industrial seats has been proposed, listing demands and re-
strictions from the task and the workplace. It also includes responses and

effects on the sitter, and methods of measurement for evaluating industrial
work seats.

The appropriateness of work seat design has been assessed in labora-
tory and field studies, using methods to measure body loads, their effects
and responses. These have been body height shrinkage, biomechanical
methods, subjective assessment, and posture assessment.

The shrinkage method, including equipment and procedures, has been
developed in this project. It assesses the effect of loads on the spine in
vivo by using body height changes as a measure of disc creep. The results
are well correlated with spinal loads. The method is sensitive enough to
differentiate between spinal loads of 100 N difference. The results are also
related to the perception of discomfort. Biomechanical methods have been
developed for calculating compressive, shear, and momental loads on the
spine. Ratings of discomfort, body mapping, interviews, video recordings,
and prototype equipment for the recording of head posture have also been
used. The methods have been shown to be appropriate for seat evaluation.

Work seats have been evaluated in different tasks, incorporating back-
rests of different height, width and shape, conventional seat pans and sit-
stand seats. It has been shown that advantageous chair features could
be referred to each particular task. The tasks evaluated included forward
force exertion (high backrests advantageous), vision to the side (low back-
rests advantageous), work with restricted knee-room (seats allowing in-
creased trunk-thigh angle advantageous), grinding (high, narrow backrests
advantageous), punch press work (increased seat height advantageous),
and fork lift truck driving (medium height backrest advantageous).

The work task has been shown to be a major influence on seat design,
and must therefore always be thoroughly considered.
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INTRODUCTION

Stools have been used by man for more than 5,000 years according
to excavations in Egypt. The chair is considered to have developed from
the stools of 4,500-5,000 years ago. Chairs were then probably used in
formal situations. Their design was surprisingly similar to some of the

chairs still used today. It has even been found that cushions or padding
were sometimes used on these early chairs.

One of the oldest stools found was made of stone and had three legs.
There is evidence from Egypt that craftsmen used stools around 2000
B.C., and before that they squatted on the ground. These stools, the first
work seats, were often made of timber and they generally could be four

legged. Their designs varied, but the height was often low (Killen 1980).

The use of work seats increased in Western countries when hunting,
fishing and agricultural work was replaced by manualskills/handiwork.
Craftsmen made their own tools, which included work seats if needed.
Hence, they were in control of choosing and designing these according
to their own preferences, influenced by their perception, feelings and at-
titudes towards the equipment and seats. It is probably reasonable to
assume that the design of work seats was affected both by random influ-
ences and by the suitability of the design. However, it is more difficult to
see how factors such as long term effects on health could be accounted for
in the design. There were also limitations in the manufacturing techniques
and materials available.

Industrialization created new types of jobs, many of which were often
performed standing. For a long period of time, it was considered that
industrial workers should stand during their working time. Sitting was a
sign of being impudent and lazy. This can be illustrated by a rule used
for dismissing labourers, by the reminiscence of a retired worker talking
of his apprenticeship days: “Three times on your ass and you're out”
(Seymour 1986). During the last decades, an increasing number of jobs in
industry are being performed in a sitting position, which is due both to
changed attitudes and the changed structure of industry. New production
methods havecreated new jobs which can be better performed sitting, such
as inspection tasks, supervision, console operation and semi-automated
assembly. In many countries, work legislation now demands the provision
of seats for resting purposes in standing jobs.

The use of chairs in industry has caused chairs to be manufactured as
industrial products. Chair design can no longer be directly controlled by
users, as the earlier craftsmen could. The consequences are that little or
even no feedback reaches the manufacturers, concerning the comfort and
the appropriateness of the chairs as perceived by the users in their work
tasks. It is not until fairly recently that awareness of the use of ergonomics
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in chair design has started to spread into industry.

However, the use of chairs, chair design and preferred postures in sit-
ting also differs between cultures. Squatting or sitting cross-legged on a
horizontal surface is common in Africa and Asia (Chapanis 1974). These
postures have advantages for people accustomed to them and living in suit-
able cultural and environmental situations. Several of the advantages were
pointed out by Sen (1984), such as obtaining support for the back from
the thighs when squatting, using the feet to hold the workpiece, and being
less exposed to heat in a hot climate when sitting on the ground. These

postures would not work at all for people in the industrialized countries,
for reasons such as lack of joint mobility in the feet, knees and hips.

There are also several other social and traditional norms connected
with sitting and chair design. A throne, an expensive and ornamented
piece of art, raised in relation to the surroundings, is a symbol of power,
authority and status. Even today in companies and organizations, chairs
are symbols of the status of their occupants. It has been claimed that
the cost of purchase of work chairs i1s closely related to the salary of the

employee. Also the language of today reveals the historical importance of
chairs, for example “chairman” and “to hold a Chair at a University”.

The ergonomics of sitting therefore do not lead to absolutely true
answers or solutions. The recommendations put forward by ergonomists

must be related to the historical, cultural, social and environmental situ-
ation (Chapanis 1974).

The structure of tasks in industry is changing, as earlier mentioned.
For many years, the number of heavy manual handling tasks has been
decreasing, and the number of seated tasks has increased. Supervisory
tasks and assembly of products with small, light components, often in
large quantities, have become more common. In a recent Swedish study by
interview, it was estimated that 43% of the working population sits at least
half of the working day (The working environment in figures 1985). About
35% of the Swedish working population is employed in the industrial sector
and about 60% in the service sector. It has also been estimated that 65-
70% of the people employed in the industrial sector are blue collar workers
(The working environment in figures 1985). Hence, a large proportion of
the working population is employed in industrial or non-clerical sitting
work tasks. It has also often been claimed that people in Western society
spend an increasing part of their leisure time sitting (Grieco 1986).

High rates of back, neck and shoulder pain and also discomfort or
pain from the lower legs and feet have been shown among people in sit-
ting tasks (Grieco 1986, Andersson 1981, Winkel 1985). In addition to
the suffering of the people affected, high economic costs are a result of the
above mentioned consequences, and these costs hit not only the individ-

ual, but also society and industry, through for example sickness absence,
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work injuries and premature retirement. Further, it is probable that jobs
causing discomfort also lead to productivity losses. Musculoskeletal ail-
ments in industry appear to show an increasing trend (Onishi et al 1976),
which is of great concern. It is considered that a substantial part of these
ailments can be prevented by redesign of workplaces and tasks, utilizing
eflective ergonomic design.

Many investigations have been carried out concerning the ergonomics
of office chairs, vehicle chairs and school chairs. Industrial seating is,
however, a badly neglected field in this respect. Very few investigations
and scientific articles have been published in this field. Therefore, the
standard of knowledge is relatively low. Also, the standard and ergonomic
quality of chairs used in industry and for sale on the market are low. There
are other reasons too, for example price competition among manufacturers
and the fact that industrial buyers can easily see the cost but cannot
analyse or calculate the benefits of improved chairs. Ergonomic design is
often connected with luxury and expensive products, which causes low cost
products to be designed without considering ergonomics. If a comparison
is made between different tasks and occupations, the relation between the
costs of the chairs used in these will show large differences. Seats for
lorries, buses, fork lift trucks, and also control room operators are often
substantially more expensive than seats for assembly workers, machine
operators or sewing machine operators, in spite of the fact that the seats
may be used just as many hours a day. Another factor increasing the

difficulties of improving the ergonomic standard of industrial seating is the
enormous variation and complexity of industrial tasks and workplaces, and
the lack of methods for systemizing and categorizing the design features
of industrial chairs. In particular, little research has been carried out

concerning stools and the design features for chairs and sit-stand seats
which would be suitable in jobs where the worker would normally stand.

All the factors mentioned emphasize the importance of further studies
within the field of ergonomic design for seated workplaces and chairs in
industry. Increased knowledge is needed both for the stimulation of more
appropriate chair design and for increasing the awareness of choosing op-
timal chairs for industrial tasks.



LITERATURE REVIEW
The back, neck and shoulders

A brief summary of anatomy

The spine is a subtle and complex structure. It enables movements
of the back to take place, and at the same time transfers loads caused by
gravity and human activities to the pelvis. The vertebral column consists
of 7 cervical, 12 thoracic, and 5 lumbar vertebrae, attached to the sacrum,
which is joined to the pelvis at the sacroiliac joints. The spine is S-shaped
in the sagittal plane, which is considered to increase its strength and
mobility. The size of the vertebrae increase the further down and closer

to the pelvis they are situated.
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Figure 1. The human spine and the peluvis.
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The structure of the vertebra is a shell of cortical bone, which encloses
a meshwork of cancellous bone. It consists of a body, cylindrically shaped
at the front, the upper and lower surfaces of which are referred to as
the end-plates. There are two transverse processes, one spinous process,
two vertebral arches and two articular facet joints, all of which form the
posterior segment of the vertebra (see Figure 2). The spinal cord is well
protected in the vertebral canal, as 1t 1s situated between the vertebral
arches and the vertebral body. The facet joints limit the motion between
the adjacent vertebrae. This is both due to the joint capsule ligaments
and the orientation of the facets in the transverse and frontal planes.

Figure 2. Intervertebral joints, including three vertebrae and two interme-
diate discs.

An intervertebral disc is positioned between each vertebral body.
Both the vertebral bodies and the discs are wedged in the lumbar and

cervical regions of the spine. There is a considerable individual variation
in this respect, and thus also in the curvatures of the spine. The disc

consists of the nucleus pulposus in the centre and the annulus fibrosus
surrounding it. It is attached to the vertebral end-plates. It can alter its
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shape 1n response to various loadings, and can transmit high compressive
loads because of its hydrostatic properties. The annulus fibrosus 1s com-
posed of concentric layers of collagen fibres, attached diagonally in both
directions, which encapsulate the disc. As a result of the structure of the
discs, they have properties which make them flexible at the same time as
they can withstand high compressive loads. However, the discs degenerate
with age, which gradually causes a decreased ability to resist loads.

Vertical loads are primarily transmitted through the vertebral bodies
and the discs, but can partly also be transmitted through the facet joints.
The more the spine is extended, the greater part of the vertical load is
transmitted via the facet joints. Other postures and external loads create
different patterns of distribution of the load on the facet joints (Adams
and Hutton 1980).

0 10°
e e

C2-3
C3-4
C4-5
C5-6
C6-7
C7-T1
T1-2
T2-3
T3-4
T4-5
T5-6
T6-7
T7-8
T8-9
T9-10
T10-11
T11-12
T12-L1
L1-2
L2-3
L3-4
L4-5
LS5-S 1

FLEXION- LATERAL- ROTATION
EXTENSION FLEXION

Figure 8. The ranges of motion at different levels of the spine. Redrawn
from White and Panjabr (1978).
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Ligaments stabilize and increase the resistance to stress of the verte-
bral column. The ligaments are mainly composed of collagen fibres, and
therefore form a passive structure which can resist high traction forces.
They are arranged to permit movements between the vertebrae within a
certain range, but they restrict larger movements.

Three systems of ligaments of the spine can be separated. They are
the long longitudinal system, (the anterior and posterior longitudinal lig-
aments and the supraspinous ligaments), the segmental longitudinal sys-
tem, (the interspinous and intertransverse ligaments and the ligamentum
flavum) and the capsular system. Important ligaments in the restriction of
flexion are the supraspinous and interspinous ligaments and the capsular
ligaments of the facet joints (Adams et al 1980).

Figure 4. Ligaments of the spine.

1 Posterior longitudinal ligaments
2- Anterior longitudinal ligaments
$- Ligamentum flavum

4 Supraspinous ligaments

5- Interspinous ligaments

Two nerve roots leave the spinal cord from each vertebral level. They
pass the intervertebral foramina, between the vertebral arches, the disc
and the articular facets. The spine itself has also a nerve supply. No
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nerve endings however occur in the intervertebral discs. The ligaments
around the spine and the facet joints have a rich nerve supply, as also
have the blood vessles.

There is blood supply for the structures around the spine and in the
bone marrow of the vertebrae. The intervertebral discs however have no
blood supply, at least not in adults.

Figure 5. Trunk muscles at the lumbar level. Redrawn from Rohen and
Sandstrom (1979).

1- Erector spinae 5 Obliquus abdominis and
-2- Latissimus dorst transversus abdominis
8 Quadratus lumborum 6- Rectus abdominis
4~ Psoas 7 Vertebra
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Active muscle control is needed in order to maintain stability and to pro-
duce movements of the spine. Controlled muscle activity is also essential
in the protection of the spine from sudden forces. The interspinales are
deep muscles, running between the vertebrae. The erector spinae in the
thoracic and lumbar spines, the iliocosto cervicalis in the cervical spine,
together with the longissimus and the spinalis muscles, are the most 1m-
portant muscles for extension. The abdominal muscles are active when

initiating flexion. The rotatores, the internal and external oblique mus-
cles produce rotation of the trunk.

Figure 6. The skeleton of the upper body.

-1 Spine -8 Clavicle ~-5- Humerus
-2- Ribcage -4~ Scapula
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The sternocleido mastoid muscles are the most important muscles for
flexion of the neck. The iliocosto cervicalis together with trapezius are the
most important for extension of the neck.

The shoulder girdle consists of bones, ligaments and muscles, by which
the upper arms are attached. The head of the humerus and glenoid fossa
of the scapula form the gleno-humeral joint. Around it, ligaments form
the joint capsule. The scapula articulates with the clavicle. It has no
other joints and 1s therefore kept in place by muscles and ligaments. The
clavicle articulates with the sternum at the other end. The ribcage consists
of twelve pairs of ribs, ten of which are attached to the sternum. All twelve
pairs of ribs articulate with the thoracic vertebrae. This structure causes
an increased stabilization of the thoracic spine.

Figure 7. Muscles of the neck and upper back.

1- Latisstmus dorst §- Levator scapulae

-2 Deltordeus pars posterior -9- Rhomboideus minor
8  Deltoideus pars media 10 Rhomboideus major
4 Trapezius pars descendens -11  Supraspinatus

5 Trapezius pars media 12 Infraspinatus

-6 Trapezius pars ascendens 18- Teres minor

-7 Sternoclerdo mastordeus ~-14- Teres major
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. The scapula 1s dependent on muscles for being kept in-position. As
a result of this, the scapula has a good range of mobility, which adds
increased mobility to the upper arm. The most important muscles for
the elevation of the scapula are the trapezius, levator scapulae and to
some extent also the rhomboid muscles. The rotator cuff consists of the
subscapularis, supraspinatus, infraspinatus and the teres minor and major
muscles. Their function is to stabilize the gleno-humeral joint and to
rotate the humerus. The deltoid muscle acts by lifting the upper arm.

There are three types of muscles in the human body. Smooth mus-
cles, which are involuntarily controlled, form the walls of for example the
bronchi, the blood vessels, and the stomach. Cardiac muscle of the heart
has structural resemblance to skeletal muscle and a functional resemblance
to smooth muscle. Striated muscles consist of thread-like fibres with alter-
nating dark and light bands. It is the myofilaments in these bands, which
slide over each other when the muscle contracts. Each muscle fibre is in
fact a cell, and 100-150 cells form a bundle or a fasciculus. Several fasci-
culi form a muscle. A motor unit is a number of muscle fibres, innervated
by one nerve cell and its branches. The number of fibres can vary between
a few up to thousands, depending on the muscle (Rash and Burke 1978).

This chapter has been based on Frankel and Nordin (1980), Gray’s

anatomy (1977), White and Panjabi (1978), Jayson (1981), and Hagberg
(19082). |

Properties of the intervertebral disc

The physical properties of the intervertebral discs and joints have
been investigated in several studies (Virgin 1951, Hirsch and Nachemson
1954, Brown et al 1957, Rolander 1966, Galante 1967, Farfan et al 1970,
Kazarian 1972, 1975, Kazarian and Graves 1977, Kazarian and Kaleps
1979, Markolf and Morris 1974, Adams et al 1980). The results have been
obtained from human specimens, containing at least half of the upper
and half of the lower vertebrae plus the disc in between. Measurements of
resulting deformations have taken place in test rigs, during administration
of various load conditions, such as compressive load, bending moments
and torques. The discs exhibit visco-elastic properties. Consequently
they react partially elastically, i.e. they deform when a load is applied
and immediately return to their original height when the load is removed,
which happens for vibration and impulse forces and other loadings for
short periods of time (Virgin 1951, Hirsch and Nachemson 1954). The
discs display an increase in stiffness with increasing deformation (Hirsch
1955). This relationship is non-linear and the stiffness increases faster
than the compression of the disc. There is also an increase in stiffness
with increased rate of deformation (rate-dependency) (Farfan et al 1970,
Kazariari and Graves 1977). Besides, the discs are also viscous, i.e. creep
1s seen when the discs are under load for extended periods of time. This
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means that the discs continue to compress during that period. The rate of
this reduction of disc height decreases over time until a state of equlibrium
1s reached, i.e. the height decrease stops. After unloading, the opposite
takes place, i.e. an expansion which is quicker in the beginning but lessens
with time. Correspondingly, load relaxation takes place, meaning that if

a disc is compressed to a certain height, the load will decrease over time
(Markolf and Morris 1974). A higher load will result in a higher rate of

creep. Also this relation is non-linear (Markolf and Morris 1974). The
discs also display hysteresis. The creep characteristics also depend on
other factors such as the age of the subject, the vertebral level, the state of
degeneration of the disc and the temporal pattern of preloads or vibratory
loads (Kazarian 1972). A degenerated disc becomes thinner, loses its
elasticity and tends to creep faster in the beginning after a load has been
applied, but reaches its equlibrium faster (Kazarian 1975). Examples of

material constants such as Young’s modulus and the coefficient of viscosity
can be found in Kazarian and Kaleps (1979).

The physical properties of the discs are important for their ability to
dampen and withstand impulse forces and vibration. These factors are
also significant for the risk of injury involving accidents in which the back

is exposed to large forces. A well known example of this is ejection from
military aircraft.

The disc behaviour under load can be described mathematically by
using different models to describe the visco-elastic response. Burns and
Kaleps (1980) showed that simple Kelvin unit models were suitable. One
Kelvin unit consists of an elastic element (spring) attached in parallel
with a viscoid element (dashpot). Many Kelvin units can be connected
together in series or in parallel and thus model different characteristics.

It 1s uncertain how many relaxation periods are involved in the response
of the disc (Burns and Kaleps 1980, Kazarian and Kaleps 1979). The

following simple one-Kelvin unit model can, for example, describe the
disc height as a function of time through the equation:

H(t) = A+ Be ™! (1)

where H(t) is disc height as a function of time and A, B and K are
constants.
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Figure 8. A three parameter Kelvin solid model (a) and a Kelvin unit (b).

Great interest has been directed towards disc degeneration and its
causes. Nachemson (1970) has proposed that the discs supply of nutri-
ments is critical, changes in which could lead to degeneration. The disc
consists of a network of collagen fibres in a gel of proteoglycans and water.
A young disc can bind approximately 90% water, but with an increase in
age, this value decreases to about 65% (Kramer 1973, Holm 1980). The
structure also becomes more fibrotic and fragmental, and the end-plates

increase their amount of calcium salts, thereby becoming more brittle
(Kazarian and Kaleps 1979).

There are two mechanisms for the nutritional supply of the disc. One
is diffusion, which means that nutrients diffuse in to the disc from its pe-
riphery or through the end-plates. The speed of diffusion depends on the
osmotic pressure. Also the molecular size and charge are of great 1mpor-
tance for the diffusion and the resulting concentrations (Holm 1980). The
other mechanism, the pump mechanism, means that increased load on the
disc results in an outflow of fluid and thereby a decrease in disc height
(Virgin 1951, Armstrong 1958, Kramer 1973). The opposite occurs when
the load is released, i.e. an influx of fluid to the disc and an increase in
disc height. Kraemer et al (1985) showed that a disc after a long period
of loading and water loss gets a higher concentration of electrolytes. This

increases its osmotic absorption force and also aids holding back the re-
maining water. After the disc is unloaded, water is absorbed and the disc

regains its height. The same phenomenon has been shown after injection
of saline in the disc, when disc height increases of up to 2.5 mm occurred
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(Markolf and Morris 1974). Height increase of a disc specimen after an
injection, and subsequent creep due to a 300 N load was demonstrated
by Brinckmann and Horst (1986) (see Figure 9). Examples of activities
which load the discs are standing or sitting. Unloading can correspond
to lying in bed (Fitzgerald 1972, Kramer and Gritz 1980). On the basis
of these results, Grandjean (1981) argued that alternating loadings and
unloadings of the spine due to movements or dynamic work are ergonomi-
cally beneficient, because they will pump fluid in and out of the discs and
thereby improve the nutritional supply.

Specimen height change (mm)

O
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| ! [ Time (h)
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‘ . 0
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Figure 9. Height change of a disc specimen after an intradiscal injection
of chymopapain at t = 0 hours. The spectimen was thereafter
held under $00 N static load. Redrawn from Brinckmann and
Horst (1986).

The mechanisms causing creep are not fully known. Fluid exchange
according to the pump mechanism and structural deformation are the
most likely explanations. Koeller et al (1984) considered that a load on
the disc increases the disc pressure, which causes increased tensile stress
and bulging of the annular fibrosus. Since the annular fibres are visco-
elastic, they will also extend due to creep, i.e. disc height creep is to a
large extent due to creep of the annular fibres according to Koeller et al.

- The di_sc’“height is an interesting factor to consider in the discussion
of possible causes of back pain. A decreased disc height reflects increased
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disc bulging, decreased room for the nerve roots, increased load on the
apophysial joints (Adams and Hutton 1980), increased stiffness of the disc
and also an effect on the nutritional supply. There is little knowledge of
how disc creep affects the stability of spinal segments. However, Koeller
et al (1984) were of the opinion that increased creep of the disc decreases

the stability of the joint. There are reports that the stiffness of motion
segments can be decreased in certain directions and increased in other
directions as a result of preloads (Panjabi et al 1977).

Body height changes

The body height of people changes throughout the day. Forssberg
(1899) mentioned that it is well known that the body height decreases

over the day and regains during the night. This has also been shown
by Beneke (1897) and Backman (1924). From his material of over 1200
people, De Puky (1935) found that people were, on the average, 1% shorter
by the evening then in the morning. Corresponding figures were 2% for
children and 0.5% for 70-80 year-old people. Forssberg (1899) considered
that the majority of the body height loss originated from the spine. He
showed this by measuring body height in both the sitting and the standing
position, finding that the decrease in body height was approximately the

same. De Puky (1935), Forssberg (1899) and Markolf and Morris (1974)
attributed the body height decrease to a decrease in disc height.

Forssberg (1899) also showed that cavalrymen who rode forcefully
during one day, decreased their body height more than when they rode
casually and did not expose themselves to any heavy activity during an-
other day. By applying loads on the shoulders, Fitzgerald (1972) showed
that the greater the load, the greater was the decrease in body height. He
considered this decrease in body height to be dependent upon creep and
fluid leakage from the discs, which was also confirmed by Gritz (1975) and
Kramer and Gritz (1980). The body height increased when the load on the
spine was partially removed by letting the participants of the experiments
lie down. This effect was also recognized for astronauts in space flights,
who spent days or weeks in weightlessness. By the return to the earth,
they could have experienced an increase in height up to 5 cm (Jayson
1981). Spinal traction was also shown to lead to increased disc height and
increased body height {Worden and Humphrey 1964).

Pain mechanisms

There is a substantial amount of research about the phystiology of
pain. It has been shown that there exist special pain receptors (nerve
endings), which respond to an external stimuli, for example skin pressure
or heat, and give rise to pain sensations. Psychophysiological experiments
have shown that for some stimuli, there can be a very good agreement
between the subjects estimation of the intensity of the sensation and the
objectively determined intensity of the response in the sensory neurons
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(Dudel 1978). However, pain is difficult to define or assess objectively. It
refers to the individual’s subjective sensation or emotion. The amount of
pain experienced is influenced by culture, expectations, motivation and
such individual factors as age, sex, personality and social background
(Weisenberg 1977). Further, factors such as memory of pain, attention,
distraction and anxiety all influence the pain experienced.

Pain from the back, neck or shoulders is particularly complex, and
should rather be referred to as symptoms than diseases. A variety of
structures and diseases can give rise to back, neck or shoulder pain, ranging
from infections or tumors to nerve root pressure or muscle spasm. Several
causes can give rise to similar symptoms, and conversely, one cause can
produce several different symptoms (White and Panjabi 1978).

In their classical article, Melzack and Wall (1965) presented the “Gate
theory” of pain. The essence of the theory is that there exist gates in the
path-way of nerves, which can open or close the transmission of impulses
sending pain. Other nerve signals from the periphery of the brain can
close the gate, and thereby give pain relief.

A flow of impulses from nerve receptors, caused by the normal pattern
of movements of the body and by pressure and touch of the skin, probably
works as a pain inhibitor in the daily activities. If there is a lack of
impulses or stimulation, as for example at immobility or possibly also
if there is a continuously repeated pattern of impulses, the gates would
consequently open and increase the pain (Andersson et al 1984).

Recently, a group of substances named endorphins was discovered.
Theése are naturally produced in the body and are very forceful pain
inhibitors, even more forceful than morphine. The endorphins have an

inhibitory effect on the transmission of pain impulses between nerves.
Increased production of endorphins are considered to take place during

physical exercises, especially at high intensity levels (Terenius 1983, Har-
ber and Sutton 1984).

An afferent flux of nerve signals will also activate this pain modu-
lating system. Recent studies have shown that low frequency (1-2 Hz)
electrical stimulation by using skin electrodes releases endorphins while
high frequency (50-100 Hz) stimulation does not (Andersson et al 1984,
Han and Terenius 1982). It is therefore possible that muscle contractions,
which already are of low frequency, can decrease the pain sensitivity. If
so, a work situation with very low demands on muscle activity and move-
ments would have a tendency to increase feelings of pain. In any case,
sitting work precludes the possibilities of getting endorphin production
due to hard physical work activities.

In most cases, the particular reasons for spinal pain are not known.
For a majority of people, the symptoms disappear by themselves within a
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few weeks or months. In spite of that, a considerable number of people be-
come severely disabled due to back pain (Horal 1969). There is agreement
that mechanical factors play an important role in the etiology of spinal
pain. Striking similarities occur between low back pain and neck pain.
Both the cervical and the lumbar spine are lordotic and relatively mobile;
the age of onset of the pain is 30-50 years; the frequency with which they
affect the population is relatively high and the patterns of factors influ-

encing the pain are similar. Lowest incidence of back pain occur from the
thoracic spine (Hult 1954 b, White and Panjabi 1978).

In spite of the fact that most causes of spinal pain are unknown,
several mechanisms have been proposed. The major theories are the sciatic
nerve theory, the sacroilliac joint theory, the psychoneurosis theory, the
muscle spasm theory, the disc theory and the facet joint theory. Since
structures such as the annular fibres, the ligaments, the facet joint capsules
and the muscles have nerve endings, direct pain can be a result of physical,
chemical or inflammatory irritation of any of these structures. Any of the
mentioned types of irritation on the nerve roots can induce nerve root
pain (White and Panjabi 1978). Pressure on a nerve root can for example
be caused by a bulging or herniated disc. Such a protrusion of a disc
most often occurs in the posterior-lateral side, which is close to the nerve
roots. The pain is then associated with the body segment innervated by
that nerve. The sciatic nerve is one such example, where the pain can
radiate to the leg. Consequently, the location and manifestation of nerve

root pain can be used to locate the segment level of the spine where the
damage occured.

Further, facet joints have shown signs of arthritis secondary to disc
degeneration (Nachemson 1976). Micro-fractures in the cartilage end-
plates of the lumbar vertebrae have also been mentioned as a possible
cause of disc degeneration due to changes of the fluid transport to the disc
(Chaffin and Park 1973). Increased load on the facet joints is also in some
cases considered to cause inflammation and back pain (Calliet 1975).

Frymoyer and Pope (1978) reviewed the role of trauma in low back
pain. They summarized some possible causes of back pain due to trauma,

including that trauma can cause increased degeneration. Torsion can cause
disc herniation and facet micro-fractures, compression can cause end-
plate micro-fractures and repeated flexion/extension and shear stresses

can cause spondylolisthesis (a forward displacement of one vertebra over
another).

Finally, referred pain or indirect pain is another mechanism which has
not been fully explained yet. It is believed that referred pain is produced
by irritation of the pain receptor system. This irritation or pressure 1s
perceived to come from another part of the body than it originated from,

or in other words the pain is referred to that body part (White and Panjabi
1978).
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The most common symptoms of low back pain can be classified ac-
cording to Table 1.

Table 1. Classification of low back pain. After Nachemson and Anders-
son (1975), cited in Bergquist-Ullman (1977).

LOW BACK PAIN

Acute: 0-2 months’ duration
Chronic: More than 2 months’ duration
Recurring: Symptoms recurring after an interval of no symptoms

TSYMPTOM DIAGNOSIS

Insufficientia dorsi

Tiredness and light ache or pain provoked by repeated or force-
ful movements or by some other mechanical stress. The troubles
are Jocalized to the lumbar region. The back feels stiff or weak
and the patient tries to avoid certain types of stress which he
knows will give this feeling of unease.

Lumbago

Ache and pain localized to the lumbar region with an eventual
radiation over the gluteal region, the hips or the lower part

of the abdomen. This syndrome is aggravated in the acute stages
by all movements and loads, in the more chronic stages only by
certain movements and loads on the lumbar spine. The syndrome

can set in suddenly or the onset may be over a shorter time
period.

Sciatica _ |

Ache and radiating pain in one or both lower extremities. This is
aggravated in the acute stages by all movements and loads to the
lumbar spine, in the more chronically ill only by certain move-
ments and loads. The symptoms can be either acute or set in over
a shorter time period. The clinical picture includes numbness,

paresthesia and a feeling of weakness in one or both lower
extremities.

Rhizopathy

This 1s a special form of lumbago-sciatica or sciatica characterized
by the fact that the radiation of the symptoms in the leg is accor-
ding to the segmental innervation. Most often the patient has
neurologic signs according to the affected segment.

Lumbago sciatica

Symptoms as in both lumbago and sciatica. One of these can
dominate the picture.
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-Diseases of the muscles and tendons are for example tendinitis, rup-
ture, inflammation, spasm, and myalgia. Among the work-related shoul-
der diseases, rotator cuff tendinitis and rotator cuff ruptures are well
known {(Hagberg 1982). Occupational Cervicobrachial Disorder (OCD)
1s common among assembly line operators and other workers in repetitive
tasks, but the symptoms are diffuse and the origin is little known. The
most common hypotheses are repeated micro-trauma of the muscle due to
repetitive movements, or local ischemia of the muscle due to a static work

load during long time periods, or a metabolic disturbance in the muscle
(Kvarnstrom 1983).

Back, neck and shoulder pain in industrial tasks,
and their relation to loadings

The knowledge concerning causal relationships between environmen-
tal factors and back, neck or shoulder pain is very limited. A number of
epidemiological studies have investigated the relationship between work
factors and pain. Most of these studies have been cross-sectional, and
few have been carried out as longitudinal cohort or case-control studies.
Very often the measures of exposure have been crude classifications, which
means that it has seldom been possible to use the results as a direct base
for preventive measures. Exposure measures which have been used are
for example branch of industry, occupational group, or classifications of
work characteristics such as “heavy physical work” (defined as sweating,
high energy demand, certain occupations or branches), “heavy lifting”,
“bending”, “twisting”, “forceful movements”, “static postures”, “repeti-
tive work”, and “vibration exposure”. In industrial jobs, several of these
categories are often present at the same time and are also related to one
another. Thus, it is very diflicult to draw conclusions from epidemiological
studies, because the measures of exposure have been so unspecific. It is
also of great importance that the definition of the disease is specific in or-
der not to “dilute” the results, which is something that can be questioned
in many studies, especially in questionnaire studies.

In several epidemiological studies, relationships between exposure and
musculoskeletal pain or disease have been observed. As a result of these,
it 1s recognized that mechanical factors such as frequency, duration, peak
level and distribution of loads as well as the posture itself are fundamental

to the incidence of pain and disease (Andersson 1981, Wickstrom 1978,
Hernberg 1984, Troup 1984, Chaffin and Park 1973, Hagberg 1982).

Increased rates of back pain or degenerative back diseases have been
observed for several occupational groups in industry, for example min-
ers, foundry workers, metal industry workers, vehicle drivers, electronics
industry’workers and cotton mill workers (Wickstrom 1978). Pain or dis-
ease from the neck or shoulders has been observed among drivers of heavy
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work machines, welders, meat cutters, telephone operators, punch card
operators, office workers, VDU-workers and electronics industry workers
(Hagberg 1982). From the view point of prevention, the studies of specific
work factors and their relation to increased risk are more interesting than
Just studies of risks in certain occupations.

Injury

It i1s considered that the occurrence of a-sudden stress may damage
the joint cartilage and thereby cause osteoarthrosis. It is also well recog-
nized that peak forces on muscles and tendons can cause ruptures, which
are more likely to occur if the structure already has a decreased strength
due to factors such as inflammation or ischemia (Hagberg 1982). In many
back pain patients, the pain occurred after a sudden twist or an unex-
pected extra stain in connection with heavy lifting, even though actions
of that type are common and only occasionally result in symptoms (Hult
1954 b). This has been confirmed by other investigators, who found that
back pain often originated suddenly after a pronounced strain, as after
a fall, after slipping or because of some other unexpected incident, often
in combination with bending, lifting and twisting (Hirsch 1955, Magora
1973, Bergquist-Ullman 1977). Lawrence (1955) claimed that trauma is
an important factor for disc degeneration. Magora (1973) also held the
opinion that unexpected maximal efforts are particularly harmful. This
view has been somewhat modified by Troup (1965) and Chaffin and Park

(1973), all being of the opinion that only a small proportion of low back
disorders can be attributed to accidents, and that low back pain is not

simply caused by the event which occurred when it first appeared.
Static work postures

It is a general ergonomic rule that static work postures involving
contorted or constricted postures, static muscle load and long term joint

load, especially in the extreme range of motion, can cause discomfort
and disease in the structures involved. It is therefore important that
possibilities are provided for changing posture and relieving the structures
from prolonged load (van Wely 1970). In industrial jobs where people work
stooping for a long time, increased rates of back pain and degenerative
changes have been found. Examples of occupational groups involved are
floor moulders, cotton mill workers, turners, and mine workers working at
low seam heights. (Partridge et al 1968, Mehnert 1969, Lawrence 1955,
Zuidema 1973 cited in Wickstrom 1978). Stooping postures also aggravate
the pain among many back pain suffers (Biering-Sgrensen 1983 a). Static
work postures are considered common sources of neck and shoulder pain
and muscle fatigue (Chaffin 1973). This has been demonstrated in industry
amongst welders whose jobs involve raised arms (Herberts et al 1981), and

in jobs requiring statical sustaining of the arms (Maeda 1975) or of the
neck (Partridge and Duthie 1968).
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Sitting postures are also static in many respects, and have in several
cases been shown to be related to increased risk of pain from the back,

neck and shoulders. This is described in more detail later in this literature
review.

Bending and twisting

It is difficult to separate exposure to bending and twisting from expo-
sure to lifing, since lifting often involves those movements. Magora (1973)
found a relation between low back pain and excessive bending. Chafhin
(1973) showed that bending the head forward more than 15° caused dis-
comfort and muscle fatigue. The combination of bending and twisting
was found by Troup et al (1970) to be the most frequent factor for the
occurrence of back injuries. Buckle et al (1980) also found bending and
twisting to be a frequent factor for the occurrence of back pain, often in
combination with slipping. Twisting of the neck in drivers of heavy work
vehicles is also believed to be the reason for the increased rates of neck
pain in this occupational group (Tamminen et al 1981).

Lifting

Heavy and frequent lifting seems to be one of the strongest causes of
back pain and degenerative back disease. However, a moderate amount

of lifting is not considered to cause back pain symptoms or diseases (Hult
1954 b, Kelsey 1975, Chaffin and Park 1973, Magora 1972). Often lifting
is performed in a twisted and sideways bent posture, which has been found
to be an especially risky lifting situation (Magora 1972, Troup et al 1970).
Magora (1972) and Calliet {1975) came to the conclusion that workers in

jobs where the force could not be judged or where the loads were higher
than expected, were at greater risk.

Chaffin and Park (1973) showed that the higher the lifting strength
required to perform the job, the higher the incidence of back pain became,
a finding also indicated by Snook (1978). The adverse effects due to lifting
depend on several factors such as the weight, shape and position of the
load, the posture, repetitiveness, speed and period of lifting (Chaffin 1975).
Stubbs {1981) found indications of an increased rate of back pain in jobs
regularly demanding intra-abdominal pressure (IAP) peaks of more than
13.3 KPa (100 mm Hg). In the lifting strength recommendations published
by Davis and Stubbs (1980), they considered a maximal “safe” load to be
when IAP was below 12 KPa (90 mm Hg), which corresponds to lifting a
maximum of 50 kg in an optimal posture and during otherwise good lifting

conditions. Lower limits were reconmended for older people, women and
repetitive tasks.

Examples of occupations in which heavy lifting is present and where
increascd risk of back pain has been shown are mining, dock work, building

work, and work in food industry (Hult 1954 b, Partridge and Duthie 1968,
Lawrence 1955, Wickstrom 1978).
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Carrying, pulling and pushing

Carrying is related to lifting in the sense that it does in principle
necessitate a lift, but the opposite does not have to occur. Heavy work
was defined by Becker (1961) as lifting or carrying objects weighing 16 to
45 kg for more than 30% of the work time or an equal exertion of pushing

and pulling. According to Davis and Stubbs (1980) a maximum force
of 2904 N (30 kp) was recommended for two handed pushing and 490 N

(50 kp) for two handed pulling. The recommendations given were lower
for less optimal postures, larger distances of the load from the body, older
people, women, and repetitive tasks. Further, Damkot et al {1984) showed
an increased rate of back pain for workers involved in pushing activities.

Also, Frymoyer et al (1980) found, in a retrospective study, a significantly
increased rate of back pain in jobs involving each of the activities carrying,
pulling and pushing. An increased rate of back pain was also found among
mail-carriers compared to office clerks (Niemi and Voutilainen 1957).

Heavy physical work

It has been shown in many studies that back pain is more common
and severe among people with heavy physical work than among people
with light work (Hult 1954 a, Hult 1954 b, Anderson and Duthie 1963,
Troup 1965, Rowe 1969, Magora 1970, Helander 1973, Chaffin and Park
1973, Bergquist-Ullman 1977, Svensson 1981). Hult (1954 b) showed in a
large survey that people employed in physically heavy jobs had a higher
prevalence of low back symptoms, compared with people doing other types
of work. The difference between the groups were more pronounced when
considering only the cases with severe back pain. Magora (1970) and
Rowe (1969) both found a higher rate of back pain among workers in
heavy industrial tasks compared with sedentary tasks. A more stringent
measure of exposure than just heavy physical work was used by Chaffin
and Park (1973), when they showed increased risk of getting back pain
in high back stress jobs, after having assessed the relation between the
strength capabilities of the personnel and the stress required.

The degeneration of the discs is a normal process, due to ageing. This
process has been shown by Hult (1954 a), Kellgren and Lawrence (1952),
and Lawrence et al (1966) to be accelerated among people with heavy
jobs. However, the existence of a relationship between disc degeneration

and back pain is not accepted yet, at least not for moderate or light
degeneration (Andersson 1981, Wickstrom 1978).

Forceful movements, such as jumping and even coughing, increase the
spinal load. Job activities performed very rapidly and those tasks where
the required force cannot be judged, lead to jerky movements and a higher
degree of muscular and spinal load. These tasks may contribute to back
pain according to Calliet {(1975). It has also been shown in Frymoyer’s
(1980) epidemiological study, that coughing had a modest but significant
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relation to back pain, which might further emphasize the importance of
forceful movements.

No difference was found for the prevalence of neck and shoulder pain

between people with heavy work and people with light work (Hult 1954
b). Partridge and Duthie (1968) showed that office employees even had a
higher frequency of neck and shoulder pain than dock workers. The use
of heavy physical work as a measure of exposure gives a very unspecific
measure for describing job characteristics related to posture and loadings
of the neck and shoulders. The load on the local structures of interest

is a more relevant measure, which also has been used more frequently in
recent literature.

All the factors mentioned, injury, stooping, bending, twisting, lifting,
carrying, pulling, pushing, and also to a large extent heavy physical work,
increase the load on the spine. They also often aggravate the pain for
people already suffering from back pain. It is therefore considered that

the spinal load should be kept low in order to prevent low back pain
(Andersson 1980).

Repetitive work

The occurrence of low back pain increases in jobs demanding more
repetitive activity, such as lifting, bending, twisting, carrying, pulling, and
pushing (Hult 1954 b, Chaffin 1973, Magora 1972, 1973, Troup et al 1970,
Lawrence 1955, Bergquist-Ullman 1977). Also other symptoms seem to
be more common among workers in repetitive jobs. A particularly high
risk of neck and shoulder pain also seems to be present in repetitive work
(Luopajarvi et al 1979, Bjelle et al 1981, Kvarnstrom 1983). It must be
observed that continuous and repetitive arm movements give rise to static

muscle load in the shoulder muscles. Repetitive work in seated tasks is
dealt with in more detail later in this literature review.

Vibrations

It has been shown in several studies that people exposed to whole
body vibrations in their work report an increased rate of back pain.

Among these occupational groups, sitting vehicle drivers dominate, for
example drivers of cars, trucks, trains, buses, lorries, tractors and for-
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est vehicles (Andersson 1981). This is also reported in more detail later.

However there have also been reports concerning seamen and various other
non-driving occupations (Frymoyer et al 1980).

Muscular activity
Strong static muscular contractions are impossible to hold for long
time periods, both due to the physiological fatigue and the pain which

arises. Monod (1956), and later also Rohmert (1960), have shown that
a static contraction of 100% of the maximal voluntary contraction force
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(MVC) only can be sustained for a few seconds, 50% of MVC can be
sustained for approximately one minute, and 20% of MVC can be sustained
for approximately 10 minutes. The relation was described by Rohmert,
using the following equation:

21 06 0.1
T = —1.5 4 —— —

+
k k\?2 k \3
(%) (%) (&)
‘where T is maximum holding time in minutes, k is the force developed
and K is the maximum voluntary contraction force.

(2)

As a result of these investigations, it was considered for a long time
that static muscular contractions should not be higher than 15% MVC.

Similar experiments were repeated by Bjorkstén and Jonsson (1977), but
for longer time periods. Their results showed that only 8% of MVC could
be sustained for 1 hour. Jonsson et al (1981) considered that the static load
for work periods over one hour should not exceed 2-5% of MVC. Monod
(1972) performed experiments with intermittent static contractions, which
showed that a substantial increase of the maximal holding time or of the
load could be obtained if rest pauses were allowed for, which was also
confirmed by Bjorkstén and Jonsson (1977).

The importance of physical activity for maintaining the strength of
muscles and tendons is well recognized. There are also several other phys-
1ological effects which occur due to inactivity, such as reduction in the
physical working capacity (Kilbom 1986). It can be concluded that the
relationship between physical activity and the risk of adverse effects seems

to be U-shaped. Too much and too intensive muscle activity or too little
both seem to cause an increased risk of disorders.

Seated work tasks — ergonomic considerations

The sitting work posture is advocated in many situations, because
1t has several advantages compared with the standing posture. Energy
consumption, heart rate, oxygen consumption, muscular activity, hydro-
static blood pressure in the feet and lower legs, and the demands on the
cardio-vascular system are lower when sitting (Grandjean 1973, 1982).
As a result of this, the posture can be maintained longer and the onset
of fatigue can be delayed (Weddell and Darcus 1947). Sitting instead of
standing increases the stability and the possibilities of performing tasks
demanding high precision, small manipulative movements or visual fixa-
tion. Tasks which require the use of foot operated pedals or controls, are
advantageous to performe sitting instead of standing (Kroemer 1971).

A standing posture demands static or intermittent muscle activity in
the ankle joints, hip joints and along the spine. Sometimes neither the
agonist, nor the antagonist has to be active, because of passive locking of
the joint due to ligaments. This is particularly the case for the knee joints
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(Portnoy and Morin 1956, Floyd and Silver 1955, Aitken 1949). On the
other hand, standing has the advantage of enabling people to move more
freely, and is therefore advocated in tasks demanding exertion of large
forces or walking a few steps, as for example when having to reach over
large work areas (Damon et al 1966). It is also possible to have attention
over a larger field of vision when standing (Laurig 1969).

Many criteria have been proposed throughout the years as a basis
for recommendations of seat design and the ergonomics of sitting. The
number and type of these criteria have increased. It is also clear that

certain criteria have been frequently referred to during some time periods
and less often during other periods.

The spine and the pelvis

In a study from Israel, Magora (1972) compared people in occupa-
tional groups who had different amounts of sitting, walking and standing
in their jobs. The results showed that people in jobs demanding a long
time in a sitting posture, and also people in jobs demanding a long time
in a standing posture with few opportunities of sitting, had a higher risk

of getting back pain compared to people who could frequently change be-
tween sitting, standing and walking activities. This study points to the

importance of taking the temporal pattern of loads, activities and pos-
tures into account. Wood and McLeich (1974) pointed to the unexpected
intervertebral disc morbidity in insurance and banking workers, groups
who spend a long time sitting at work. Hult (1954 b) noticed a relatively
high rate of back pain among people employed in sedentary jobs. Also
Eklundh {1967) indicated that sitting tasks gave a high risk of back pain.

In all, very little epidemiological data exist about back pain in non-driving
sitting tasks.

People driving vehicles in their jobs have been shown to have an in-
creased rate of back pain in several studies. Kelsey (1975) found that the
risk of getting a herniated disc was particularly high among people driv-

ing motor vehicles, especially lorries, in their jobs. Increased risk was also
connected with car driving to and from work. In addition, people who sat

for more than half the time in their jobs had a higher risk of developing
herniated discs than people who sat for less than half the time. There
was also a possible relation between little physical activitiy in leisure time
and disc herniation. Buckle et al (1980) found increased risk of back
pain for those driving to work, and the risk was higher for people driving
more mileage. Further, high rates of back pain were shown among trac-
tor drivers (Rosegger and Rosegger 1960), forest machine drivers (Jonsson
et al 1983), fork lift truck drivers (Siktbehov for gaffeltruckar 1973), and

Grand Prix racing drivers (Burton and Sandover 1985). This last study
showed increased risk for racing drivers compared to non-racing drivers

and also an increased risk when the suspension was stiffer. The vibrations
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of many vehicles are at frequencies similar to the body’s natural frequency.
Thus, the transmission through the spine might be amplified and the po-
tential risk of damage increased (Pope et al 1984). It has also been shown
that the incidence of back pain can differ significantly between users of
chairs of different designs (Fitzgerald and Crotty 1972).

It 1s not known if the main cause of back pain among vehicle drivers
is vibration exposure, exposure to impact forces, the sitting posture, long

term sitting or inappropriate chair design (Troup 1978). Many studies
however indicate that vibration exposure is of great importance.

Other studies have not been able to confirm sitting as a risk factor
for back pain. Those studies have used the total time spent sitting at
work per day as a measure of exposure (Frymoyer et al 1980, Svensson
1981). No epidemiological studies have investigated the relation between

back pain and more specified measures of the temporal pattern of sitting.

Many articles have focused upon that the spinal shape as crucial, and
therefore many criteria of optimal posture have been proposed. Keegan
(1953) pointed to the “normal” shape of the spine with a lordosis in the
lumbar and cervical regions. His definition of “normal” shape was min-
imal wedging of the intervertebral discs, especially the fourth and fifth
lumbar discs, and minimal strain in the annular ligaments. Others have
referred to “uneven pressure distribution” of the anterior and posterior
parts of the lumbar discs in flexion (Miinchinger 1964, Rizzi 1969). This

argument has later been shown to be inaccurate for young lumbar discs,
which still have hydrostatic properties, since the pressure distribution in
that case is uniform over the whole end-plate. Degenerated discs however,
display a non-uniform pressure distribution when the end-plates are in-
clined (Horst and Brinckmann 1980). The vague terms “well-balanced”
spinal curve, “good posture” or “a posture similar to standing” have.also
been mentioned frequently. Schoberth (1962) referred to the possibilities
of changing the posture around the relaxed upright sitting, which in other
words is minimizing the muscular effort and the static muscle load needed
for sitting. Adams et al (1980) discussed the moment of an intervertebral
Joint resulting from the angle of flexion. Minimal moment is consequently
another possible criterion of the “normal” or “relaxed” posture of the
spine.

The tilt of the pelvis has a substantial influence on the lumbar cur-
vature. The hamstring and gluteal muscles exert passive muscle forces
when they are extended, which occurs for small angles between trunk and
thighs. As a result of that, the pelvis is tilted backwards and thus creates
a lumbar kyphosis. The opposite occurs at large angles between the trunk
and thighs (Keegan 1953). In that posture, the psoas and quadriceps
muscles and the ilio-femoral ligaments (Schoberth 1962) cause a forward
tilt of the pelvis, and thereby an exaggerated lumbar lordosis is created
(Keegan 1953).
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Figure 10. Pelunis tilt as a function of trunk-thigh angle. Reproduced from
Keegan (1953).

The knee joint angle will also affect the lumbar shape. Straight knees
tilt the pelvis further backwards and thereby act towards lumbar kyphosis,
but the influence of the knee angle is of less importance than the angle
between the trunk and thighs (Keegan 1953). In unsupported sitting, also
the position of the centre of gravity in relation to the ischial tuberosities
affects the pelvic tilt. In the anterior sitting posture, when the centre
of gravity of the trunk falls in front of the ischial tuberosities, the pelvis
tilts forwards. In the posterior sitting posture, the reverse takes place

(Schoberth 1962). Also a third posture can be distinguished according to

Schoberth, which is the middle sitting posture when the centre of gravity
falls through the ischial tuberosities.

In standing, the pelvis is slightly forward tilted (Keegan 1953). He
also claimed that the “normal” posture of the lumbar spine and the pelvis
occurred-when the angle between trunk and thighs was 135° and the knee
angle also was 135°. His study was based on x-ray pictures of only four
subjects, so the results might be little representative. Santschiet al (1964)
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studied the human posture under the conditions of weightlessness and
relaxed muscles. No external or internal moments acted on the joints, so
they assumed a balanced position or a joint angle in the physiological mid
point, which can be referred to as a “normal posture”. The angle between
the trunk and thighs was under these conditions found to be 126°.

In unsupported sitting with 90° angle between trunk and thighs and
at the knees, the pelvis has tilted approximately 30° backwards, com-
pared to the standing posture (Andersson et al 1979). Since the pelvis
1s tilted by passive muscle forces, tight or short hamstring muscles would

cause an exaggerated tilt in sitting, especially in postures with extended
knees. Stokes and Abery (1980) confirmed this, but they also found a con-

siderable individual variation in hip flexion ability among their subjects.
Tight hamstrings were found to be relatively common among a group of
non-sporting people with sedentary work activity (Johansson and Wendel
1986). There is little data on how sitting work affects the length of the
hamstrings. The shape of the lumbar spine is mainly dependent on the
pelvic tilt. There might also be an angular movement in the sacroiliac
Joint, affecting the lumbar shape (Bendix et al 1985). Andersson et al
(1979) considered that there was some but little movement in the sacroil-
1ac joint. An increased angle between trunk and thighs in sitting postures,
would decrease the tendency to flattening of the lumbar spine.

Disc pressure measurements have given knowledge about loadings of
the discs and changes of the loads with posture, activity, force exertion,
and equipment design (Nachemson 1981). It is evident from Table 2 that
sitting, especially without or with an inappropriate lumbar support, in
many cases gives an increased load on the discs compared to standing.
Increased forward bend of the trunk and also forward lifted arms increase

the disc pressure, and lifting of weights causes further increases (Andersson
et al 1974 b).

Table 2. Disc pressure measurements on the L8 disc for a person weiéhing
70 kg in different activities (Andersson et al 1974 b, Nachemson
and Elfstrom 1970).

Supine 250 N
Standing at ease 500 N
Sitting with a full-size backrest

inclined 110° and a lumbar support 400 N
Sitting upright with a lumbar support 500 N
Sitting upright without support 700 N
Forward bending 20° 600 N
Forward bending 40° 1000 N
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Disc pressure measurements have also been performed on subjects
sitting on chairs of various design (Andersson et al 1974 b, ¢, Andersson
and Ortengren 1974 b). The results showed that all of the following factors
resulted in decreased lumbar disc pressure: increased inclination of the
backrest, the use of armrests, and increased depth of the lumbar support.
Increased disc pressure occurred in unsupported sitting and also when
performing activities such as pressing foot pedals or operating levers.

The relationships between the load on the disc and the postures
in connection with external forces have been described and validated in
biomechanical models (Schultz et al, 1982 a, b). In addition to compres-
sive forces or loads on the spine, there are other loading conditions which
can be distinguished, namely lateral shear forces, anterior-posterior shear
forces, lateral bending moment, anterior-posterior bending moment and
axial torque. These loading conditions on the spine are resisted by differ-
ent substructures of the spine, such as the disc, ligaments, muscles, and

facet joints, depending on the loading condition or combination of loadings
present.

Andersson and Ortengren (1974 a) performed EMG measurements
of the erector spinae muscles at several spinal levels from the lumbar to
the cervical spine, when their subjects sat in chairs with various backrest

inclinations and lumbar supports. Increased backrest inclination decreased
the muscle load in the erector spinae muscles, especially in the lower part
of the spine. The position and protrusion of the lumbar support influenced
the muscle activity to a minor degree. Unsupported sitting, particularly
in the anterior posture, increased the back muscle activity (Andersson et
al 1974 a). Floyd and Ward (1969) came to the conclusion that sitting
comfortably erect, supported with the lumbar backrest, and with the trunk
slightly rounded, gave a minimum of muscle activity in the back, neck, and

shoulder muscles. The pronounced erect posture increased the muscle
activity.

The neck and shoulders

Neck and shoulder pain is an increasing problem in seated industrial
tasks. Few controlled epidemiological studies have been performed. The
studies reported in the literature are relatively recent. Several character-
istics of the tasks have been identified in jobs where the risk of getting
neck and shoulder pain is high. These are repetitive arm movements, high
speed movements of fingers, hands or arms, little variability of work move-
ments or posture, long periods of work without rest for the arms, precision
tasks, need for large forces, static arm postures, excessive forward tilt of
the neck, lifted arms, elevated shoulders, small workpieces, small work sur-
faces, a high work pace, short work cycle, monotonous jobs, no variation
in tasks, high demands of continuous concentration, and sometimes poor
illumination (Waris 1979, Kvarnstrom 1983). Backward bending of the
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neck seems to cause more neck pain than forward bending (Carls66 and
Hammarskjold 1985, Hansson 1983). Repetitive twisting of the neck is
also considered to cause increased rate of neck pain {Rugarn and Jonsson
1982, Tamminen et al 1981). All the above-mentioned job characteris-
tics are based on observations from several occupational groups such as

assembly workers, machine sewing operators and packers (Westgaard and
Aards 1980, Maeda 1977), punch card operators (Maeda 1975), cash regis-
ter operators (Ohara et al 1976), film rollers (Itani et al 1979), coil winders
(Kvarnstrom 1983), and industrial workers (Kuorinka and Koskinen 1979,
Kvarnstrom 1983). Increased rates of neck and shoulder pain have also
been secn among vehicle drivers (Hedberg and Lipping 1981), fork lift
truck drivers (Siktbehov for gaffeltruckar 1973), and heavy work vehicle

drivers (Tamminen et al 1981, Jonsson et al 1983).

When the head is held in an upright position, its centre of gravity
falls approximately through the body of the fourth cervical vertebra. In
this posture, the head balances with the aid of small intermittent con-
tractions of the neck muscles (Williams and Lissner 1977). Neck flexion
causes flattening of the cervical spine and also an increased biomechani-
cal load on the muscles and on the discs of the neck. The cervical spine
is very mobile in flexion, extension, lateral bending, and rotation (White
and Panjabi 1978). Also translational movements of the head are possi-
ble, which means that neck posture and movements are very difficult to
measure and describe. Visual demands in industrial tasks, i.e. viewing
angle and viewing distance, often force the worker to sit with a forward
inclined head. A comfortable tilt of the head is considered to be 17-29° in
sitting, which corresponds to a line of sight of 32-44° (Lehmann and Stier
1961). Kroemer and Hill (1986) found that the preferred line of sight was
around 34° below horizontal.

A tilt of the head of around 30° or more in sitting tasks causes muscle
fatigue and discomfort when held for longer time periods, as in some
work situations. Angles of 15° or less seem neither to cause fatigue nor
discomfort (Chaffin 1973, Grandjean 1981). In many tasks, an excessive

tilt of the head is needed due to the visual demands, which causes pain in
the neck (Grandjean 1981).

The positions of the arms also affect the loadings on the muscles of the
neck. Even small degrees of abduction and elevation of the arms increase
the muscle load noticably, particularly on the trapezius and deltoid mus-
cles (Hagberg 1982). Work postures with upper arms abducted more than
30° rapidly cause fatigue and discomfort (Chaffin 1973). Tichauer (1978)
studied the effect of upper arm abduction on performance and energy
consumption in sitting packing work. He showed that the optimal angle
was 8°, and that the performance decreased rapidly, whilst the energy
consumption increased at angles above 23° of abduction. The shoulder
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discomfort and fatigue also increase with higher vertical position of the
hands or at longer horizontal distances from the body (Chaffin 1973). The
optimal arm position, considering shoulder muscle load, is considered to
be with the upper arm approximately perpendicular in the sagittal plane
and slightly abducted in the frontal plane. Also no elevation of the shoul-

ders should be present. Repetitive and monotonous arm movements, even

without loads in the hands, cause increased load on the trapezius and
supraspinatus muscles (Hagberg 1981).

Andersson and Ortengren (1974 ¢) performed EMG measurements
on subjects sitting in chairs with and without armrests, but without work

activity. They showed that armrests reduced the muscle activity in the
neck and shoulder muscles. Others have found that armrests have little
or no influence on the shoulder muscle activity in some work situations
(Lindbeck 1982). In some cases, the shoulder muscle activity could in-

crease when armrests were introduced for tasks such as lever operation or
typewriting (Lindbeck 1982, Lundervold 1951).

Internal organs

A sitting posture with a 90° angle between trunk and thighs reduces
the volume of, increases the pressure on, and can displace organs in the
internal cavities of the body, especially if the spine is kyphotic. The oxygen
intake might be impaired, due to decreased space and increased pressure
on the lungs (Garner -1936, Burandt 1970). This might not be of any
greater significance for most work tasks, but there has been anecdotal
reports that musicians playing wind instrument in orchestras increase their

performance and capacity of breathing when increasing the angle between
the trunk and the thighs.

Prolonged pressure on the abdominal cavity due to sitting posture
has been reported to be associated with impairments of the digestive sys-
tem (Grandjean 1981). Rosegger and Rosegger (1960) reported a high
frequency of stomach troubles among tractor drivers. The reasons were
not known, but vibrations and the cramped sitting posture were believed
to be partial causes. Holdstock et al (1970) considered that physical ac-
tivity stimulates the colon peristalsis. Little physical activity, as in pro- .
longed sitting, can therefore cause constipation. Recently, several studies
have shown a moderate but significantly increased risk for colon cancer in
sedentary jobs (Garabrant et al 1984, Vena et al 1985, Gerhardsson et al
1986). The reason is not known, but believed to be that the slower colonic
transit increases the time carcinogenic agents in the food are in contact
with the mucous membranes of the colon. Also, slackening of the abdom-

inal muscles has been reported due to work involving prolonged sitting,
leading to a “sedentary tummy” (Grandjean 1981).
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Surface pressure

When sitting, some parts of the skin are subjected to pressure. This
pressure affects the blood flow. If the pressure is large enough, it causes
superficial ischemia in the capillary blood vessels (Landis 1930, Edwards
and Duntley 1939). Also the tactile receptors of the skin can be sub-
jected to pressure, which causes sensations of discomfort after some time.
Certain body areas have a lower density of nerve receptors, and therefore
those parts have a lower pressure sensitivity. The skin above the ischial
tuberosities has few nerve receptors and is therefore well adapted in this

respect to withstand the pressure caused by sitting (Kohara 1965). Fur-
thermore, if the skin is subjected to pressure, the muscle tissue beneath

will be compressed. Muscle tissue has a rich supply of blood vessels and
nerve endings, which can be affected by excessive pressure. As a result,
numbness or even painful sensations in the muscles of, for example, the
buttocks can appear (Floyd and Roberts 1958, Jirgens 1969, Babbs 1979).
The function of nerves can also be impaired when affected by pressures.
The sciatic nerve passes between the thigh muscles, fairly close to the un-
derside of the thigh. This area is open to receive pressure from the chair,
especially if the edge of the chair “cuts” in just behind the knee. The
ulnar nerve is also open to pressure at its passage through the elbow. The
femoral vein passes through the popliteal area, and is particularly sensi-
tive to pressure in that region, which also the sciatic nerve is. The result
of pressure on the vein is constricted venous blood flow. The symptoms
caused by pressure on the nerve and vein are pain, discomfort, numbness
and anesthesia in the lower legs and feet (Akerblom 1948, Weddell and
Darcus 1947, Burandt 1970). There are reports that if the pressure dis-
tribution is changed by mechanical means, for example by intermittently
inflated and deflated air cushions, the sitters do not experience as much
discomfort from their buttocks as they would otherwise. Also, as a re-
sult, the blood circulation can be improved (Burns and Stockman 1958,
Hertzberg 1949). This indicates that it is possible to withstand the pres-

sure for short periods of time, but that prolonged pressure gives rise to
adverse effects.

Blood circulation

The venous blood pressure in the feet is higher in standing and lower
when lying, compared to the sitting posture. The vertical distance be-
tween the heart and the feet is a major determinant of the hydrostatic
venous blood pressure in the feet (Pollack and Wood 1949). In static pos-
tures, such as sitting, fluid from the blood passes through the capillary
membranes into the interstitial space and thereby causes swelling of the
lower legs and feet. This oedema can amount to a volume increase of
2-5% It causes feelings of heaviness in the legs, distension of feet, and
discomfort (Whitney and Gear 1965, Pottier et al 1969, Winkel 1981).
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Older women are said to be especially prone to this effect, due to hor-
monal reasons (Kroemer 1971), and so are pregnant women. Swelling of
the feet increases with higher hydrostatic blood pressure, vasodilatation
due to increased temperature and constriction of the venous blood return
due to under-thigh pressure (Pottier et al 1969). It has also been pointed
out that acute joint angles at the knees, can cause discomfort due to con-
striction of the blood flow or pressure on the nerves (Drury and Francher
1985). Parallel to foot swelling in immobile sitting tasks, there is also a
decrease of foot temperature, another source of discomfort (Winkel 1985,
Formeller 1975, Burandt 1970). The intermittent contractions and relax-
ations of the calf muscles in walking aid the blood flow, acting as an extra
pump. This effect is therefore called the “musculo-venous pump”. Winkel
(1981) has shown that there is little foot swelling for people when they
interrupt their sitting by taking a short walk every 15 minutes, compared
to when they sit all the time. Stranden et al (1983) have shown that foot

activity in sitting, as using foot pedals or just moving their ankles, result
in lower blood pressure and less foot swelling.

The reason for the development of varicose veins is not known; how-
ever, long term standing and prolonged sitting on chairs have been claimed
to cause varicose veins, especially when the venous blood pressure is con-
stantly high. Two arguments make the hypothesis probable. The dis-
ease is only prevalent in countries where chair sitting is common. Also
the stress on the veins is fairly high and constant in sitting, in contrast
to oscillating stress which might strengthen the veins (Alexander 1972).

Changes between sitting and standing posture and some walking can then
be recommended as prevention.

Further, people in seated jobs are more prone to suffer from pain due

to haemorrage (Schoberth 1979), and they are possibly also afflicted more
often.

Thrombosis in the deep veins of the lower legs can be caused by long
term constricted sitting with a duration of about 1 hour and in most
cases substantially more. The risk is considered to increase if pressure on
the popliteal area is present or if there is little or no muscle activity in
the calf muscles. There are also individual risk factors. Thrombosis has
been recognized to occur in long distance flights, train, bus, car journeys,
driving, and TV-watching (Homans 1954, Naide 1957, Haeger 1966).

Heat and moisture

Exchange of heat takes place between the seated person and the chair
surfaces. Cold seats and seats with too high a heat conductivity can be
very unpleasant to sit on. This is a problem in vehicles (Elnis and Holmér
1981). It has been claimed that sitting on cold seats is a risk factor for uri-
nary infections and prostatic problems, but there is no definite evidence.
It 1s however commonly accepted that the symptoms can get worse for
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people with back pain or muscle pain;when they .get cold and wet, but
there is no evidence that cold and wet work situations can be the primary
cause of the disorders (Wickstrom 1978).. Also, sweat evaporates fromthe
skin. If the clothing of the seated person or the upholstery of the chair
is not permeable enough, the skin in contact with the seat will.be wet by
condensed sweat, a very unpleasant feeling, well-known to everyone. This
effect is to a large extent dependent on the air temperature. The problems
get worse with higher air temperatures but are not particularly affected
by the air humidity (Andrén et al 1975). The problems of heat and mois-
ture in the seat surface increase with prolonged sitting. Disabled people,
using wheelchairs, risk getting “sit-ulcers” and infections due to long term

sitting, high pressure, shear forces, high temperature and humidity of the
skin (Landis 1930, Andrén.et al 1975).

Discomfort

The terms comfort and discomfort are often used in connection with
chairs and users of chairs. Herzberg (1958) defined comfort as absence
of discomfort. Branton (1969) held a similar view, when stating that the
best possible situation in seating is to achieve a “state of non-awareness” of
the seat. The perception of pain is influenced by emotional, motivational
and cultural factors, and the reactions will vary with sex, age, personality
and social background (Weisenberg 1977). The differences between dis-
comfort, perceived exertion, and pain are difficult to establish. Pain and
discomfort are reactions of the body for the purpose of indicating the need
for relief, which for example can be movements or a change of posture.
Therefore, these reactions protect the organism from damage or injury
(Melzack 1973). It is often assumed that regularly experienced discomfort
during work is related to the development of disease in the long term.
The importance of comfort is, on these grounds, further emphasized and
commonly accepted as an ergonomic criterion.

This literature review has pointed to a large number of physiological
causes of discomfort. The individual integrates and weighs all the various
perceptions, and therefore the subjective interpretation is the individual’s
estimation of the:inappropriateness of the situation. In addition to the
physiological causes of discomfort already mentioned, the possibilty of free
movementsin the chair and the absence of restrictions are often mentioned
as criteria connected with comfort (Schoberth 1979, Floyd and Roberts
1958, Weddell and Darcus 1947). Branton (1969) suggested that the sta-
bility of a sitting person is connected with comfort. Shackel et al (1969)
drew the conclusion that comfort is such a complex phenomenon that it
can not be assessed with any “objective” criterion.

%

Postures and movements of sitting persons and the seating arrange-
ments are also dependent on psychological and sociological factors. An
upright sitting posture, without using the backrest or sitting on the front
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part of the chair, is associated with alertness, arousal, interest, activity,
attention, and in some cases also insecurity and tensions. The opposite, a
slumped posture is associated with lack of interest, indifference, low activ-
ity, relaxation or even repulsion {Mehrabian 1968 a). The status and social
rank are also related to the chosen position of the chair and the posture.
A person tends to face a higher status person, but can more often have
a less direct shoulder orientation towards a lower status person. Further,
an upright sitting posture, a more tensed posture and less spread legs is
preferred by subordinates, while dominating persons sit more relaxed. A
proud or arrogant posture is communicated by an expanded chest, erect
head, and raised shoulders, while a depressed posture is communicated by
drooping shoulders, a sunken chest, and a bowed and forward bent head
and trunk. Equals prefer to sit at a closer distance to one another, and

could more often sit side by side than people with different ranks (Lott
and Sommer 1967, Mehrabian 1968 b).

There are also means of communicating ranks by the furniture. A
large desk, visitor chairs placed at a distance from the desk, and a higher,
larger and more exclusive chair used by a manager are means of creating
dominance over the visitor or employee (Fast 1970). In environments
where people are unacquainted, the occupation of seats follows certain
social rules, for example to sit down too close to an unknown person can
be interpreted as an intrusion. The term “personal space” has been used
for explaining sitting behaviours and attitudes in these situations (Fast

1970). These factors are important in every day life, and should also be
considered in work seating.

Criteria for ergonomic design

There are a number of statements, which are often referred to and
commonly accepted as criteria for good ergonomic design. These have
been dealt with by Ayoub (1973), van Wely (1970) and Corlett (1979).
One of the main criteria is that the load on the spine should be kept low.
The reasons for this are epidemiological evidence about the relationship
between spinal load and back pain, the relationship between spinal load
and accelerated degeneration of structures of the spine, and the fact that
spinal load often aggravates already present back pain (Aﬁdersson et al
1980, Biering-Sgrensen 1983 a). Further, the spinal posture should be
kept in an S-shape, resembling the posture in standing as much as possi-
ble. This posture can be argued both from the anatomical point of view
and from the minimum load point of view (Keegan 1953, Andersson et al
1974 b, Andersson et al 1979, Adams and Hutton 1980). Also, the posture
of the trunk and the head should be upright and balanced so that there
is a minimum of static muscle load to hold the posture, and the upper
arms should be hanging down close to the vertical. In other words, static
muscle load should be avoided (van Wely 1970, Monod 1972). Accord-

48



ing to a broad definition of ergonomic principles, the design of optimal
working conditions should regard “human well-being, safety and health”
(International Standard ISO 6385 1981). Therefore, discomfort due to the
work situation should be minimized. In addition, it is believed that short
term discomfort which arises every day at work can lead to disease in the
longer term (van Wely 1970).

In summary, the following conventional criteria for ergonomic design
are often referred to; keep the load on the spine low, aim for upright pos-

tures and an S-shape of the back, avoid static muscle load, and minimize
the discomfort.

Design of work seats and workplaces
Workplaces

- Giving general recommendations for the design of industrial work-
places is difficult because of the extreme variation of tasks. The appro-
priate design would be dependent also on the user, the chair, and the
environment. Most of the recommendations, found in the literature, are
aimed at machine operation, bench work with small details, vehicle driv-
Ing, or console work. These recommendations are not sufficient for indus-
trial workplaces, since they only cover a small part of the existing tasks.

However, a very brief summary of some recommendations and comments
on this will be given as follows.

Insufficient space is one important factor to consider, because it can

cause constrained work postures. Space requirements are often based on
anthropometric data.

Table 8. Space requirements of workplaces for a seated operator (Damon
et al 1966, Kroemer 1971).

Space requirements

Mmlmum Recommended
(cm)

Vertical distance seat to ceiling 104

Lateral clearance 60 104
Leg-room height 60 68-75
Leg-room depth 65 no limitation
Leg-room width 40 65

Horizontal distance front edge
of the bench to the work area

Work area height
Work area height for precision task
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Recommendations like these are crude, because they do not consider
factors which are specific for the particular work situation. For the ceiling
clearance, factors such as head gear, access to the seat, backrest inclina-
tion, and required movements are of great importance. The lateral clear-

~ance is dependent on clothing and the postures and movements required
by the arms and the trunk (see Damon et al 1966).

The required leg-room is dependent on the sitting posture chosen.
High sitting, sitting with an increased angle between trunk and thighs
or reclined sitting on a low chair cause different space requirements com-
pared to upright sitting with 90° angles at the knees and the hips. The
horizontal distance to the work area, and its height, are dependent on the
visual demands, i.e. detail size, viewing angles, demands of overview and
visibility. The distances also depend on the position and postures of the
hands and arms {Grandjean 1981). The demands on an optimal position
for the hands and a comfortable line of sight are often in conflict, which
causes difficulties to find an acceptable position of the work area. In other
cases there might be demands of precision or concentration which affect
the distances chosen. Factors which increase the space requirements in

general include heavy tasks, the use of tools, and the possibility to do the
work in different postures.

Long horizontal reach distances, and especially their time demands,
must be considered. A sloping work surface is one possiblity to decrease
the disadvantages of too long reach distances for the arms, and the need
for forward head tilt (Bendix 1986). Possibilities for changing the posture
are very important, and in the best situation it should be possible to
change between sitting and standing work (Grandjean 1982). Haberer and
Weinmann (1978) have recommended that workplaces should be planned
for sitting, with the exception of tasks demanding exertion of large forces
or movements within a large area. The tasks should then be planned so
that they also require getting up from the chair and some walking.

Anthropometric data

Anthropometric measures form a basis for the design of optimal di-
mensions of work equipment and workplaces. In all design processes, it
is important to know which user population the equipment should be ap-
propriate for. Age, sex, nationality, and occupation have to be controlled,
but there are also other influences such as the range of joint motions,
postures chosen, and clothing. A bad anthropometric match is only one
of several possible sources of inappropriate design, but correct use of an-
thropometric information allows a good match for a selected proportion of
the population. An example of anthropometric data is shown in Table 4.
The corresponding Swedish population is a few cin taller in stature and leg
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length, but the other body measures are comparable or include smaller
differences.

Table 4. Anthropometric data (estimates) relevant to seat design for a

British adult population, nude subjects, and measures in cm. Af-
ter Pheasant (1982).

| Males percentile Females percentile
| 1st 5th 50th 95th 99th | 1st 5th 50th 95th 99th

Stature (without shoes) | 158 163 174 185 189 | 147 151 161 171 175

Sitting height 83 85 91 97 99 |77 79 85 90 02 |
Elbow rest height 18 19 24 28 30 |17 19 23 27 28
Buttock popliteal length | 42 44 49 53 55 |43 44 48 o3 o4
Popliteal height 30 40 44 48 50 | 37 38 42 45 46
Elbow breadth 137 39 45 51 53 |26 30 39 47 51
Hip breadth 30 32 36 40 41 |30 32 37 43 45
Sitting acrominal height | 52 55 60 65 68 |49 51 56 62 64

Work seats

No general classification of work seats has been made from the view
point of the task and workplace requirements in the literature. Several
investigators have only referred to a “work chair” or an “office chair”.
A few more detailed descriptions have also been reported, for example
chairs for secretarial tasks (Woodson 1954), assembly tasks, forward lean-

ing tasks (Grandjean 1982), console work (Kroemer 1971), welding (Palm-
gren 1984), and heavy machinery driving (Keegan 1962).

Diffrient et al (1974) made an attempt to classify seating according
to the backrest inclination and to connect the inclination with various
suitable activities. Upright sitting with a backrest inclination of 0-5° was
considered suitable for work. In the alert posture, the backrest inclination
was 5-20°, and it was considered suitable for console operator work tasks
and driving. The relaxing posture was connected with a backrest incli-
nation of 20-30°, incorporated for example into passenger seats. Some
results from research on work chair dimensions are presented in Tables 5
and 6. These results include both upright and reclined postures. The tasks
in Tables 5 and 6 referred to as industrial tasks, factory tasks, or just work,
are in many cases equivalent to bench work with small and light weight
components handled in a small work area, in other words tasks similar
to office tasks from the postural point of view. These recommendations
therefore become similar to those for oflice seating.



Table 5. Literature recommendations regarding dimensions and design of
seats for work charrs.

Source Length Width Shape Desk
’ {Depth) {em) ﬁ height

Pmero and 39-41 work,
Pl I el Bl 1 I I =y

Vm Cott and 38-46 38-46 -
PR I el Nl 0 I I il

Difirient et al office, -
W“--W
Pl Bl Bl el B

Hansson et al | 39-51o0r forward
1984 and
backward
Murrell 13 factory Footrests for
1969 and office | short people;
22-23 em
above seat

{48 with)
Kroemer ofhce and
1062-1967* rearwud factory

5-7° office and | Dimensions
rearward factory denived from
small to
medium size
people

Slight hollow
in the seat

40 or Distance |
38-53 slightly seat - work
) concave surface
27-30 em
Grandjean 45-53 32-4 Footrests for
oy | 0 | O] | T e
DIN 68877 ﬂ flat or
e e
contoured
Laiss and 35-40 Footrest
Wuensch rearward often
s | T e ] D
e recems
£ T O N il Il v

Dreyfuss 38-486 If the seat

1959 0r l.o unrward is adjustable
to 75 em,
l'ootrest

Kroemer 40~-50 almost standard
1971 flat work

Grandjean

Grandjean
1973

*after Kroemer (1971)
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‘Table 5. (continued)

Grandjean
1982

Width

(em;

Task

Length . Slope Comments

(Depth)
(em

7ﬂ
rearward |

shightly
contoured

forward
and
backward
posture

work, I

Diffrient et al 5° slightly sewing,
1974 b rearward | contoured | console
work

Keegan
1962

s
o I I P I

Ayoub 40-50
Ll I

British Standard
$14]
1967

Arbeidsinspectie
1061°*

Diffrient et al
1974 ¢

Dunlap and

Kephart
1954

““-----

flat and industrial
concave

in centre

38-48 > 40 0-5° flat > 66
rearward

Footrest at

least
35x35cm

> 38 3° concave, industnal
rearward of | radius
the front 85 em !
proportion
only
industrial,

crane,

rearward | contoured
R e e B =

37~-44 9-11° truck
----l-

McFarland, truck
Damon and driving
Stoudt 1958

Dupuis t.nctor
S i Y N B =~

German Standard

VDI-richtlinien
No 2782 and 2783
(after Grandjean

McFarland
and Stoudt
1961

Domey and

Mc¢Farland
1963

Grandjean
1980

——

Jones
1969 re nrward drwm g

44-55 or 10-22°, slightly Side supports

50 for preferably | moulded | drmng recommended;
Europeans 19° chair movable
forward -
backward
>15em

*after Kroemer (1971)




Table 6. Literature recommendations regarding dimensions and design of
backrests for work chairs.

Lower edge | Upper edge Horizontal Backrest | Comments
to seat o seat W depth
{em) (em {em)
Panero and 8-18 15-23 95-105°
P I R Rl R D il
Vm Cott and | adjustable 30-35 Backrest curva-
Petort ISl IR il el IR B e

Diffrient et al 95-100° Lumbar support
1974 a horisontal '
radius $1-46 cm,
vertical radius
25 em

Woodson

1954

TR ---- T e
1984

Murrell 95-110° Tiltable about a
1969 horisontal axis,
curved with
radius 40 cm
Kroemer upper part | Lumbar pad
1962-1967" 115° 18-20 cm
above seat
18-20 ¢em

Grandjean Lumbar pad
1981 10-20 em
above seat,
horizontal radius
40-50 em

el O ol M I b pud.
T il AN [
Grandjean 30-37 Backrest radius
e I Wit Rl I N =75

Grandjean 00-120° Lumbar pad

1963-1967" adjustable
14-24 cm
above seat -

DIN 68877 36-40
1981

Laisz and Lower part | Lumbar pad
Wuensch

90°,
Schoberth Lumbar pad

upper part
16-20 ¢cm above

seat; backrest
to shoulder

i

eyl S—

upper part

Iumbar 26-33 18 Saddle sh lPed
support and tiltable
8-15 * $15°

*after Kroemer (1971)
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Table 6. (continued)

Lower edge | Upper edge Width { Horizontal | Backrest | Comments
to seat to seat (cm) depth inclination
I = o il )
Kroemer full-size Lumbar pad
1971 < 12 18-20 e¢m
T e

Grandjean upper part | Backrest radius
1982 107° 40-50 cm,
lumbar pad
10-20 cm
above seat
Difitient et al Lumbar support
1974 b - vertical radius
25 cm
1962

slightly convex
Branton 10-20 95-110°
1974

in sideview
Ayoub 10-15 Slightly convex in
| 1972
|

profile, tiltable
+15° against
vertical about a
horizontal axis

British Standard 10-13 80-110° Pad swivel £20°
4141 1967 i

Lumbar support
vertical radius
25 cm

Diffrient et a
---
Dunlap and

Wi | | | |

McFarland,
Damon and

Stoudt 1958
German Standard
VDl-richtlinien
No 2782 and 2783
(after Grandjean
1980}
McFarland
and Stoudt
1961
Domey and
McFarland
1963

Jones
1969

Grandjean 50 ajdustable
1980 90-120°

*after Kroemer (1971)

110-115° | Lumbar pad
14 cm
above seat

Lumbar support
10-14 ¢cm above
compressed seat
surface; side

supports
recommended

wby
e



There is agreement that the seat height, measured from the floor
to the front part, of the seat pan, should not be higher than the lower
leg length plus allowance for shoes. This assumes a relatively horizontal
seat. Higher seats impose increased pressure on the undersides of the
thighs in the popliteal area. Too low seats increase both the pressure on

the ischial tuberosities and the tendency towards lumbar kyphosis (Floyd
and Roberts 1958). They also decrease the stability of the legs and can
cause muscular tensions (Branton and Grayson 1967, Lundervold 1951).
Consequently, the popliteal height plus allowance for shoe height is the
major determinant. It should also be considered that rising from a low
chair demands substantially larger muscle forces than rising from a high
one (Ellis et al 1984). If the seat is inclined forward or rearward, it gets
more difficult to define and measure the height of the seat, but the main
consequence would be a different seat height recommendation. The seat
height recommendations for rearward inclined seats in cars often vary
between 25 ¢cm and 35 ¢cm according to Table 5. A restricted head-room is
often the reason for these low seats in vehicles. For other work seats, the
recommendations vary considerably too, and seat heights above 63 cm are
mentioned, as can be seen in Table 5. The highest values however assume
the use of a footrest. In some cases, fixed seat heights are recommended,
but in the more recent literature a range of adjustability is more often
advocated. Some authors assume the use and adjustment of a footrest
in order to obtain an appropriate height for the lower legs. For high
sitting, which i1s used in workplaces designed for standing work, a footrest
1s also necessary. It i1s difficult to draw conclusions from these various

recommendations regarding the seat height of a chair for a particular work
task.

The seat width is determined by the width of the buttocks of the user
population, and also by the need for stability and the requirement to move
in the chair (Darcus and Weddell 1947). There seems to be agreement on a
seat width of at least 40 cm for industrial seats. Driver seats are generally

recommended to be wider, as shown in Table 5, but a maximum seat width
1s not given.

The seat depth is important for giving enough thigh support and also
adequate clearance between the lower legs and the front of the seat at the
same time as the backrest is fully used. Too large seat depths cause pres-
sure in the popliteal area and forwards-sliding in the seat to a slumped
posture. Adequate clearance is considered to be approximately 5-10 cm
(Ayoub 1972, Asatekin 1975). A fixed seat depth would then be appropri-
ate for only a small proportion of the population. Many researchers have
recommended a seat depth for industrial seats of 35-40 c¢cm, preferably
adjustable by a horizontal adjustment of the backrest. Drivers’ seats tend
to be déeper than that. One reason for this might be that drivers are
predominantly men. Considering the anthropometric data in Table 4, it
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is questionable whether the recommendations are appro#priéte for 95% of
the population. | '

Rearward inclined seats have the advantage of preventing the but-
tocks from sliding forward. Thereby, the use of the backrest is aided. The
disadvantage of the rearward inclination is the decreased angle between

the trunk and the thighs (Floyd and Roberts 1958). On the other hand,
a forward inclined seat has the advantage of creating an increased angle

between the trunk and the thighs, but the disadvantages are sliding for-
wards on the seat and possible increased muscle activity in the legs and

the back (Lundervold 1951). In older literature a rearward inclination
was recommended for work seats, often 3-5° and sometimes up to 7°.

The present recommendations tend to be that the seat inclination should
be adjustable, around —6° to 6° (Kroemer 1971). For driving tasks, the
seat inclination has been recommended to be around 7° rearward or more
(Andersson et al 1974 ¢, Grandjean 1980). The highest values are intended
for car seating. Tiltable seats with a greater range of forward tilt have
also been proposed during recent years, and chairs of this type are also
manufactured currently. The seat height is closely dependent on the seat

inclination. The lack of agreement regarding seat inclination for industrial
seats seems to be considerable. o |

There is a general agreement that the seat shape should be flat or
have a slight concave shape in the lateral plane. A pronounced bucket
shaped seat prevents people from changing posture and thus the pressure
distribution of the buttocks, and it is therefore unsuitable (Darcus and
Weddell 1947). Further, it will only fit some people, who happen to have
the same size of buttocks. There is a consensus that the front of the
seat should be rounded (waterfall front) in order to avoid pressure in the

popliteal area. The seat should be flat in the anterior-posterior plane
according to Kroemer (1971). Grandjean (1982) advocated that a slightly

contoured seat with a flat rearward inclined surface in the front under
the thighs and slightly upwards again in the back of the seat, is perceived
as more comfortable. All edges should be softly rounded. Schneider and
Lippert (1961) proposed a seat shape in which the rear third was raised
with a 32° forward inclined wedge, while the rest of the seat was inclined
4° rearwards. The purpose was to tilt the pelvis forward. However, this
shape was found ineffective and uncomfortable by Burandt and Grandjean
(1964), and it is therefore not advocated. Side supports are beneficial in
situations with lateral forces, but the disadvantage is that they can also
restrict body movements (Grandjean 1980). Drivers’ seats have particular
demands for damping vibrations. Not only the construction of the base of
the seat, but also the properties of the seat cushion are important in this
respect. Side supports have no function in seating when lateral forces are
absent.
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Work seats should have padding and upholstery. In some work en-
vironments this is not possible due to other demands. A stiff padding
of 2-3 cm 1s considered to give a comfortable pressure distribution, and
sitting does not become unstable (Grandjean 1982). A slightly different
recommendation i1s that a comfortable seat should have a 3.5-4 cm layer
of medium density foam padding over a 1-1.5 cm layer of firm closed-cell
padding (Diffrient et al 1974). The upholstery should exhibit good fric-
tion properties in order to prevent the buttocks from sliding, and it should
be permeable for moisture (Kroemer 1971). The surfaces should be easy
to clean (Diffrient et al 1974). Non-flammable materials are necessary in
certain workplaces, for example when welding. An alternative solution
has been developed, incorporating inflatable air cushions in the seat. By
inflating these in sequence, the pressure on each area of the buttocks is
relieved at regular intervals, which decreases discomfort and is therefore

beneficial in tasks which require periods of long term sitting (Hawkins
1974).

The backrest is the most important chair feature for preventing pelvic
tilt. Further, it gives stability and support for the trunk and decreases
the load on the back. A high and upright backrest is not beneficial in
upright and slightly forward bent sitting postures (Andersson et al 1974
b). In these postures a lumbar support or a low backrest is sufficient for
tilting the pelvis and maintaining enough stability without needs of static
muscular activity. The height of a lumbar support in industrial tasks has
mostly been recommended to be 10-20 c¢m, according to Table 6. During
recent years there have been recommendations up to and around 30 cm
(Grandjean 1982). Also another backrest has been proposed by Grandjean
(1982) in forward bending or upright sitting work postures. It is 48-50 cm
high, has a lumbar convexity 10-20 cm above the seat, and the upper part
is inclined 17°. Only the lumbar convexity is used in upright or forward
bent postures. The chair can also be used in a rearward inclined posture,
leaning against the whole backrest such as when resting or performing
other tasks. The recommendations for the distance between the seat and
the upper edge of the backrest varies considerably, from 25 cm to 60
cm. Larger values than 33 cm are advised against by some ergonomists,
because the backrest will then interfere with the shoulder blades (Floyd
and Roberts 1958). Too high backrests also interfere with tasks which

involve twisting of the trunk (Donati et al 1984). Otherwise there is no
indication of how to choose backrest height.

If the lower part of a backrest does not give enough clearance for
the buttocks, it will push the sitter forward on the chair. For the small

size backrests or lumbar supports, most researchers have recommended at
least 10 cm between the seat and the lower edge of the backrest.

The shape of the lumbar support should be convex in the sagittal
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plane, in order to follow the lumbar curvature and not cause high pressure

from its upper or lower edge. A radius in the sagittal plane of 25 c¢cm has

been proposed (Diffrient et al 1974). The most pronounced part of the

lumbar support should be at 17-21 ¢m above the seat in order to follow the

contour of the back, and the figure is valid for people of different heights

(Akerblom 1969). Other authors have expressed the view that the support

should be provided at the 3rd to the 5th lumbar vertebra, since most of
the bending of the spine takes place there. It is generally agreed upon

that the shape of the backrest in the horizontal plane should be concave

In order to conform with the sitter’s back. The radius should be 40-50

cm (Grandjean 1982). These recommendations give the lumbar support a

“saddle shape”™. In tasks with reclined postures, it is necessary to use high

backrests. They allow trunk muscle relaxation and increase the stability

of the trunk substantially. The heights of these full-size backrests have

been recommended to be between 46-60 cm above the seat. The shape

should incorporate a lumbar convexity, up to 5 cm (Andersson et al 1974

c), which is placed 17-21 cm above the seat (Akerblom 1969). These

values vary however; Diffrient et al (1974) have proposed 23-25 cm and

Grandjean (1982) 10-20 cm above the seat. The upper part should be
inclined rearward 100-120°, but the recommendation varies as can be seen
in Table 6. A horizontal concave radius about 40-50 cm should be provided
in the lumbar region, and about 60 cm at the upper edge of the backrest.
There is also some disagreement about these figures. A concave backrest
shape increases the stability of the trunk, especially when lateral forces are
present. Side supports increase the stability of the trunk further, and are
therefore recommended in vehicles (Grandjean 1980). The effectiveness of
the concave shape and of side supports increases with increasing backrest
inclination.

The width of backrests or lumbar supports for industrial work has
in older literature mainly been recommended to be 30-36 cm. There
are however some more recent recommendations around 40 cm. Wide
backrests increase the possiblity to change posture in the seat and can

perhaps also increase the stability. Too wide backrests interfere with the
mobility of the sitters, and should therefore be avoided (Tichauer 1976).

The difference in recommendations is further emphasized by proposals of
backrest widths of more than 48 cm for driving tasks (see Table 6).

There 1s agreement that the backrest should tilt around a horizontal
axis, in order to follow the contours of people’s backs better and allow
for postural changes. The tilting movement should preferably have some
resistance. The range of rearward tilt or inclination of the pad has mostly
been stated as 80° to 110°, and in some cases more (see Table 6). Few
of the literature references have specified the range of adjustment of the
backrest in the forward-rearward direction, but it seems as if a range of
at least 8-10 cm is needed so that correct seat depth can be obtained.
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The backrest should have padding and upholstery in order to dis-
tribute the pressure on the back, but not so soft that it loses its shape.
A slightly softer foam for the padding of the backrest should be used
compared with the seat (Diffrient et al 1974). Some recommendations
have meant that the backrest does not have to be absolutely stiff in the
forward-rearward direction, because a slight elasticity could be perceived
as comfortable. Westgaard and Aards (1984) have introduced a chair with
an “active backrest”, when redesigning workplaces in the electronics in-
dustry. It is spring loaded in order to follow the sitter’s lumbar back
irrespective of the lean of the trunk, and thereby it exerts a backrest
force on the lumbar back all the time. This solution can be questioned

from a biomechanical point of view, but the active backrest has not been
sufficiently evaluated yet.

The provision or omission of armrests has been much discussed. In
tasks where the lower arms can be placed on the armrests for some periods
of time, they unload the shoulder muscles and are therefore recommended
(Andersson and Ortengren 1974 c). In tasks with a substantial amount
of arm movements, armrests can hinder and cause the sitter to lift the
shoulders to avoid interference. Armrests have thus been advised against
in these types of tasks (Lundervold 1951). Armrests can also interfere
with the workbench, causing problems in bringing the chair close enough
to the work. An advantage is that they assist when changing posture in
the chair, and getting up from the chair becomes easier (Kroemer 1971,
Ellis et al 1984). Few recommendations for the dimensions and design of
armrests which are in agreement with one another can be found, which
probably is due to the various demands of different tasks. The height of
the armrests have been recommended to be adjustable at least between
20-25 cm above the seat. A figure like this is however very difficult to
give, and it depends heavily on the anthropometry of the sitter and on
the task, for example the precision demands. Armrests are normally not

used in vehicles, except for work machines with a number of manoeuvre
functions built into the extension of the armrest.

Some investigators advocate the use of footrests. The chair height
should be adjusted so that the work surface height becomes suitable for
the arms and hands, and then the footrest is adjusted for correct height in
relation to the seat. Others prefer to avoid footrests, starting by adjust-
ing the seat in relation to the floor, and then adjusting the work surface
according to the arm position. Footrests can also be built into the chair,

especially high chairs for use in workplaces for alternating sitting and
standing. Too small footrests can restrict leg movements.

Swivel seats are normally used, for example at L- and U-shaped work-
places, but there can be exceptions when the swivel needs to be locked.
There should not be any obstruction under the front part of the seat, in
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order to permit the feet to be tuckéd back under the seat if desired. Ob-

structions also cause difficulties when rising from the chair (Keegan 1962,
Murrell 1969). The base of the chair should be stable and large enough

to prevent turning over. Most authors recommend five feet at present,
forming a circle with a diameter of 40-45 cm (Grandjean 1982). It is
considered that leg branches which are too long can increase the risk of
tripping accidents. A three legged base of an industrial chair has been pro-
posed by Palmgren (1984), because it is more stable when used on uneven
industrial floors. The disadvantage is of course that it can tip easier.

Castors can increase the risk of muscular tensions in the legs (Lun-
dervold 1951), and are therefore discouraged in jobs demanding precision
movements or large forces (Ayoub 1972). However, it is considered by
several ergonomists that castors with some friction are preferable since
they facilitate moving around in the workplace when that is required by

the tasks (Hansson et al 1984, Grandjean 1982).

It has been shown above that chair design features are, to a large ex-
tent, dependent on the work task. Remarkably few specifications of quan-
tified influences in this respect have been reported. This means that the
recommendations from the literature are not detailed enough to provide a
designer with sufficient background data when designing work chairs for
different work tasks. In addition to that, there is disagreement concerning
several chair features. There are also different approaches regarding the
compromise between ergonomic demands and other demands as to what is
considered feasible from the manufacturing and economical point of view.
One example is whether certain chair features should be adjustable or not.

Alternative seating

The sit-stand seat has been proposed as a compromise between stand-
ing and sitting work. The posture of the users is upright and the angle

between the trunk and the thighs is approximately 135° (Laurig 1969,
Bendix et al 1985). The sit-stand seat is not meant to be used continu-
ously, but rather to provide a change from standing. It also has advantages
in workplaces where the knee space is restricted for conventional sitting
postures. The design of these seats varies from flat inclined seat pads,
bucket seats, “horse back” saddles to “bicycle” saddles. No general design
recommendations can therefore be given, possibly with the exception of
the seat height. The recommendations given are approximately 65-90 cm
and adjustable (Grandjean 1982, Bendix et al 1985, Palmgren 1984). It is
debated whether the sit-stand seats should have a backrest. The reasons
for advocating sit-stand scats is that they decrease the load on the feet
compared to standing, maintain a lumbar lordosis (Bendix et al 1985),
and give decreased EMG activity in the back muscles, compared to a con-
ventional chair. The most important advantage is perhaps the possiblity
to come closer to the task compared to conventional sitting, and therefore
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reduce the.load on the back, neck, and shoulders (Palmgren 1984). The
use of sit-stand seats has however not been very wide-spread in industry.

Mandal (1976) proposed a work chair with a 15° forward tilted seat
to be used in tasks involving forward bending. In addition to this, the
workbench surface should be inclined 10°. Advantages claimed for this
design are a less backward tilted pelvis, easier maintenance of lumbar lor-
dosis, less pain among back pain sufferers, less neck flexion, and a better
pressure distribution on the buttocks. This concept has however been
critisized by others (Enevoldsen and Ward 1976), claiming that forward
tilted seats will cause discomfort due to sliding forward on the seat and in-
creased muscle load in the legs. It has also been argued that the less flexed
posture obstained is more due to the inclined table than the seat (Bendix
1986). Burandt (1969) evaluated the influence of forward inclined seats
on pelvic tilt. He found that the pelvis could tilt further backwards with

the forward inclined seat compared to a flat seat, which is contradictory
to the results from others.

The Balans chair has been constructed in Norway, in an attempt to
design a chair with the advantage of increased angle between the trunk
and the thighs, but preventing sliding forwards on the seat. It consists of
a forward sloping seat pan and two knee supports but no backrest. The
chair is supported on wood rockers. The Balans chair has been evaluated
in library work by Davis (1982) and by Drury and Francher (1985) in-
typing and terminal using tasks. Both investigations concluded that the
chair decreased the subjectively perceived discomfort from the back, but
on the other hand, the subjects felt increased discomfort from their knees

and lower legs. Also it was pointed out that the posture from the hip
joints to the feet becomes static and locked.

Another alternative seat for sitting with an increased trunk-thigh

angle has been proposed by Ullman (Ullmanstolen 1985). The front part
of the seat pan has been tilted 18° forward and the rear part is horizontal.
This chair has not been evaluated yet.

Methods for evaluation of work seats

A large number of methods for evaluation of the ergonomics of work
seats have been proposed and used in the ergonomics literature. Few
methods have won general acceptance, and it seems as if most researchers
devise their own methods, adapted for each study in order to solve the
particular problems involved. The methods however reflect the variety of
criteria which exist and therefore also the multi-dimensional character of

the problem. A brief overview of the most important methods reported
as being used in chair evaluation, is given below.

'
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Comfort

The user’s own perception of comfort or absence of discomfort from
a chair is perhaps the most important determinator for a persons accep-
tance of the chair and for his or her future use of it. A large number of

methods for the assessment of comfort and discomfort have been presented
(Shackel et al 1969, Corlett and Bishop 1976, Wachsler and Learner 1960,
Le Carpentier 1969, Bendix and Hagberg 1984, Barkla 1964). Question-
naires and interviews have been common techniques, in which the subjects
have been asked to assess their judgements of the chair, choosing between

verbal statements. The other alternative has been ratings of the subjective
feelings of comfort or discomfort, using continuous scales or scales with

discrete steps. These subjective methods seem to be more accepted today
then earlier. Shackel et al (1969) used “General comfort rating”, in which
subjects expressed their rating in relation to verbal sentences describing
several feelings ranging from comfort to pain. They also used “Body
area comfort ranking”, a forced-choice technique also used by Bennett et
al (1963). Corlett and Bishop (1976) used “Body mapping”, a method
where the perceived discomfort was rated on a scale and also related to a
body part defined by a manikin. Shackel et al (1969) also used a “Chair
feature checklist”, in which the subjects were asked to select an appropri-
ate statement of nine chair features. The method of “Fitting trials” was
used by Jones (1969), in which the subjects adjusted the dimensions of the
seat and workplace until the subjective comfort was maximized. “Direct
ranking” was used by Shackel et al (1969), in which subjects had to rank
a number of chairs, which all were presented at the same time for making

the comparisons easier for the subjects. Ratings, questionnaires, and in-
terviews are inexpensive methods, especially if standardized methods are

used. The evaluation and interpretation of the results can however be
difficult, as can the prevention of errors and irrelevant influences.

Drury and Coury (1982) presented and used a methodology for chair
evaluations, which in addition to comparisons with “Anthropometric data
and principles” also contained “Fitting trials” and “User comfort evalua-
tion”.

There is some disagreement on the time needed for performing ex-
periments on the subjective evaluation of chairs. The time periods used
range from 5 minutes (Wachsler and Learner 1960) to several hours. How-.
ever, the subjective methods have by many authors above been considered
rapid and effective. It should also be noted that Shackel et al (1969) found

that expert judgements on chair design were not valid as predictors of the
preferences of a population.

Several authors have tried to establish an objective measure for dis-
comfort. Grandjean et al (1960) and Branton and Grayson (1967) claimed
that uncomfortable chairs caused more frequent and more intensive move-
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ments of the sitter. Coermann and Rieck (1964) were of the same opinion,
after having measured both shifts of the centre of pressure of the sitter and
perceived comfort. Others have not been able to confirm these results, at
least not for small differences between chairs. Only experimental meth-
ods and subjective measures can be recommended at present as measures

of comfort (Rieck 1969, Schackel et al 1969). The subjective methods are

easy to perform in field studies, but it is difficult to avoid irrelevant factors
influencing the judgements.

Biomechanical methods

An advantage with biomechanical methods is that they are non-
invasive. Static models normally demand less expensive equipment com-
pared to dynamic models. On the other hand, dynamic models increase
the accuracy of the calculations, especially in dynamic work, but the com-
plexity also increase substantially, and the data collection becomes much
more comprehensive. Presently, there is very little reference data from
dynamic models, compared to static models, which means that loads from
dynamic models are still of limited use. There is a span in the complexity
of existing biomechanical models from simple calculations performed by
ergonomists in the field, using a pocket calculator, to sophisticated com-
puterized laboratory models. Disadvantages are that the simple models
have limited accuracy. Higher accuracy can be accomplished but requires
more input data such as obtained from sophisticated equipment and pho-

tographs of undressed subjects, which can be difficult to manage in field
studies (Garg et al 1982, Nordin 1982).

Biomechanical models for predicting loads have been based upon re-
sults from both EMG and disc pressure measurements (Schultz et al 1982
c). .These existing models and further developments can be frequently
applied for the evaluation of seated tasks and workplaces. Not only the

lumbar back, but also the neck and shoulder joints are suitable for esti-
mation of the biomechanical load in seated tasks (Jonsson 1983).

Measurements of postures and movements

The general posture such as slumping, sitting upright, etcetera, has
often been evaluated from direct observation or from filming or pho-
tographs (Branton and Grayson 1967, Persson and Kilbom 1983, Karhu
et al 1977). Some of these observations, or perhaps rather classifications,
also include the posture of the trunk, head, arms and legs. More detailed
analysis of the spinal curvature has been performed by measurements from
photographs taken in the sagittal plane (Schoberth 1962). Further, more
detailed information of the spinal posture has been obtained from x-ray
photographs (Schoberth 1962, Andersson et al 1979). However, manual
analysis of postures from films and photographs are time consuming, es-
pecially if the sampling rate is high. Posture has often been evaluated in
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relation to criteria of what is considered or has been shown to be a “good”
posture.

Other methods which have been used include gdniometers (Grandjean
et al 1983) and optical devices (Less and Eickelberg 1973). Posture and
movements can also be measured with opto-electrical methods, for exam-

ple CODA-3, SELSPOT II, and VICON. Some of these systems might im-

pose constrictions on the subjects due to cables or other equipment which
has to be connected to them (Mitchelson 1985). These methods require
a free line of sight, just as photography and filming, and the measure-
ments become more complicated if the task necessitates turning around
or moving in large areas. Recently, several measurement equipments for
continuous measurement of posture or joint angles have been presented.
One example is an equipment for long term recording of sitting, stand-
ing, or walking activity. The signals from a small knee goniometer and
a foot switch under the heel are recorded on a portable tape recorder,
and from a computerized analysis, the total time spent in each activity
and the number of transitions are calculated (Johnson et al 1982). There
is a shortage of suitable equipment and methods for continuous record-
ing of work posture and subsequent analysis. One measurement system,
named “Miniman”, was presented by Milner and O’Brien (1985), in which

a number of joint angles are recorded, using elastic resistance strain gauges
attached to the skin over the joint.

Pressure and forces from the chair

The distribution of the pressure between the seat and the buttocks
has been measured with equipment of varying sophistication. As many
as 960 inductive load cells linked to computerized data aquisition with a

frequency of 1 Hz were used by Stumbaum and Diebschlag ( 1981), and 30
air proof rubber balls connected to 30 manometers were used by Jurgens

(1969). Mandal (1981) used three blood cuffs, placed on the seat pan of
the chair. The measurements are difficult to perform because the measure-
ment equipment affects the pressure distribution. It has also been difficult
to relate the perception of comfort to a particular pressure distribution,
which means that the pressure measurements are of limited utility.

The load on the feet is an interesting measure, since it relates to the
pressure distribution of the buttocks, the seat height, and the tendency
to slide off a sit-stand stool (Stumbaum and Diebschlag 1981, Stier 1959).
The total forces exerted by the sitter on the seat, backrest, and floor have
beecn measured by Stumbaum and Diebschlag (1981), when assessing a
measure of the activity and the temporal pattern of the sitting activity.
The forces exerted from the sitter on the chair and floor has been used
for calculations of some biomechanical parameters such as the location of
the centre of gravity of the trunk in relation to the ischial tuberosities
(Schoberth 1962). The friction forces between the sitter and the seat are
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also important measures, and also the friction forces between the chair
and the floor in order to prevent undesired sliding movements. The coef-
ficient of friction has been assessed as the quotient between the maximal
force when sliding occurs and the reaction force (Lundervold 1951). The
methods for measuring these forces are interesting because they permit a

description of the temporal pattern of various sitting activities, and they
also give an indication of the loads acting on the sitter.

Electromyography

Electromyography (EMG) is the only wide-spread method by which
muscle load in the body can be directly measured. The electric activity
of the muscles can be recorded with wire electrodes inserted in the muscle
or with surface electrodes on the skin immediately over the muscle. The
method has been developed considerably, and it can now be performed
in industrial production environments. A great number of EMG stud-
ies in sitting tasks and evaluations of chair designs have been performed
(Akerblom 1948, Lundervold 1951, Andersson and Ortengren 1974 a, Bur-
ton 1984, Palmgren 1984). Only superficial muscle groups can be mea-
sured with surface electrodes, which is a limitation. Wire electrodes have
the disadvantage of being more difficult to handle, especially in field stud-
ies. The method has a disadvantage of being posture dependent (Nordin
1082), i.e. the relation between the EMG signal and the muscle force is
dependent on the joint angle. Neither can passive muscle forces be de-
tected. There are techniques not only to measure the force exertion of
the muscle, but also to measure the physiological fatigue of the muscle by

analysing the frequency shift of the signal (Chaffin 1973, 6rtengren et al
1975).

The EMG method has been shown to give particularly useful in-
formation about chair design (Andersson et al 1974 a-c, Andersson and
Ortengren 1974 a—c), and is probably one of the important methods for
future studies. However, the EMG activity seems not to be the most rele-
vant method for evaluation of certain chair features according to Jonsson

et al (1981), Burton (1984) and Palmgren (1984). They found no or lit-
tle difference between various backrest heights or makes of office chairs,

but postural changes could be detected. The method is nearly the only
alternative for assessing the load on muscles due to postures, movements

and force exertion, a factor considered very important for the genesis of
musculoskeletal disorders (Ortengren and Andersson 1977).

Foot swelling

The measurement of foot volume is performed by placing the foot in a
plethysmograph which is filled with water, kept at a certain temperature.

The volume of the foot is equal to the volume of the displaced water.
Repeated measurements during the working day give the basis for the

volume increase of the foot. The apparatus.is simple and can be used
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in field studies (Winkel 1985). Foot swelling represents a measure of the
physiological response to inactivity in sitting, and to chair design. The
method is appropriate for evaluation of task influences, but mainly those
related to lower leg movements and seat pressure in the popliteal area. To
some extent, aspects of chair design might be assessed with the method.

Measurements of physiological work load and blood pressure

Measurements of heart rate and oxygen uptake have been performed
for various sitting postures. The circulatory strain is affected by static
muscular work (Kilbom 1976), but the measures are considered neither
relevant, nor particularly sensitive for the evaluation of chair features.

The blood pressure of the veins in the foot has been measured by
inserting a needle in the vein, and recording the pressure via a pressure
transducer (Stranden et al 1983). The blood pressure is related to the
swelling of the foot and also to the calf muscle activity. This method to
measure blood pressure has been used in the laboratory, but will not be
a particularly useful alternative for chair design evaluations in the field.

Disc pressure measurements

The intervertebral disc pressure is measured by inserting a needle with
a pressure sensitive tip in the centre of the disc of a subject (Andersson et
al 1974 b). The L3 disc has normally been used for these measurements.
The method requires young subjects with non-degenerated discs. It is a
highly sophisticated laboratory method which only has been performed in
a few university hospitals. These measurements have given very important
basic knowledge about chair design, but they will not become frequently

used. For routine evaluations of work seat designs, other methods must
be used.

Heat and moisture

Important aspects of the properties of the upholstery and padding
of a seat are heat and moisture. Measurements can be done with ther-
mistors and moisture sensors, for example with moisture sensitive semi-
conductive materials. These are placed between the seat surface and the
sitter (Andrén et al 1975). Other techniques have also been used for mois-
ture measurements, for example the increased weight of a piece of blotting
paper placed under a sitting person. The knowledge of properties of ap-
propriate materials for work seats in this respect is relatively good, so
measurement does not need to be used as a routine method.

Anthropometry

The application of anthropometry allows the best possible dimen-
sional fitting between the user population and the equipment to be de-
signed, in this case the chair. For that, three types of information are
needed: the anthropometric characteristics of the user population, how
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these characteristics influence the design, and the criteria for an effective
match between the product and the user (Pheasant 1986). Anthropomet-
ric surveys of populations have been performed by several investigators
(Hooton 1945, Ridder 1959, Pheasant 1986). The dimensions of chairs
can be checked with simple devices such as scales or measures. The di-

mensional fit, which is important in the process of designing chairs, can
also be used as a basis for the choice of appropriate chairs in existing

workplaces. A good seat should allow a range of postures, and this can

be permitted by using anthropometry in the seat design process. There 1s

however a limitation regarding the availability of anthropometric surveys
for specific user populations.

“Fitting trials” (Jones 1969) was mentioned earlier, in which the best
possible dimensional fit of chairs are tested by a group of users. Both
comfort and anthropometric criteria are then evaluated.

Assessment of the task and workplace

There is no accepted or widely spread method for describing the
task and its requirements. Techniques which have been used are trained

observer, structured or free notation, questi