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De voorzieningen voor de invaliden van vandaag zijn de
voorzieningen voor de validen van morgen. (Klapwijk 1972)*

Funktioneel en technisch onderzoek naar de kwaliteit van
hulpmiddelen is een kostbare, doch kostenbesparende aktiviteit.

Vergelijkend warenonderzoek leidt meestal niet tot produkt
optimalisatie.

De ergonomie van beeldschermwerk behoeft dringend een
fundamentele, biomechanische en neuro-fysiologische benade-
ring.

Het dragen van lichte lasten op het hoofd zou in de westerse
wereld, uit een oogpunt van preventie van rugklachten,
bevorderd moeten worden. (Tournier 1973).*

Bij de Dbeoordeling van kantoormeubilair vormt de
drukverdelingskwaliteit van de zitting totnutoe slechts een
subjectieve maatstaf.

Om het fenomeen decubitus te doorgronden, is bij onderzoek van
de relatie zitting-achterwerk onevenredig veel aandacht besteed
aan het achterwerk.

Een keuringsregeling is de aangewezen methode om de kwaliteit
‘anti-decubitus’ van hulpmiddelen te beschermen.

leder zittend achterwerk heeft =zijn eigen unieke
drukverdelingskarakteristiek.

De interne druk in het weefsel direct onder de tubera is
tenminste een faktor 2 groter dan de zogenaamde interface
pressure en tenminste een faktor 3 groter dan de capillaire druk.

De invioed van het drukverschil tussen twee plaatsen in levend
weefsel op weefselvervorming en op eenzijdige interstitiéle
vloeistofstromen zou onderzocht moeten worden.
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Vocht is als risicofaktor van het ontstaan van decubitus wel een
veelgenoemd doch weinig onderzocht fenomeen.

De positieve invioed van een zogenaamde hangmat in een
rolstoel op de drukverdelende werking van een kussen is
totnogtoe onderschat.

Custom contoured kussens dienen opgebouwd te worden vanuit
een custom contoured draagconstructie.

Het vastleggen van de drukverdelingskwvaliteit van een kussen in
een getal op de schaal van O tot 100, in combinatie met een
minimum waarde voor een gedefinieerde gebruikersgroep, levert
doeltreffend gereedschap voor gevalsbehandelaars.

persoonlijke mededeling
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On account of the relationship wich is often drawn between sitting pressure
and capillary bloodpressure in addition to the fact that bloodpressure is still
expressed in terms of mmHG, the unit of measurement used throughout this
book is mmHg.

Conversion table for units of pressure

1 Pa = 1 N/m2

1 MPa = 1 N/mm2

1 MPa = 0.075 mmHg

1 mmHg = 13.333 N/mm2
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0.1

Background and objective of the study

This study is based in large measure on a survey into the quality of wheelchair
cushions carried out between 1986 and 1993 on behalf of the Provisions
Department of Gemeenschappelijke Medische Dienst (Joint Medical Service).
The tests on the cushions were performed by the TNO Textile Centre in Delft
during 1991 and 1992.

The results and analyses have been published at an earlier stage (1992) as
preliminary findings in the following three reports:

- Basisboek Voorzieningen Verplaatsen,
Keuzeproces beschrijving en produktinformatie Rolstoelkussens
(describing selection process and product specifications of wheelchair
cushions)

- Basisboek Voorzieningen Verplaatsen,
Kennisboek Rolstoelkussens
(analysing the phenomenon of pressure-distribution in wheelchair
cushions)

- Voorstellen voor de beoordelingscriteria voor rolstoelkussens
(describing proposals for assessment criteria for wheelchair cushions)

To a large extent Chapters 1 and 2 of this thesis are based on;

- Het zitboek, zithoudingsproblematiek in rolstoelen.
(A analysis of sitting posture problems for wheelchair-users)

This book was commissioned by the GMD as a text book for therapists and
other experts involved in the assessment of wheelchair-users and was published
in July 1995 by De Tijdstroom, publishing company in Utrecht. The book is
based on study of literature, small-scale experiments and measurements in
combination with expertise and experience acquired as a result of training
courses given to GMD wheelchair advisors during many years. It has been
realised in cooperation with F.A.C. van Haaster and A.G. Tournier.

Chapters 1 and 2 create the context in wich the concept of comfort can be
understood and the framework in wich the cushion, withregard to its role in
the sitting posure, can be properly isolated as an object of study.

The primary practical objective of the survey into the quality of wheelchair
cushions was to provide useful product information to advisors in the field so
that the most appropriate choices can be made and cushions can be deployed in
the best possible fashion. Inherent to this is that a good understanding of
pressure-distribution, one of a cushion’s most important features, has to be
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developed and presented. This was a secundary objective of the study. This
latter objective can be achieved by providing answers to a number of
questions: What is the effect of the different cushion properties and different
cushion systems on the pressure distribution? How can a cushion be optimized
for a specific individual and what is the interplay of parameters?

At the same time answers to these questions produce design criteria for the
development of cushions both for the individual wheelchair user as well as for
defined user groups.

The survey must take place under laboratory conditions and the tests must be
repeatable. Assessment criteria for the different selected properties of cushions
should be developed in relation to defined user groups, the third objective of
this survey.

12  Sitting posture, Comfort and Pressure



1.0

Sitting

Uniil quite recently sitting was deemed a social prerogative enjoyed by a
privileged few. The entitlement to take up a seated position provided evidence
of a person’s standing. The act of sitting is associated with status and power,
borne out by such terms as the throne, to sit in judgement, and a professor’s
chair. The design of furniture was often intended to reflect the status of its
user. This is still the case today. Unfortunately the functionality of such
furniture is occasionally still in inverse proportion to its status. The annual
Queen’s Speech to parliament provides visible proof of such physical
discomfort.

The sitting position at work has a short history. By only a gradual process did
the top echelons of industry and commerce permit their subordinates to carry
out work in a seated position. Long after office clerks had been permitted to
trade in their reading standards for office chairs at desks, seating on the
workfloor remained an unheard-of luxury. This process of change continues
today. We can still observe traditional expressions of status in the design and
use of present-day furniture. Nowadays important facets of sitting include
upholstery fabrics and the ability to vary posture. Recumbent and relaxed
sitting postures still appear to be the privilege of the few rather than of the
many.

Interest in sitting postures at work developed when pressure for more efficient
working methods began to take precedence over the social aspects of sitting.
At the same time much physical work has been substituted by mental exertion,
initially as a result of industrialisation and more recently with automation, i.e.
work at visual display units (VDUs).

In order to perform a task efficiently, also during mental work, an optimum
working posture is required which should take into account long-term health
risks. Literature with regard to sitting therefore tends to concentrate on this
aspect and is dominated by studies concerned with sitting postures in relation
to productivity: office chairs, standing aids on the workfloor, and seats in fork-
lift trucks and heavy-goods vehicles. In short, these are work situations in
which prolonged periods of sitting are demanded, often in the same position
This is also the case for school furniture. The studies themselves do not
discuss generally comfort in the everyday sense of the word, i.e. comfort as
’adding that little bit extra in order to make living and working more
agreeable’ - the maximum option. Without wishing to question the objectives
of such studies they all tend to define comfort as the minimisation of
discomfort both in the long and short term’, i.e. the minimum option.

13



1.1

The first chapter of this book presents an introduction to the most important
factors affecting sitting and comfort. The aim of this chapter is to try and
understand the perception of comfort and define it in quantifiable terms. This
’generalised know-how’ will be developed further in the next chapter with
specific reference to wheelchair sitting. Aspects of sitting behaviour and
perception of comfort which have been analyzed in this framework will be
discussed in greater depth and expounded upon for this special situation. The
specific role played by supporting elements in the perception of comfort will
be singled out in later chapters for more detailed examination.

Sitting posture

Sitting is characterised by a sitting posture. There are all sorts of sitting
postures ranging from squatting positions to those where the individual is
almost standing. Posture holds a central place in the study of posture. Sitting
disorders are usually the result of an incorrect sitting posture, and can often be
rectified by following sound advice on how to adopt a correct sitting posture.
In order to analyze sitting properly the term ’sitting posture’ first needs to be
defined. A sitting posture usually results from a ’supporting element’ (i.e. a
chair) which ’affords’ the user a sitting posture. The position of the supporting
planes in space often provides an approximate representation of this sitting
posture. However it is known that a wide range of sitting postures can be
assumed in a chair, e.g. an upright posture which follows the contours of the
supporting planes; a symmetrical leaning back posture; an asymmetrical,
skewed leaning back posture, etc. In any given auditorium one would be hard
pressed to find any two people with the same sitting posture and one would
find after a while that each person had adopted a different posture. For this
reason it is important to arrive at a precise definition of ’sitting posture’.

Sitting posture can best be defined from a bio-mechanical and physiological
standpoint, since these disciplines utilise a nomenclature for interpreting
specific postures in relation to activities and for analyzing disorders relevant to
posture.

Since the human frame is, simply stated, a complex interplay of bones and
muscles we first need a degree of schematisation in order to arrive at a clear
definition of sitting posture.

The model of the body which we have adopted for this purpose consists of a
chain of motile bodily segments, interlinked, but each possessing a rigid
structure. Each segment has its own dimensions and mass.

We can see in figure 1-1 how the model is derived from an x-ray picture
(Diffrient e.a.1974): the model consists of a side view only (the sagittal plane):
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- the ankle knee and hip joints are represented as simple hinges;

- the pelvis and upper trunk are regarded as separate elements.

- the upper trunk shows a pivot point in the axillary region. This enables us to
simulate a kyphosis, an enlarged backward curvature of the thoracic section of
the spine; this schematisation is also used in the so-called Kieler Puppe.

- the lumbar and thoracic parts of the spine are connected by a single pivot
point; this drastic simplification of reality facilitates a better bio-mechanical
analysis;

- the head is linked to the cervical part of the spine by a single pivot point;

- the mass of the bodily segments is deemed to be concentrated in separate
centres of mass.

Figure 1-1: Derivation of the bio-mechanical model developed.

In the model it can be seen that there are no muscles included around the
joints. This does not mean the assumption has been made that no muscle power
is present. The moments, which operate on the pivot points in order to achieve
a balance, represent the loads acting on rmuscles, tendons and ligaments around
the joint. The reaction forces in the pivot points form the loads on joints.

If, in a certain posture, balance is achieved without the need for moments to
operate on the pivot points, this means that the posture, in theory, can be
maintained without any muscular exertion. The model can simply be described
as a collection of volumes, each with its own mass and centre of mass, linked
together by joints. Figure 1-2 indicates the principal dimensions and masses of
the segment components of the bio-mechanical model which has been
developed. The data have been borrowed from Damon, Stoudt and McFarland
(1971) and a later refinement by van Buchem (1973). The purpose of the
model is to enable an analysis of the principles in the bio-mechanical aspects of
sitting posture. Seen in this light, an exact determination of the location of the
centre of mass of a given segment is less significant than the notion that there

Chapter 1 : Sitting 15



is a centre of mass and that, according to the model, an acceleration of
gravitational forces begins to take effect ar that point. This is also true for the
schematised position of the different pivot points.

The model can be used to adequately define a sitting posture, to gain an
understanding of the size and direction of the internal and external loads, to
optimise sitting posture and to examine the degree of influence that reduction
or loss of muscle function has in the ability to maintain a posture.

height  1.78 m
weight 79 kg

distance between pivots (cm)
mass of component parts (kg)

centre of mass (cm)
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Figure 1-2 : Principle dimensions and masses of segment components of the
bio-mechanical model of the human body in cm. and kg.

A sitting posture is defined by the mutual position of the bio-mechanically and
physiologically important parts of the body in relation to each other and the
general position in space.
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In order to establish a link with the sitting posture which is ’afforded’ by the
chair and to carry out the work pragmatically, the planes of contact along the
bodily segments are adopted as reference planes and to this purpose the angles
of the different bodily segments are defined in relation to each other. The
position of the thighs is defined in relation to the horizontal plane thereby
enabling the position in space of the different bodily segments to be calculated.
The classification and definitions used in this study are a refinement of those
used by the GMD for wheelchair evaluation since 1978 (Staarink 1978). The
basic sitting posture can therefore be defined by the angles ¢, o, 3, v and 6 .
Unfortunatally, there is no general agreement to be found in literature on these
definitions.

In figure 1-3 the angles defined are illustrated.

Figure 1-3 : Classification of the nine angles which determine the sitting
posture in the sagittal plane.

Angle ¢ represents the position of the plane of contact on the underside of the
thighs in relation to the horizontal. An angle above the horizontal plane is
given a positive value. Since all the other angles are defined in relation to each
other, angle ¢ determines the actual position of the body in space.

Angle o represents the position of the plane of contact on the back of the upper
torso segment in relation to the plane of contact on the underside of the thighs.
This definition implies that the position of the upper torso segment in space is
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