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CHAPTER 1

INTRODUCTION

Chairs and related types of seating devices are
among the most common and important fixtures found in
soclety. They are found in wvirtually every work
environment. These range from the strictly utilitarian
flat~topped work bench to the plushly padded executive
swivel chair. Astronauts, bulldozer operators,
secretaries and school children all utilize «chairs of
some sort. Each has a different task to perform; thus
each chair must be designed with that specific task 1in
mind. For school-aged <children, a properly designed
chair is as integral to education as any school supply.
A car seat obviously is designed with a different set

of ecritera than an office chair.

It has been estimated that three-fourths of all
work in industrial countries are considered sedentary
The advantages of a seated work position over a

standing one are obvious (Grandjean, 1982):



1. It takes the weight off the legs and reduces
the static work performed by the leg muscles.

2. It requires less energy to maintain a sitting
position.

3. It provides stability and thus allows the
operator to have better control over the task bteing
performed.

In addition to being in a seated position for most
of the work day, the modern worker spends much of
his/her non-working time in a seated position,
Consider the typical day of a worker in a western
society. Fe/she sits at breakfast, lunch and dinner;
on the way to and from work via car, bus or train; and
at home in the evening while watching television or
reading. Many leisure activities are also performed
while sitting: watching movies, plays, or concerts;

attending sports events, etc.

Pue to their ubiquity, proper chair design 1is
essential. Poor chair design may binder productivity;
lead to discomfort and dissatisfaction; and aggravate
existing medical conditions such as btack ©pains.
(Tichauer, 1978; Branteon, 1969). Poorly designed
seating devices promote poor sitting postures. Like
many bad habits, poor sitting habits are acquired

during childhood and carry over 1into adulthood,



becoming more deeply ingrained with time (Floyd and
Ward, 1976). According to McKénzie (1981), ©poor
sitting posture is one of the three major predisposing
factors 1In the etiology of 1low back pain. A poor
gitting posture may be the primary cause of 1low back

paln, or may exacerbate existing back pain.

Assessment of chalr design can be performed in
many ways. Shackel, Chidsey and Shipley (1976) have
classified the assessment or measurement methods of

seating research into four categories:

1. Anatomical and physiological
factors--body size, shape and structure,
related orthopaedic aspects and effects of
ptolonged ©pressure and other restrictions on
physiological functions, all leading to
comparisons and recommendations in terms of
physical dimensions of the chairs.

2. Observations of body position and
movement--closely related to the first area,
but essentially different 1in that such
aspects as the number, frequency and other
characteristics of movements and changes of
posture are the prime variables studied and
often recorded, usually during "natural” and
fairly lengthy sitting trials.

3. Observation of task performance--real or
specially devised or controlled, work tasks
are measured appropriately.

4. Subjective methods--under standardized



conditions the assessment and judgements are
obtained by a controlled procedure.
None of these methods are considered superior to the
others; all have their unique strengths. Therefore,
the recommended approach would be to utilize a

combination of assessment techniques.

This study will focus primarily on techniques from
Category 1. There are a number of physiological
measures which have been wused in seating research.
Some common ones are electromyographic recordings of
the major trunk support muscles, which directly
measures the physiological response of the 1lumbar
region; and pressure measurements under the buttocks
and thighs which indirectly assesses the physiological
effects of various seating configurations. This study
should be considered as one of the first steps in the
extensive iterative process of designing, testing and

evaluating chair designs.



CHAPTER 2

LITERATURE REVIEW: NORMAL SEATING

2.1 Seating Guidelines

Despite the multitude of uses for chairs, there
are some common seating guidelines:

1. Avoild compression of thighs, which may
restrict the blood flow to the lower extremities and
pinch nerves, causing pain and numbness (Tichauer,

1978).

2. Avold flattening the lumbar spine by providing
a back rest for lumbar support.

3. Distribute weight equally on the weight

bearing tony prominences 1in the Dbuttocks (ischial
tuberosities).

4. Allow adjustments to be made in the dimensions
of the chair such as height and angle of inclination so
as to accomodate different sizes of users.

Chairs should provide adequate support for the  user,
allow efficient performance of the desired task;

permit changes in posture and be "comfortable” to the

user (Andersson and Ortegren, 1974a; Branton, 1969).



Assessment of user comfort 1is difficult since
there 1is no universally accepted definition of comfort
(Lueder, 1983; Branton, 1976). Neither 1is there
agreement on a reliable and precise technique of
measuring chair comfort (Shackel, Chidsey and Shipley,
1976). Furthermore, comfort as 1is commonly considered
may not be measurable (Branton, 1976); discomfort may
be more readily measurable than comfort (Lueder, 1983).
Subjective questionaires often require the user to
evaluate chair comfort along a continuum. However,
this technique presupposes that this information 1is
relevant to specific design features and seat

characteristics.

2.2 Fffects of Seats on Sitting Posture

In the normal erect standing position, the
vertebral column 1s curved when viewed in the lateral
plane. The combipnation of curves are known as the
cervical lordosis, thoracic kyphosis and lumbar
lordosis. See Figure 1. Rotation of the pelvic girdle
affects the shape of the lumtar spine. In order to

maintain trunk balance during forward rotation of the
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pelvis, an increase in the degree of lumbar lordosis 1is
required. Backward rotation causes the lumbar spine to
flatten and eliminates lordosis. This occurs in normal
unsupported sitting, with knees and hips flexed

(Chaffin and Andersson, 1984).

A good sitting posture 1s defined as one which
preserves the spinal column in the normal curves seen
in the erect standing position. This is known as the
lordotic wupright sitting posture. In this position,
the pelvis is rotated forward, the lordotic curve of
the lower lumbar spine is preserved and the center of

gravity of the torso 1s in front of the 1ischial

tuberosities. The posterior facets of the vertebrae
are "locked"” to stabilize the spinal column. See
Figure 2.

A poor sitting posture is one in which the spine
is fully flexed (McKenzie, 1981). This position places
the posterior ligaments and other trunk support
structures under the full load of the body weight.
McKenzie (19281) describes the effects of a relaxed

position:



When a relaxed position is assumed for more
than a few wminutes, the muscular control
required to hold the individual 1in that
particular position diminishes, the bhody sags
and the support is derived from the
ligaments. Essentially, the muscles relax
slowly in order to relieve themselves of the
burden of opposing gravity or any other
forces at work. In the fully relaxed
postion, muscular activity stops and the
stresses are transferred to the ligaments.
The inherent elastic property of the
ligaments 1s sufficient to support most
positions with almost nil activity from the
surrounding musculature., The ligaments are
bearing nearly the entire load, which in the
low back consists of the weight of the body
above the level concerned.

The pelvis 1s rotated backwards, the lordotic curve of
the lumbar spine 1is eliminated, and the center of
gravity of the torse is above or behind the ischial

tuberosities (Zachrow, 1984). This position is called

the posterior or kyphotic sitting posture. See Figure

3.

The intervertebral discs form the articulations
between the vertebrae. Each intervertebral disc
consists of two parts: the semi-gelatinous nucleus

pulposus 1in the center and the surrounding annulus
fibrosus composed of concentric layers of collagen
fibers. The Thydrostatic propeftigs of the disc allow

it to absorb vertical shock by distributing the load
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Figure 2. Kﬁfphotic Posterior Figure 3. Lordotic Pdsteridr
Sitting Posture (Zachrow, 1384) Sit_ting Posture (Zachrow, 1984)
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radially in the horizontal plane to the innner annular
wall. Increasing the intradiscal pressure increases
the stress placed on the annulus, especially the
posterior annulus. Sustained pressure may irrevocably
damage the annulus as the weakened collagen and fibers
begin to give way under the force of the nuclear
material, to the extent that the nuclear material may
be extruded from the disc. This seriously compromises
the hydrostatic properties of the disc and impairs the
flexibility of the spine. 1In the slouched or relaxed
sitting position, with the spine fully flexed, the
nuclei of the intervertebral discs are forced
posteriorly, the intradiscal pressure increases,
resulting in higher stresses on the posterior wall of

the annulus.

Thus, flattening of the lumbar spine causes
deformation of the 1lumbar discs and i1increases the
intradiscal pressure. Andersson, et. al.,
(1974a,b,c,d,e,f), 1n a series of studies, measured the
intradiscal pressure of the third lumbar disc of
subjects during erect standing, and while seated inmn
different chairs with differing backrest

configurations. Disc pressure is greater when sitting
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than when standing, with disc pressure lowest in a
recumbent position. Among unsupported sitting
positions, the lowest pressure 1s {in the erect or

straight sitting position. See Figure 4.

It is wunlikely that there 1is a single 1ideal

posture for all people in all situations. Also, since
no body posture can be maintained indefinitely, it is
vital that the chair design permits changes in posture.
The posture of the user can be affected by several
factors--the design of the chair, individual sitting

habits and the task to be performed. Chaffin and

Andersson (1984) state:

The height and inclination of the seat of the
chair, combined with the position, shape and
inclination of the back rest and the presence
of other types of support, combine to
influence the resulting posture. Obviously,
it 1is important to provide not only a "good"
chair, but a chair that is functionally
adapted to the task of the occupant.

2.3 Seat Evaluation Methods

How is 1t possible to evaluate the "goodness” of a
particular chair design? As previously stated, factors

such as the user”s characteristics, sitting habits,
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preferences and the task which 1is being performed
should be given consideration in the final evaluation.
These factors are difficult to analyze in a

quantitative fashion.

2.3.1 Measuring Intradiscal Pressure

One factor which is easily quantified 1is intradiscal
pressure which can be wused as one indication of the
goodness of a chair design. Based on the physioclogical
evidence that lncreased intradiscal pressure 1is
deleterious to the state of the disc, Andersson, et.
al., (l1974c,d,e,f) performed a series of experiments
measuring intradiscal pressure under a variety of
seating <conditions. Intradiscal pressure was measured
as the subjects sat in an experimental chair, office
chair, wheelchair and car driver“s ©seat. This
technique of measuring disc pressure 1is invasive, since
it requires that a needle transducer be inserted into a
lumbar disc. As such, this technique may be
objectionable to some subjects, and also requires the
asslstance of trained medical personnel. Many
researchers question the validity of this measure since

insertion of the needle tranducer into the disc may

affect the disc pressure.
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2.3.2 Measuring Myoelectric Activity

The amount of muscular effort needed to sustain a
sitting posture may be another factor useful in the
analysis of chair designs. This can be done by the use
of electromyography techniques. Electromyography is
the study of the combined electrical potentials
generated when muscle fibers fire. It can be used to
reveal the function or dysfunction of muscles, the
recruitment pattern of motor units and the effects of
fatigue, drugs, disease or mneurological impairments.
It 1s widely wused by those whose work deals with

muscles and movements.

Pepolarization of the motor endplate causes
depolarization of muscle fibers, resulting in =a
contraction. Carlo DelLuca states, in Basmajeno );7567,
"The electromyographic signal is the electrical
manifestation of t he neuromuscular activation

assoclated with contracting mwmuscle . The electrical
activity is measured by recording electrodes, which
convert ionic biocelectric current to electron current

(Soderberg and Cook, 1984)., As the magnitude of the

depolarization wave changes, the signal picked up by
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the electrode likewise changes. Thus electromyography
can provide unique insight into what a muscle actually

does at any one moment.

Electromyographical (EMG) recordings are easily
obtainable wusing either intramuscular electrodes or
surface electrodes. Intramuscular electrodes, such as
needle electrodes or fine-wire electrodes, provide an
isolated pick up of an 1individual muscle, and are
egspecially desireable in the study of deep muscles.
However, the need to insert the electrode via a
hypodermic needle may make this procedure unacceptable
to many subjects. Also, the small area which is
sampled may not be representative of the activity of
the whole muscle group (Soderberg and Cook, 1984), thus
the placement- of the electrode is critical. Surface
electrodes provide a non—-invasive method of recording
the FMG signal frowm superficial muscles. The pick up
from these electrodes is global rather than localized,
providing information about the gross activity of the
underlying muscles, which 1is the wmajor drawback to
their  wuse. Also, the overlying muscles ©present a
problem in that they can interfere with the pick up of

the desired  muscles. Their chief advantage is their
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convenience; they are easily applied in a standardized
manner with no discomfort to the subject; Care must be
taken in the placement and orientation of the
electrodes. Also the skin must be prepared so as to

reduce the electrical resistance to a tolerable range.

2.3.3 Measuring Pressure Distribution

Another second factor which is easily quantified
and non-invasive 1is the measurement of the pressure
distribution under the weight-bearing areas of the
body. Support for the seated individual is provided
primarily in the buttocks region and thighs. The
ischial tuberosities or "sitting bones"” which are bony
protruberances in the buttocks regions, are the major
weight bearing structures. Because of this, the
tissues directly overlying the ischial tuberosities are
subjected to extremely high pressures. High pressure
regions are associated with discomfort and pain.
Ideally, areas of high pressure should be minimized,
with the pressure distributed as uniformly as possible

over the entire sitting region.

Rebiffe (1969) provided recommendations for the
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desired weight distribution of a person operating a
motor vehicle. See Figure 5. Each line represents an
equal pressure contour; these range from the maximum
of 12.8 psi under the ischial tuberosities, to 1.4 psi

at the outer extremity.

Many attempts have been made to quantify the
sitting pressures. Swearingen (1962) measured sitting
pressures by using absorbent paper placed ontop of
inked corduroy cloth. Male subjects, wearing shorts,
were seated upon the paper, creating an 1inked print.
The density of the ink transfer was calibrated using a
photometer. This procedure did not allow recording of
pressures in excess of 10 psi dvue to the merging of the
inked lines above that ©pressure. On the average,
approximately .half of the body weight was found to be
concentrated on 8% of the sitting area, usually
underneath or close to the tuberosities. The posture
of the subjects during testing was not specified.
Also, it was not specified as to how subjects were
seated to prevent pressure artifacts before ’the final
position was obtained. This method, crude as it is,
presents one of the first attempts to measure the

distribution of pressures under the thighs and buttocks
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Figure 5. Recommended Seating Pressure
Distribution. The upper value for each
equal-pressure contour is g/cm® and the
lower value is 1b/in”. (Rebiffe, 1969).
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during sitting.

Other attempts to measure sitting pressures
utilized pressure measuring devices placed under the
ischial tuberosities. Bush (1969) used a single
pressure transducer taped over the 1ischii and also
under the thighs, just behind the seat edge. The
accuracy of the complete system was estimated at +/- 10
psi. In this way, he was able to record the pressure
with varying degrees of support for the feet and lower
legs., His findings indicated that the highest 1ischial
pressures occurred with feet supported, with pressures
ranging up to 30 psi. His recommendation was to avoid
feet support; however, the sitting position,
specifically the degree of lumbar lordosis was not
fully described. This, in combination with the test
conditions, would seriously affect the data, and hence,

interpretation of the results Zachrow (1984).

Bolley, et. al., (1979) employed a2 small matrix
of 10 pressure transducer cells taped over the ischial
area. The error of the system was estimated at +/- 3
mm Hg. The subject was seated in the chair and a

pressure reading taken. This experiment was wused to
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assess the interface pressure for 6 different cushions
commonly used for pressure relief for wheelchair users.
Peterson and Adkins (1982) have reported the use of
ischial pressures to ‘“customize” wheelchair seat
cushions. Fisher and Patterson (1983) also used
transducers place beneath the ischial tuberosities for
long term pressure recordings in spinal cord injured

patients.

The sources of error associated with the wuse of
pressure transducers are many-fold. The process of
attaching the transducer to the sitting region 1is a
potential source of error. If the transducer 1is
affixed by adhesive tape, a pressure artifact may be
created from the tension of the tape across the
transducer. flacement of the transducer over the
ischii is usually determined by palpatation of the skin
while the subject is in a side-lying position; the
subject 1is then woved to an uvpright sitting position.
This shift may result in the transducer shifting
offside of the ischii. Transducer thickness is another
factor which was not addressed by any of the
researchers, and the possibility of a pressure artifact

due to the thickness of the transducer needs to be



22

accounted for.

Patterson and Fisher (1979) dinvestigated the
accuracy of electrical transducers under various
conditions. Their results showed that fairly accurate
measurements are obtained wusing a rubber surface for
loading, but when cloth was 1interposed between the
rubber and transducer surfaces, large errors were seen.
This indicates that clothing may interfere with
pressure measurements. In addition, Patterson and
Fisher found that an increase in variability occurred
as the traﬁsducers were placed over firmer under-
surfaces. The researchers cautioned that great care
must be taken with positioning these transducers to

avoid uneven loading.

An important factor in the use of transducers for
measuring pressure on the sitting region 1is the
correlation of the measured pressures with the actual
pressures. Reddy, Palmieri and Cochran (1984) tested
two types of transducers which are often used for
clincial measurements of pressure; semiconductor
transducers and pneumatic transducers. It was found

that the pressure recorded by all the transducers was
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considerably higher than the applied pressure when
tested on different surface types (gel-gel, gel-foam,
gel-hard surface). The accuracy of the transducers
seemed to be dependent on the type of interfacing
material. One important factor affecting transducer
performance was the enveloping property of the
interfacing material (i.e. 1ts "wrap—around"” ability).
The researchers also evaluated the accuracy of a
pneumatic transducer placed beneath the thighs of human
subjects as they were seated on cushions of varying
thicknesses. The 1results 1indicated that pressure
measurements via pneumatic or semiconductor transducers
may be erroneous duve to structural incompatibility
between the interfacing materials; the load may be
unbalanced, creating localized areas of high pressure.
Fowever, preséure measurements from patients seated on
cushions was fairly accurate, since human flesh

distributed the load evenly over the transducers.

Instead of measuring ischial pressures alone, some
researchers have utilized a matrix of ©pressure
sensitive devices under the entire sitting region.
Prummond et. al., (1982) developed a micro~computer

based pressure scanner, composed of 64 strain-gauge
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resistive transducers imbedded in an alumimum sheet to

create a contour map of the seated pressure
distributions. The transducers, arranged in an 8 x 8
matrix, were separated from each other by 3.8 cm. Due

to the discrete nature of the data derived from the
transducers, and the distance separating the
transducers, the raw data obtained from the scanner was
interpolated for 3 intermediate pressures between each
transducer. This 4interpolation smoothed out the data
and allowed contour plots ¢to be constructed. The
results for normal subjects showed the breakdown of

pressure distributions as follows:

187 per ischial tuberosity

21% over each thigh

5% over the sacrum

remaining body weight was distributed
evenly throughout the sitting region.

Garber, Krouskop and Carter (1978) devised a
pressure evaluation pad (PEP) for monitoring and
quantifying the pressure distribution of an individual
seated on a cushion in a wheelchair. The sensing pad
consisted of a 12 x 12 matrix of pneumatically
controlled contact switches, each wired to a light on a

readout display. Each of the 144 lights on the readout
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display represented a localized point of tissue
pressure loading. The pad was used for comparison of
the relative efficacy of various wheelchair
pressure-relieving cushions. The pressure evaluation
pad was placed Dbetween the subject and the cushion
being evaluated. Air was pumped into the pad until all
lights on the display were extinguished. The air was
then slowly released until the first lights were turned
on, at which point a pressure reading was taken. These
initial lighted areas represented the maximum pressure.
The remaining air was released in 20 mm Hg decrements,
with pressure readings taken at each level. The
accuracy of the pad for clinical use was estimated at
95%. The PEP has also Dbeen used to evaluated the
effect of wheelchair cushions (Seymour and Lacefield,

1985); the effect of wheelchair cushion modification

on pressure (Garber and Krouskop, 1984) and the
relationship between body build and pressure
distribution in wheelchair patients (Garber and

Krouskop, 1982).

The methods which wutilize matrices of pressure
transducers provide discrete information of the

pressure distributions. A single wvalue 1s obtained
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from each transducer which is the average pressure over
the surface of the transducer. Furthermore,
interpolation is necessary to estimate pressure
intensities between transducers. As mentioned earlier,
transducer thickness 1s a factor which should be
considered in evaluating the accuracy of the ©pressure
measuring system. The thickness of the transducer may
create artificially high pressure loading on the tissue
or 1interfere with accurate measurements in other ways.
Previously «c¢ited research by Patterson and Fisher
(1979) and Reddy, Palmieri and Cochran (1984) indicate
other problems associated with the wuse of pressure

transducers for measuring the loading on human flesh.

A "wheelchair barograph” used by Mayo-Smith and
Cochran (1981) provided a portable, adjustable device
to identify high pressure regions clinically by means
of 1ight patterns and permitted continuous measurement
of pressure. This ©barograph was installed in a
wheelchair. The modified wheelchair wutilized the
optical principle of total internal reflection. High

pressure regions appeared 1light and low pressure
regions dark, with a gradient Dbetween the two. The

high pressure regions were qualitatively 1dentified
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with a wax pencil on the plexiglass grid beneath the
seat, but the light intensities were mnot calibrated to
standard units of pressure. The wheelchair barograph
did not provide quantitative data on iInterface
pressures; light intensities were mnot calibrated to
known pressures. It had limited clinical application,
only providing information regarding the distances
between the 1schial tubterosities, which allowed for
rapid, accurate location of potential trouble spots on

the seating surface.

A similar device, <called a "pedobarograph” was
developed by Minns and Sutton (1982) which utilized the
same optical principles as the barograph by Mayo-Smith
and Cochran described above. A videocamera recorded
the pattern of light intensities, and by means of a
gray scale to color converter, the researchers were
able to quantify the light intensities to known
pressure levels. The pattern of pressure distributions
was not stored in a format which «c¢could be analyzed
statistically. A Polaroid camera was wused to make
permanent copies of the pressure distribution displayed
on the color monitor. This device was wused to

investigate the maximum pressures and pressure contours
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for both normal and paraplegic patients with pressure
sores. The results showed maximal ischial pressures of
120 mm Fg for normal subjects, and up to 300 mm Hg near
the pressure sores for paraplegics. Asymmetry of
pressure distribution iIin some paraplegics was clearly

seen using this device.

Most chairs and seating devices provide a backrest
(those without ©backrests are known as stools and
benches). The majority of the researchers cited above
did not include the effects of a backrest on the
pressure distribution. Bowever, Zachrow (1984)

recommended backrest dinclinations of 15 degrees "to
reduce lumbar disc pressure, to decrease myoelectric
activity in the wmiddle and lower back and Thelp
stabilize the trunk." Swearingen (1962) indicated that
backrests function for stabilization rather tham for
welght bearing. He found that a 15 degree backrest
inclination provided support for only 47Z of the body
welght. Significant increases in weight bearing of the
back-rest did not occur until an Inclination of 30
degrees had been reached. Andersson, et. al., (l1974a)

found that increasing the backrest inclination from 90

to 120 degrees decreased the myoelectric activity 1in
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the back muscles. Since backrests are important for
comfort and are normally found with most chairs, 1t 1is
important to consider the backrest inclination in the

study of the pressure distribution.

The above literature presents various methods for
measuring the pressure distribution under the weight
bearing regions of the body; all of these methods had
serious limitations. They did not provide continuous
measurements of pressure; were not calibrated in terms
of pounds per square inch or millimeters of mercury ;
or the results were could not be statistically
analysis. This research presents a technique for
measuring pressure which 1is quantifiable and 1lends
itself to statistical analysis. The custom-built
experimental éhair is based on the same optical
principles of total internal reflection as the
barograph by Mayo-Smith and Cochran (198l1) and the
pedobarograph by Minns and Sutton (1982). It 1is
coupled with a computer system which allows the data to
be permanently stored and analyzed. The experimental
objective was to research the effect of seat pan and
backrest inclinations on the distribution of pressure

and myoelectric activity of the trunk support muscles.



CHAPTER 3

LITERATURE REVIEW: HANDICAPPED SEATING

The issue of pressure distributions in the sitting
region 1is of particular concern to chronic wheelchair
users., These individuals, due to the nature of their
disability, remain in static seating postures for long
periods of time. As such, they are at risk for the
formation of decubitus wulcers or pressure sores.
Pressure sores are characterized by an open wound with
tissue necrosis or gangrene developing as a result of
ischemia. These usually occur over welight bearing bony
prominences with low soft tissue coverage. 1In the bed-
lying patient, it is the tissue overlying the scapula,
spinous processes, trochanters, sacrum, knees and heels
which are at risk; in the seated patient, 1t 1is the
areas over the 1ischial tuberosities and sacrum that
pressure sores are most likely to develop (Houle, 1969;

Peterson, 1976).

30
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3.1 Costs of Pressure Sores

Houle (1969) reports that decubitus ulcers are a
major problem for paraplegic patients, and if not cured
may lead to sepsis, osteomyelitis, mutilating
amputations and even death. He speculates that the
cost of each ischemic ulcer 1s approximately $5,000;
insurance companies estimate that one-fourth of the
total medical expenses for spinmal cord injured patients
will be allocated for treatment of ischemic ulcers. It
has been calculated thgt as much as one—-third of a
nurse’s time may be spent treating pressure sores
(McPougall, 1976). Krouskop (1983), stating that
pressure sores are "one of the foremost obstacles in
rehabilitation”, estimated the «cost per decubitus
ulcers to be $5,000-$20,000. He reports statistics
from the Veterans Administration: 50% of all
quadriplegics and 307 of paraplegics will require
hospitalization sometime during their 1lifetime for
pressure related problems. Approximately one-fourth of
these will die as a direct consequence of pressure
sores. Krouskop <cites research which estimates the

total medical costs associated with curing pressure
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sores and the loss of ©patient productivity duvue to
pressure sores to be greater than 2 billion dollars per
yvear in the United States. Furthermore, the patients
may experience increased deterioration in his/her
overall state of health due to the imposed iInactivity
during the healing process. Pressure sores may persist

for years if not treated properly (Isherwood, 1976).

3.2 Etiology of Pressure Sores

An unobstructed tlood supply 1s necessary for
healthy celluar metabolism. The blood supplies trophic
substances and eliminates metabolic byproducts.
Application of external pressure occludes the capillary
blood flow, resulting in tissue anoxia. Lack of oxygen
is one factor that wultimately lead to ulceration.
(Reddy, Cochran and Krouskop, 1981). In addition,
external pressure impairs the lymphatic system, leading
to an accumulation of anaerobic waste products which
exacerbate the effects of tissue damage due to anoxia.

(Krouskop, 1983).

Analysis of the forces involved in the recumbent
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or seated ©person reveal two types of forces which can
lead to pressure sore formation: compressive and shear
forces. Compressive forces are perpendicular to the
skin, and compress the tissues between the supporting
surface and the bony prominence. Shear forces act
parallel to the skin and by twisting or stretching the
blood vessels, they occlude the supply of nutrients to
the underlying tissues, causing necrosis (Holley, et.
al., 1979). Patients sitting in a slumped position in
wheelchairs experience shear forces at the sacrum as
the body weight slides the sacrum and related muscles
over the skin, which is beld in place by friectional

forces of the cushion covering.

Brand (1976) 1l1lists three etiological factors
involved 1in préssure sores: 1) pressure ischemia--"low
pressure sustalned continuously for several Thours”
which obstructs the blood supply, causing local anemia;
2) mechanical stress—--"direct mechanical disruption of
tissues from a single exposure to a high level of

pressure or cshear"; 3) "tissue necrosis from

repetitive moderate mechanical stress.”

Daniel, et. al., (1981) investigated these
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primary etiological factors and concluded that the
primary factor in the production of pressure sores 1is
"pressure—-induced ischemia”. The researchers utilized
the pig as the experimental animal, which is a
fixed-skin animal (as opposed to loose— skin animals
such as rabbits and dogs utilized by other
researchers), and whose soft-tissue coverage is similar
to man. Various levels of pressure were applied to the
greater femoral trochanter, from 30-100 mm Hg, for time
periods from 2-18 hours. Muscle damage was found to
occur with high pressure, 1low duration; and low
pressvre, medium duration. Muscle and deep dermis
damage occured with medium duration or low pressure,
long duration. Muscle and full-thickness damage
occured with lqng duration . The researchers concluded
that muscle is extremely sensitive to 1ischemia, but

skin is resistant to ischemia.

The interaction of time and pressure was initially
investigated by Kosiak in a landmard study in 1959. He
reported that pressure applied at 70 mm Hg for 2 hours
produced ©pathological changes in rats; pressure at 60
mm Hg for 1 hour produced microscopic pathological

changes 1in dogs. He concluded that ischemic ulcers
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occur at areas where external pressure exceeds
capillary pressure and is maintained continuously for
more than 60 minutes. The critical time may be less
than 60 minutes if the area is exposed to prolonged
repeated 1schemia (Houle, 1969). He =states that
"ischemia caused by pressure greater than capillary
pressure 1s the primary factor in the production of
these wulcers.” Various values of intracapillary blood
pressure have been cited by researchers: 12-32 mm Hg
(Landis, reported iIn Houle, 1969); 16~33 mm Hg
(McLennan, reported in Foule, 1969); and 10-30 mm Hg
(Krouskop, 1983). The value of 32 mm Hg {is commonly
used as the optimum value for pressure evaluation
purposes (Scales, 1976; Folley, et. al., 1979;

Fisher and Patterson, X872<.

Secondary factors which are often overlooked,
contribute in varying degrees to the etiology of
pPressure sores. Krouskop hypothesizes that collage
metabolism may be a critical factor in the formation of
pressure sores. This may explain how factors such as
increasing age and emotional stress which affect
collagen synthesis play a <role in pressure sore

formation. Krouskop (1983) states:
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When the person is under emotional stress,

the adrenal glands increase the production of

glucocorticoids and it has been demonstrated

that the formation of a stable «collagen

trihelix is inhibited under such conditions

and again an unstable state can be created

which makes the tissue more susceptible to

pressure formation.
Increasing age also change collagen synthesis. Another
factor 1s the lack of sensation: due to the lack of a
feeling of pain, the patient is unaware of the pressure
and the need to shift his/her welight. Likewise, the
use of sedative drugs or a comatose condition of the
patient, and the subsequent lack of movement which
would otherwise redistribute pressure and alleviate
areas of localized pressure. Moisture from
incontingency may macerate the skin, causing it to be
more susceptible to breakdown. Malnutrition and/or a

low percentage of body fat are conditions in which the

bones are more prominent.

3.3 Prevention of Pressure Sores

In normal healthy persons with full sensation, the

pain and discomfort of being in one position too long

will cause shifts in posture which alleviate ©pressure
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and effectively redistribute the pressure over the
buttock region. Patients with spinal cord injuries,
such as paraplegics and quadriplegices often lack
sensation and thus are deprived of thils built-in
warning system. During their rehabilitation, they are
taught to do push-offs in their wheelchairs
periodically to relieve pressure. The usual time scale
is one push-off lasting at least five seconds every ten
to 15 minutes of sitting time (Malamet, Dunn and Davis,
1975). However, training does not ensure compliance
and many wheelchair patients do not follow this regime.
Various types of cushions have been developed in order
to circumvent this problem. A cut-out cushion,
designed by Key, Manley and Wakefield (1977, 1978-79)
seems to be successful 1in treating these sores. A
cut-out 1s made under the ischii so that most of the
body weight 1is supported by the trochanter shelf and
the thighs, which can withstand greater pressure dve to
their large surface areas (Pressure is inversely
related to the total surface are in contact with the
supporting surface; i.e. the greater the total
surface area, the lower the pressure per given area.)
The cut-out of the cushion 1is custom fitted to the

individual by measuring the bi-ischial distance. The
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researchers reported an 897 success rate using this

modification.

However, research by Houle (1969) provides
evidence that cut-outs may not reduce ischial pressures
below that critical level. Using hand molded rubber
butterfly valves, be measured pressure under the ischii
and 10 other positions of the buttocks vregion. The
subjects were measured while seated on various types of
wheelchair seats: plywood board; standard wheelchair
sling seat; cutout 3" plastic foam; 1inflatable rubber
contour pad; synthetic visco-elastic pad on wheelchair
sling seat with plywood board and foam pad; mechanical
drop seat; and alternating pressure pad. The highest
average 1ischial pressure for the above conditions
ranged from 77 mm to 135 mm Hg. It can be seen that
the lowest pressure is more than double the recommended
32 mm Hg. None of these attempts at wheelchair
modification were successful in reducing the ischial
pressure to subcritical levels; thus the Tresearchers
concluded that wheelchair modifications alone are not a

sufficient preventive measure.

It should te mentioned that there 1is no way to
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calculate the local stresses from overall tissue loads.
Tissue is nonhomogenous--composed of layers of fat,
fascia, muscle and tone. Stresses are distributed
unevenly at these interfaces. Thus the measure
pressure over a particular region does not mean that
all of the tissue directly overlying the region

experience that measured pressure (BRrand, 1976).

Despite these attempts to evaluate seating
devices, there 1is no way to accurately measure the
applicability of the seating system for the patient a
priori, that 1is, prior to seating the patient. The
present method of seating wheelchair patients is
largely by trial and error; a poor fit is diagnosed
after the dgveIOpment of pressure sores (Wongsam,
1984). The problem of proper seating is compounded
when the patient exhibits skeletal deformities such as
scoliosis, hip dislocation and joint contractures, or
abormal reflex patterns which promote deformities.
Other patients have diminished physical and/or mental
capahilities which interfere with their ability to
perform prophylactic activities such as lift-offs or
weight shifts at regular intervals which provide

momentary relief or redistribution of sitting
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pressures. Naturally, most spinal cord injured
patients would 1likewise be wunable to perform such

movements.

3.4 New Approaches and Attitudes

There has been a growing awareness of the needs of
the handicapped population in this country in recent
years. Legislation at both the state and federal level
have been enacted which protect the rights of the
handicapped, encompassing education and training,
employment, health, welfare and other social services
(Nickerson, 1978). WNew facilities are constructed, and
existing ones modified, to provide greater
accessibility to the handicapped. The intent of these

efforts 1s to integrate, as mwmuch as possible, the

handicapped 1ndividual as a functional member of
society, and where feasibtle, promote independent
Yiving.

Partially as a result of these societal changes,
and partly due to advanced technology, the chronic

wheelchair users such as patients with spinal <cord



41

injuries, cerebral palsy and other forms of motor
impairment, are spending more hours in the wheelchair
to participate in daily activities (Krouskop, 1983).
Hence it becomes increasingly urgent to find a solution
to the management of pressure sores, a problem which

has existed for hundreds of years.

Special seating clinics have been developed 1in
rehabilitation facilities in order to provide
individualized seating prescriptions. But there still
is a mneed for an accurate way of evaluating or
measuring the applicability of seating systems for the
patient. This study examines one method of measuring
pressure and it is bhoped that the results may Dbe
applied towards seating concerns of the handicapped as

well as the non-handicapped population.



CHAPTER 4

MFTHODS

4.1 Subjects

Eight nonbandicapped and one handicapped males
participated as subjects In this experiment. The
nonhandicapped subjects ranged in age from 22-29 years,
with a mean of 27 years, and were in good physical
condition. Their relevant anthropometric data are
shown in Table 1. It should be noted that half of the
eight subjects were at or above the 95%7 percentile in
standing height (Chaffin and Andersson, 1984). Thus
the sample size 1s not representative of the gerneral

population, since it consists only of males, and has a
disproportionate percentage of tall subt jects. This may

limit the application of the results.

The handicapped subject, a male aged 30, had
cerebral palsy with a high degree of scoliosis and
pelvic obliquity. He had a recurring problem with a
pressure sore forming under the right ischial

42



1 26
2 24
3 29
4 23
5 29
6 29
7 29
8 22

TABLL 1.

Weight Height

(1p)

176

(cm)

187.8

172 9
1.1
178.7

124.5

Anthropometric Data

Skinfold Measurements

Arm

10.0

17.6

21.0

2.0

21.0

b
~1
o

~J
(=
o

Chest

Abdomen

3

L

43
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tuberosity, although there was no sore present at the

time of testing.

4.2 Fxperimental Design

The experiment utilized two seat angle conditions:
0 degrees (horizontal) and 10 degrees (inclined
posteriorly), and 4 backrest angle conditions: 90
(vertical), 100, 110, and 120 degrees for a total of 8
test conditions. The backrest conditions were
randomized within the seat conditions. The order of
testing was randomly determined for the seat condition
first, then the ©backrest condition. The order of
testing for the backrest condition was the same within
each seat «condition. Each subject was tested once in
each test condition. Dependent variables were the FMC
signal of the latissimus dorsus and erector spinus
muscles, recorded bilaterally, and the pressure
distribution on the weight—-tearing regions of the body

(thighs and buttocks region and tack region).
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4.3 Equipment

Prior to the ongset of testing, each subject was
measured for relevant anthropometric data using Lange
skinfold calipers from Cambridge Scientifiec Industries,
and an anthropometer. Nine miniature Beckman
silver-silver chloride surface electrodes were used for
the EMG data. The recessed cup was filled with
electrode gel to improve the electrical contact with
the skin surface. The electrodes were attached with
double faced <collars. Preampliers increased the
signal/noise ratio, then the signal was passed through
shielded cables to the high pass (80 Hz) and 1low pass
(1000 Hz) filters, and integrated over a 500 msec
interval. Each data channel was sampled at 50 Pz for 3
seconds. The TZY signal was visually displayed on an
oscilloscope to allow verification of the signal and
allow detection of artifacts such as poor electrode
contact or incorrect instrument settings. The data was
converted from an analog signal to a digital one using
an Issac 2000 Cyborg data acquisition system. It was
plotted on a graphics- terminal to permit visual

validation, then stored for future processing. See
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The pressure distribution of the buttocks and back
areas were recorded on an experimental chair which is
composed of a seat unit and a backrest unit linked
together within a frame. See Figure 7. The seat unit
was designed to allow anterior or posterior
inclinations up to 30 degrees, and covld be adjusted to
accomodate various sizes of subjects. The seat unit
also had adjustable footrests to provide support for
the feet. The backrest unit likewise could assume a
range of inclinations, from a vertically  upright
position at 90 degrees to a fully reclined position at
180 degrees. Both the seat wunit and backrest unit
could move independently of each other. See Figures 8

and 9.
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Figure 7. Experimental Chair
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PEDOBAROGRAPH FOIL

ACRYLIC

LIGHT UNIT
PLYWOOD FRAME

——— MIRROR

/L 24.0\/
ANGLE ADJUSTOR

Figure 8. Seat Unit. (Courtesy of Ralph Greco)
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Figure 2. . Backrest Unit. (Courtesy of Ralph Greco)

50



51

4,3,1 Total Intermal Reflection

In Figure 10 a light bear is shown falling on the
water surface-- the light beam is both reflected from
the surface and refracted (bent) as it enter the water.
The angles of inddence (Ol)’ of reflection (0:) and of
refraction (Oﬁ) are measured between the normal to the
surface and the appropriate ray. As the angle of
incidence is increased, the angle of reflection also
increases, and the refracted ray moves closer to the
surface until it lies along the surface. See Figure
11. For angles of incidence large than the critical
angle Oy, there is no refracted ray, and total internal
reflrectin occurs. Total internal reflection only
occurs when the light passes from a medium of thigher
refracter index to one of 1lower refractive 1index

(Halliday and Resnick, 1970).

The pressure measuring apparatus utilized this
principle of total internal reflection. The interface
pressure distributions were measured from the seat and
backrest surfaces, which were composed of 3/4" acrylic
plastic sheets with one edge optically polished. A 24

inch, 15 watt fluorescent 1ight was attached along that
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edge. The light which entered the acrylic sheet from
the 1lighted edge was totally reflected internally
between the top and bottom surfaces of the acrylic
since acrylic 1is more optically dense (i.e. has a
higher index of refraction) than air. PRecause none of
the 1light was refracted out of the acrylic, it appears

dark when viewed from the underside.
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Incident Ray
e o Reflected Ray
M

‘\\ /// Alir

!\\ Water
e, = angle of incidence N
o, = angle of reflection
e, = angle of refraction | ©q efracted Ray

Figure 10. Reflection and Refraction of a Light Ray
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Fluorescent
Light

9, = critical angle

Figure 11. Total Internal Reflection

Baromat

conical
projections

Fluorescent
Light

Air

Reflected Ray

Figure 12. Effect of No Pressure



The acrylic was overlaid with a pedobarograph
foil. The major requirement of a pedobarograph foil is
that it has projections which c¢can be deformed with
pressure and increase the areas in intimate contact
with the glass, resulting in an increase in the amount
of 1light scattered. These projections may be either
microscopic, as with  untextured polyvinyl «chloride
(PVC) sheets, or macroscopic as with foam sheets. The
deformation of the projections under pressure should be
elastic, and should show 1little or no hysteresis
(Smith, 1983). The pedobarograph foil wused in this
experiment was the Raromat (purchased from
Biomechanics, La Mesa, Calif.) The Raromat is molded in
24 dinch square sheets, using Dow Corming resin PC3110
room temperature vulcanizing silicon rubber. An
imbedded nylon mesh provides tear resistance.
Peformable conical projections are on one suvrface with
a density of 400 per square inch, 30/1000" hipgh, with
the total thickness of the Raromat being 60/1000", Tt
has been shown to have low hysteresid, good frequency
response and neglible creep (Smith, 1983). It is able
to record pressure up to 30 psi (Wirtd, 1985). The
points at which the foil come into contact with the

acrylic (at the apex of the conical projections) caused
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the light to be reflected out of the bottom of the
acrylic, and appeared as light areas on the underside.
See Figure 12. As pressure is applied on the foil, the
deformable projections were forced into more intimate
contact with the acrylic, increasing the total contact
area with the result that more light is refracted out
of the bottom of the acrylic. See Figure 13. When
viewed from the wunderside, these areas appeared as
brightly 1it spots, with intensity of light correlated
to 1intensity of ©pressure. This technique of vsing
critical light reflection to measure pressure
intensities has been wused in gait analysis (Retts,
Franks and DPuckworth, 198Ca, b, c, d; Franks, Betts
and Duckworth, 1983; Spiegel, et. al., 1985; Cahill,
1985). Mirrors positioned on the underside of the seat
and Dbackrest surfaces permited ease of viewing the

pattern of high and low intensity areas.
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4.4 Data Treatment

4.4.1 EMC Signal Processing

The EMG signal was boosted by the preamplifiers
attached <close to the subject: then. it was sent
through silver-shielded cables to the main amplifier.
Following amplification, the EMG signal was low pass
filtered (1 K Fz) and high pass filtered (80 Fz), then
rectified. The rectified signal was integrated over a
500 msec integration window, then the root mean square
(RMS) values were obtained. These were transferred to
the ISSAC Cyborg data acgquisition system, an A/D
converter. THe sampling frequency of the integrated
EMG signal was 50 Hz, for a three-second period. From
there, the data was transferred to an IBRM PC, where it
was plotted on a color graphics monmitor to check for
artifacts in the EMG signal, then stored on diskettes

for future analysis.

4.4.2 Videoimage Processing and Data Treatment

A JVC camera was used to record the image of the

Jight intensities, along with an PCA video cassete
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recorder. A Trinitron color monitor displayed the
image and allowed visual inspection of the image. To
make this video information useful to a computer, it is
necessary to digitally encode it and store the code in
random access memory in a format that is relatd to the
way it 1is displayed. The picture must be broken up
into an array of discrete picture elements (pixels).
Each pixel 1s stored as a binary equivalent of sorme
brightness or gray level. A commercially available
video digitizer (Video Van Gogh, by Tecmar, Inc.) was
used to digitize the video image. FEight ©bits provide
256 gray levels; after the image is digitized, the
data buffer contains a brightness value from 0 to 255
for each digitized dot or pixel, with 0 representing a
black pixel and 255 representing the brightest white
pixel. A digitized screen will have 250 horizontal x
240 vertical pixels. One frame per subject per test
condition was digitized, and the data, in ASCII format,
was stored on diskette and then transferred to the
university mainframe computer system for statistical

analysis. See Figure 1l4.
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After the pressure data had been digitized, a
many~stepped analyslis was performed on the digital
data. See Figure 15 for a schematic diagram of the
pressure data analysis. Three dimensional plots and
contour plots were constructed for all test conditions

for Subjects A and C, who represented the extremes in

terms of percent of body fat (9% and 297,
respectively). These plots were constructed from the

digital data, with values less than 20 elimipnated as
"noise”. Because the data sets for the conditions were
so large (more than 150,000 bytes, in some cases), 1t
was necessary to reduce the data set considerably.
Every fifth value along the x and y axes was used for
plotting, and a running mean over 3 values was used to

"smooth"” the data. See Appendix D for the

three-dimensional plots and contour plots for Subjecs

A and C.

For all subject, frequency histograrms were
constructed for the digital data. As ‘tefore, all
digital values below 20 were considered "noise"” and
eliminated from the analysis. A total of twenty
intervals were used in the histograms; midpoints for

the dintervals were based on the pressure calibration
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curve (See Appendix B). Frequencies, cumulative
frequencies, percentages, and cumulative percentages
were calculated along with the histograms. The
histograms provide a quick and easy way to assess
distributional information about the data; the
relative heights of the bars represent the relative

density of obtservations in the interval.

Based on evaluation of the histogram data, it was
decided to fit the data to the Weibull distritution.

See Appendix D for a description of the characteristics

of the Weibull distribution.

Plots were constructed of F(y) = cumulative
percentage vs log vy (where y represents the intervals,
i.e. PSI levels from 1 to 20). The resultant slope
and intercept from the plot provided estimates of the
parameters:

Fq. 1 A = exp{-intercept/slope)

Eq. 2 © = slope

The plotting procedure was performed for all

subject/condition combinations (for a total of 64
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observations), obtaining R and @ for each. These
empirically derived parameters, A and 6 , were then

used to calculate quantiles. See Figures 16 and 17.
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Figure 16. PDF of the Weibull Distribution with Varying Parameters
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4.5 Procedure:

Each subject received standard verbal instructions
regarding the purpose of the experiment, the
experimental procedure and his participation 1in 1it,
then signed a consent form. See Appendix A. Then the
subject changed 1into gym shorts and anthropometric
measurements were taken. Three skinfold measurements
were used, all taken on the right =side of the body:
behind the upper arm, at the abtdomen along the
waistline, and on chest (adjacent to the nipple).’ S'ix
anthropometric dimensions were also taken (unilateral
dimension were measured on the right side of the body):
standing height, sitting height, shoulder breadth, seat
breadth, popliteal length, and buttock-popliteal
length. These measurements were used to determine body

build characteristics.

The length of the seat pan of the experimental
chair, and the length of the footrests were adjusted to
fit the subject. Then preparations were made for
recording the FEMG s. The appropriate muscles were

palpated and the sites marked for electrode placement.
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After the skin had bteen cleaned with alcohol and

lightly abraded, surface recessed electrodes were
attached using double faced collars; the recess
electrode cup was filled with electrode gel.

Flectrodes were placed bilaterally over the erector
spinus and latissimus dorsus muscles. The resistance
between electrode pairs was checked with an obhmmeter,
then the preamplifiers and electrode cables were
attached to the electrodes. The ground electrode was
placed on the right side of the btody, slightly above
the waistline, at the L3 level. 1In all, 9 electrodes

were used: 2 per muscle and 1 ground. See Figure 18.

In order to normalize the FEMG data, a maximunm
voluntary exertion was performed with the subject
pushing with his back against a bar connected to a
Cybex Isokinetic Dynamometer. The subject then changed
into a hospital gown, with the opening of the gown 1in
back, and sat in the experimental chair in such a way
that no portion of the hospital gown was interposed
between the subject” s body and the chair surface. This
was done to avoid interference of the visval image by
the pressence of seams and wrinkles in the clothing

which were seen as lines of high luminance intensities.
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Surface
Electrode
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Preamplifier l

Electrode
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Figure 18. Electrode Placement on Subject. (Courtesy
of Richard Schoenmarklin).
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The subject was instructed to sit with the wupper body
leaning backwards against the backrest, with arms
folded across the chest, head resting against the
backrests, and legs supported by the footrests. Fe was

to maintain this posture during the data recording

interval. Deformation of the pedoharograph foil by the
welght of the subject was recorded by a video camera
from the wunderside of the seat and backrest units.
This data was recorded sequentially, since there was
only one video camera; the chair pressure was recorded
first then the backrest pressure. The 1lights on the
chair were then turned off and the EMG data for that
position was recorded. This was done to prevent an
experimental artifact caused by interference from the
fluorescent chair lights. Ideally, all the data (the
seat and back pressures, and EMG“s) should be collected
simultaneously, but due to the experimental constraints
mentioned above, they were collected sequentially. The
subject was instructed not to move until all the data
for a particular position had been collected. Although
there is a possibility that the subject may have
shifted bis position slightly during the recording
interval, it is felt that this shift would be neglitble

since the position of the subject was neither arduous
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nor awkward and therefore would not be difficult to
maintain. After all the data had been collected for a
given position, the subject was instructed to get off
the chair. This was done to allow the chair to be
changed to the next test position, provide an
opportunity for the subject to move about and to
minimize the possibility of Thysteresis (i.e. a
time-loading effect caused by failure of the
pedobarograph foil to return to its orginal state). of
the pedobarograph foil. When the chair had been
changed to the next position, the subject sat down
again and the data collecting process was repeated.
The room lights were turned off during the testing
process to ensure a clear video image. A total of

eight chair positions were tested.

After the completion of testing, the subject 1laid

prone on a horizontal surface in order to record the

resting TZNM
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RESULTS

5.1 Results of Pressure Data

In order to make inferences and draw conclusions
regarding the plethora of experimental data, it was
necessary to adopt a multi-phased analysis, with each
phase providing slightly different information and
interpretation. Before beginning any statistical
analysis, 1t 1s dimportanmt to 1initially preview the
entire data set and assess any Iindications or trends in
the data. The Weibull parameters, A and 6, which
indicate the spread or shaped of the distribution of
data, provide succinct measures which essentially
encapsulate the behavior of the entire data set. One
can assess whether changes occur in the shape and
spread parameters as a function of test conditions, and

if so, In what direction these changes occur.

Once the overall trend had been analyzed to get
the "big picture”, a "finer-grained” analysis was

performed. The data was split into sections and a

72
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systematic analysis was conducted for each section.
This was done by using Weibuvll-derived quantiles and
PSTI levels to segment the data. Fach quantile or PSI

level was then analyzed separately.

5.1.1 Weibull Parameters

Fitting the cumulative percent of the  histogram
data to the Weibull distribuvtion, as described in the
Methods Sections and Appendix C, provided a valuable
tool for analysis. Analysis of variance was performed
on A and ©, and the statistics are summarized in Table
2 for the seat data and Table 3 for the backrest data.
It can be seen that for both seat and backrest data,
the subjeqt effect accounted for most of the
variability. Post-hoc tests (using Duncan”™s procedure,
with .05 significance level) show that seat angle 10°¢
had lower ) and © values than seat angle 0€. Thus,
increasing the seat pan angle from 0 to 10 degrees
reduced the variability (spread) and shifted the
distribution to the left, resulting in a higher percent
of the data at lower pressure levels. Conversely,

increasing the backrest angle increased the variability

and shifted the distribution to the right for the



Subject
F-gtatistic
P-value
af

Seat
F-statistic
P-value
af

Back
F-statistic
P-value
af

Seat*Back
F-statistic
P-value
af

R~Square

*** = gignificant at

TABLE 2

7.60

.0001

*hw

3.01

.0890

4.30

.00l8

ik

.0090

L2 2

.6385

.01 level

Seat Data

A

23.91

.0001
T

1.76

.1904

2.44

.5113

2.44

.0751

.7849
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TADLE 2.

Fost-"oc tests

Subject

Seat

Seat Data (continued)

x Mean e
value

— 1 2.64 - 4
- 2 2.51 3
~ 7 1.58 L 5
4 1.51 2
5 1.45 = 83
3 1.41 6
3 1.32 7
L. 6 1.29 . 1
0 1.77 0
[ 10 1.66 [: 10
—120 1.79 -~ 120
150 1.7° 1164
90 TN 92
110 1.64 152

Mean
value

1.0

1.00

1.24

o)
.

(=
[y
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Subject
F-gtatistic
P-value
daf

Seat
F~gtatistic
P-value
daf

Back
F-statistic
P-value
af

Seat*Back
F-statistic
P-value
af

R-Square

***% = gignificant at .0l level

TABLE 3

3.25

.0066
whk

11.92

,0012
11

4.65

.0062

1 3.2}

1.70

.1804

.5281

Backrest Data

12.95

.0001
21

1.48

+2300

6.07

.0014
Rk
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Post hoc Tests

Subject

Back

TABLE 3.

S

L¥1]

0
[Jﬂ

Fackrest Data (Continusi)

Hean
value

2.93

+J

.53

[

3%

W00

1.
D
2

r2

~-10

-120

=110

109

Ilean
velua

1.20

1.13

.96

1.34

1.15
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backrest data, which reflected the greater percent of
weight on the backrest as it was further reclined. The
response of seat pressure to backrest changes was
obscure; the post-hoc tests did not indicate any

significant trend.

5.1.2 Quantiles

In addition to deriving shape and spread
parameters from the Weibvll distribution, one can
generate quantiles which can then be used for analysis.
The use of quantiles allowed the data to bte
systematically sectionmed and the ©behavior of each
section «could be studied independently of the others.
In particular, the wupper and 1lower extremes (also
called the "tails”) of the distribution <could te
examined. A quantile is similar to the concept of
percentile. The .85 quantile of a set of data, denoted
as Q.85, is a number on the scale of the data that
divides the data into two groups, so that a fraction
+85 of the observations fall below and a fraction .15
fall above (Chambers, et. al., 1983). PRearing this
definition in mind, it is c¢clear that it 1is more
desireable to have low values at each quantile, in

order to fulfill the goal of minimizing or eliminating
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high pressures.

Table 4 shows the average values for the quantiles
(seat data only), as a function of seat and backrest
angles. Values were averaged over all subjects,
marginal averages are included and the units are in
PSI. Again, this allowed the data to be assessed and
significaant trends to be noted before preceeding with
further analyses. It can be seen that the worse cases
occured at Seat 0€/Back 909 and Seat 10°/Back 100°.
This was especially true at the higher quantiles
(0.95~-0.99). Both of these corresponded to a trunk/
thigh angle of 909; the implications of this
observation will be discussed in further detail in the

Discussion Section.

An analysis of variance and post-hoc analysis for
the seat data was performed on the quantiles, with the
results listed in Table 5. As seen previous, the
subject effect was highly =significant in all cases.
Generally, at the higher quantiles, the back variable
was significant. Post-hoec tests indicated that Back
1109 and 120® had significantly lower values than Rack

90° and 100®. This reflected the lessening of pressure
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intensity in the buttocks as the backrest was 1Inclined

posteriorly.

Results of the ANOVA for backrest data are shown
in Table 6. Since high pressure levels were not as
critical in the backrest as in the seat pan, the bigher
quantiles (Q.96-0.99) were not included. In addition
to the subject effect, the back effect was significant
at the .01 1level, except for Q.95. Post-hoc tests
supported the hypothesis that body weight was shifted
to the backrest as it was reclined. In 0.25, Rack 120°

experienced 1.68% higher pressure than Back 90°¢°.



Subject
F~statistic
P-value
af

Seat
F-statistic
P~value
ar

Back
F-gtatistic
P~value
daf

Seat*Back
F-statistic
P~value
df

R~-Square

** = gignificant at .05 level
***= gignificant at .01 lewel

TABLE 6

0.25

12.16

.0001
313

4.92

.0313
"

.0001
11

1.32
.2773
3

. 7156

Backrest Data

0.50

12.97

.0001
W

7.23

.0004

k&

1.07

. 3697

L7112

Q.75

12.70
.0001

ik
7

0.71

.4036

4.86

.0050
ke

0.74

.5342

. 6891

Q.95

11.22

.0001
*hw

0.05

.8269

1.84

.1530

0.48

.6980

.6406
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5.1.3 Subject and Trunk Angle

The angle between the trunk and wupper thigh
(referred to here as "trunk angle”) was also used as

the independent variable 1nstead of the seat and

backrest angles separately. Use of the trunk angle
provided a single measure which incorporated the seat
and backrest angles. Table 7 shows how seat and
backrest angles related to trunk angle. Sfummary
statistics for the quantiles are shown in Table 8, with
subject and trunk angle as the independent variables.
Post-hoc tests showed that subjects were always
significant, and Trunk angle was gsignificant at the low
and high extremes of the quantiles (0.25, Q.95-0.99).
Table 9 shows the corresponding statistics for the
backrest data, with similar results to the =seat

analysis.
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OO
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TABLE 7.

Back
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100°
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Subject
P-statistic
P-value
af

Trunk Angle
F-statistic
P-value
arf

R-Square

*%% = gignificant at .01 level

TABLE 9 Backrest Data

Q.25

12.69

.0001

kkk

9.09

.0001
13

. 7106

0.50

13.48

.0001
*R%

6.84

.0002

kkk

. 7047

0.75

13.07

.0001
21

4.09

.0060
RRW

.6789

87

Q.95

11.34

.0001
Rk

1.15

.3443

.6222
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5.1.4 PSI Levels

Instead of using quantiles of the cumulative
Weibull distribution function as the dependent
variables, the percent of data occurring at each PSI
level was also employed as a dependent variable. This
type of analysis may be more sensitive to small changes
which otherwise would be obscured by the wuse of
quantiles. However, the disadvantage {is that random
fluctuations, 1.e. spuriouvs noise, may be more likely
to show up as significant effects. Therefore, one
needs to consider results of both quantiles and PSI
levels together. Table 10 shows the statistics for the
ANOVA on the seat data for the PSI levels; Table 11
shows the corresponding back data . As seen in all of
the previous analyses, the subject effect was
consistently significant at the .01 level across all
the PSI levels. The back effect was significant at
high PSI levels, which is roughly analogous to the back

significance at higher quantile values.
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5.2 Results of EMG Data

The results for the analysis of the EMG data are
shown 1in Table 12. As seen din all the previous
analyses, the subject effect was highly significant.
Of the other independent variable, seat and back angles
were significant for ESR and ESL at the .01 level. The
latissimus dorsi (LDL, LDR) were not significant.

Post-hoc tests Indicate that 1increasing the Dbackrest

angle decreased the mean activity of ESL and ESR.



TABLE ]12. EMG Data
IDR LDL ESR
Sabisct (df=7)
F-statistic 10652.68 403.22 61.G2
P-value .0001 .0001  -2091
AAR o YT
Se+t [f=1)
F-statistic 0.91 0.54 12.%
Tovralne » 3459 .4645 .0013
L2 21
~achk (df=3)
F-statistic 0.26 1.43 13.79
r-value .8512 .2452 L0N01
-
Tt FBach (df=3)
F-statistic 0.13 1.20 ¢.15
P-value .9388 .3214 9271
n-Square .9993 .9830 9149
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20.39

.0001
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TABLE 12. EMG Data (continued)

Post-hoc Tests

Subject -8

Seat - 10
- 0
Back - 90
100
110

120

- 100

[110
120



5.3 Results of Handicapped Subject”s Data

The data for the handicapped sub ject are
summarized in Table 12. With only one subject, it is
not appropriate to perform statistical analyses;
however it 1is useful to note gross changes in the
variables as a function of seating parameters. DTue to
the nature of his disability, the subject did not
perform a maximum voluntary exertion. Consecuently,
the EMG data 1is not normalized, but represents the mean

activity of the muscles.

The spread parameter, A , for the seat data
increased as the backrest was inclined posteriorly,
indicating a larger amount of spread or variability in
the data. There was no corresponding shift in the
shape parameter, 6, as seen with the normal subjects.
For seat angle, ) was higher for the 0¢ seat angle than
for the 10° seat angle, which again indicates increased

variability.

For the backrest data, the opposite effect was
observed. As the seat angle incresed, the variability

increased. Unfortunately, mno conclusions could te
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drawn about the effect of the Dbackrest angles on
backrest data. Likewise, there were no clear-cut
trends observed for the shape parameter, €, in the

backrest data.



TABLE 13. Handicapped Subject Data

Seat: 0 10
Back: 80 100 110 120 .90 100 110 120

EMG (mean activity)

LDR .29 .29 .29 .33 .33 .38 .28 .23
LDL .60 .65 .53 .56 .57 .84 .57 1.46
ESR .32 .32 .31 .32 .32 .32 .31 .32
ESL .26 .27 .25 .26 .26 .29 .26 .26

Weibull Parameters (seat)
. ) l1.26 1.75 1.83 1.58 1.25 1.28 1l.41 1.75
e .62 .74 .69 .57 .53 .57 +65 .74
Weibull Parameters (back)
k 1.43 .73 .63 .73 .75 1.40 .1.32 1.36

e .58 .50 .46 .49 .69 .67 .58 .62

Post-hoc Tests

Seat tha Ba«::kl Data

Seat 0 10
10 0

Back 120 90
110 100

100 120

90 110

e ©

Back 110 a0
100 100

120 120

90 110



CHAPTER 6

PISCUSSION

6.1 Seating Research

The seated workplace as a whole should be adjusted
to the worker. This adjustability encompasses the
chair itself, the work surface height and workplace
design, which facilitates worker performance, ensures
good sitting posture and prevents physical

disabilities.

The posture of the seated worker depends on
several factors: the design of the chair, individual
seating habits and the task theing performed. Since
these factors interact with one another, they all need
to be taken into consideration in the design of the
chair. 0f course, 1individual seating Thabkits are
difficult to predict, but some of then can te
estimated. For example, it is well-known that people
slouch when sitting; this position 1s perceived as

being more comfortable, and it reduces the FMG activity

98
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in the back muscles more than sitting erect. However,
the slouched sitting posture stresses the

intervertebral discs by increasing disc pressure.

Results from seating research show that providing
a Jlumbar support relieves disc pressure. A reclining
backrest reduces low btack stress by reducing both disc
pressure and EMG activity of the back muscles. The
height of the work table should be optimal for the
worker and the task ©being performed. If it is too
high, it may cause wuncomfortatbly large shoulder
abduction angles. If it is too low, it may cause the
worker to bend the neck and upper body to compensate.
Either situation may affect the stability, comfort

and/or productivity of the worker.

Another seating recommendation suggests
distributing the body weight of the worker evenly over
the buttocks and the backs of the thighs. This can be
partially accomplished by providing adequate lower leg
supports. If the welght of the lower legs 1s supported
by the backs of the thighs, swelling of the legs and
pressure on the sciatic nerve may occur. If the chair

is too 1low, the weight of the wupper body will be
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transferred to a swall area overlying the ischial
tuberosities, instead of being distributed on the
entire seat surface interface. This condition of high
pressure 1is wuncomfortable to the worker, and if not

relieved, may become acutely painful.

The worker will periodically shift positions while
seated, in order to redistribute the weight and relieve
high pressure points. The design of the chair should
allow for these normal alterations in posture.
However, excessive shifts in posture may indicate that
the worker 1is experiencing abnormally high pressure
concentrations. The worker may respond by frequent
alterations 1in posture, or may get up and walk around.
Or, he/she may pad the seat in an attempt to provide
greater cushioning effect. This solution is
unsatisfactory~~the padding resy slip and the worker
would need to stop working to read just it.
Alternatively, the worker may choose to stand instead
of sitting; which would create postural problems in a

workplace designed for a seated worker.

For these reasons, it is important to provide a

comfortable chair for the worker, one which distributes
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pressures as evenly as possible.

6.2 Significances of Research

Many of the previous studies which bave measured
seating pressure bave been inadequate in that they did
not provide continuous measurements of pressure, were
not calibrated in standard units of pressure, or the
results were not statistically analyzable. The use of
pressure transducers or the Pressure Fvaluation Pad
(PEP) wutilized by previous researchers produced
discrete estimates of sitting ©pressure. It was
necessary to extrapolate between the data points in
order to estimate the Iintermediate pressures. Use of a
"barograph” did provide a continous measurement of
pressure. However, the light Intensities were passed
through a grey-scale to color converter, which could be
calibrated to known pressure units, but was not stored
in a form which could be analyzed statistically.
PFence, gquantification of otserved differences 1in

sitting pressure were not possible.

Studies of sitting ©pressure rarely dincorporated
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the effect of a backrest. The importance of a backrest
in chair design 1s well-documented. Also, the angle of
the seat pan was not 1Included in pressure studies,
although an 1inclination of five or ten degrees

posteriorly is often recommended.

This research utilized an experimental chair which
was composed of a backrest uvnit and a seat unit which
could move independently of each other. The backrest
unit was capable of a full range of movement from 90°
vertical to 180°¢ horizontal. The seat unit was capable
of tilting 30°% anteriorly or posteriorly. Adjustable
footrests provided lower leg support for a diversity of
subject sizes. Both the seat and backrest units were
capable of measuring pressure. The pressure measuring
element was based on the physical principle of total
internal reflection. This technique was adapted from
gait analysis research and allowed pressure to be
measured continuously over the entire region of
interest, eliminating the need for iInterpolation.
Coupled with 2 VCR system and a video digitizer, it was
possible to analyze and store the pressure data for

both units. Calibration to a standard unit of pressure

(pounds per square inch, PSI) allowed the data to bte



103

converted to readily understandable units.

The analysis of data wutilized the technique of
curve fitting 1in order to mweasure changes 1in the
distribution of pressure as the test conditions were
varied. Fitting the data to the family of Weibull
distributions, then using the resultant shape and slope
parameters provided an effective way of reducing large

amounts of data and providing sensitive dependent

variable.

6.3 Subject Effect

Post—hop tests showed that Subtjects 1 and 2, with
5.3%Z and 5.7% body fat respectively, were most often
significantly different from the other subjects. Rut
paradoxically, Subject 5 who, with 7.67 body fat, was
the third thinnest subject, was found to he most
similar to Subjects 4 and 8, with 15.6% and 10.37

respectively.

These seemingly inconsistent results can be

resolved by an examination of the methods of
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calculating specific gravity and body fat. There are
several methods commonly used: Skinfold measurements
may be used to calculate gpecific gravity, then percent
of body fat may be derived from formulas or nomographs,
based on the specific gravity. Alternatively, weight
and height nomographs may be used for both specific
gravity and percent of body fat. A third method is by
calculating specific gravity based on water

displacement by immersion in a water tank.

Accuracy of these methods are somewhat
questionable, s8ince they usually require a high degree
of training, and even this does not ensure accurate
results. The calculations for body fat, derived frow
skinfold measurements and height/ weight nomographs are
shown in Figure 19. It can be seen that the derivation
of body fat is highly variable. The accurate wuse of
skinfold <calipers requires several weeks of training
prior to taking the experimentel meaurements
(Consolazio, 1963). Since the experimenter was
probably not svfficiently trained in the wuse of the
skinfold calipers, the body fat calcvlations based on
skinfold measurements may be inaccurate. Also, the use

of height/weight nomographs is 1limited, since the
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available nomographs are not applicable to the general
population, but are limited to specific demographic

groups (Pierson and Fagle, 1969).

The higher the percent of body fat anm 1individual
has, the greater the cushioning effect over bony
prominences, and the more diffuse the resultant
pressure. Thinner subjects lack the cushioning effect
of body fat and would experience 1localized areas of
high pressure intensities over ©bony prominences on
weight-bearing regions of the body. In the buttocks
region, this would be the area directly overlying the
ischial tuberosities; on the back region, this would
be the area overlying the scapula and spinous processes

of the vertebrae.

In addition to the cushioning effect derived from
body fat, a similar effect <can be observed for
individuals with a well developed muscular structure.
Well-developed muscles, often found in healthy young
males, would not te included in skinfold measurements,
which by definition include only two thicknesses of
skin and subcutaneous fat but not muscle or fascia

(Consolazio, 1963). These types of subjects would have
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low skinfold measurements resulting in low estimation
of body fat, 1leading one to believe that they are
rather skinny, which in fact 1s not true at all. Thus,
Sub ject 5, who had a low body fat value, was actually
fairly muscular (he swam every day) and did not
experience the high concentrations of pressure
associated with thinner body types. The percent of
body fat derived from height/weight nomographs show
Subjects 4, 5 and 8 to have 15, 20 and 18%Z body fat
respectively, which accounts for the similarities found
in the post-hoc tests. See Figure 19 for a plot
comparing the results of the two methods~-skinfold

measurements and height/weight nomographs .

Previous research by Garber and Krouskop (1982)
examined the effects of body build on the locations,
magnitude and gradient of pressure exerted by patients
seated in wheelchairs. Sub jects were classified as one
of three body build types. Assessment of body build
was based on scientific tables using height, weight,
sex and age information. They found that thin patients
had higher pressures over bony prominences and greater
frequency of the maximum pressvre cccurring in a bony

location than did the average wefpght or obese subjects.
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Traditional seating guidelines recommend the
inclusion of anthropometric data, such as sitting
height, and upper and lower leg lengths, 1in seating
design. The results of the above <cited research

indicate that body build is an additional factor which

should also be 1included.
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6.4 Trunk Angle

As mentioned earlier in the Results Section, it 1is
possible to consider the angle between the trunk and
the upper thigh, referred to as the "trunk angle”, as a
dependent variable. This incorporates seat and
backrest angles into a single measure and provides a
supplementary analysis which may provide different
information than the seat/backrest analysis. Figures
20-27 show the average quantile values for seat data
plotted against trunk angles, for the two seat pan
angles (1 = 00 Seat, 2 = 10° Seat)., For 109 Seat, the
values of the lower quantiles (Q.25-0.75) decrease as
the trunk angle increases, reaching the lowest value at
100¢ trunk angle. For oe Seat, the opposite
occurs~—the values increase dramatically from 90° to
100¢ trunk angle, then remain fairly constant or

decrease slightly from 100° to 1209,

The sharp disparity between seat angles at 100°
trunk angle can be due to the shift in the subject”s
center of gravity as the seat pan is inclined 10°

posteriorly. Figures 29 and 30 show the sketches of
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the subject seated with 100° trunk angle. With a 10°9
posterior inclination in the seat pan, the subject’s
center of gravity is located more posteriorly than with
00 seat angle. This shift in the center of gravity
accounts for the lower values at 109 Seat. At higher
quantiles (Q.95-Q.99), the two seat conditions have
similar values for the same trunk angles. Apparently
it is the lower quantiles which are sensitive to shifts

in the center of gravity.

No previous research has examined the dinteraction
of seat and backrest angles, and changes in pressure
distribution. The results of this analysis indicate
that it is na sufficlent to examine seat and backrest
angles separately . In order to understand and
interpret data correctly, it is necessasry to know what
happens to the center of gravity by utilizing a measure

such trunk angle.
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Figure 28, Subject at Seat 0 ,Back 100'



120

Figure 29. Subject at Seat 10°, Back 110°
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6.5 EMG

The results of ANOVA for myocelectric activity
showed that the latissimus dorsus muscle was not
significant in any of the eipht test conditions. This
is not unexpected, since the latissimus dorsus probably
isn“t active during relaxed sitting. On the other
hand, the erector spinus muscle was significantly
involved. It should be noted that one subject was
considered an outlier and excluded from the analysis of
the left erector spinus muscle (ESL); the same sub ject
plus two others were likewise excluded from the
analysis of the right erector spinus muscle (FSR).
This was due to the fact that the electrodes were
improperly placed, as ascertained by the lack of
recorded differences of the muscles in the eight test

conditions.

Research by Andersson et. al., (1974a) indicates
that the main factor influencing myoelectric activity
of back muscles during sitting was the backrest

inclination. If the Dbackrest angles was Increased

there was always a decrease 1n activity in all muscles



122

of the back. When the inclination reached 100", the
decrease was less pronounced. The results of this
study support the decrease in myoelectric activity with
inecreasing backrest angles. Increasing the seat pan
inclination 1increased the myoelectric activity. This
may be due to the fact that the 10¢ seat pan 1is
"unnatural”, and requires a greater level of muscular

activity to stabilize the seating posture.

6.6 Recommendations for Chair Tesign

With the continous pressure data, concentric
iso~-pressure contour plots and three-dimensional plots
were constructed, as shown iIin Appendix D. This
provided a graphical means for locating the highest
pressure points, and determining how the size and
location of these points change as a function of seat
and backrest angles. Rebiffe”s concentric iso-pressure
contours show the recommended distribution of pressure
on the buttocks and thighs (see Figure 5.), with the
highest intensities associated with the ischial

tuberosities. However, seating guvidelines typically

recommend even distribution of pressure and the
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elimination of localized areas of pressure, such as

under the bony prominences.

The results of this study indicate that this was
accomplished most effectively by dincreasing the
backrest angle, with the maximum effect at 110° or 120°
backrest angle. This finding is intuitively reasonahble
since more of the body weight was transferred from the
seat pan to the backrest as the backrest angles was
increased. The body welght would be equally
distributed ©between the seat and backrest when the
subject was fully reclined. Since pressure 1intensity
is 1inversely related to the area it 1s distributed
over, this horizontal position would optimize the

distribution of pressure.

Naturally, with regards to task-related chair
desings in which the user must perform a specific task,
as opposed to relaxed sitting, one cannot make
recommendations solely with the iIntent of optimizing
the pressure distribution. The task 1itself provides
additional <constraints on chair design. In light of
the results of this study, the <chair should have =

backrest which is capable of reclining to 1109 or 1200,
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if this does not compromise wuser performance. This
would allow the user to shift periodically into a more

relax positionm, which also has the advantage of

minimizing the pressure distribution.

6.7 Future Applications

The design of the experimental chair is such that
it can be readily modified to test other seating
conditions. With adjustable footrests, it would be
easy to test the effect on pressure distribution of no
lower leg supports, by allowing the feet to bang free.
Raising the footrests has the effect of decreasing the
knee flexion angle, and the increase in pressure wunder
the ischial tuberosities <could be gquantified. The
results of this type of research would have
implications for those workplaces which constrain the
worker to such positions. Since the distribution of
pressure affects worker comfort, the results may
indicate a need to redesign the chair, such as adding
more padding or contouring the seat pan to eliminate
high pressures. An alternative, though less

satisfactory solution would be to provide more breaks
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so that the worker may get wup and walk around to

relieve localized areas of high pressure. For jobs
which require the worker to utilize foot controls, such
ag truck drivers, it is important to known the effect
of shifting the body weight to one side of the body,
especlally since these workers are also constrained to
a limited sitting posture for long periods of times,

with little freedom to move about.

Some other research topics are gerontological and
gender considerations. Elderly people are physically
and functionally different from the vyounger adult
population. Changes occur in body composition--there
ig less subcutaneous fat, more intra-abdominal fat and
more chest and upper arm fat. PFence, subjective
perceptions of comfort, with regards to pressure on the
buttocks and thighs, would change with age.
Additionally, the changes which occur with increasing
age differ for males and fermales. Females exhibit a
greater concentration of body deposits in the Dbuttocks
and thighs whereas in males, the prime fat deposition
site is in the abdominal repion. These factors would
affect the center of gravity of the individwval, and

indirectly, the distribution of pressure.
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The effectiveness of various types of contoured
seat pans could be investigated by wodifying the
surface of the experimental chair from a flat surface
to a contoured surface. Likewise, this could be
applied to measuring the effect of a contoured backrest
or a lumbar support on the distribution of pressure on
the region of the back. Results of this type of study
would prevent the design of ©backrests which create

uncomfortably high pressure points.

6.8 Parenthetical Notes

It should be noted, parenthetically, that a
problem with visual “noise” existed in the pressure
data processing system . "Noise"” as defined by signal
detection theory, is the sensory intensity which is not
generated by the process being studied. The "signal"”
is generated by the process. During the filming
process, the noise may have bteen within the videocamera
itself, or in the random fluctuations in the intensity
of the fluorescent lights on the experimental cbhair.

This would cause erroneous values to be recorded as the

luminance 1level for a given pixel. The noise
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distribution was assumed to be normal (Gaussian), in
accordance to the Central Limit Theorem. The effect of
noise was winimized by chesing a strict criterion or
cutoff point for noise. In this study, any values

below a 20 luminance 1level was considered noise and

eliminated from the analysis.

6.9 Handicapped Subject

The lack of any consistent patterns in the
handicapped subject”s data 1s not surprising in light
of the nature and severity of his disability. FHaving a
high degree of pelvic obliquity as well as soft tissue
contractures, he was not able to sit symmetrically on
the experimental chair. Some seating positions were
found to be wuncomfortable due to his 1ipnability to
stabilize his posture. Other positions, wbhich were
considered awkward or uncomfortable to the normal
subject, he found <comfortahble because they countered

his inherent sitting instability.

The present research has wide ranging implications

in the area of adaptive seating. The experimental
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chair provided a quick way to quantify the pressure
intensities actually experienced ty the patient and the
means of locating those areas of high pressvre. This
information 1is clinically useful in providing adaptive
seating for the subject. But it 1s not possible to
anticipate the subject™s response to various seating
configurations with respect to the magnitudes of
pressure which would be experienced, or the way the
pressure would be distributed. Nor are the
conclusions, if indeed there are any, generalizable to
other handicapped patients. Adaptive seating still
requires highly individvalized prescriptions in order

to fully meet all the patient”s seating requirements.

The usefulness of the equipment can be expanded by
using 1t to measure the effectiveness of various types
of seat cushions. By placing the cushion ontop of the
seat wunit, and seating the patient ontop of the
cushion, medical personnel would bte able to deterrmine
whether the cushion bas "bottomed out” {.e. whether
the weight of the patient has compressed the cushion to
the point where 1t no longer is able to provide any
cushioning effect. This could be accomplished simply

by looking at the intensities of light created by the
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cushion. High light 1intensities correspond to high
pressure intensities, which could be easily established
by a quick visual inspection. Various thicknesses of
cushions ecould be tested, starting with the thinnest,
in order to determine the degree of <cushioning needed
by the patient, without 1incurring the wunnecessary
expense of over-prescribing the cushion needed, In a
similar maopner, it would be easy to determine when the
cushion needs to be replaced, before the patient

developes pressure sores.



CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1 Recommendations

The results of this experimental study support the
general consensus that increasing the backrest
inclination 1is desireable. Doing so reduces the
myoelectric activity of the erector spinae muscles.
The inclination of the backrest is more effective in
relieving high pressure points than the inclination of
the seat pan. Increasing the backrest angle also
results 1In a greater shift of the seating pressure to
the backrest. This is verified by the behavior of the
Weibull parameters, )X and @ of the backrest data. Both
increase as the backrest angle changes from 909 to
12009, Increase in )\ and ® indicate a greater spread in
the distribution and a shift to higher pressure levels.
Likewise, the values of the higher quantiles
(Q.95-0.99) for both seat and backrest data indicate
that the ©backrest takes opn bigh pressure as its angle

increases.
130
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The effect of the seat apple 1is more ambipuous.
Often, the seat effect was not found to be significant.
Evidence from the EMG analysis indicates that
increasing the seat pan angle may be counterproductive

in terms of reducing the activity of the back muscle.

The greatest souvrce of wvariability 1is due to
subject differences in the percent of body fat. Thus,
in the design of seats, it is not possible to eliminate
high pressure points olely by altering the seat pan and
backrest aungles; the physicl characteristics of the
users must also be taken into account. Likewise, the
handicapped subject”s data supports the concept that
adaptive seating requires an individualized

prescription.

7.2 Future Research

Many questions and concerns were generated as the
result of this study. The protbtlem of noise in the
system needs to be resolved in order to gain greater
accuracy for pressure calitratiomn purposes, and to

strengthen the conclusions regarding the high pressure
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levels and wupper tails of the distribution of the
pressure data. A more reliable and accurate measure of
the amount of soft tissue coverage 1is needed to
correlate subject data with body build. Present
results indicate that this 1is a promising avenue of
research. The relationship between trunk angle and the
subject”s center of gravity also deserves attention.
The issues of center of gravity and hilateral symmetry
should be explored further. All of these areas would
increase our present knowledge of seating parameters

and lead to better seat designs.

With regards to the bhandicapped aspect of the
research, the measurement of seating pressures is only
the first step in a long series of research into the
issue of adaptive seating. Additional studies should
be performed on the impact of asymmetrical sitting on
the pressure distribution, quantifying the degree of
scoliosis or pelvic obliquity and correlating tbis to
the pressure distribution. This research questions
have a particular urgency; without properly designed
seating systems, the physically disabled individual 1is
limited in his/her ability to 1lead an active and

productive life.
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PRESSURE CALIBRATION

The deformation of the pedobarograph foil under
pressure was recorded as a series of digitized pumbers,

each ranging from 0 to 255, which represented the

luminance levels. In order to quantify this
deformation wunder various test conditions, it was

necessary to calibrate the luminance level with known

weights.

A e¢mall block of aluminum, with kFnown dimensions,
was placed on the surface of the seat unit of the
experimental chair. It served as the base wupon which
known weigﬁts were placed, from one to twenty pounds,
in one pound intervals. For each weight level, the
deformation of the pedobarograph foil, which resulted
in a unique pattern of light intensities, was recorded
with a videocamera, and digitized as descrited earlier.
The digitized values were averaged to obtain the

average luminance level for each weight tested.

Several problems occurred which «complicated this

averaging proces. Due to a large amount of noise
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present in the system, it was difficult to exactly
determine the area of interest. It was expected that
the digitized PSI levels would look similar to Figure
30 in which the load bearing regions would be marked
with nonzero values, and non-load areas marked with
zero values. A sample of the digitized values of 1 PSI
is shown in Figure 31. From this it can be seen that
there are no sharply defined "edges". Thus it 1is
unclear what are should be used in the averaging
process. A second problem can be seen in Figure 32, a
sample of digitized valves at 15 PSI. There 1is a
"blurring” effect at the edges, where the pressure
deformation extends beyond the actual edges of the

base.

The problem of obtalning average luminance values
for the weight 1levels tested, was circumvented as
follows: The approximate center of the area of the
base located, then concentric square matrices were
established and averaged over: 3x3 matrix, 5x5 matrix
and 7x7 mwmatrix. Three separated calibration curves
were developed for each matrix, and a regression curve

was fitted through these curves to get the final

calibration curve shown in Figure 33.
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CALIBRATION CURVE FOR LUMINANCE LEVELS
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Figure 33. Caljbration Curve.
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WEIRULL DISTRIBUTION

At the heart of probabilistic statistical analysis
is the assumption that a set of data arises as a saample
from a distribution in a class of probtability
distributions. The reasons for making distributional
assumptions about data are several (Chambers, et. al.,

1983):

1. If a set of data can be described as a sample
from a certain theoretical distribution, say a normal
distribution, then there is a valuable compactness of
description for the data. For example, in the normal
case, the data can be succinctly described by giving
the mean and standard deviation and stating that the
empirical (sample) distribution of the data 1is well

approximated by the normal distribution .

2. Distributional assumptions can lead to useful

statistical procedures, such as analysis of variance

and least squares.

3. The assumptions allow characterization of the
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sampling distribution of statistics computed during
analysis. Inferences and probabilistic statements can
be made about unknown aspects of the underlying
distribution. For example, assuming the data are a
sample from a normal distribution allows the use of the
t-distribution to form confidence intervals for the

mean of the theoretical distribution.

4. The distribution of a set of data can
sometimes shed light on the physical mechanisms

involved in gevmerating the data.

Analyses based on specific distribution
assumptions about data are not valid if the assumptions
are not met to a reasonable degree. To test
distributionai assumptions about data, the data should

be "fitted” to the assumed distribution.

The Weibull distribution is a gemeral distribution
for continuous nonzero random variables, and can take
into account a wide variety of parameters and shapes.
A random variable is said to have a Weibull
distribution with parameters ) and © (A > 0, & > 0) if

X has a continuous distribution with the following
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pd.f.:

(3)°
Eq. 3 f(x1)}), ©) = *%? Xé-le i. for x>o

0 for x<=0
(DeGroot, 1975). The Weibull distribution function, in
closed form, is as follows:

Eq. 4 F(yl A,8) = 1 ~ exp {-(y / XA )%}

The parameters )\ and ® indicate the spread and
shape of the distribution, respectively. Pigh values
of A indicate a larger spread or greater variability in
the distribution; as © =-> 3, for a fixed A, the
distribution approaches the normal distribution.
Figures 34-39 show plots of the distribution with and

6 varying systematically from 1-3.
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