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ABSTRACT

Wheelchair sitters with insensitive skin have a high risk of
developing pressure sores. Prolonged pressure produces ischaemic
conditions in the underlying tissues which may lead to cellular
death and necrosis. Properly designed seating may reduce this risk
and prevent the onset of pressure sores. To achieve the best
protection possible a method of objective evaluation is required

which will account for variations in tissue quality, sitting
behaviour and sitting biomechanics.

This thesis reports on the application of thermography into
a tissue trauma seating programme and the quantification of isotherm
areas for statistical comparisons of skin temperature response to
experimental parameters. The thermographic research is presented in
three phases of analysis: Chapter 4, a retrospective study of
thermograms based on maximum temperatures; Chapter 5 both maximum
temperatures from the real-time thermograph display and
automatically collected areameter isotherm area data: and Chapter 6,
a prospective patient study based on isotherm area data.

During the preliminary stages of research, patients were
followed with thermographic examinations at various stages of
fitting and trial sitting on wheelchair cushions. There followed a
series of tests with able-bodied subjects on experimental seats in
an environmental chamber to determine the minimum conditions
required for quantitative measurement of thermographic data. The
examination room at the Ontario Crippled Children's Centre was then
modified accordingly for patient studies and quantitative
techniques were tested further. The results of these three phases

of reseach are presented with recommendations for continuing
studies.

The acquired information supports the use of thermography in
tissue trauma programmes. Sites of accumulated stress were found to
be identifiable and approaches for the quantitative comparison of
thermal response to safe and unsafe loading conditions presented.
Maximum temperatures were the most sensitive measures of
hyperthermic response and mean imaged temperatures, the most readily
characterized for cooling. Detailed discrimination of differences

iln skin cooling were found to be enhanced when the area of
examination was minimized.
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CHAPTER 1: INTRODUCTION

1.0 OUTLINE
The research presented in this dissertation deals with the
prevention of pressure sores, particularly with respect to

wheelchair sitting and the Spina Bifida population. The aetiology of
pressure sores 1s reviewed for all wheelchair users, and the
inciacence of Spina Bifida is presented to demonstrate the magnitude

of the problem.

The Ontario Craippled Children's Centre (OCCC) initiated a

protective seating programme from which was identified the need for

the thermography research presented in this thesis. The OCCC tissue

trauma programme 1is briefly reviewed and a specific outline of the
research plan described. A summary of the research results follows,

with particular reference to the author's contributions.

1.1 PRESSURE SORE PROBLEM

1«11 Incidence of Pressure Sores

Most surveys of pressure sore incidence have used data drawn

from selected populations in hospitals and other institutions.

Those based on a plastic surgeon's review of his caseload refer only
to that segment of the patient population for whom surgical
intervention was required. Of greater interest are studies designed

to determine the scope of this problem for a more general

population, providing a statistical basis for impact studies

evaluating prophylactic regimens. Such surveys, to be complete,

must obtain detailed information describing the location, severity,

and frequency of pressure sores.

Pressure sores were found to be prevalent in the spinal cord

injured patients just after WWII Poer(1946), Kennedy (1946) and




Kuhn (1947) reported rates as high as 57%-85%., Later, Yeoman and

Hardy (1954) studied a civilian population of spinal cord injured

patients, and discovered a pressure sore prevalence of 55%.
The pressure sore problem has increased as improvements 1n
praimary care have prolonged the lives of the elderly and

chronically handicapped persons, Dansereau and Conway (1964) and
schell and wolcott (1Y900)., Advances in antibiotic therapy and

plastic surgery techniques during the past 35 years have made 1t

possible to save many patients who would otherwise have died.
Hence, the population at risk for pressure sores continues to grow.

Petersen and Bittman, (1971) conducted a survey of hospitals
and nursing homes in the Danish province of Adarhus by means of
guestionalres. They discovered that the incidence of pressure sores
within the hospital system, was in the order of 3%. In a similar
study conducted by the University of Strathclyde, Jordan and Clark
(1977) found the incidence within the Greater Glasgow Health Area

Board to be 8%. In both of these studies a high incidence of

1schial and sacral pressure sores amongst those who were wheelchair

bound was reported,

It was noted in the Strathclyde study, that an increase 1in the

1incidence of pressure sores within the 10-19 year age group, was
attributable to the presence of a large survaving population of
children with Spina Kifida. Although neurosurgical techniques, such
as primary closure of the myelomeningocele and atrio-ventricular

shunting of hydrocephalus, have dramatically increased their

survival rate, all have some degree of paraplegia.
Of the paraplegic children in the study, 21.6% had pressure

sores. In general two risk factors were found to be important:



immobility, and incontinence of urine and/or feces. In addition,

those who had multiple sores also had more severe sores. Petersen

and Bittman (1971) found similar trends among spinal cord injured
patients, thus confirming the risk children and young adults with
Spina Bitida have of acquiring pressure sores.

At the Ontario Crippled Children's Centre (OCCC) the prame
service mandate 1s for the care of children, of whom those with

Spina Bifida represent the second largest group. For this reason,
the particular focus of this research lies with the prevention of

pressure sores in the wheelchair bound portion of the population.

1.2 SPINA BIFIDA: THE STUDY POPULATION

1e2:1 The Incidence

In the first half of this century the incidence of Spina BRifida
appears to have reached epidemic proportions in the North Eastern

United States, Janerich and Piper (19738) and in Northern Ireland and
Beltast, Elwood-and Nevin (1973). 1In addition, 1t has been
lncreasing in Britain over the last one hundred years, Rogers and

Weatheral (1976). Epidemiological studies of neural tube disorders

1n Hospitals in Northern Ireland, the United States and South

Africa, have not demonstrated any strong correlation with geographic
or environmental factors. The most predominant theory; however, 1s
that there does exist a polygenic susceptibility to some
unidentified environmental trigger factors.

It 1s difficult to predict the future population of children

presenting with this deformity. The factors to consider are:



1) the development of screening techniques leading to the early

detection of Spina Bifida (i.e., the use of amniocentesis to

detect raised levels of alpha-fetoprotein in the amniotic

fluid, Brock and Sutcliffe (1?72) or the imaging of spinal
malformations by ultrasound , Littlefield et al.(1974));
2) the public attitudes towards termination of such
pregnancies;.

3) the number of infants born to mothers not considered to be

at high risk and hence, not subject to screening procedures;

4) prevalent attitudes and law towards postnatal treatment of
such children, Lorber (1972) and Heyman and Holtz (1975), who

discuss criteria for treatment and the legal implications of

refusing unusual care;
5) the aetection of environmental trigger factors which can be

guarded against (such as ingested toxins from smoking, alcohol

and drugs, or from emotional stress ); and

6) the improvement in living standards in all socio-economicC

groups, leading to improved nutrition and general health during

pregnancy.

An information service publication produced by the Institute
for Research into the Mental and Multiple Handicap (1978) contains a
discussion comparing the relative cost to society of early detection
and termination ot pregnancy, versus the lifetime costs of .caring
for such individuals (t 4,000 vs £ 100,000 ). The combination of

present cost escalations and the compromized lifestyle of the child

with Spina Bifida suggest that preventative measures will be more
fully used in the future. In 1980 there were almost 1000 children

with Spina Bifida registered with the Ontario Easter Seal Society,

out of a provincial population of 8 million.



1.2.2 The Disability; It's Pathology, Prognosis and Complications

The condition known as Spina Bitida results from a malformation

of the spinal cord. Of the several ways in whicn the condition can

manifest, we are concerned with the most severe, the

myeloreningocele, which results 1n a a complete paraplegia below the

level of lesion. When the deformity is associated with

hydrocephalus, the problem is greater because the child may also

have compromised intellectual function.
During the late fifties and early sixties, neurosurgical
techniques were developed‘*to control hydrocephalus in the neonatal

period by means of the ventricular shunt, permitting the drainage of

cerebral spinal fluid. Unfortunately, although this intervention
saved lives, there often remained a cognitive handicap which

presented formidible hurdles for many of these children as they
attempted to find a niche in society. Nevertheless, a large number
of children have survived and rehabilitation centres are faced with

large numbers of severely multiply handicapped children, with a life

expectancy approaching that of the able-bodied.

In response to this challenge special habilitation programmes
were developed, Carrol (1976). However, the many interrelated
disabilities of the multiply handicapped person can generate a
domino effect, bringing their overall activities to a halt. For
example, if bladder incontinence is poorly managed, the sitting
environment of wet diapers or clothing increases the risk of
pressure sore development. Consequently, systematic monitoring of
many problem areas is required, until the child is sufficiently

responsible to achieve independence. Those children who have

adequate i1ntellectual resources may then progress to lead



1ndependent lifestyles. Untortunately, the majority do not have the
ski1lls to achieve this goal resulting in frustrations and uncertain
futures, Lorber (1972). This trend has led to a reassessment of the

philosophy of radical treatment at birth for hydrocephalus. It

would appear that there will be developed, accepted criteria for the

selection of patients who will receive such treatment.

1.2.3 Impact of Pressure Sores

In a 10 year longitudinal study of 524 patients with Spina
ki1tida, a pressure sore prevalency rate of 40-50% was discovered,

Okamoto et al. (1Y83). When pressure sores do occur, they create
an extensive disruption in the child's educational, vocational and
social activities. Tnis can lead to depression and loss of

motivation if the problem becomes recurrent., Subcutaneous pressure
sores, if present at an early age, will cause loss of tissues which
can never adequately be replaced. Hence a vicious cycle 1s

generated of superficial initial pressure sores increasing the risk

of subsequent more serious lesions.

In the Spina Bifida programme developed at OCCC, ambulation 1S

encouraged at an early age in devices such as the parapodium, Carrol
(1976). This affords the best opportunity of exploring the
environment and of experiencing the upright position. As theilr

welght increases rapidly at puberty, these patients are unable to

maintain an adequate power to weight ratio in their upper
extremities and suddenly find 1t necessary to become full time

wheelchair sitters. Self-protective habits such as regular weight

shifting must then be learned i1n a very short period of time.

buring adolescence, the social and educational activities around the

child increase and 1little consideration is given by the individual



to such self care routines. This was reflected 1n Okamoto's

findings of a sharp rise pressure sore prevelence during the

adolescent years.

For these reasons, it seemed logical to focus on the
development of a tissue trauma programme tOo prevent pressure sSOIres

through tnhe design and provision of prophylactic wheelchalr

L

sea tlng-

1.3 APPROACH TO THE PROBLEM OF PRESSURE SORE PREVENTION
1«31 Team Approach to Patient Management
It was felt that the development of pressure sores often

involved more facets of a person's rehabilitation than seatind.

Frequently it was found that patients with severe social disruptions
at home developed sores, which effectively removed them from a
threatening environment. Although there are many technical factors
which might contribute to the development of pressure sores, the
successful prevention of recurrence depends upon the cooperation of
a well informed patient, motivated to remain healthy, once given the
tools and information to cope with this ongoing threat. Preparation
involves therapy, psycho-social counselling, technical aids and
medical input. These protessionals constitute the multidisciplinary
team which works with the patient to prevent the aevelopment of

pressure sores.

1le3:.2 Elements of a Tissue Trauma Programne

For maximum effect, a tissue trauma programme must include a
number of activities. Multidisciplinary assessments are required to
develop an in- depth risk profile for the individual patient. A
decision making group, such as a clinic team, must set goals and
monitor the progress of the individual patient. Parent and/or

quardian education is necessary to transfer concepts and techniques

LO the patient at risk.




Such a programme requires objective measurements and
coordinated information management. The team must be aware of the

overall habilitation plan for the patient, to anticipate any major

changes 1in lifeétyle which would increase the individual's pressure

sore riske.

1.3.3 Role of Rehabilitation Engineering

The engineering tools, which can be helpful in the prevention
of pressure sores, relate to the measurement of risk and the design
of support surfaces. These two activities should be interrelated,
so that the selection of a seating system for the individual patient
can be provided on a systematic basis. There are many ChOlCeS of
materials and design concepts for seating; however, there is a need
to "proplem" soclve on an inhdividual basis prior tO prescriblng a
seats, This problem solving may include periods of trial sitting

during which measurements may be used to determine the best

wheelchalr seating system.

1.4 RESEARCH OBJECTIVES

1.4.1 Seating Process
There are four steps which describe the decision making process

1n selecting a seating system: 1) patient assessment; 2) goal

setting; 3) seat fabrication and measurement; and 4)

evaluation, If an individual physician simply prescribes a seating

cushion as a result of a physical examination and history; valuable
biomechanical and tissue pathology data may not be used.

Commercial cushions can be expected to suit a spectrum of

patients. However, guidelines for identifying this group are never

provided. A seating programme can incorporate many facets of this




selection process and also provide for individual needs through
custom made devices. Objective evaluation of trial seats has not

been possible so that patients are faced with unknown risks after a

change i1n seating. This report deals with the use of thermography

as such an evaluation tool.

1.4.2 Seating Evaluation: The Need

Evaluative measures must describe the potential for success or

failure of a given support surface to prevent pressure sores.

Measurements of the forces and other physical conditions at the

interface of the patient-seat interface describe the loading
conditions for the weight supporting tissues but not their
viability. Direct measurement of tissue reactions to locading, as a
result of sitting, is regquired to meet this objective. The ultimate
evaluation will, of course, be the prevention of pressure sores in a
study population within a classified patient group; however, the
time response is too slow for the purposes of seating design and
development. For these reasons, a rapid method of seating
evaluation, through the monitoring of tissue response to pressure
would be a craitical element 1n the aevelopment of a research tissue

trauma seating programme,

1.4.3 Assessment of Thermography for Seating Evaluation
Thermography had been used by Dr. P. Brand (1971) to monitor

patients with insensitive feet who were in the process of receiving

protective footwear. The research conducted in Carville, Louisiana,

indicated that the subjective assessment of thermal patterns

provided a reliable prediction of the success or failure of custom

shoes in preventing recurrent pressure sores. While the loading
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conditions on buttock tissues produced by wheelchair sitting are

considerably difterent from those of the footwear studies, the

concepts of this thermographic application were considered similar.

This research programme set out to determine whether or not

thermography could be used clinically as a guide to-seating

selection, and whether or not 1ts specificity could pe improvea

with objective and quantitative techniques.

1«5 RESEARCH PLAN

1«51 Technical Development of the Thermographic System

The research programme began with the acquisition of a basac
black and white AGA 680 medical thermograph and a colour monitor to
enhance thermal patterns and gradients. This report stresses not
the development of hardware, but the build up of a complete data
acquisition and analysis system. The 1nitial studies were conducted
with the basic thermographic system and still colour thermographs.

An isotherm areameter was obtained through cooperative studies with

the Defence and Civil Institute of Environmental Medicine (DCIEM).
This permitted the automatic sampling of isotherm areas within a
data window which was adjustable in size and location on the colour
video monitor. A time-lapse cine recording system was used to
continuously record the thermograph imagery to enhance the
perception of time based changes in the thermal patterns. The
combination of these two systems, along with the still photographic

records, permitted the documentation of the thermal responses of

tissues atter sitting.
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1.5.2 Determination of the Minimum Conditions for Quantitative
Thermographic Techniques

The development ot the autométic areameter at DCIEM (Department
of Detense report 3647C-01, see Appendix V), presented the challenge
of determining those conditions, under which reliable quantitative
thermographic data could be optainea. This portion of the researcn
was conducted i1n conjunction with DCIEM, in their environmental
"Tropical" chamber. Experiments were designed to ascertain the
sensitivity of the quantitative data to induced hyperaemia and the
influence of environmental parameters, sucnh as ambient temperature
and relative humidity, in characterizing this reaction. Able-bodied

subjects were used with experimental seats designed to produce

extreme ranges of sitting pressures.

1.5.3 Patient Studies
Preliminary studies were conducted to test the set-up of the
quantitative system at OCCC. This involved applying the

quantitative techniques to patients who were recieving a regular

review, or who were undergoing intensive studles auring seating
evaluation. The protocol and data retrieval techniques were

modified to suit the clinical limitations of positioning patients

and locating local areas of tissue at risk.

1.5.4 Analysis of Results

In Chapter 4 quantitative data obtained from thermographs were

compared with the qualitative tissue quality measures graded from

colour skin photographs. Typical peak and relative temperature
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ranges were observed and compared by calculations of averages and

standard deviations of selected groupings.

Chapter 5 presents the results of subject trials at DCIEM and

the analysis of peak temperature measurements and areameter data.

The development of the "accumulated area graph" 1s highlighted as

the initial display, which reflect2c the changes 1n experimental
conditions most AQramatically and tne average temperature plots which

compressed the areameter data to a single time dependent locus.
The results of the initial trials with patients using the
protocol developed in the envaronmental studies, with changes
1ntroduced to accommodate the particular data acquisition systen
developed at OCCC, are described in Chapter 6. The areameter data
were normalized with a second order exponential model to further

characterise the cooling process.

Chapter 7 summarizes the findings of these three aspects of the

thermographic reseach, and also outlines the findings of the

analysis of patient data. It is the combination ot these

measurement techniques which form the basis for the seating

programme and their integration into the seating process, which

highlights the clinical contribution of this research.

1.6 A SUMMARY OF RESULTS
1.6.1 Developed Thermographic System

A unigue combination of measurement tools is presented in this

report with emphasis on the thermographic system, A novel data

recording system was developed with microfiche film as a medium to

facilitate storage to facilitate storage and retrieval of still

thermographs. Time-lapse photography was used to qualitatively



study time dependent changes in thermal patterns and quantitative

analysis was possible through the use of a computer controlled

areameter,

1.6.2 Results of Able-Bodied Subject Trials

The tests at DCIEM demonstrated the sensitivity of the

gquantitative data to changes 1n amblent terperature, greater tnan

* 0.5C°. The measurements were less sensitive to changes 1n

relative humidity as step changes of +10% dia not produce
fluctuations in measured skin temperature. In this respect, the

relative humidity changes observed in the hospital environment were
unlikely to introduce quantitative errors. Draughts at both DCIEM

and OCCC were kept down to levels not measureable with an

anamoneter.,

1.6.3 Results of the Patient Trials
specific observations, useful in the interpretation of
thermographic data obtained from seating trials, have been recorded.

There are definite indications of tissue inflammation, either before

or after the tissue has been locaded. Prolonged hyperthermic
responses were interpreted as the response of damaged tissue to
1schaemic loading conditions. This was based upon the research

findings of Brand (1971) and the association of this reaction with

tissue sites which exhibited visible symptoms of inflammation.
Patients studies are reported in both Chapters 4 and 6. Thls
summary combines some of the main findings described.

Temperature ranges were recognized as relating to the decisions
used 1n the clincal seating programme. Comparisons of tissue

quality, as defined by clinical observations, and maximum skin
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temperatures after 15 minutes of ambient cooling, were used tO

develop quidelines tor clinical thermograpny. It 1is stressed that
these gquidelines reflected the practice at OCCC, not experimental

physiological data.

It was felt that automated measurement techniques would be more

reliable, and could capture time based changes in skin terperature
under cooling conditions. Peak tenmperature responses were

1identified for normal subjects after exposure to high levels of
pressure over the ischial tuberosities. In addition, mean imaged

temperatures provided were sampled and compared to describe the

cooling characteristics of skin after loading.

It was determined from the normal subject trials that the area

of tissue response was sufficiently small that the camera had to be
used at minimum range to provide adequate resolution. In addition,
the high risk weight-bearing sites, adjacent to the perineum, were
aifficult to monitor as any slight subject movement introduced
consiaerable noise 1nto the desired signal.

The mean imaged temperature curves were further described Dby a

quadratic semilog, or power fit. The coefficients were calculated
for groupings of data to detect sensitivity to test conditions;
however, there was insufficient strength in any such trends to be
defined with the available data. The scatter plot of these
coefficients against each other suggests a first order fit may be

adequate for this type of analysis. Further tests would be required

to refine the limits of confidence of such models and the

interdependence of coefficient values and graded tissue pathologye.
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1'5'4. Author's Contributions

The author has played a major role in the development of the

Tissue Trauma Programme at OCCC. These activities included:
1) The accumulation and organization of a broad range of

literature for i1nclusion i1n the educational programmes.

2) The development of systematic protocols to integrate

measurement technilgues 1nto the seatling process, Such as a gilass

table wath edge lighting, pneumatic pressure transducers, seat timer

systems, and thermography.
3) Guidelines were i1dentified which reflected the use of

thermography in the OCCC clinical practice,

4) Thermography was used as an evaluative tool, based initially on
the approach reported by Dr. Brand (1971) in connection with his
footwear clinic. Further quantitative techniques were introduced
and tested in an environmental chamber at DCIEM, to determine the
minimum conditions for such studies. It was estimated that ambient
temperature should not fluctuate more than 0.5C° during an

examinatlon.

5) A post-sitting skin temperature of 34.5°C was used as a

conservative warning temperature after 15 minutes of cooling. The
general concept developed during this phase of the research was that
much of the relevant thermographic data was to be found 1in

descraibing how the skin cooled over a period of time after a load

nad been applied. This was studied by modelling the change 1in

average temperature,

6) A quadratic function was fitted to the semi-log plot of the

average temperature vs. time. Further basic research would be

required to define the quantitative aspects of tissue response to
pressure and improvements 1in the thermographic recording and

analysis offline would improve the specificity of the data sampled.
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CHAPTER 2 BACKGROUND TO THE PROBLEM
2.0 INTRODUCTION

This chapter presents a detailed review of the literature

dealing with the causes and prevention of pressure sores. The
background discussion then shifts to describe those clinical

programmes which have evolved to deal with the problems ot specific

groups of patients.

The section discussing the cause of pressure sores begins with

a descraption of both cellular and macroscopic pathophysiology.

Extrinsic and intrinsic factors, thought to contribute to the
development of pressure sores, are then presented to demonstrate the
potential hazards of support surfaces.

Ine current approaches to the design of support surfaces are
reviewed 1in detail, showing the variety of theories and devices
recently developed and emphasizing the significance of the
divergence of opinion on prophylactic seating. This reinforces the
concept that no one system 1s best for all wheelchair users and
emphasizes the need for objective evaluation techniques.

A number of pressure sore prevention programmes are contrasted
wlth respect to philosophy, regimen and apparatae . The tissue
trauma programme which evolved at the OCCC 1s described, including

the proposed clinical use of thermography.

2.1 CAUSE OF PRESSURE SORES
2ele1 Patho-physiology of Pressure Sores

Cameron (1967), in his textbook of pathology, presents the

following categories of pathogenic agents: ischaemic, physical

traumatic, chemical, microbiological, immune response, and
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geénetic. Most authors agree that the primary cause of pressure

sores 1s pressure induced ischaemia: The corresponding process of
cellular destruction 1s called coagqulation necrosis described by
Antypas (1980).

The process of tissue deterioration is a continuum, and hence
the definition of various states of tissue health must be empairical,

leading to discrepancies in terminology when grading the severity

of pressure sores. The stages are described in Table 2.1, based

upon observable microscopic and macroscopic changes, and graphically
portrayed in Figure 2.1. However, with new technology, it may be

possible to obtain more objective pressure sore assessments through
the use of computer aided tomography, Firoozna (1982) or by soft
tissue i1maging with nucular magnetic resonance,

Many of these tissue changes were initially studied with

experimentally produced pressure sores in animals. These authors

sought to determine critical combinations of intensity and duration
of pressure which would lead to irreversible cellular damage. More
recently, 1t has been recognized that the process of tissue

deterioration can also be generated by many repetitions of

pressure/duration conditions, which, applied only once, would not
1nduce observable pathological changes. It 1s this latter process,

described in detail by Brand (1971), which represents the problem

faced by any full time wheelchair user.

2el1e2 Intrinsic Factors Contributing to Pressure Sores

The initial clinical assessment of the patient subject to
pressure sores, should determine those intrinsic characteristics
which place one at risk. However, there has been no common

agreement on the methodology ot preparing a risk tactor profile for



FIGURE 2.1 PATHOPHYSIOLOGY OF PRESSURE SORES
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TABLE 2.1

TISSUZ STATE

STAGE 1 "Hyperaemia®

Iscr.aeria induced tor
S$hort Deriods of time
(eg. 30 manutes to one
hour) will proauce
reversidble changes in

T-:l: tlEFuEE-

STAGE 11 "lIschaemypa”
reversible tissue
changes resuit after 2«

& hours of ischaerua

STAGE 1III "Necresis®

lscriaemia maintained

for 6 to 15 hours will
begin a process called
coagulation necrosis.

$TAGE IV "Ulcerataon”
Ischaemaa maintained
for more than 15 hours
will produce tranx
ulceraticn as evidencea
by an open lesion,

This may nheal over a
long period of time or
may require surgical
repair.

MACROSCOPIC CHANGES

The skin will appear
red upon release of

Fressure but this will
cgisappear within 1hr.

S5K1n redriess will
disaprear within 36
hours of pressure
relief.This redress
will blanche when
pressure i1s applied.

The skin will be
discolovred with a
dusky blue appearance
which will not blanche
when pressure 1s

applied.Tris may be

folloved the
development of a harag

subcutanedus Jump,

This wound will be
open with i1nfection
progducing some
exudate, It may be a
shallow lesion or a

deep bursa in the

underlying tissues.
«

PATHOPHYSIOLOGY OF PRESSURE SORES

MICROSQOPIC CRANGES

Cells will show infile-
tration and cloudy

swelling. The nyperaera¢
response 18 thought to

be triggered by a build
up of metabolites

Fatty changes are seen
an the cells along
waith hyaline conijunct-~
ive changes., Intersti-
tyal capillary hemor-
rages and extravasa-
ion of the cells will
be observed,

There is evidence of
frank hemorrage and
xaryolysis. In addit-
ion proliferation of
polymorphonuclear leuc~
ocytes will be evadent.

Tnere will be destr-
uction of subcutan-
eOus tissues with
evidence of fused cell
structures, enzyme
dissolution and phag-
cytic exudate, The
damage may extend as
tar as the bony
structures leading to
periostitis and costed-
myelitis.
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tissue trauma patients. For the purposes of discussion, the author

has empirically created such a profile based upon clinical

experience and factors described in the literature.

Four categories were chosen tor those parameters considered
intrinsic to the individual: anatomical, neurological, medical and
psychological. Although mobility has been described as a risk

tactor, hNorton (19Yo02), Peterson (19Y71) and Barbenel (1977) 1t as

consiacered in this study to be a function of the other parameters.
Each parameter in Table 2.2 is discussed in relation to 1ts
possible influence on:
(F) Loading frequency - the number of occasions within a given

period of sitting that susceptible tissue sites are

locaded;
(D) 1loading duration - the length of time for which the load

1s applied on each occasion;
(M) magnitude of loading - the peak forces or stresses applied

to the weightbearing tissues including both normal and

shear stresses; and

(R) tissue resistance - the capability of tissue sites to

recover from comparable ischaemic insult.

The interrelationship of these factors 1s best demonstrated by
citing a case study ( a list of patients, designated by initials, 1s
presented in Appendix I ). Patient (CD-1) had a dormant bursa over
his left ischial tuberosity. Shortly after returning to school this

became acutely inflamed and required hospitalization. His sitting

habits had changed abruptly to accommodate the school schedule: He

sat for longer periods of time, (D-increased); more often, (F-
increased); and on the same wheelchair cushion, (M-constant).

Within a short period of time he developed a low grade inflammation,




TARLE 2.2 INTRINSIC FACTORS CONTRIBUTING TO PRESSURE SORES

Categories Parameters (F) (D) (M) (R)

ORTHOPAEDIC DEFORMITIES

ANATOMICAL
SOFT TISSUE STRUCTURES

TISSUE QUALITY (HEALTH)

SENSSEY LSS
M. .r oo daloho
SPASTICITY

ORGAN FUNCTION LOSS --

NUTRITION (DEFICIENCIES)

MEVICAL
DISEASE PROCESSES

INFECTION (LOCAL/SYSTEMIC)

COGNITIVE SAILLS
PSYCHOLOGICAL

EOUCATION

BEHAVIOURAL

NOTE: This chart lists factors which the author believesg increase the

pressure sore risk. The coding enphasizes the way each parameter may act to
the detrinent of the patient, Specific implications mst be related to an

1ndividual patient through careful assessment with the use of objective
measures where possible,

COLES: "X" represents areas in which the author considers the parameter to
have an influence and "?", areas of continued debate i1n the literature,.
(F)¢ Loading Freguency; (D)Z loading Duration; (M)Z Loading Magnitude; and
R 2 Tissue Resistance,

EXAMPLES: Typical patient situations which illustrate these relationships
are presented 1n Appendix I.
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and his resistance to the new sitting stresses decreased

(R-decreased). This example demonstrates how physical parameters

may be used to describe changes in pressure sore risk.

The reviews presented by Kosiak (1959), Schell and Wolcott

(1966), Merlino (1969), Berecek (1975) and Vasconez et al. (1977)
described risk factors such as nutritional status, anemia,

lntection, incontinence, tissue oedema, spasticity, mental condition

and mobility. The following examples expand on the significance of

the groups of risk tfactors presented in Table 2.2.

Anatomical:

Structural changes of the musculo-skeletal system, connective

tissue, Oor skin may increase the pressure duration and magnitude,
and decrease tissue resistance to ischaemia. Without an ongoing

physiotherapy program, hip and knee contractures may develop in any

full time sitter. 1In addition, spinal deformities may lead to

asymmetrical weightbearing and reduced functional mobility. These
secondary complications of paraplegia are particularly severe for

children with Spina Bifida because the immature spine 1s

4

susceptible to the development of severe compound curves during

growth,

There is much debate as to which tissues are most suitable for

supporting body weight. Keane (1979) discusses the minimum support

requlirements for humans, and arques that soft tissues which contain
muscle and nerves are highly susceptible to ischaemia. 1In support

of this argqument he observes that these tissues slide away from bony

prominences during weightbearing,

In disagreement with this theory, Schell and wolcott (1966)

noted that patients with soft tissue atrophy, caused by motor
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paralysis, had a higher risk of developing pressure scores than
heavier patients with more subcutaneous tissues for pressure

distribution .

For the purposes of this study, the quality of the weight

supporting tissues, has been described with respect to clinically

observable 1rreversible changes (tissue type), and transient changes

1n response to acute ischaemic insult (tissue condition). BOtn ot
these types ot changes may influence the same risk parameter.
Internal tension 1is intensified under load because of the
structural rigidity induced by the permanent change in tissue

elasticity as a result of scarring. Oedema, secondary to

inflammation, will increase intracellular fluid content, temporarily

reducing the elasticity of the tissue, and thereby also intensifying

internal pressure under external loading conditions.

Neurological:

A "neurotrophic factor" has been thought significant in
reducing the resistance ot insensitive skin to i1schaemia. Th1ls
theory, oriqginally proposed by Charcot (1879), hypothesized that
denervation of tissue disturbed its nutritional supply. Munro
(1940), extended this hypothesis by proposing a disturbance in the
autonomrc reflex arc controling local circulation. Holloway, Allen
et al. (1976) observed no differences in autoregulated blood flow
after pressure release when comparing paraplegics and control
subjects., Lee and Bennett (1981) studied pressure, shear and blood
flow 1n the vicinity of the ischial tuberosities of 15 paraplegic

subjects during sitting. Both pressure and shear values for the

paraplegics were greater than those for normal control subjects,

while the corresponding blood volume flow rates were much smaller.
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They hypothesize from these findings that locading conditions are
more severe in addition to the presence of a neurotrophic factor,.

When local skin and muscle tissue innervation is replaced by
the surgical use of neurovascular flaps the pressure sore cycle 1is
usually stopped, Krupp et al. (1983). 1In addition to this

observation many, patients with neuromuscular diseases, who have the
same mobility constraints as a quadraplegic, but i1ntact skKin

sensation, remain pressure sore free for extended periods of time,

Although the neurotrophic factor may remain unresolved, insensitive
skin appears to represent a high risk for pressure sores.
Spasticity 1s often citea as a contributing tactor althoughn
there have been no formal studies to assess this parameter.
Nevertheless, posture and balance wili sutfer, particularly in the

presence of spasticity of the hamstring musculature, imposing

addaitional shear stress on the weightbearing tissues. 'On the other
hand, it should be noted that there may be positive aspects, such as
increased blood circulation induced by the muscular activity

characteristic of spasticity.

Functional loss of organs resulting from paresis may place the
subject at an increased risk. Of particular note is the fact that
virtually all complete spinal cord injuries result in patients

aguliring a neurogenic bowel and bladder. Poor management of

incontinence willl lead to additional risks arising from maceration
of tissue exposed to pressure, friction and moisture, Barton (1976),

Goldstone and Goldstone (1982), and Ek and Bowman (1982).




Medical:

Typical parameters are those based on systemic changes

induced by nutraitional imbalances and disease processes. freeman

{1919Y), McCormick (1941), Homans (1940), Mulholland et al.(1943),

and Vasile and Chattin (1972) have reported that protein
deficiencies, avitaminosis and low haemoglobin levels, predispose a

patient to tissue pbreakdown. These studles retrer toO the geriatrac

patient who often presents 1n an emaciated condition. It should be

stressed however, that the young paralyzed person may be equally
susceptible to these conditions as a result of neglect, recurrent

infections, nephron lcss and, amyloidosis,

Psychological:

In the author's view psychological and physical risk factors

operate on each other, The patient's physical abilities describe

the tools he has to work with; and his psychological health and
motivation determine how he will use these, Guttman (1976) has
long recognized the significance of patient cooperation and

participation in the prevention of pressure sores. The

interrelationship between rehabilitation duration and outcome with
scores on the MMPI-168, SCL-90 and PECS psychological tests was
conducted by Malec and Neimeyer (1983). They found agreement

between the tests on measures of distress and depression and that

high scores in these aspects were associated with longer

rehabllitation periods.

Psychological parameters are difficult to measure objectively

and are subject to constant change induced by the patient's

continuing life experience. "Behavioural Engineering" describes

the study and modification of such parameters with biofeedback
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technigues and lift warning monitors are an initial application of

this technology for the prevention of pressure sores.

The complex interrelationship of all of these intrinsic risk
factors within any one individual demonstrates the importance of
conducting careful individual assessments. The weighting of these
factors for i1dentified patient groups has yet to be determined in

any tormal way. JFor tnhis reason, clinical studies must take pains

to describe target patient groups

213 Extrinsic Factors Contributing to Pressure Sores

The external tissue risks can also be viewed 1n terms of their

influence on the trequency (F), duration (D), and magnitude (M) of

the applied loading as well as the resistance (R) of the tissues TO

1schaemlicC insult.

These factors were classified into three groups; namely a)

interface forces, b) interface environmental parameters, and c)
lifestyle parameters, see Table 2,3 "Extrinsic Factors Contributing
to Pressure Sores". Categories (a and b) describe the physical

conditions at the skin surface, of which some can be measured by

appropriate transducers. Lifestyle parameters are determined by the

physical demands inherent in the individual's personal activities

and the physical care the handicapped person experiences.




TABLE 2,3 EXTRINSIC FACTORS CONTRIBUTING TO PRESSURE SORES
T.ssue
Loading Conditions State

Categories Parameters (F) (D) (M) (R)

NORMAL

INTERFACE

SHEAR {STATIC)
FORSES
SrEnaR (LYNAMIC)

TEMrFERATURE

INTERYACE

VAPOUR PRESSURE

ENVIRONMENT

CHEMICAL

ACTIVITIES

LIFESTYLE KEGIMEN (PERSONAL)

REGIMEN (IMPCSED)

NOTE: This chart lists those extrinsic factors the author believes to be

essentlal i1n describing the risks imposed on the individual patient by a
particular support surface and lifestyle., Since there 1s an

1nterrelationshlip between intrinsic and extransic factors, this table either
directly or indirectly includes factors described in the literature.

CODE: "X" denotes the presence of an association between the listed

extrinsic factors and a resultant impact upon the loading conditions ox
tissue resistance to ischaepuc insult.

(F)2 lcaacing Factors Freguency; (D) = Loaalngiractors Duration; (M) ¥ load
ang Factors Magnituae; (R) 2 Tissue Resistance

EXAMPLES: Typical patient situations which illustrate these relationships
are presented in Appendix I,



- 2H -

Interface forces:

The external forces may be described in the following

categofies:

APPLICATION
EXTERNAL NURMAL pressure
LOADING | -

STATIC DYNAMIC

Two aspects of the surface loading forces must be considered:

1) the complex pattern of forces and stresses arising when weight-

bearing takes place and, 2) the physiological response,.

bennett has published a series of theoretical models describing

the mechanics ot transferring load to flesh in the Bulletin of
Prosthetic Research, Bennett (1Y71a, 1971b, 1971c, 1972, 1973, 1975
and 1979). Tnese modelling techniques are suitable for simulating
pasic design concepts of seating biomechanics. It 1s not,
unfortunately, a suitable technique for evaluating the risks of a
particular patient, as there are too many variables to allow for
modelling of internal stress state in the tissues. These
theoretical studies indicate that the design of the support surface

plays an important role in determining local loading conditions.
For this reason, 1t is important to emphasize that research and

evaluation of these devices are worthwhile,



- 29 -

Static and dynamic shear forces are described as separate
mechanical risk factors, (see Table 2.3). 1f a patient's posture

tends to push him/her forward in the chair, frictional stresses will
contribute to the occlusion of local blood supply, Reichel (1958),
bennett (1972 & 1979) and Lee and Bennett (1981). This type of risk

may be reduced by the use of postural supports to balance a sweeping
lunbar Kypnosis. - In aaaition, the friction, developing in a sliding

contact, may lead to abrasion and thereby reducing the resistance of

tissues to further loading, Dinsdale (1974).

Interface Environment:

Daniel et al.(1978), 1n his review of the literature has
ancluded incontinence and humidity as parameters of extrinsic risk,
and Kosiak et ales (1958), with a similar list, include skin

termperature. Cochrane and Palmieri (1980) have reported on tests to

evaluate seating systems by combining laboratory and interface

tests. The latter included pressure, humidity and temperature

measures of skin environment.
If moisture 1s continuously being absorbed by the skin,

maceration can take place, particularly in the presence of shear
forces. Clinically, the typical site of onset lies in the
intertrigenous zone between the buttocks, and immediately over the
COCCyX. When such incontinent patients have a lumbar Kyphosis,
1nduced by tight hamstring muscles, the resultant shear forces over

the coccyx may lead to severe pressure sores.

Fisher et al.(1978) reported in his review that Ruch and Patton

(1965) determined the following relationship between tissue,
metabolism and temperature. It was estimated that there was

approximately a 10% increase in metabolic rate per 1C° rise in
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temperature. Several authors have extrapolated from these data,
assuming that i1t 1s a linear relationship which holds true for all
types of tissues under i1scnaemic conditions. The conclusion then

drawn, is that a 5C°’ relative increase in skin temperature

represents a 5U% increase in tissue susceptibility to comparable
ischaemic levels. If this were true, cooler seats would have an
advantage over warm, or insulating types.,

Sitting temperatures have been reported for various types of

cushions by Brattgard et al.(1975), Fisher et al.(1978) Stewart et
al.(1980) and Cochrane et al. (1981). Patterson and Fisher (1980)

conducted day long studies sampling measures of interface pressure,

pressure relief and skin temperature. Large pressure variations

were found, partially due to the errors associated with pneunatic

transducers, and the skin temperature was found to have a rise time
of approximately 2 hours. This was the first attempt to deiine a

set of conditions throughout a sitting day. However, it 1s not

possible to relate the results of such physical data directly with

metabolic changes i1n the tissues.

Not surprisingly, specific chemical risks have not been
reported. Perhaps this is because of the difficulties inherent 1in
generalising upon such sensitivities. More often than not, the
material in direct contact with the patient's skin will be clothing

or diapers. The latter, as a form of urine collection, exposes the

patient to the ravages of both chronic moisture and ammoniacal

scalding. These factors may combine to reduce the skin's resistance

to surface intection and breakdown.
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Lifestyle:

Lifestyle factors are mentioned as a category of external risks

including, as they do, elements of self care and physical activity.

Again there are no available data considering such questions as the

risk of various wheelchair sporting activities. Should an athlete
use the same cushion for basketball and for school? The loading
CONAal1tilons imposed by these two activitlies are at great varlance,

the latter being a sedentary activity, and the former, involving
vioclent movements with shock loading,

Seating design can have a great influence on the extrinsic

physical risks to the individual patient. 1In addition, education
and training to modify sitting behaviour may improve the loading

conditions. For example, pressure reduction may be achieved Dby
provision of an alternative sitting surface for activities out of

the wheelchair, or by avoidance of traumatizing activities.

Regimens of self care should include self-imposed limits to the

duration of continuous sitting, as well as the development of other

self-protective behaviours.

2.2 PREVENTION OF PRESSURE SORES

2241 Cconcepts of Tissue Tolerance

This section reviews the basic research whicn has contributed

to the current understanding of tissue tolerance, 1e., the
relationship between external locading and subsequent tissue

viability. Whille some researchers have tried to establish a

relationship between pressure and time with respect to the
development of tissue pathology, others have focused on the

identification of critical pressures which occlude blood flow.
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General aspects of the pressure sore problem have been reviewed

DY a number ot authors, (Brooks and Duncan (1940), Kosiak (1959),

Fernie (1973), Berecek (1975), Kenedi et al.(1975), Vasconez (1977),

and Daniels (1978)). This review specifically highlights those

tindings which pertain to the risks associated with wheelchair

sitting and contribute to the science of seating design and

evaluatlon.

The sagnificant faindings which have defined thresholds of

tissue tolerance to applied ischaemia have been displayed in one
graph, see Figure 2.2, The earliest studies attempted to determine
the critical time period required for continuous pressure to produce
ischaemic necrosis. Ischaemic conditions were imposed through
tourniquets on rabblts legs, Heidelberg (1878); on dogé legs, by
circumferential external pressure on rats tails, Williams (1938),
Brooks and Duncan (1940) and Husain (1953); and on the forearm of a
man, Burton and Yamada (1951). Later experiments controlled
external pressure over localized sites by mechanical probes, on
dogs, Kosiak (1959); and on humans, Rogers and Reswick (1974). Most

recently Daniel et al. (1981) have developed a model using direct

pressure to the greater trochanter of both normal and paraplegicC

swine, Caution must be exercised when extrapolating from such a

variety of experimental conditions to clinical problems.

The early experiments producing complete ischaemia by means of
a tourniquet, were entered on a pressure vs time graph as the
equivalent of a sustained high local pressure. Under these

conditions, frank necrosis was observed after 12 to 18 hours of

complete ischaemia, while Kosiak et al.(1958) established lower

limits at 6 hours, 1n approximate agreement with Husain (1953).

This 1s represented on the tissue trauma graph by a locus of points
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at which continuous pressure produces ulceration. The scales in
Figure 2.2 display time and pressure conditions commonly found in

wheelchair seating.,. For example, Williams et al, (1938), discovered
that continuous pressure of at least 10,7 kPa (80 mmHg) for 48 hours
Will produce pressure sores. While this type of gquideline 1s useful
in the prevention of bed ulcers, 1t does not accommodate the
lnteriittent loacing at higher pressures sustained by wheelcnair
sitters.,
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