TO MY LOVING PARENTS

"Felix qui potuit rerum cognoscere causas"
Virgil



##12



RESPONSES OF PARTIALLY EDENTULOUS SUBJECTS TO VARIATIONS
IN DENTURE FORMS

AS DETERMINED BY INTRA-ORAL FORCE MEASUREMENTS

NAZIA YAZDANIE BDS, BSc, (Univ Punjab)
MSc (Univ London)

Submitted for the Degree of Doctor of Philosophy
in the Faculty of Medicine
University of London
March 1990

Ingstitute of Dental Surgery
256 Grays Inn Road
London WC1X 8LD

.

(,/ ?"j}‘a"‘i
[ “‘;}ﬂ .
‘%“““:f

d

\\



ABSTRACT

The purpose of this investigation was to study patients’
responses to changes in denture forms as determined by intra-

oral force measurements.

A group of subjects was selected requiring treatment with
complete upper and partial lower Kennedy class 1 dentures. In
addition to recording medical and dental histories, fests of
oral stereognostic and motor ability were employed, together
with a Clinical Interview Schedule, so as to exclude those with

characteristics reported as reducing oral adaptability.

An impression procedure was evolved, assessed and used to record
the neutral zone in the test subjects. A complete upper and two
lower dentures were made, the second being the test prosthesis.
Its flanges were initially contoured to fill the neutral zone,
and it was capable of being altered both' buccally and lingually

to fill more of the available space in the mouth.

A miniature force transducer was developed, such that eight
devices could be inserted into the test prosthesis to record
simultaneously forces on the anterior and posterior aspects of

the buccal and lingual flanges with a computer-based system.

A regimen of tests was developed to examine the forces exerted -

on the varied shapes of the denture. The magnitude and the
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nature of the forces were analysed in relation to activity,

location, head-angulation, time-interval and thickness.

Marked differences in force patterns were observed. Swallowing
forces were predominantly higher than those when speaking,

chewing, sucking and resting.

Forces related to location were significantly different. No

correlation was found between force value and head-angulation.

Forces recorded when contours were changed were found to be
reduced significantly a fortnight later. Forces recorded on the
original contours, at the beginning and end of the experiment,

showed no significant difference.

It was found that the inclusion of eight transducers made
possible a more accurate record of oral muscular activity than
has been possible previously and it is confirmed that the
subjects selected showed considerable ability to adapt to

changes in denture profile.
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1 INTRODUCTION

Successful use of dentures is markedly related to the forces
exerted by the oral muscles on the prostheses, and the manage-
ment of a mnew appliance is often initially difficult as new

patterns of muscular activity are developed.

The fact that patients can wear dentures successfully is a
credit to their adaptability and to the skill of both the
dentist and technician. Adaptability requires time for the
sensory and neuromuscular mechanisms to become adjusted to the

new shape and its control within the mouth.

If the patient is to learn to adapt to these foreign bodies they
must be so shaped and so placed as to cause as little inter-
ference as possible with the functions of speech and

mastication.

Modern investigation of intra-oral forces began in the middle of
this century when the means of measuring were very simple

compared with those available today.

More recently orthodontists have been making use of advanced
technology to investigate the forces applied to the natural
teeth. Similar studies of the forces upon prostheses have only
investigated the load on a restricted area of the denture’s

surface.



The purpose of this investigation was first to examine the
forces applied by the oral musculature along the entire length
of a denture surface, and second to determine the response of

patients to changes in denture shape by intra-oral measurements.

It would thus be possible to describe oral muscular activity in

a more detailed fashion than has been done hitherto.



2 REVIEW OF THE LITERATURE

2.1 INTRODUCTION

Successful use of complete dentures is largely dependent on
motivation and neuromuscular integrity. The greater the
muscular uncoordination the greater will be the difficulty, and
the greater must be the compensating motivation on the part of
the patient to overcome it, if indeed it can be overcome

(Lechner 1982).

2.2 SYSTEMIC FACTORS INFLUENCING ADAPTABILITY

2.2.1 ADAPTATION TO DENTURE USE

"Adaptation" is defined as a process of modification to fit a
new use., It is a process of change which is a complex
phenomenon of learning, muscular skill and habituation (Fish
1969). Learning means the acquisition of a new activity or a
change of an existing one. Muscular skill is the capacity to
coordinate muscular activity so as to execute a given movement
or series of movements. The facility for learning and precision
of muscular skill both deteriorate with age (Fish 1969).
Habituation as defined by Glaser (1966), means a gradual
diminution of responses to continued or repeated stimuli. The

provision of new or replacement dentures is a change in a



patient’s intimate environment and the patient’s reactions must
undergo modification and adaptation in order to deal with this

process of change.

According to Basker (1966), adaptation is a quality which cannot
be measured scientifically, and is largely a subjective
assessment based on clinical experience. When new dentures are
fitted, patients have to adapt to them. They must be able to
retain and control them during functions which depend on
learning new skills and acquiring a set of new muscular
movements to deal with the situation. They must also become
accustomed to their appearance, which may require a personal

acceptance of a change in their face.

Adaptation has been studied both on the basis of the occurrence
of one or a few denture wearing difficulties, and by assessing
the denture wearers’ satisfaction with their dentures. The
results of these investigations vary with the criteria used. In
some cases the denture users’ satisfaction with their dentures
was assessed on the basis of how consistently they wore them
(Taylor and Doku 1963 and Bates and Murphy 1968). In most
studies, however, the assessment of satisfaction and adaptation
took into consideration a number of difficulties and discomforts
associated with denture wearing (Langer et al 1961, Seifert et
al 1962 and Bergman and Carlsson 1972) or the total number of

such difficulties or discomforts was studied (Makila 1974).

Others involved follow up studies of patients’ satisfaction



with complete dentures (Magnusson 1986 and Berg 1988).

The causes of patients’ dissatisfaction with and complaints
about denture use have been listed and reported widely in text
books of Prosthetic Dentistry (Lammie 1956, Osborne and Lammie
1959, Sharry 1974 and Ellinger et al 1975). On the other hand,
information about the frequency and duration of these denture-
wearing discomforts is seldom given. The problems include
chewing difficulties, poor retention of dentures, pain, speech
difficulties, changes in salivary flow, retching, changes in
taste perception, unsatisfactory appearance and deterioration of

appetite.

It has been reported that, in general, about 70% or more of
denture users are satisfied with their dentures at the time of
insertion (Langer et al 1961, Taylor and Doku 1963, Bates and
Murphy 1968, Bolender et al 1969, Silverman et al 1976, Smith
1976 and Laine 1982), or after varying periods of use (Bergman
and Carlsson 1972, 1985, Sheppard et al 1972, Magnusson 1986
and Berg 1988). However, according to Taylor and Doku (1963),
63.8% of all complete denture users were very satisfied with
their dentures. They also reported that 21% of the males and 46%
of the females were either partly or completely satisfied with
their dentures. Bates and Murphy (1968) suggested that female
patients had more complaints than males, but according to Langer
et al (1961) there is no significant difference between the

gexes in this respect.



It has been assumed that the ability to adapt to denture wearing
declines with increasing age (Fish 1969, Boucher 1970, Ettinger
1971, Boucher et al 1975 and Ellinger et al 1975). Although
this view is comparatively common in the literature, it is only

supported by one investigation (Makila 1964).

There is relatively 1little information in the literature
regarding the duration of the period of adaptation to denture
use. Some investigators have indicated that in most cases
denture wearing difficulties disappear within one month of the
insertion of the denture (Bergman and Carlsson 1972 and Miakila
1974). Boucher (1970), gave the following guidelines on how
soon patients can be expected to adjust to dentures and learn to
use them: "People 20 or 30 years of age can learn to handle
dentures in ten days, whereas those 30 to 40 years of age need
nearly three weeks. People 40 to 50 years of age often take two
or three months, and those in poor health may take a year before

becoming unconscious of the presence of dentures".

According to Langer et al (1961) and Smith (1976), the wearers’
satisfaction with their dentures did not seem to be signifi-
cantly dependent on the clinical fit and the technical quality
of the denture as evaluated by the dentists, even though
contrary opinions have also been presented (Yoshizumi 1964).
The dentists’ assessment of the anatomical condition of the
mouth did not show any significant association with the denture

wearers’ appreciation of their dentures (Makila 1974).



Social factors do not appear to have any strong association with
the patients’ total assessment of the dentures. It has been
claimed that denture wearers’ satisfaction with complete
dentures is significantly dependent on the ability to masticate

(Langer et al 1961 and Yoshizumi 1964).

The retention and stability of upper complete dentures has been
found to be more strongly associated with the wearers’
appreciation of success than the retention and stability of the
mandibular denture (Carlsson et al 1967, Bergman and Carlsson
1972 and Laine 1982). On the other hand, it had also been found
that wearers’ satisfaction with complete dentures was closely

related to the successful use of the lower denture (Langer et al

1961).

Follow-up studies have been carried out to find how patients’
satisfaction with dentures changes with time. Bergman and
Carlsson (1985) in their longitudinal study of 32 subjects

over 21 years found a discrepancy between the patients’
satisfaction with their dentures and the dentists’ clinical
assessment and evaluation. This discrepancy has also been
demonstrated by Langer et al (1961), Yoshizumi (1964) and

Carlsson et al (1967).

Magnusson (1986) in his five year follow-up study showed that
the majority of patients were satisfied with their dentures
though in his opinion 60% of the dentures were in need of

corrections or replacement.



Berg (1988) in his two years follow-up study reported that
significant deterioration in satisfaction occurred during the
first year regarding both the upper and lower dentures generally
and only minor deterioration in patients’ satisfaction occurred
in the second year with no significant change related to the

upper denture.

Bergman and Carlsson (1972) and Makila (1974), stated that
denture wearers’ dissatisfaction with dental appearance seems to
be comparatively uncommon, but according to Makila (1974),
denture wearers may be too shy to admit the importance of this

factor.

Several authors have emphasised the importance of personality
factors in connection with acceptance of dentures during the
adaptation period (Seifert et al 1962, Ament and Ament 1970 and
Silverman et al 1976). Wearers’ satisfaction with dentures does
not seem to be significantly related to intelligence (Seifert et
al 1962). It had been suggested that neuroticism plays a role
in low satisfaction with dentures and that it increases the
number of subjective complaints reported by the wearer (Nairn

and Brunello 1971 and Guckes et al 1978).

2.2.2 REDUCED ADAPTIVE RESPONSES

Clinical observation suggests that habituation to most tooth

supported prostheses takes place quickly. On the other hand

patients using some types of complete dentures, partial dentures



or maxillo-facial prostheses have considerable difficulty
adapting. These patients frequently show no obvious signs of
injury or disease in the denture bearing area, and report
symptoms which are "difficult to pin down both verbally and
anatomically" (Newton 1975). Most of these patients fail to
respond to simple treatment at the chair side. They are

frequently dismissed as difficult patients.

The presence of foreign objects (prostheses) in an edentulous
mouth is bound to elicit different stimuli in the sensory-motor
system, which in turn influences oral motor behaviour. Both
exteroceptors and proprioceptors are probably affected by the
size, shape, position, pressure from and mobility of the
prosthesis (Zarb et al 1978, Zarb 1979 and Hickey and Zarb

1980).

In 1973, Culver and Watt in a study of 44 patients showed that
the dentures of a satisfied group moved much more during
mastication than those of patients in a "difficult" group who
reported problems with their dentures. From their findings, it
was therefore suggested that if satisfactory subjective function
can be compatible with gross denture movements then such
movements cannot be interpreted as evidence of unsatisfactory
function. Their findings strengthened the assumption that
"denture wearing is a matter of skilled performance", and the
belief that once this skill is acquired, the patient relies much
less on purely physical factors such as adhesion and cohesion

for denture control.
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The acceptance of any prosthesis is accompanied by a process of
habituation, or gradual diminution of responses to continued or
repeated stimuli (Glaser 1966). The tactile stimuli which arise
from the contact of a prosthesis with the richly innervated oral
cavity are probably ignored after a short period of time. Landt
(1974) suggested that age may also play an important role in
determining the facility with which a patient adapts to prosthe-
tic therapy, since certain aspects of learning and coordination

appear to diminish with age.

Palmore (1970) stated that age brings a decline in the five
senses and that though adaptation to change is not impossible

for older people, it is more difficult and attained more slowly.

The wearing of a denture is a learned art, and with age, the
learning process with respect to the acquisition of neuro muscu-
lar skills becomes more difficult. The older people are when
they become edentulous, the less able they are to learn to

function with dentures (Ettinger 1978).

According to Breustedt (1979), the transition from patients’
natural teeth to replacement prostheses, with their altered
functional patterns, takes place at the stage of 1life in which
psychosomatic alterations associated with age increasingly occur
and can affect adaptation. Giddon (1980), said that with age

there is a decline in certain sensory and motor functions.

These age related changes in pain, taste and masticatory ability

are of clinical significance to the dentist.



2.2.3 PERSONALITY

Levin and Landesman (1976) stated that there would be great
value in being able to predict success and failure in treatment
with complete dentures. The psychological and emotional factors
involved are just as important as, if not more important than,
the oral and systemic findings. Yet it is more difficult for a
dentist to ascertain a patient’s psychological make-up than his
oral condition because of the dentist’s limited training in
psychology. Forty years ago Moulton (1946) related patients’
denture problems to their emotional state. Her conclusions were
based on information gained during psychiatric interviews with

denture patients who had problems with their dentures.

For the success of any treatment, the relationship between a
therapist and patient is generally known to be of importance
(Berg et al 1984). In prosthetic dentistry this seems parti-
cularly important. No prosthodontist can successfully treat all
patients with complete dentures (Koper 1964 and Sharry 1974).
The success of the treatment is claimed to depend both on the
construction of technically adequate dentures and on the active
participation of the patient, both during treatment (Lefer et al
1962 and Hirsh et al 1972) and during the period of adaptation
(Bell 1968, 1972, Heartwell and Rhan 1980 and Anderson and
Storer 1981). If denture patients are to accept their part in
the responsibility towards a satisfactory result, it 1is
essential to establish a good relationship between the patient

and the dentist (Seifert et al 1962, Carlsson et al 1967 and
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Lechner 1986). Secondly, the patient needs to be given an

understanding of the concept of a denture (Lechner 1986).

Psychological inventories have been used to assess the
personality characteristics of "difficult denture patients"
(Bolender et al 1969 and Nairn and Brunello 1971). These
studies have shown that a large proportion of such patients
score highly on indices of neuroticism. Neurosis is regarded as
a chronic anxiety state at the physiological level (Levitt 1971)
and is known to affect the performance of tasks requiring neuro-
muscular coordination. Both learning and skilled performance
require a critical level of anxiety; levels of anxiety that are
too high or too low appear to be incapacitating. It might seem
that only the most anxious patients should experience difficulty
with their dentures, clinical experience suggests that such a
conclusion may be narrow and restrictive. However, cheerful
extroverts are rarely found among the ranks of difficult denture

patients (Newton 1975).

Personality can be assessed by use of interviews, question-
naires, self rating tests and projective tests such as the
Rorchach Ink Blot Test (Klopfer 1946). In many studies
questionnaires are used for their ease of administration and
evaluation by someone with no training in psychology. But
according to Levin and Landesman (1976), as dentists are not
qualified psychologists they should not delve into personal

matters which they are not competent to investigate.

12



2.2.3.1 Clinical studies

A number of tests for measuring emotional states have been
employed to assess denture patients. The Cornell Medical Index
(CMI) was used by Bolender et al (1969) who established a
correlation between patients’ emotional problems and their
problems with new dentures but they could find no correlation
between the numbers of post-insertion adjustments and high CMI
scores. Nairn and Brunello (1971) also used the CMI together
with patients’ complaints and dentists’ evaluation of faults in
dentures. There was a greater level of neuroticism in those
subjects who had more complaints about their dentures than the
number of faults detected. Nevertheless they concluded that it
was unjustifiable to expect any particular individual’s CMI
score to identify him as potentially more 1likely to have

problems with dentures.

Smith (1976) used a personality inventory to measure personality
traits. These included depression, hysteria and anxiety.
Although there was a high prevalence of these traits amongst the
subjects investigated, no significant relationship was found
between them and the degree of patient satisfaction with
dentures. There was also no significant relationship between
the technical quality of the complete dentures, which were
assessed by a panel of four dentists, and the level of patient

satisfaction.

More recently Watson et al (1986), suggested that personality

13



may have a marked effect on a patient’s adaptation to partial
dentures. When compared to a similar group of edentulous
patients (Reeve et al 1984), differences were found which
suggested that the complete loss of natural teeth in some
individuals affects some aspects of behaviour e.g. self

sufficiency and self confidence.

The loss of teeth is a traumatic event in a person’s life.
Subsequent adaptation to complete dentures is influenced consi-
derably by the ability of the person to come to terms with the
edentulous condition. Satisfaction with dentures is thought to
be influenced primarily by the person’s personality. The
technical quality of the dentures, however, is more difficult to

assess.,
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2.3 LOCAL FACTORS INFLUENCING ADAPTABILITY

2.3.1 SENSORY INPUT

Receptor classification is based upon the morphology and
location of the nerve endings within the tissues. Ormea and Re
(1959) observed that no two nerve endings were exactly the same,
and stated that it was absurd to consider any given type of
nerve ending solely responsible for a specific sensation or a
variety of sensory perceptions. Grossman and Hattis (1967)
stated that an awareness of the regional distribution of sensory
nerve endings is important to the handling of surface sensory

input.

2.3.1.1 Sensory innervation of the oral mucosa

Gairns and Aitchison (1950) found the gingival tissue extremely
richly innervated and the various types of nerve endings to be

found in great profusion in the dermal tissue.

Gairns (1956) observed that the innervation of the gingivae,
hard palate and tongue consists of two main types of endings:
free endings in the epithelium and papillary lamina propria, and
organised endings in the papillary lamina propria and most

superficial levels of the sub-papillary lamina propria.

Seto (1963) described the well developed sensory fibres in the

buccal extension of the transitional zone of the lip in contrast



to the lesser sensory innervation of the upper and lower portion
of the buccal mucosa. In the hard palate Seto also noted
numerous closely appositioned papillae, the larger sized ones
being scant in the posterior half of the hard palate but
increasing in frequency anteriorly, and often very well
developed anterior to the rugae. In general, most of the

organised endings were observed in large papillae.

Kamada (1955) described the tongue as the surface which is best

provided with sensory nerve fibres in the entire body.

Dixon (1962) reported the high incidence of mucosal nerve
endings in the anterior area of the upper part of the mouth.
The anterior region of the tongue has the most sensory
terminations and the frequency is greater on the dorsal surface

than on the inferior.

2.3.1.2 Sensory studies

Strughold (1925) reported that the buccal and lingual gingiva,
buccal mucosa, and hard and soft palate are moderately sensitive
to cold and and exhibit a rapid decrease in cold sensitivity
towards the lateral areas and gingiva, so are the tip and
lateral margins of the tongue, incisive papilla and the trans-
verse furrows between the rugae of the anterior hard palate.
Conversely the entire palate is reported to be insensitive to
heat stimuli with the exception of an area of the' soft palate

immediately adjacent to the last molar. With regard to tactile
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sensation, he stated that the lips, tip of the tongue and hard

palate show a profound sensitivity.

Critchley (1953), used the term '"compass test" for studying
tactile discrimination. The threshold varies considerably
according to the region of the body. The discrimination of the
two points is most delicate on the tip of the tongue and less
sensitive on the finger tips. The normal threshold values
quoted are 2mm over the finger and 0.5 to 1lmm on the tip of the

tongue and lips.

Grossman (1964), in an evaluation of oral surface sensation,
examined two point discrimination on the tongue. He showed
that the subjects could distinguish between +two separate
contacts at the tip and anterior of the dorsum of the tongue
when the distance between them was at least 2 to 3 mm. With
regard to relative tactile sensitivities, Grossman et al (1965)
found the upper lip more sensitive to tactile stimulation than
all the other sites tested, and the tongue and lower lip more
sensitive than the incisive papilla, although according to
Marlow et al (1964) this is most abundantly supplied with

sensory terminations.
Berry (1969) found that the anterior part of the palate, tip of
the tongue, and the lingual gingiva behind the lower incisors

were the most sensitive areas.

Brill et al (1959) described the mechanism whereby a patient

17



adapts his oral musculature to deal with dentures. In their
study they emphasised the importance of the exteroceptors in the
oral mucous membrane. Believing that the retention of a
complete lower denture is largely dependent on muscle behaviour
and that the exteroceptors in the surrounding oral mucous
membrane govern this activity, they conducted an experiment in
an attempt to prove this hypothesis. Patients with marked lower
ridge resorption were provided with dentures and given
sufficient time to become accustomed to them before being
recalled for the experiment. A method of measuring the force
necessary to unseat the denture was evolved and this force was
discovered in all the patients. The oral mucous membrane was
then treated with a topical anaesthetic alone to abolish the
activity of the nerve endings, and further readings taken. As a
control, the vehicle in the anaesthetic compound was used to
discover the effect, if any, of the viscosity of the material.
The results of the experiment showed conclusively that the
patients were unable to control the dentures effectively when

the exteroceptors were inactivated.

It is concluded that there is a continued reduction of nerve
endings generally from the anterior to the posterior aspect of
the mouth, this being more so in the tongue and hard palate.
The most sensitive sites are in descending order the lips, the

tongue, and the hard palate.
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2.3.2 ORAL STEREOGNOSIS

Stereognosis or form recognition is the appreciation of the
forms of objects by palpation without the aid of vision. There
is a wide variety of tests available, but the most promising
measure of oral sensory function is form identification in the

mouth.

This type of test has been used to assess oral perception
(Grossman 1964) and has also been applied in the study of
speech, in cleft palate patients (Hochberg and Kabcenell 1967),
in patients who are excessively aware of the presence of
dentures and retch (Wright 1981), in dentate and edentulous
subjects (Litvik et al 1971), to study oral muscular ability in
different age groups (Landt and Fransson 1975) and as an aid to

prosthetic treatment planning (Berry and Mahood 1966).

Manley et al (1952) found that the sensory discrimination of
denture patients is not impaired as long as the forces and
movements involved are of a similar magnitude to those used in
mastication. When very small forces or movements are
encountered as in judgement of texture, the denture patient

possesses a considerable handicap.

The work of Brill et al (1959) on sensory awareness has already

been described (section 2.3.1.2).

In addition to his two~-point tactile discrimination test
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Grossman (1964) used geometric shape identification with and
without bilateral nerve block anaesthesia. He found that
healthy subjects were able to identify 70% of the shapes which
he used but those objects were indistinguishable after lingual
anaesthesia unless they contacted the teeth or lips. He
concluded that oral discrimination depends primarily on the

anterior lingual surfaces.

Studies by McDonald and Aungst (1967) showed that an inverse
relationship is seen between age and level of oral perception.
The latter also stated that oral stereognosis tests which permit
active exploration of the stimulus applied seem to be the most

promising method of evaluating oral sensory function.

Gibson (1966) stated that the mouth possesses an active
perceptual systenm. The presence of chemoreceptors and
mechanoreceptors enable it to detect the soluble and volatile
components of a substance, and its consistency. The adult does
not use his mouth for exploratory haptic touching as the infant
seems to do. Nevertheless, the mouth retains the ability to

discriminate the shape and solid geometry of objects.

According to Hochberg and Kabcenell (1967) oral recognition of
forms and oral manipulation procedures are performed largely in
the anterior part of the mouth, between the tongue and the front

of the palate.

Schérer (1968) noted that while very fine oral stereognosis
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might be slightly reduced in complete denture wearers, the
remaining sensory feedback mechanisms of the masticatory systenm
seem to compensate for the loss of the periodontal pressure

receptors to provide proper masticatory function.

Owall (1970) showed that a significant difference in oral
tactility during chewing existed between people with natural
teeth and denture wearers. People with natural teeth have a

lower threshold value.

Laine and Siirila (1971) studied oral and manual stereognosis

and two point tactile discrimination of the tongue to:

(i) obtain information by means of an enlarged test
series as to whether manual stereognosis in young
adults was more accurate than oral stereognosis

(ii) ascertain whether correlation existed between the
oral perception of form and the threshold of two-
point tactile discrimination of the tongue

(iii) determine whether any correlation existed between
the size and form of the area of contact of the
experimental pieces and the threshold of two-point

tactile discrimination.

Their findings indicated that the appreciation of fine tactile
stimuli and form perception was much weaker in the mouth than in
the fingers. There was no correlation between the two-point
tactile discrimination threshold values and the oral stereognos-

tic scores.
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It has been claimed that those who report the greatest number of
adaptation difficulties in connection with denture wearing have
better test scores in oral stereognosis than those who adapt
easily to their dentures (Berry and Mahood 1966 and Litvik et al

1971).

Wright (1981) carried out a study of patients who were
excessively aware of the presence of dentures (retchers). She
concluded that retching in patients may be multi-factorial in
origin. The effect of an individual’s personality, his general
medical condition, restriction of his airway, his oral awareness
and the design of his dentures could combine together to produce

symptoms of retching in a susceptible person.

It may be concluded therefore, that stereognostic tests are
useful in considering the prognosis of treatment with dentures.
The acute perceptive ability of the mouth is recognised even in
denture wearing ©patients, although in the area of fine
discrimination they are at a slight disadvantage particularly if
they are aged. Patients who have low denture tolerance
generally tend to have high stereognostic ability and vice versa

(Berry and Mahood 1966).
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2.3.3 THE NEUTRAL ZONE

The idea of a neutral zone began with Tomes in 1873, who stated
that "the pressure of the lips and tongue lead to the regular
arrangement of teeth during eruption where no mechanical
obstacle interferes with their even disposition". He was the
first to propound this theory of natural tooth positions being
determined by balancing pressures of the tongue and perioral

musculature.

2.3.3.1 A Prosthetic Viewpoint

When all the natural teeth are 1lost, there exists within the
oral cavity a void that may be called the potential denture
space. The denture space is defined as that space in the
edentulous mouth which was formerly occupied by the teeth and
their supporting tissues which have since been lost (Watt and
MacGregor 1976). This space is bounded by the maxilla and soft
palate above, by the mandible and floor of the mouth below, by
the tongue medially and by the muscles and tissues of the lips
and cheeks laterally. Within the denture space there is an area

that has been termed the "neutral zone".

The neutral zone has been defined as that area in the mouth,
where, during function, the forces of the tongue pressing
outward are neutralised by the forces of the cheeks and lips
pressing inwards (Beresin and Schiesser 1976). The forces which

are supposedly neutralised in the neutral =zone arise from
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muscular contraction during the various functions of chewing,
speaking and swallowing, and vary in magnitude and direction in

different periods of life.

The way these forces are directed against the dentures will
either help to stabilise them or will tend to dislodge them.
Those soft tissues that form the internal and external
boundaries of the denture space greatly affect the stability of
the denture and can help to determine its peripheral borders,

tooth positions, and polished surface contours.

It is generally accepted that a correctly designed complete
denture should, as far as possible, replace all the lost tissues
and that the artificial teeth should occupy the positions
formerly occupied by their natural predecessors. This concept
was first introduced by Fish (1933). In addition he recommended
that the polished surfaces of the denture should in no way
interfere with muscular activities, but should facilitate their

actions, and in doing so, provide greater stability.

An alternative approach is advocated by Watt et al (1967) by
using so called biometric guides to design complete dentures.
They claimed that artificial teeth positioned according to such
guides would be approximately in the positions of their natural

predecessors, or in the neutral zone.

Many workers have tried to identify the neutral zone, some

preferring the term "dead space" (Fish 1933), '"zone of minimal



conflict" (Matthews 1961) or "denture space" (Brill et al 1965),

and many have devised methods to record it accurately.

Fish (1964) stated that, "the fundamental principle in the
construction of a full denture is that every part of every
surface of fhe denture shall be modelled to fit some part of the
patient’s tissues, or some part of the other denture". He
described a denture as having three surfaces, namely, the
impression surface, the polished surface and the occlusal
surface. He did not functionally determine the neutral zone but
emphasised that the artificial teeth must occupy a position so
that the tongue is pressed inwards with just as much force as
the cheek 1is pressed outwards. In this way the denture will
occupy a "dead space" (neutral zone) in the mouth, since inward
pressure of the lips and cheeks will be exactly balanced by the
outward pressure of the tongue. The proper position of the
artificial teeth is mnot necessarily on the ridge, inside the
ridge, or outside the ridge, but at a point where the pressures

of the tongue and cheek balance each other.

Pound (1954) stated that to imitate nature with dentures means
that the anterior and posterior teeth should be placed in the
same natural positions from which they came relative to the
lips, the cheeks, and the tongue. The basic anatomy of the
dental arches should be fashioned about these teeth in all its
natural contours. He referred to the "tooth over the ridge"
concept as a fallacy. He further stated that the fine arts of

denture prosthesis could be improved by:
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"(i) evaluating residual ridges as a changeable denture
foundation rather than as a guide for the tooth
positioning

(ii) devoting more time and study to improving the health
of patients for the preservation of their ridges

(iii) studying and applying the principles of nature as
regards the placing of teeth and the anatomy of their

supporting structure".

Berry and Wilkie (1961) stated that good mechanical results may
usually be obtained by replacing artificial teeth in the same
positions as their natural predecessors. If maximum stability
is to be achieved, the teeth on the denture should be in such a
position that dynamic equilibrium exists between the soft tissue
movements on either side of them. They noted that the position
of the natural teeth, however odd, is probably the result of the

forces acting on thenm.

Barone (1963) described Tench’s neuromuscular concept, that

functions of the tongue, 1lips and cheeks are induced to play

their important role in the acts of sucking and swallowing.

This brings the denture base into harmony with the physio-

logical behaviour of these muscles. He developed an impression

technique to achieve three things:

(1) develop a passive contact of all impression borders to
the basal seat of tissues

(ii) passively fill all marginal spaces

(iii) develop basal seat area coverage compatible with function
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However, he had to "condition" all patients prior to impression
taking. This involved making sure their nutrition was adeguate
for three to four weeks and also giving them stretch and relax

muscle exercises to condition the mandibular muscles.

Brill et al (1965) stated that the range of action of the
muscles and other structures that relate to the denture space
should be recorded by an impression so that the denture flanges
can be shaped accurately. Firstly, the denture must not
interfere with the action of the dislodging muscles. Secondly,
the inclination given to the secondary supporting surfaces i.e
the polished surfaces of the denture should promote both active
and passive muscular fixation of the restoration. The authors
were also of the view that by recording the activity of the
muscles and their structures, surgery to deepen lingual and

vestibular sulci could be reduced.

Several workers have devised and described methods using mould-
able materials for determining the neutral zone (Matthews 1954;
1964; Russell 1959; Raybin 1963; Schiesser 1964; Murphy 1966;
Lott and Levin 1966; Heath 1970; Beresin and Schiesser 1976).
Though Lott and Levin’s technique was similar to the method
employed by Murphy, it was more elaborate in its application of
physical, anatomical and physiologic principles. The authors
also emphasised the importance of the convex polished surface

of the denture in relation to the buccinator muscle.

Heath (1970), reviewing Scheisser’s 1964 paper noted that he
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applied the term "neutral zone" without distinguishing between
rest and function implying that there was equilibrium at the
same site during rest and swallowing. He wused a non-setting
visco-elastic siloxane gel, on denture bases at rest and during
swallowing, and measured resultant shapes of the space between
the tongue and the 1lips and cheeks. At rest, he believed he
was, at the same time, recording the "dead space in repose" as
prescribed by Fish (1933) and confirming the observation of
Tomes that a mouldable material would be formed into a regular
dental arch. The results were not influenced by whether the
bulk of material was 1lingually or buccally displaced on
insertion, but the effect of increasing the volume of the
material was variable in relation to the original form. He also
stated that functional changes in pressure on one aspect of the
denture were not opposed by corresponding changes on the other
aspect. As the results were different, he questioned that there
was equilibrium at the same site during rest and swallowing, and
therefore, did not like the implication of the term "neutral
zone", but felt the term "denture space" was more appropriate.
He concluded that it was possible to identify the morphology of
the "dead space" for the shape of full dentures. Further, that
some of the surface contours of such dentures would be
appropriate for their stabilisation and retention by muscular
activity. He suggested that the term "denture space" is
preferable to "neutral zone" or "zone of equilibrium" since the
degree of displacement of the tongue, 1lips and cheeks was not
always symmetrical. He also suggested that further study was

necessary to elucidate the relationship between the functional-:
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anatomy of these structures and their accommodation of the bulk

of the dentures.

Boucher (1975) stated that '"formerly all artificial teeth were
placed "on the ridge" for mechanical reasons when leverage was
the primary concern. Now, however, teeth are being successfully
placed in the 'neutral zone", which is in fact the zone
previously occupied by the natural teeth. Leverage 1is not
ignored, but a lack of favourable leverage is counterbalanced by
the controlling action of cheeks, lips and tongue that confine
the dentures.” Thus the same forces that helped to position the
natural teeth in the dental arches can help to maintain the

artificial teeth in their place.

Therefore, dentures should occupy a position in the mouth where
all the forces during function are neutralised, otherwise,
denture stability will be decreased proportionately to the

difference in the amount of the opposing forces.
2.3.3.1.1 Biometric Guides Concept

The biometric guides concept employs the anatomical landmarks on
maxillary edentulous casts, namely, the incisive papilla and the
remnant of the lingual gingival margin, to guide the setting of
the artificial teeth in the aﬁproximate position of their

natural predecessors.

Watt et al (1967;1976) and Watt (1978) were able to identify the
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remnant of the lingual gingival margin in the edentulous mouth
as a fine elevation near the crest of the residual ridge. They
also noted the constancy of the buccolingual breadth of the
alveolar process before extraction. This could be transferred
to the edentulous cast and made use of as a guide to the breadth
of the flange of the complete upper denture. They stated that
the complete denture should be constructed to fill the "denture
space"” and that the artificial teeth should be placed in the
approximate positions occupied by their natural predecessors.
They defined the "denture space"” as that space in the edentulous
mouth which was formerly occupied by the teeth and the
supporting tissues which have since been lost. They propounded
various biometric guides to the placement of artificial teeth:
(1) the form of the lips, the naso labial angle, the

horizontal labial angle, the effect of nose form

and angle of inclination of the teeth
(ii) the relationships of the maxillary incisors to

the incisive papilla
(iii) the location of the lingual gingival margins in

the edentulous mouth and placement of lower teeth

in relation to the lower edentulous ridge, tongue,

cheeks and lips.

Their emphasis was on impression recording and special trays
were designed to reproduce the full buccolingual breadth of the
sulcus on the casts for the correct design of complete dentures.
They did not actually determine the "denture space" in the

patient’s mouth, but instead they made use of their biometric
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guides for positioning the artificial teeth. According to then,
these biometric guides would enable the artificial teeth to be
placed in the approximate positions of their natural predeces-
sors and restore the lips and cheeks to the positions which they
occupied when the natural teeth were present. They claimed that
dentures constructed in this way have a natural appearance and

function extremely well.

2.3.3.1.2 Clinical studies on the Neutral Zone concept

In a study of four patients to determine the reproducibility of
the outer form of the buccal and lingual flanges of a lower
denture as developed by functional movements of the surrounding
tissues, Karlsson and Hedegard (1979), concluded that the
differences in the impressions made with the same technique and
material were small and that the reproducibility could be
considered clinically acceptable. However, there were statis-
tically significant differences in the flange form measurement
distances, among the different materials and methods of
application. They cited the previous studies of Barone (1963),
Raybin (1963), Brill et al (1965), Heath (1970) and Beresin and
Schiesser (1976). They stated that various methods had been
tried for the reproduction of the vestibular and lingual
configuration of the neutral zone, so that the tissues at rest
and in function aid rather than interfere with the retention of
the denture. This is especially true for patients with advanced
ridge resorption, disturbed muscle function and partial

paralysis.



Likeman (1979) in a study regarding the position of the lower

denture within the muscular environment of the mouth, noted a
change in 1lingual force patterns against the surface of the new
denture in a group of five subjects over one week as measured by

a force transducer.

A reduction in the peak swallowing forces was observed after the
appliance had been worn for one week. He suggested that some
degree of muscular reorientation would be part of the process of
adaptation to denture wearing. He agreed with Lear and Moorrees
(1969) that the concept of natural tooth position as a simple
equilibrium between equal and opposite forces is a gross over-
gimplification and that some other factors must be involved. He
concluded subjectively that the tongue can easily adapt to a

lingual obstruction consistent with denture wearing.

Neill (1979) compared the 1lingual and buccal pressures on the
lower "Fish denture" and a "biometric denture" using miniature
strain gauges covered with a waterproof skin and installed flush
with the surface of the dentures. The transducers were located
on the buccal and 1lingual surfaces of the teeth in the lower
molar and premolar region. He concluded that lingual pressures
predominate over the buccal pressures during swallowing and that
this manoceuvre should not be used when attempting to record the
denture space impression. He also concluded that the most
stable condition for tooth placement which allows for balancing
pressures on the chewing side in function and on both sides of

the mouth at rest is achieved by following the biometric guides
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described by Watt et al (1967).

Neill and Glaysher (1982) compared the buccal and lingual
pressure measurements by means of pressure transducers installed
on the lower first molar teeth in four edentulous patients who
each had three sets of complete dentures made to identical
relationship records. The teeth on different dentures were set
according to three different schemes of buccolingual placement.
The first according to the biometric guides described by Watt et
al (1967), the second to meet the requirements of concave
polished surfaces recommended by Fish (1933), and the third

constructed to the outline of a piezogram.

From the experimental results they concluded firstly, that
Fish's concept of denture design resulted in an unfavourable
muscle balance and hence denture instability. Secondly, whilst
the technique of piezography is helpful in siting the artificial
teeth on the lower complete denture, it tends to give variable
results and needs further refinement. Finally, the value of
biometric guides for tooth placement was confirmed as a reliable
method which is 1likely to result in a greater stability in
skeletal class I cases. In other jaw relationships a
combination of a biometric guide placement in the upper teeth,
and a piezogram to determine the lower tooth placement may be

helpful.

33



2.3.3.2 An Orthodontic Viewpoint

The proximity of the perioral soft tissues to the teeth make
them potential factors that might influence tooth position.
This view was expressed by Tomes (1873) and was discussed in

section 2.3.3.

2.3.3.2.1 Inter-relation of soft and hard tissues

The possible inter-relationship between the form of the dento-
facial skeleton and the structure and function of the associated
musculature has long been appreciated. Hunter (1778) indicated
that muscle pressures were capable of producing alteration in
tooth positions. Tomes (1873) referred to the dental arches as
a plastic material between the tongue and the lips. He
suggested that the basal portion of the maxilla and mandible had
little relationship to the teeth and that the alveolar portion
was absolutely dependent upon them. Friel (1924) reported the

association between a strong tongue and broad dental arches.

Winders (1956) quoting Sicher suggested that perioral and
lingual musculature does not exert much influence on the
positioning of the teeth. He further pointed out that perioral
and lingual musculature are not truly antagonistic in their
actions. The positions of teeth are primarily dictated by the

skeletal base.

Sims (1958) measured labio-lingual forces acting on the



maxillary and mandibular incisors in 21 males with "superior to
excellent" occlusions. No significant correlation was observed
between the axial inclination of the incisors and the labio-
lingual forces. The author suggested that the labio-lingual
axial positions of the incisors were not governed in any
predictive fashion by the perioral and lingual musculature. The
lack of significant correlation between swallowing pressures and
the antero-posterior positions of teeth was confirmed by Winders

(1958) and Lear and Moorrees (1969).

Dixon (1959) demonstrated that artificial teeth that were free
to move under muscle activity but that were bound by natural
teeth did not remain in a stable relationship to the natural
teeth but were displaced slightly buccal to the line of the
arch. Further, this was more marked in the upper than the lower
Jjaw. McNulty et al (1968) placed transducers on the prosthetic
maxillary incisor teeth which were 3mm protuberant to the arch
line. They found that there was an initial increase in the
labial pressure which, in some, returned to normal with in a

week.

Using strain gauges, Winders (1962) recorded pressures occurring
in the central incisor and molar regions of upper and lower jaws
on both lingual and buccal surfaces and confirmed Kydd’s (1957)
work, that in general, lingual forces predominated over perioral
forces. The tongue has been clinically recognised as an organ
capable of exerting force (Kydd 1957 and Winders 1956; 1958),

and this has been reported to be greater than that exerted by
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the lips (Kydd et al 1963 and Profitt et al 1964).

Jacobs (1969), and more recently Proffit (1978) have proposed
that the resting pressures of the tongue and lips are more
important than dynamic contractile pressures. Proffit (1978)
also highlighted the importance of the eruption and occlusal
forces within the periodontal 1ligament, in addition to the
labio-lingual soft tissues, whereas Gould and Picton (1968) have
highlighted the significance of the duration of applied force.
It would appear that almost continously applied light forces on
resting tissue have greater influence than heavier transient

functional forces.

Lear and Moorress (1969) studied bucco-lingual muscle forces
and their influence on the dental arch form during speech,
mastication and rest. They also determined the duration during
which the various forces were being applied. They concluded
that the morphology of the dental arch form did not reflect the

influence of the surrounding bucco lingual musculature.

Gould and Picton (1975) found that increased forces above the
resting level on the labio-buccal surfaces during and after
swallowing were usually associated with a reduction in intra-
oral pressure to sub-atmospheric levels. The fall in the cheek
pressure was attributed to a "sucking in" of the lips and cheeks
caused by lowering of the mandible, thus providing another
possible factor that might equalise the labio-lingual pressure

difference.
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Orthodontists have recognised for years that successful
orthodontic treatment is dependent on the dictates of muscular
balance. Their interest in the musculature of the tongue, lips
and cheeks lies in the magnitude of the forces exerted upon the
dental arches, and the influence of these forces on the position
of the teeth which erupt into the mouth under the influence of
muscular environmeht. This environment which is created by the
forces between the tongue, 1lips andi cheeks has a definite
influence on the positioning of the erupting teeth, the

resultant arch form and occlusion.

According to Beresin and Schiesser (1976), the dental arch is
formed by the effect of the forces on the teeth by the muscles
of the tongue, lips and cheeks while the teeth are erupting into
the oral cavity. However, the muscular forces alone do not
always determine the developing dental arch form. There is a
genetic factor that cannot be overlooked. This inherent factor,
along with the local environmental forces, combine their
influenbes uniquely to determine the final arch form and

positions of the teeth.

It is therefore important that the teeth be placed in that part
of the mouth and within an arch form that falls within the area

formed by the muscular forces.
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2.3.4 NEURO-MUSCULAR ACTIVITY

Forces exerted by the tongue and perioral musculature are of
importance to Athe prosthodontist because they can aid or hinder
denture stability. Habitual patterns of oral muscular activity
which aid denture acceptance and control have been demonstrated
by several workers (Brill et al 1959, 1960, Culver and Watt 1973

and Ettinger 1978).

The ability to modify these patterns of activity in response to
changed oral environment is of importance in successfully using
intra-oral prostheses. This is most frequently seen when using
a denture for the first time, or employing a new prosthesis of a

different design.

Knowledge of the forces generated by the tongue, and perioral
muscles and how they change, have interested both prosthodon-
tists and orthodontists, who have conducted most of the research

in this area.

2.3.4.1 Role of muscles in denture control

Adaptation to a denture is of two kinds. The patient must be
able tolerate the denture at rest and must be able to manipulate
it in function. The sensory nerve endings concentrated in the
tip of the tongue and lips are particularly sensitive to
spatial alterations and tactile stimuli. New dentures which act

as foreign bodies contribute to all kinds of unpleasant
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sensations but with time these sensations are gradually screened
out and the process of adaptation is complete (Ettinger 1978 and
Breustedt 1979). The high threshold of stimulation in the
elderly favours the acceptance of a new denture at rest,
however, motor control and even habitual activities may be
impaired, and new motor tasks become increasingly difficult to

accomplish (Lechner 1982),

The importance and mechanism of oral musculature in denture
control has been very well described by Brill et al (1959,
1960). They suggested that coordinated muscular activity is
required to cope with a denture, and if the physical aspects of

retention are poor then the muscles take on the leading role.

Brill et al (1960), described a case of a 63 year old lady who
attended the dental clinic for new dentures because she had lost
an incisor from her complete upper denture. Further examination
revealed that the denture, which had been worn for nearly forty
years, was 1ill fitting, poorly constructed and had a midline
fracture of the palate. In spite of these shortcomings she was
able to eat quite adequately, the two pieces of the denture
being controlled by the cheeks and tongue. After wearing the
new dentures for a month she was given the old ones again and
requested to eat with thenm. She was unable to do so. This
illustrates a | most important factor in adaptation to an

environment, that of learning and "unlearning".
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2.3.4.2 Intra-oral measurements: Force transducers

The terms force and pressure have been used loosely and
interchangeably in the literature. Pressure is defined as the
thrust or force per unit area. Force is defined as any action
that alters or tends to alter a body’s state of rest or of
uniform motion (Pitt 1988). Where the term has been used
loosely in quoted work it has been placed in inverted commas on

the first occasion of use after the name(s) of the authors.

Force transducers for use in the oral cavity have been designed
by many investigators, with varying degrees of success. Much of
the work has been done on studying the forces developed during
mastication, swallowing activities and associated oro-facial
muscle functions. Occlusal forces and assessing pressures under

denture bases have also been recorded (Watson and Wahab 1984).

Most of the pressure and force transducers depend on the move-
ment or change in dimension of their sensing element; which
should be proportional to the pressure or force applied. Dental
pressure transducers can be grouped according to the sensing
element:

(1) those using resistive strain gauges

(ii) those using variable inductive or capacitative elements
(iii) those using piezoelectric crystals

(iv) those using hydraulic sensing‘techniques

For measuring masticatory forces, Howell and Manley (1948),
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Howell and Brudevold (1950) and Yurkstas and Curby (1953), used
variable inductance strain gauges, which were incorporated into
an artificial tooth. Later Anderson (1953), Stromberg (1955),
Frechette (1955) and Anderson and Picton (1958) used resistance

strain gauges which were simpler and smaller in size.

The mucosal transducers were criticised by Lawson (1960). He
found that as the loading increased, the surrounding base bore
proportionally more load than the moving element in the trans-
ducer. He showed that the accuracy improved as the rigidity of

the moving element increased.

In response to Lawson’s criticism, Kelsey et al (1976) and Wain
(1969) developed "rigid-diaphragm" pressure transducers.
Although the accuracy was improved, the pressure registered was
still dependent on the position of the transducer, i.e. when a
load was applied to the edge of the transducer’s diaphragm it

registered less than when it was applied to the centre.

For measuring occlusal forces in more than one direction,
complex multi-channel transducers were developed (Scott and Ash
1966 and McCall et al 1978). Wain (1961; 1964) developed a
pressure transducer that varied its capacitance in response to
pressure, which he later modified to an inductive system in

1969.

Nyquist and Owall (1968) and Mansour (1977) developed piezo-

electric transducers which were essentially rigid for measuring
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occlusal loads. Bearn (1972, 1973) developed systems based on
hydraulic principles for determining the forces between the

denture base and the occlusal surface.

Devices for measuring intraoral muscular activity have been
described by several workers. Dentate subjects have been studied
by orthodontists (Feldstein 1950, Alderiso and Lahr 1953,
Winders 1956, 1958, Kydd 1957, Kydd et al 1963, Sims 1958, Kydd

and Toda 1962, Gould and Picton 1962, 1964, 1968, Weinstein et

al 1963 and Profitt et al 1964, 1969, and partially dentate-

subjects (Dixon 1959, Gould and Picton 1963, Lowe et al 1970 and
Likeman 1979) as well as edentulous subjects (Kydd 1956, Jacobs

1967 and Neill and Glaysher 1982).

2.3.4.2.1 Tongue response to intra-oral devices

Whenever instrumentation is introduced into the mouth or other
areas of the body, there is a possibility that the physiologic
activity being studied will be altered by the " presence of the
recording instrument. This phenomenon, originally termed
"Physiologic Reactance”" (Fry 1960) is a very real hazard in the
mouth, particularly when the tongue forces are to be recorded.
The pattern of tongue activity is likely to be changed as the
tongue avoids the force/pressure transducers. Even the most
unobtrusive of transducers is a potential obstruction to lingual
function (Likeman 1979). If the device causes discomfort,

avoidance is all but guaranteed (Profitt 1975).
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In a more recent study Likeman and Ferman (1987), investigated
the accommodation of the tongue to a dental appliance using
electropalatography. They stated that the tongue accommodated a

restriction in width of the mandibular arch by rising above it.

2.3.4.3 Experimental estimation of intra-oral forces

The tongue has been clinically recognised as an organ capable of
exerting force and this force has been reported to be greater
than that exerted by the lips (Kydd 1956, 1957, Sims 1958, Kydd
and Toda 1962, Kydd et al 1963, Winders 1958 and Profitt et al

1964).

Maximum forces exerted by the tongue and the lower lip on the
natural dentition have been studied by Kydd (1957), Winders
(1958), Kunvary (1959), Jansky and Zeleny (1961), Kydd and Toda
(1962) and Rinaldi and Sherry (1963). In these studies the
tongue forces was found to vary from 6 to 16 lbs/sq inch. Kydd
(1956) measured lateral and anterior forces exerted by the
tongue on one edentulous subject and showed 5.2 pounds maximum
anterior thrust and 2.6 pounds on the right and 2.3 pounds on

the left, maximum lateral force.

Feldstein (1950), drew a preliminary conclusion that in
evaluating 25 cases of normal occlusion, the forces exerted
bythe cheeks on the buccal surfaces of the upper right first

molar were approximately 3.5 "gram".



Alderiso and Lahr (1953) described the use and principle of
strain gauges to measure muscular forces. They did not calibrate
their instrument, so no results were presented. They were
mainly interested in the graphic presentation of the dynamics of

intraoral muscle pressures involved in the muscle action.

Margolis and Prakash (1954 a) measured muscular pressures using
a photoelectric myodynagraph. Calibration error in this instru-
ment was 5% to 6%. In a later study Margolis et al (1954 b),
evaluated the effect of myofunctional exercises on the oral
muscles and found an increase in muscle forces of 29% in the

upper lip to 27% in the lower lip.

Winders (1956) considered that the position of the teeth may be
dictated primarily by the skeletal base relationship, a view
later supported by Scott (1961). He qualified his view after
developing a strain gauge transducer which measured muscular
pressures on the dentition. He confirmed that the tongue was
capable of exerting four times more pressure on the dentition
during maximum effort than the buccal musculature. There was an
imbalance of 1lingual and buccal pressure during speech and

swallowing.

Winders (1958), with an improved transducer, showed that lingual
pressures during swallowing were highest in the mandibular molar
region, and comparable to the range shown by Kydd (1957). He
noted that in function the tongue exerted much greater force

than the perioral musculature.
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Kydd (1957) proposed that the lips may exert a lower pressure
for a longer duration than the tongue, which would suggest that

the duration of the force was more important.

With this in mind Lear and Moorrees (1969) calculated the mean
pressure for a 24 hour period on the buccal and 1lingual side of
the dentition and found that the tongue and lip pressures never
balanced during swallowing and tongue pressures were always
several times higher. Tongue and lip pressures during swallow-
ing did not correlate well with tooth position and duration of
tongue and lip pressures over time did not balance out to create
an equilibrium. The time-pressure integral was further
investigated by Proffit and Norton (1970), who found that during
swallowing, although the 1lingual pressure was greater, the
overall imbalance between the labial and lingual pressures were

reduced.

Most of the above authors have used transducers placed next to
the teeth and have occupied space normally available to the
lips, cheeks, and tongue, casting considerable doubts on the
validity of the results. Gould and Picton (1963) and Likeman
(1979) modified the measuring technique by utilising edentulous
gaps in the arch to try to overcome this problem. They measured
forces using studs mounted on a finger spring carrying a single
strain gauge and showed that buccal and lingual forces in the
line of the arch were equal at time of rest, but that in
function lingual forces were higher. The disadvantages of the

stud technique are that the projecting sensor could not give an
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accurate representation of the forces being exerted on the

teeth, whilst its presence could modify normal function.

Lear et al (1965) repeated the investigation of Gould and Picton
reducing the thickness of their transducer and advancing the
transducer through an edentulous gap towards the tongue and
cheek in turn. They confirmed an increase in force on encroach-
ment into the soft tissue space but concluded that "the change
in mean forces at each location was remarkably proportional to
the increase in effective thickness of the transducer and to the

reading at 0 mm".

Loads on dentures have been studied by Kydd (1956), Jacobs
(1967), Lowe et al (1970) and Neill and Glaysher (1982). Jacobs
(1967) measured forces exerted on the buccal flanges of both the
upper and lower complete dentures in each of the two patients up
to 29 weeks after insertion. He showed a reduction in the
buccal force recorded each time that it was measured. No lingual

forces were recorded.

Lowe et al (1970) studied 1lingual forces in six patients on
lower Kennedy class I partial dentures. These forces were
recorded via a pressure transducer 10 mm in diameter, located in
the first molar region and extended beyond the lingual flange by
1 mm, The recordings were made of forces on the lingual flange
without additions and with additions of 3mm and 6mm thicknesses,
during involuntary swallowing and during periods of inactivity

between swallows. They found that there was only a moderate
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increase in mean swallowing forces and a substantial increase in
resting forces with increased thickness of the lingual flange.
It was concluded that normal tongue activity was inhibited by
the thickness of the prosthesis or any device introduced in the

oral cavity.

Neill and Glaysher (1982) compared the buccal and lingual
measurements by means of force transducers installed on the
upper and lower first molar teeth in four edentulous patients,
who each had three sets of conpiete dentures made to identical
relationship records. The teeth on different dentures were set
according to three different schemes of bucco-lingual placement.
They concluded that the biometric method of Watt et al (1967)
was a reliable technique and gave greatest denture stability.
No allowance was made for inter-patient variability in this

study.

Recently Watson and co-workers (1984), have developed and
modified an inexpensive pressure transducer for measuring
pressure at denture-base mucosal surface interface. These have
been improved, employed, evaluated and assessed in various
studies for recording pressures in different types of oral
prostheses (1986, 1987a and 1987b) and for pressure measurements

at denture-base mucosal surface (Stafford et al 1986).

All the studies on forces on prostheses have used pressure
transducers which do not measure the load on the entire surface

but only on a localised area. Their output is also markedly



related to the transducer size and location, whilst the base-

line of some shifts with changing intraoral pressures.

2.3.4.4 Intra-oral measurements: motor ability testing

This is a test of oral motor proficiency and was devised by
Berry and Mahood (1966). In this the time taken by the subject
to pick a pair of test pieces and to manipulate them so as to
assemble them in his mouth was used as an indication of his oral

motor proficiency.

2.3.4.4.1 Clinical studies

Berry and Mahood (1966) considered that oral motor ability tests
might be used to assist in the prognosis of treatment with
dentures. Older patients were seen to have lower scores than

younger in oral motor ability tests.

It is therefore difficult to use oral motor ability test as a
diagnostic procedure as most complete denture wearers are in

fact old.



3 STATEMENT OF THE PROBLEM AND AIM OF THE STUDY

All the reported studies of forces on prostheses have used
transducers, which measured thé load on a localised area rather
than on an entire surface. Their output was markedly related to
their size and location, whilst the base-lines of some shifted

with changing intra-oral pressures.

There has been no reported work on the determination of loads
over substantial areas of a denture’s surfaces, nor of the way
those loads change with time, oral activity and in response to
altered denture contours. It is at these gaps in our knowledge

that the present project was directed.

It was therefore proposed to:-

(i) Select a group of subjects who were believed to be
orally of normal adaptability and who were willing
to co-operate in a clinical survey.

(ii} Construct dentures contoured to fill each subject’s
neutral zone in function.

(iii) Measure the forces applied on the buccal and lingual
surfaces of the denture during a range of oral
activities.

(iv) Examine the effect on these forces of intruding

further on the intra-oral space.
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4 MATERIALS AND METHODS

4.1 INTRODUCTION

In view of the many systemic and local factors reported as
influencing oral muscular activity it was considered important
to control as many variables as possible apart from those under
investigation. The project therefore, consisted of the
following stages.

(i) selection of a suitable group of subjects

(ii) development of the intra-oral force measuring apparatus

(iii) intra-oral measurements

4.2 SELECTION OF A SUITABLE GROUP OF SUBJECTS

A detailed medical and dental history was recorded for all
potential participants in the study in order to exclude those
with local or systemic problems. The subjects were selected on
the basis of willingness to assist, lack of apparent personality

problems, and no history of difficulty in denture wearing.
All 'these parameters were intended to exclude those with
characteristics reported as reducing adaptability to oral

prostheses.

A group of sixteen subjects was selected on the basis of a
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clinical examination, which was thought 1likely to meet these
criteria. The group was further refined by the use of oral
stereognostic and oral motor ability tests, together with

psychiatric assessement.

The subjects selected were between the ages of 39-82 years. They
required treatment with a complete wupper denture and lower
Kennedy class 1 partial denture. The latter was chosen as it
could be made more stable than a complete lower denture thus

allowing more reliable measurements of forces.

The experiment required that the posterior edentulous spans
should be symmetrical and as 1long as possible. A further
requirement was that there be sufficient space between the
edentulous ridge of the lower jaw and the occlusal surfaces of

the upper denture, to accommodate the force transducers.

4.2.1 ORAL STEREOGNOSIS AND ORAL MOTOR ABILITY

Oral stereognosis and oral motor ability tests were performed as

part of the selection process.

The tests used were based on those described by Berry and Mahood
(1966). Their stereognosis tests used five basic shapes, with a
small and large version, making ten test forms in all. Others
have extended and modified those basic shapes by either altering

their shapes or surfaces. The test forms used in this study
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were those modified by Hochberg and Kabcenell (1967) and Wright

(1981).

The oral motor ability test was a two-part assembly test. The
subjects were required to assemble the test pieces in the mouth
and were timed while doing so. The difficulty of the test was
related to the number of ways in which the pieces could be
assembled. The five pairs of test pieces were based on the
extension by Landt and Hedegird (1974) and Wright (1981), of the

original test design of Berry and Mahood (1966).
4.2.1.1 Construction of the test-forms
4,2.1.1.1 Oral stereognostic test-forms

Two sheets of '"Perspex" 2mm and 3mm were used for the
construction of these test forms. 5mm square pieces were cut
from each sheet and joined together with quick setting epoxy
resin¥, Nine perépex intra-oral test pieces, based on cubes of
5mm dimension were thus made and used for this test (Fig 4.1).
Nine larger Plaster of Paris versions of the test forms, based

on 25 mm cubes were used for the visual display (Fig 4.2).

The cubes were modified to provide a variety of stimuli. In
series I, one cube was completely smooth, two i.e. form 2 and 3
were écribed with one and three grooves respectively, running
along four of the six surfaces, to produce different textural

qualities. These lines were scribed by using swiss files¥ which
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were of assorted shapes and forms. The depth of the lines were
0.5mm. Series II, was progressively altered. In all of these,
the edges and corners of the cube were rounded to alter the
basic shape of each cube, but the surfaces remained smooth. In
series 3, the edges and corners were bevelled at 45° by using a

flat swiss file.
4.2.1.1.2 Oral motor ability test-forms

These test-forms were also' made from perspex* sheet. The
assembled blocks were 1.2cm x 1.2 cm x 0.6cm in size. One part
of each pair (the patrix) had a raised central projection which
would fit into a matching hole on the other part (the matrix).
The first pair of test-pieces presented a round dowel which
fitted into a round hole. Two square sections of 1.2cm were cut
from the perspex éheet. A hole was cut in one section with a
No.4 fissure bur, and then shaped smoothed with file. A round
section of the same thickness and of the same diameter as that
of the hole, was cut and joined with extreme care to the other
section so that it corresponded to the hole. The female portion

could be presented either way round.

The second and the fourth pair had a square and a rectangular
dowel respectively, fitting into a corresponding hole. Again,
the female portions could be presented in two ways. These were
shaped using the same technique. The dowels were cut and shaped
accordingly and joined with quick setting epoxy resin. Care was

taken that when the patrix and matrix were assembled they were

54






of the same dimension with no raised edges.

The third pair had a semi-circular dowel fitting into a semi-
circular hole. In this case the hole was blind, and the female
portion could only be presented in one way. The fifth pair was
the most complex; the matrix had a small semi-circular shape at
one end and at the other edge a small depression which was cut
half way through the thickness. The corresponding patrix had
two projections, one semi-circular dowel and the other section
corresponding to the depression. They too were joined with

quick setting epoxy resin.

The test-pieces were numbered 1 to 5 in order of presentation

(Fig 4.3).

4,2.1.2 Test procedure

The test procedure had two aims:
1. To compare the findings of the measurement technique with
those of other workers, so as to confirm that not only

the test-forms but alsc the procedure was comparable.

2. To measure the scores of potential participants so as to

exclude those with potential denture wearing problems.

Seventeen dentate subjects and sixteen potential participants in
the study were used in these tests. The age of the dentate

subjects ranged from 19-51 years with a mean age of 31 years and
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including 15 females and two males. The potential participants’
ages ranged from 39-82 years with a mean age of 65 years and
including 12 females and four males. Dentate subjects were used
due to problems in obtaining a suitable group of denture wearing

subjects. Denture wearers used their dentures during the test.

4,2.1.2.1 Oral Stereognosis Test (0S)

A test-form was placed on the tip of the tongue and the subject
asked to identify it by manipulating it in his mouth, without
using his teeth. As soon as he had identified it, he was to
point at the corresponding large form, all nine of which were in

constant view.

Test-forms were presented to each subject in a standardised
random order. The tests were timed but it was emphasised to the

subject that speed was not the important factor.

The number of test-forms correctly identified gave the 0S score.
The mean time taken to identify the test-forms was also

calculated.

4.2.1.2.2 Oral Motor Ability Test (OMA)

The test-pieces were shown to the subjects and their assembly
demonstrated. The same random order of presentation was used.
The patrix and matrix were placed side by side on the back of

the subject’s right hand. It was suggested that the subject



could arrange these pieces in a more favourable relationship if
he or she wished. The separated pieces were picked up by the
lips simultaneously and taken into the mouth where they were
manipulated in order to assemble them. The subject was to
indicate when he had achieved this, by opening his mouth to show
the pieces assembled. If he had not succeeded he was to try
again. The time taken (in seconds) by the subject to assemble
each pair of test pieces was recorded. A maximum of 3 minutes
was allowed for the assembly of each pair of test pieces. If
the subject failed to assemble them within that time the score

was recorded as 180 seconds.

The time taken for the assembly of five pairs of pieces. three
times was totalled to give that individual’s OM score time. The

maximum time possible for the test was thus 15x180= 2700seconds.
The tests gave similar results to those of Berry and Mahood
(1966), and it was thus possible to eliminate two potential
participants whose scores suggested poor oral motor abilities.
4,2.2 PSYCHIATRIC INTERVIEWS

Fourteen of the original 16 subjects were invited to take part
in this stage of the selection procedure. Three felt unable to

participate.

Eleven subjects were therefore interviewed by a consultant
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psychiatrist who used the Clinical Interview Schedule (CIS)
(Goldberg et al 1970). This is a scale which is wused to
identify the level of psychological illness in a population
which does not consider itself to be mentally or emotionally ill

or disturbed.

These interviews were conducted on the day of placement of new
dentures but before the dentures were delivered. This was done
to standardize the time of conducting the interview, to avoid
the possible effects of the new dentures on the determination of
personality of the patients. The purpose of the interview had
been explained to the patient in a letter prior to the date of

the interview.

On the day of the interview, it was made sure that the subjects
had no fear or apprehension about seeing the psychiatrist.
As a result of this test three participants were excluded as

having a high level of psychological illness.

4.2.3 FINAL SELECTION OF SUBJECTS

Eight participants were considered suitable for the force study.
Two subjects decided to withdraw at this stage for personal

reasons, leaving six from the original sixteen.
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4.3 INTRA-ORAL MEASUREMENTS

This section covers the development and construction of the
prototype transducers, the recording of the functional
impressions and the testing of their reproducibility. This was
the starting point for the intra-oral force measurements, and
for the construction of the test dentures. The recording of
the intra-oral force measurements involved two head positions of
the subjects, the upright and the forward head angulation. For
this purpose a head gear was constructed which is described in

section 4.3.5.

4.3.1 DEVELOPMENT AND CONSTRUCTION OF THE INTRA-ORAL

FORCE MEASURING APPARATUS

4.3.1.1 Introduction

The intra-oral measuring system had to meet the following

criteria:

(a) The denture containing the transducers should be of
similar bulk to the patient’s denture.

(b) The buccal flanges should be capable of contour
modification.

(c) The transducers should record forces on the mesial
and distal aspects of each flange, a total of eight
channels.

(d) The denture should interfere minimally with normal

function.
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After a number of trial dentures had been constructed it was
decided that a device should be built on a cast cobalt-chromium¥
framework with detachable metal buccal flanges and occlusal
tables. The flanges were to be mounted on strain gauge beanms,

which were connected to the recording system with ultra fine

wires.

The various prototype transducers are described below, whilst
the construction of the final design is covered in section 4.3.3

and the recording system used is discussed in section 4.3.3.5.

4.3.1.2 Prototype transducers

The prototype transducers (Fig 4.4a and b) were connected to an
amplifier system (section 4.3.3.5) and bench tested using a
calibration flange. Thié consisted of a rectangular piece of
aluminium sheet 32 x 12 X 2 mm on which was glued a piece of 2mm
squared graph paper. The transducer was mounted in a test jig
with the flange horizontal and forces applied at the inter-
sections on the graph paper using a loaded pointer. It was thus
possible to plot a series of calibration curves for each proto-

type system so as to check for linearity and reproducibility.

Beams 9mm x 2.5mm x O.5mm were cut from spring steel. Two
strain gauges were cemented on one surface of each beanm,
equidistant from its centre and with their long axes coincident
with that of the beam (Fig 4.5). The largest strain gauges

which could be accommodated were Tinsley Telcon type
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2N/120/EC11. These have an active area of 2xlmm and a resis-
tance of 120 ohms. The beams were then attached to an acrylic
veneer by means of stainless steel rivets at each end of the
beam, inserted into rubber grommets in the acrylic veneer. The
beam was then bolted to a metal pillar through a central hole

for bench tests (4.4a).

The system proved unsatisfactory as the veneer mountings were
too resilient and the system non-linear. The central mounting
also tended to work loose and the whole assembly was too bulky

to fit within the prosthesis.

The bolt assembly was therefore, replaced with a narrow central
cast cobalt chromium pillar incorporating two vertical slots to
carry the beans. These were held in place with a composite
filling material packed into a central undercut hole. This
provided a small, secure and replaceable mounting. The
couplings at the end of the beams were also replaced with rigid

joints.

The disadvantage of this system was that as a result of lack of
flexibility in the couplings, the response of the gauges was not
linear, and there was "cross-talk" between mesial and distal

channels on one bean.

The system was therefore modified by using tubes fixed to the
~veneers to Jjoin them to the underlying beams. At this stage it

had been decided to employ metal veneers to reduce bulk and






increase strength, These could be faced with acrylic resin to

modify denture contours.

Though this new type of veneer mounting gave improved perfor-
mance, problems were still encountered with its restricting the
arc of movement of the terminal portion of the beam.  As a

result the system did not have a reliable zero point.

This problem was overcome. by replacing thg single beam with a
double beam, one acting as the force receiving beam, and the
other as a transducer (Fig 4.6). This system resulted in a
more linear response, in which the beam returned to its zero
position after loading and there was linearity of 5% over the
surface of the flange. Inevitably there was a cross over region
at the mid-point of the flange where both channels gave a

peduced out-put, but this was only 2mm wide.

A further consideration was that the oral muscles were unlikely
to be able to act over very small isolated areas and the
variation in 1linearity of the transducer in practice was
therefore probably less than indicated by the point loading
study. A pilot study in two dentate individuals wusing buccal
and lingual arrangements of six finger springs confirmed this
view witﬁ the greatest difference in force readings between

beams in any one array being 2% (Fig 4.7).

For comparison this system was checked by loading with a rubber

bag filled with compressed air at increasing pressure. This



configuration gave a linear output with a deviation of #2% from

beam to beam.

4.3.2 FUNCTIONAL IMPRESSIONS AND THEIR REPRODUCIBILITY
This study consisted of two parts:

(i) recording of the functional impressions

(ii) assessing their reproducibility

Only three of the subjects were involved.

4.3.2.1 Recording of the fuhctional impressions

Upéer and lower primary impressions were made of each subject’s
mouth using ‘impression compound and irreversible hydrocolloid.
impression materials respectiiely. " Casts were poured using
class 1 dental stone* and individually formed trays were
constructed to these casts for use with zinc-oxide eugenol* and

an elastomeric impression material* (elastomer) respectively.

The upper and lower special trays were checked in the patient’s
mouth for possible overextension. In the upper Jjaw a border
moulding technique using low fusing compound was employed and a

final impression made using zinc-oxide-eugenol impression paste.

Prior to making the lower secondary impression, the denture was
designed and any necessary tooth preparation was carried out. A

similar border moulding technique was employed in the edentulous
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areas and the impression made in a silicone impression

material*,

Master casts were made in class 1 dental stone. A heat cured
acrylic resin base on the upper cast and a cast cobalt chromium
framework on the lower were made. Acrylic resin bases were

attached to the saddle areas of the lower framework.

All designs of frameworks were evolved following the principles
of Kratchovil (1963) and Krol (1973). A lingual bar was found
to be appropriate in all cases. Indirect retention was obtained
from extensions onto the incisor teeth. These principles
enabled the designs to be made with the maximum number of

similarities in each case.

Impressions of the lower saddle areas were made in zinc-oxide-
eugenol impression paste, following the principles expounded by
Applegate (1959) and now known as the altered cast technique.
An altered cast was poured and new acrylic resin bases were made

and attached to the framework.

An upper wax record rim was constructed according to biometric
guidelines (Watt and McGregor 1976). Perforated self-cure
acrylic resin spines were fixed to the saddle areas of the lower

framework and wax rims formed around them.

At the next clinical visit, upper and lower record rims were

adjusted in the patient’s mouth to establish the occlusal



vertical dimension, and the most retruded unstrained antero-
posterior jaw relationship recorded. The master casts were
mounted on a Dentatus articulator* using a face-bow and these

records.

Before making the impressions for the external surfaces of the
lower denture, the patient was instructed to exercise the
movements of lips, cheeks and tongue by saying "pho-wee" several
times, to suck and swallow and then allowed to open and close
into occlusion and to read aloud. These exércises were repeated

when moulding the contours of the lower functional impressions.

Buccal and lingual surfaces of the lower record rim were then
reduced to expose the thin acrylic resin retention spine which

was coated with an adhesive for silicone impression materials.

Previously determined amounts of silicone impression material
were mixed according to the manufacturer’s instructions and
applied to the lower acrylic resin spine. The upper base with
record rim was inserted and the lower framework with the
impression material was placed in the mouth and the patient
instructed to carry out the scheduled series of exercises.
These actions moulded the impression material. When the
impression material had set, the upper and lower denture bases

were removed from the mouth.

Small depressions were formed on the lingual and buccal surfaces

of the lower master cast. Their purpose was to create
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A. Buccal index

. Cross section of edentulous space.
iC. Lingual index

‘D. Duplicate of master cast

E. Frame work with spine

indices and recording material removed

indices replaced and void filled

with molten wax.

Fig.4.8: Stages in the replication of the buccal and lingual functional

surfaces of the lower denture. Diagrams represents a

bucco-lingual section.




additional locating surfaces for the indices which would be used

in the laboratory when forming wax replicas of the impression

surfaces.

With the lower framework in situ on the master cast, the indices
were formed in Plaster of Paris. When set, the indices were
removed and excess material trimmed away to give smooth non
functional surfaces. The silicone material was then removed
from the spines and the framework replaced on the master cast.
The indices were checked for imperfections and fit.v They were
then soaked in water, reassembled on the master cast and the

void between the buccal and lingual indices filled with molten

modelling wax (Fig 4.8).

When set, the indices were removed and the wax replicas of the

impression surfaces inspected to confirm that the contours had

been faithfully reproduced.

The upper and lower teeth were then set, care being taken that
the lower posterior dentition followed the channel formed by the
buccal and 1lingual indices and in harmony with the residual
natural dentition. The trial dentures were checked clinically
to confirm the jaw relationship, appearance, phonetics and to
receive the patient’s approval. At this stage any minor

changes, if necessary, were made.

Buccal and lingual wax surfaces of the lower denture were

reduced back to the vertical acrylic resin spine, without



Biometric upper rim with functionally formed

lower cross section in the molar region

Upper and lower teeth set within

the above parameters.

Regenerated lower buccal and lingual contours

trimmed to give minimal tooth exposure

Fig.4.9: Stages in the transition from functional form to final

prosthesis. Diagram represents bucco lingual section.




disturbing the teeth. A light bodied silicone impression
material* was mixed and applied to these surfaces as before. The
patient was then instructed to repeat the series of exercises,
thereby moulding the impression material to a functional form

determining the final shape and contour of the denture.

This second application of the functional impression technique
was to establish the correct and refined buccal and lingual
contours. The previous impressions were not influenced by the
presence of prosthetic teeth and only provided a positive site
for the setting of the teeth in relation to the upper dental
arch, as determined by biometric principles. This refined
impression was made to establish continuity of surface contours
between the varying widths of the lower dentition and the

influence of the upper dental arch (Fig 4.9).

The upper and lower dentures were returned to the articulator
and checked for correct occlusion and eccentric balance, then

processed and polished in the normal manner.

The upper and lower dentures were then returned to the master
cast and duplicated en bloc using reversible hydrocolloid
material*¥ and stone plaster and the cast of the upper denture
mounted on the articulator, using the lower processed denture on

the master cast as an index.

The replica cast of the lower denture, on its cast, was then

used to form dental plaster (Plaster of Paris) buccal, 1lingual






and occlusal indices. These Qere required, firstly, to form the
surfaces in metal, and secondly, to enable the metal components
to be assembled in their correct relationshipé. The buccal and
lingual indices together with the master casts were then repro-

duced in a refractory material.

4,3.2.2 Reproducibility of functional impression technique

The functional impressions were seated on the master cast. This
had locating grooves on either side on the posterior art section
The cast and impressions were then placed in a reversible hydro-
colloid duplicating material, to produce a replica of the master
cast and the functional impression, called the master profile

cast (Fig 4.10).

A reference plane was next established parallel with the
occlusal plane. This was done by inverting the profile cast on
a sheet of acrylic resin 120 mm x 120 mm x 3 mm onto which
freshly mixed autopolymerising acrylic resin had been placed, so
as to coincide with the incisor teeth anteriorly and the
locating grooves posteriorly (Fig 4.11). After polymerisation
had taken place, three permanent indices were formed on the
acrylic reference plate. These were checked against all the

subjects’ casts to ensure accuracy and consistency of fit.

The profile cast and the acrylic reference plate were bisected
in approximately the median saggital plane with a saw. This

enabled the buccal and lingual surfaces of the cast of the

L
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functional impression to be presented to a profilometer for

analysis. The casts were trimmed lingually and buccally to the

depth of the sulcus.

A machined acrylic resin reference block approximately 30mm x
40mm x 100mm with faces square to each other was next made to
establish recording reference planes. A sectioned reference
plate was placed on one of the 100mm x 30mm faces of the acrylic
reference block, such that the buccal and lingual surfaces of
the functional impressions were within the planes of the two
larger faces of the reference block. The index reference plate
was next fixed to the reference block with screws and orienta-
tion pins. This facilitated accurate positioning of the

reference plate on the reference block (Fig 4.12).

The buccal and lingual art surfaces of the sectioned profile
cast were over-trimmed so that they fitted within the planes of
the larger faces of the reference block. This sectioned profile
cast was then mounted ontb the reference plate and the buccal
and lingual art areas extended with a fresh mix of plaster and
anti-expansion solution. so that they were flat and coincident

with the planes of the larger faces of the reference blocks (Fig

4.13).

All the sectioned profile casts for one side of one subject thus
had buccal and lingual reference surfaces which had a constant
relationship with the dental arch. The casts could be detached-

from the reference block and interchangeably placed on the
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horizontal reference table of the profilometer.
4.3.2.2.1 Profilometer

The profilometer is a custom built contour analyser constructed
around a stouf metal frame, supporting various components.
Level with the base of the frame is a sliding platform which
moves posteriorly in the "Zﬁ direction on two parallel tracks,
controlled by a screw micrometer. A fully adjustable specimen

table is mounted on the top of the platform (Fig 4.14).

The specimen is scanned by a pointer mounted in a vertical
precision linear bearing moving in the "Y" direction. This is
carried on a platform above the specimen holder mounted on a
second set of linear bearings allowing movement in the "X"

direction.,

Movement in the latter plane is controlled by a stepper motor
driving a lead screw to give movement in increments of 0.5 mm.
The vertical movement of the pointer is produced by gravity and

controlled via a motor driven cam.

Scanning 1is automatic under microproceséor control, with the
pointer being brought to the specimen surface at each increment
and the "X" and "Y" co-ordinates fed to an analog outpuf. At
the end of the predetermined scan width, the pointer is returned

to zero until another scan is initiated.
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in analysing the contour of master profile cast.




For the purposes of this project, values in the "Y" axis were
noted manually using the three digit digital volt meter of a
transducer meter*, whilst the "X" and "Y" output were also fed

to an XY plotter* (Fig 4.15).

Prior to use, the specimen table was adjusted so as to be
parallel with the horizontal plane of movement of the pointer
housing. The machine was then calibrated using test blocks and
the output of the transducer meter scaled to read in steps of 2

micrometres.

4,3.2.2.1.1 Recording procedure

Before placing the profile cast on the table, small holes were
drilled into the buccal and lingual surfaces of the reference
plate, at a position in line with the beginning of the surface
to be surveyed. This position was common to all the casts of

the same side and subject.

The cast, held against the reference plate, was placed on the
‘adjustable table and clamped in such a position that the probe
dfopped into the hole drilled in the reference plate and the
scan ("X" axis) was coincident with the major plane of the
reference plate. The cast was then clamped in position and the
XYZ coordinates of the pointer noted. This established a base
position common to all the casts of the same series. In every
case, the profile cast was mounted with its base towards the

back of the profilometer.




The probe was then returned to its rest position and the
specimen table advanced 1lmm for the recording of the first
profile. .The span switch was set at 30mm, and at intervals of
0.5mm the probe descended to rest on the lingual or buccal
surfaces of the cast, and the recording was made on the XY
plotter. At the same time the reading displayed by the

transducer meter was manually recorded for data processing.

At the end of the scan the "Z" plane was advanced by 2mm for the
second profile recording. This procedure was continued until
six profiles had been recorded: this was the maximum which could
be accommodated. The same procedure was repeated on the buccal

and lingual surfaces of all the casts.

Sixty points were recorded for each profile at intervals of
0.5mm. The first and the last recording positions were the same
for each profile of all the casts of each series. The sixty
points recorded were over a span of 30mm, which included the art
section, the area to be investigated and the teeth of each cast.
It was recognised that the proportion of the span which covered
the functional impression of the edentulous area would vary from
subject to subject, and from buccal to lingual surface depending
on the length of the edentulous saddle. (The number of
recordings which related to the impression is referred to in

tables 5.3 to 5.14 as "recorded points").

For the purpose of analysing the contour, the maximum length of

the span which covered the buccal and lingual surface of the



functional impression at that particular level was used. The
lingual spans were therefore longer than the buccal, and the
latter reduced in extent for anatomical reasons as they were

made further from the occlusal plane.

4.3.2.2.1.1.1 Method

Six functional impressions were made for each subject and casts
poured. The impressions were recorded on six different

occasions at the same time of the day at intervals of one week.

The casts were then scanned as described above, generating raw
data on the surface level at each measured point for each of the
six impressions from each of three subjects (S, H and W). From
these data the following were derived using standard statistical
formulae:
(i) The mean and standard deviation of the cross-

sectional area of the buccal and lingual

segments at each scan level
(ii) The mean and standard deviation of every fifth

point at each scan level.

The cross-sectional areas of all the three subjects are
presented in tables 5.3 to 5.14 and the values for surface

contour in tables 1 to 13 (appendix I).

The number of recorded points indicates the number of readings

made on the cast of the impression, and was related to the




patient’s oral anatomy.

A further subject had to be eliminated at this late stage for

technical reasons leaving five subjects to continue.






4.3.3 CONSTRUCTION OF THE TEST DENTURE

A second lower framework was made to include metal tissue
bearing surfaces. During the wax-up stage, vertical fins were
added using non residual plastic sheet material¥* at each end of
the edentulous span. At the centre of each saddle area
horizont#l platforms of wax, 1x1 cm were made as sites for beanm
support'columns for flange-bearing beams and strain-gauge beams

(Fig 4.18).

The pattern was then invested and cast using the same alloy and
techniques as for the previous casting and the framework trimmed

and fitted to the master cast.

The indices formed against the occlusal surfaces were insulated
with acrylic separating medium (Betacryl 1II)* and Duralay¥*
formed against the negative occlusal forms to a thickness of
approximately 2 to 3mm. The Duralay block was then removed from
the indices,' the edges smoothed, and the inferior surfaces
covered with a thin film of casting wax to smooth the contours

facing away from the occlusal surface.

The Dufalay occlusal tables were then placed against the upper
denture replica cast and the articulator closed. Adjustments
were made to the vertical fins on the lower casting and the
under surface of the occlusal tables to ensure close proximity
of the two elements. Wax was then added to the occlusal tables

in the region of the fins so as to enclose them, but at the same






time not inhibit the removal of the occlusal elements. The
slots created by this procedure ensured positive and reproduci-
ble relocation of the occlusal components on the lower fins. The
subsequent fitting of the beams was facilitated by these detach-

able occlusal tables.

The occlusal tables were then sprued, invested and cast in
cobalt-chromium alloy. After divesting, they were fitted to the
main framework and the occlusion refined against the upper
denture replica. At this stage, the fitting surfaces of the
lower denture and the occlusal table had been reproduced in

metal (Fig 4.17).

Using the buccal and lingual refractory reproductions of the
plaster indices against the lower mounted casting, outlines of
the flahges were determined. Patterns were made in 0.7mm sheet

casting wax* and reproduced in cobalt-chromium alloy (Fig 4.18).
Using the plaster indices, these castings were checked against
the metal framework and final adjustments made in preparation

for the fabrication of the beams and their supports.

4.3.3.1 Construction of the beam-support columns

A short length of nickel silver rod* was prepared by cutting
four vertical slots longitudinally into the end of the rod to a
depth of 5mm. These slots were made parallel to one another and

each pair spaced approximately 1lmm apart. The distance between
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the inner pair was determined by the bucco-lingual space between
the inner surfaces of the buccal and lingual flanges. The slots

were made using extra thin separating discs¥ mounted on a

lathe%*,

The final o?erall dimensions of these beam supports were
assessed and determined by the parameters of the individual
appliances and in particular the proximity of the inner surfaces
of the buccal and lingual flanges and the - under surface of the

occlusal table. The supports were then cut accordingly.

Care was taken to ensure that the beams could be positioned so
as to allow them to operate without impediment, yet fit within
the envelope formed by the lower surface of the occlusal table,
the upper surface of the saddle area and the space between the

supporting fins at either end of the saddle (Fig 4.19).

Having determined the correct position of the support column it
was temporarily held in position on the platform with stainless
steel wires, and spot welded mesially and distally to the plat-
form. The position of the column was again confirmed, and it

was soldered to the platform.
4,3.3.2 Congtruction of the beams
Spring Steel was cut to the length of the saddle spans minus 2-

3mm to allow "end" movement. Each saddle span required four

equal lengths to be prepared. Two were used to form the flange-



bearing beams and two the strain-gauge beams. One test denture

therefore required eight strips of spring steel.

The strain-gauge beams were parallel, 2.5mm wide and 0.5mm thick
with rounded ends. The flange-bearing beams were of similar
length and thickness but had a variable width, designed to
minimise their influence when displacement occurred. The final
shape of the flange-bearing bean was'designed to give rigidity
in its centre but flexibility to its flange: bearing arms. The

parameters had to be determined individually for each denture.

4.3.3.2.1 Construction and mounting of the flange-bearing

beams

The optimum position of these beams was determined by the shape
of the envelope formed by the buccal and 1lingual flanges, each

of which had dissimilar outlines.

The flanges were secured to their respective indices with a
temporary adhesive¥, passed through a hole drilled in the centre
of the indices. Sufficient adhesion was obtained by this method

without detriment to the fit of the flange to the index.

The combined flanges and indices were then located against the
framework mounted on the master cast. Clearance of the flanges
was established and any possible interferences to intended

movement removed.
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parameter markings '

Holes drilled at each ends

Excess material ground away from
the central locating blgde with
ﬂvirgont beam bearing arm on
either side

Fig.4.20(a): Sequence of flange-bearing beam construction.
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A. Strain-gauge beam suspension points
8. Flange.bearing arms

C. Beam support blade

D. Width of the beam.

Fig.4.20(b): Diagram of flange-bearing beam with all parts labelled.




Two holes were drilled into the spring-steel lengths at their
extremities using a 0.9mm tungsten carbide rose head bur. The
beams were placed into the outer slots of the bean support
column so that the spacing between the beam ends and the
framework was equal. A disc was used to cut away the excess

steel to make the arms flexible (Fig 4.20a and b).

The flange mounted on the index was relocated against the master
cast, to establish the relationship of the beam and the inner

surface of the flange.

To locate precisely the mounting holes in the flange a small
pellet of temporary adhesive putty* was spread on the inner
surface of the flange in the area of the beam ends. A dental
probe was then passed through the hole in the beam and a
depression formed in the adhesive putty. Using this indeﬁtation
as a guide, a hole was drilled in the flange using a 0.9mm
tungsten carbide rose head bur. The hole was enlarged to accept
0.9mm internal diameter stainless steel tube. After replacing
the flange onto the index, a hole was drilled into the plaster
index using the tube as a reamer. This enabled the correct
alignment of the two holes and the relationship of the flange to

the index to be maintained.

A short length of 0.9mm Wiptam wire* was cut and the ends
smoothed. It was then placed into a slightly shorter length
0.9mm internal diameter tubing and positioned through the hole

in the flange and into the index. This assembly was then placed



against the master cast so that the wire protruding from the

tube passed through the hole in the bean. The tube just

contacted the beam.

Due to their tight fit, the relationship between the tube and
flange was maintained after removal of the flange from the
index, and it was then secured with silver solder. The excess

length of the tube was then removed and surface smoothed.

The internal end of the tube was adjusted so that it just
touched the flange beam surface, without displacing it. The

wire was then passed through the tube and soldered to the outer

surface of the flange.

A washer was then prepared from the 0.9mm tubing to secure the
wire. This was reduced to just expose the end of the wire and
secured with a minute amount of quick setting epoxy resin. This

was cured in a dry heat oven at 60°C for one hour.

This procedure was repeated at the other end of the flange to
establish a positive relationship of the flange beam to the
flange. Beams for the other three flanges were prepared in the

same way, completing the first stage of construction.
4,.3.3.2.2 Construction of the strain-gauge beanms

A length of spring-steel was placed in one of the inner slots of

the beam support column and aligned to the wire ends protruding

v &
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A: Cross section of the assembly B: Vertical view of the assembly.

1. Metal flange

2. Support tube

8. Flange bearing beam

4: Support pin

6: Support retaining washer

6: Strain gauge beam
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C: Exploded components.

Fig.4.21: Diagramatic representation of complete assembly

of flange bearing beam and strain duage beam.
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